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Cholera Toxin Hound tit Target Cell
Two structures have been solved of complexes between Cholera Toxin and components of its membrane-bound receptor, the

ganglioside CM I. These structures were determined from crystal diffraction data collected on KSI.S Heamline XSC. using a large-
format electronic area-sensitive detector based on CCli technology.

Vibrio cholerae within the intestine secretes Cholera Toxin which consists of two structural domains. One domain recognizes and
binds the GMl receptor, on the surface of the target cell. The other domain is an enzyme which penetrates into the target cell and
catalytically activates adenylyl cyclase, a targe enzyme system responsible for intracellular control of the cell's metabolism. Activation
ofadenylyl cyclase within intestinal epithelium cells causes these cells to actively secrete salt and water, leading to massive diarrhea.
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Introduction
Denis Me Whan
NSLS Chairman

The NSLS continues to make impressive gains in both
reliability and orbit stability. The unscheduled downtime in
FY-92 on the VUV and X-ray rings was 3.1% and 3.7%
respectively. The staff has made a concerted effort to
identify and to address the major sources of downtime. The
transition from the old to the new computer system is
proceeding smoothly and should be completed by the end of
FY-93. The staff is to be complimented for being able to
change over the whole control system while maintaining
operations so that the conversion is transparent to the user
community. The second major cause of unscheduled
downtime on the X-Ray Ring has been the RF system. To
address this, a 4th RF cavity was installed during the
December 1992 shutdown. With four cavities, the average
load on each is reduced leading to more reliable running. In
addition if one cavity drops out then the other three provide
enough power so that the beam does not dump. The injec-
tion system is also in the middle of a major upgrade. The
linar: energy was increased to 120MeV, and it now runs
routinely at the new energy. New dipole. quadrupole. and
sextupole power supplies for the booster are being installed.
Improvements in the time needed for injection and in the
reliability of the system should be evident to the users. The
orbil stability during a fill, which is provided by the global
harmonic feedback system, is better than 20 microns in the
vertical and 40 microns in the horizontal. The NSLS staff

are now trying to improve the fill to fill reproducibility.
They are turning their attention to the next level of upgrades
which include doubling the current and increasing the
brightness by a factor of 16 on the X-Ray Ring and real time
tuning of the undulator gaps and running in lop-off mode on
the VUV Ring. Powering the fourth harmonic cavity in the
VUV Ring to further increase the lifetime is also under
study.

Several new beamlines and scientific programs were
begun in FY-92. The large oversubscription of the infrared
beamline, U4IR, led to the construction of a second IR
beamline on U2 by a consortium composed of the Grumman
Corporate Research Center, the Carnegie Geophysical
Laboratory and the NSLS. There are now three beamlines
equipped with spherical grating monochromators for high
resolution soft x-ray spectroscopy. These include the
original Dragon on U4B and the U13UA and XIB beamlines
which were commissioned this year and have active user
programs. There are now three beamlines on the X-Ray
Ring with strong structural biology programs. In addition to
the Biology Department at BNL (XI2B), the Argonne
National Laboratory Structural Biology Center on X8C and
the Howard Hughes Medical Center on X4 have collected
their first data sets. Real time Laue programs are utilizing
the wiggler line, X25. and X26C. Finally, the Materials
Science Division of Argonne National Laboratory has
commissioned the first of its two beamlines on X6.

An important element in R&D programs for wiggler and
unduiator beamlines is monochromator development. The
NSLS has shown that isotopically enriched synthetic
diamond crystals can be used as monochromators under the
high power density conditions that exist for wigglers at the
NSLS and are expected for undulators at the third generation
sources. In a second program, a bent Laue crystal mono-
chromator has been developed for the coronary angiography
program. This has led to a 12 fold increase in x-ray flux
compared to the previous Bragg configuration. The resulting
transvenous angiograms from human studies are now
competitive with but much less invasive than standard
arterial angiograms.

The NSLS continues to do R&D which will lead to the
eventual construction of a 4th generation light source. The
necessary demonstration experiments such as high gain
harmonic generation, a visible FEL, and the development of
superconducting wigglers are being carried out at the
Accelerator Test Facility at BNL. The DARPA funded
superconducting x-ray lithography source project was
canceled this year because of cost overruns and schedule



slips in the construction of the 180 degree superconducting
dipole magnets. The NSLS hopes to use the linac, cryogenic
system, building, and control system purchased for this
project as the core of a prototype FEL operating in the UV.
This would facilitate the first wave of biology, chemical
dynamics and materials science experiments using the high
peak power and short pulse length expected for a UV-FEL
operating at wavelengths down to 75nm.

-4 side view of the SHI 11) Lane crystal used in the X17B2
monochromator. This monochromator gives the NSLS program
the highest flux per pixel of any angiography facility.

The photo, below, shows the U41R beamline located on the
platform above the U2B infrared line.



Users' Executive Committee
Neat Shinn
Samlia National Laboratories
UEC Chairman

The mission of the Users' Executive Committee (UEC) is
to promote and encourage research at the NSLS by commu-
nicating the User community needs to the NSLS Department
and BNL Laboratory management. Three Town meetings
were hosted by the UEC during the year to encourage open
and informal discussion with the NSLS staff. Following
each Town Meeting, the UEC met with NSLS and BNL
icpresentatives to jointly address current user issues. My
sincere thanks to the individuals who generously volunteered
their time throughout the year to translate committee
decisions into real changes.

The NSLS Annual Meeting is the most visible function of
the UEC and NSLS Department. Articles on the 1992
meeting and workshops appear later in this Annual Report.
This year the planning committee tested several new ideas
including: a streamlined publicity flyer, revised registration
booklet, discounted pre-regislralion fee. complimentary
special edition coffee mugs, lunchtime special interest group
meetings, and ar. off-site banquet. We also initiated a door
prize drawing requiring exhibitor validation of each entry to
increase equipment exhibit attendance. I am pleased to
report that because of good attendance, a record twenty-two
Corporate Sponsors, and cost saving measures, the 1992
Annual Meeting produced a budget surplus which will fund
user community functions throughout the year. My thanks
to Linda Feierabend. Susan White-DePace. Johnny Kirkland.

David Hanson, Chris Jaeobsen. Randy Alkire. and Eileen
Pinkston for making it all happen.

One unscheduled event a! the Annual Meeting was the
formation of a new Special Interest Group (SP1G) in Time-
Resolved Spectroscopy. This formally recognizes the
growing interest and unique opportunities for liming experi-
menls al (he NSLS. A request for more X-Ray Ring single-
bunch shifts by this SPIG motivated the UEC to examine the
NSLS policy for allocating and scheduling X-Ray special
operations beainiimc. A six-point recommendation was
published (NSLS Newsletter, November. 1992) in order to
clarify the existing policy and to suggest guidelines for future
allocations. Even with the constantly improving X-Ray Ring
performance, greater scheduling efficiency and cooperation
among x-ray users will be required to enable all users to
make meaningful progress in their respective research
programs.

Early in the year, Denis McWhan asked ihe UEC to form a
sub-committee (VUV Study Panel) to assess VUV Ring
utilization and to make recommendations for future beamlme
improvements. The Panel solicted input from PRT members,
general users, and NSLS staff members in order to identify
weaknesses in Ihe current system and to propose specific
solutions. A Panel report was presented to the NSLS Science
Advisory Panel in October and summarized in the November
1992 NSLS Newsletter. Modifications to the PRT system
were suggested that will encourage greater NSLS/PRT/User
collaboration in the development, staffing, and operation of
new bcamlines.

Many aspects of the NSLS facility operations have been
improved due to the dedicated efforts of the Scientific
Program Support Committee (SPSC). co-chaired by Roger
Klaffky and Randy Alkire. The status of their recommenda-
tions was reported in Ihe July NSLS Newsletter and revisited
by the UEC al year's end. Progress on two remaining items,
an additional user lounge area adjacent to the X-Ray Ring
and a practical means to reduce noise levels at the bcamiines.
is expected in the forthcoming year. These and other
challanges await the 1993/94 SPSC to he co-chaired by Mike
Sagurton and Gwyn Williams.

The UEC coniinued lo advocate improvements in housing,
food service, and community social life. Service at the
Brookhaven Center has been expanded, credit cards are
currently being accepted by the housing office, and a long
term project lo renovate and modernize the on-site apart-
ments is underway. The first phase of a "hotel style"
computerized reservation system was launched lo streamline
reservations and inventory control. Ami im»i recenilv. the



UEC has initiated informal, Friday evening student/post-doc
get-togethers to counteract the isolation of long hours at ihe
beamlines.

Finally, 1992 was the year of the Tiger at DOE laborato-
ries. The UEC worked with Associate Chairman Bill
Thomlinson to formulate and implement appropriate
beamline safety awareness procedures to assure that each of
our users will continue to have a safe and productive
research experience at the NSLS. The efforts of this team,
led by Brant Johnson, in this important task are greatly
appreciated by the User community.

1993/1994 Scientific Program Support Committee: (left to right)
Gwyn Williams (NSLS) and Mike Sagurton (LANL).

Members of the 1992/1993 UEC include: (front, from left) Carol Hirschmugl, Paul Cowan, Susan White-DePace, Mark Rirers, .Xeat
Shinn, Gabrielle Long, John Kirkland, (back, from left) C. T. Chen, Mike Dudley, Jjirs I'urenlid, James iMiig, Alastair MacDowcil,
Robert Bartynski, Randy Alkire, Craig Thorn, iMrry Sorenson, Karl Skelton, and Jean Jordan-Sweet.



On the Road to Environment, Safety
& Health Compliance
William Tfwmlinson
Associate Chairman
NSLS

This has been a long and busy year at the NSLS as we,
like all DOE facilities have labored to come into compliance
with all of the DOE orders dealing with Environment. Safety
and Health (ES&H). I am very proud of the significant
progress that the NSLS has made through the efforts of
many dedicated people at the facility. There is still much to
be done but I am confident that our management, staff and
users are now oriented toward, and part of, the long term
solutions. The NSLS has always been a safe place to work
and conduct research so the object of our efforts has been to
formalize our programs, strengthen our weak areas and begin
some new, meaningful initiatives.

The Conduct of Operations order presents the overall
guiding principles. Our Quality Assurance (QA) program is
in full compliance under the direction of our QA Repre-
sentative, Paul LeDoux. The findings of both internal and
external audits have been completely addressed. Emphasis
on the training of the staff has been folded into the greatly
increased NSLS efforts on training for both proficiency and
ES&H. We have established the Office of NSLS Training
Coordintor under the enthusiastic leadership of Denny Klein.
The NSLS now has one of the best coordinated training
programs at BNL. Areas in which major training efforts are
underway are QA, radiation safety, electrical safety, experi-
mental program safety awareness, crane usage and hazard
communication (HazCom). Our emphasis is on-lhe-job
training for many of these areas and on the proper documen-
tation and tracking of personnel training.

One major emphasis this year has been Conduct of
Operations. The facility prepared the initial response to the
compliance matrix which has been reviewed by an internal
BNL committee. Based on their response, the NSLS Con-
duct of Operations Manual is being prepared. The lion's
share of the effort in this critical area is being shouldered by
Ken Batchelor, NSLS ES&H Coordinator, and Norman
Fewell. NSLS X-Ray Ring Manager. Norman Fewell and
Steve Kemp. NSLS Maintenance Coordinators, are respon-
sible for the NSLS Maintenance Management Program, an
area of rapidly increasing scope. Industrial Hygiene and the
NSLS Performance Indicator Program, two key areas of
Conduct of Operations, are under the direction of Andrew
Ackerman. NSLS ES&H Engineer. All of these programs
appear to be in very good compliance with the DOE orders.

One of the significant changes in the radiation safety
program at the NSLS is the emergence of the ALARA
Committee (As Low As Reasonably Achievable) chaired by

Peter Stefan. ALARA Coordinator. It was very active this
year in dealing with low level radiation concerns in the
NSLS building and the subsequent monitoring in Ihe facility.
The ALARA committee at the NSLS was active long before
the new Radiation Control Order (RADCON) order appeared
in which ALARA is mandated lo be a high priority. This
committee works very closely with the Safety and Environ-
mental Protection Division representatives Chris Weilandics.
Rudy Zantopp and John Aloi.

Yne users have not been forgotten in all of this! The
continuing efforts of the NSLS Housekeeping Commute?
chaired by Barry Karlin have really helped to make the
NSLS experimental floors safer and more pleasant places to
work. The polished environment is appreciated by visitors
and really contributes to the NSLS compliance with OSHA
regulations. Formal OSHA compliance is part of the respon-
sibilities of the Tier I Safely Inspections under the direction
of Clem Auguste, NSLS ES&H Associate. The NSLS
Control Room is the hub of operations and real time
communication with the experimenters for many safety
related matters. Under the leadership of their Supervisor.
Randy Church, the machine operators and operations
coordinators are being cross trained lo provide more flexible
scheduling and a more highly trained staff to serve the users.

Conduct of Operations makes it very clear that ihe
objectives of line management responsibilities for safely and
for training are not exclusive. Prior to the Basic Energy
Sciences (BES) User Facility Workshop on ES&H held al
the NSLS in September 1992, it had become clear lo me that
we had lo introduce "Point of Use" safety awareness. That
is. the beamline personnel had to become involved in
training the users of their beamlines in ihe safe conduct of
operations at the line. The BES Workshop, chaired by Tom
Dickinson. NSLS ES&H Officer, provided the proper forum
for confirmation of that concept, stressing that the personal
interaction between the user and ihe local beamline per-
sonnel Was very important. To that end. the NSLS UEC
appointed a sub-committee to implement such a program.
Brant Johnson (BNL), Mike Dudley (SUNY). Nancy Lazarz
(NSLSI. Mei-Ling Shek <NSLS) and 1 formed ihe Beam
Line Safety and Operations Training Committee. Following
reviews by the UEC, ihe beamlinc training will be intro-
duced to ail beamlines by May 1993. To date, those
beamlines testing ihe training program have found it useful
and important. We are confident that it will add a lot to ihe
safety of the NSLS experimental areas. In addition, we are



working towards better clarification of the line management
responsibilities for ES&H on all beamlines.

Management has not been idle either. The very fact that I
am writing this report is due to the fact that coordination of
all DOE ES&H compliance issues is in my hands at the
Associate Chairman level. Additional staff have been
assigned to ES&H compliance and training. Full support is

being given to the efforts on ES&H Self-Assessment, the
implementation of the new Radiation Control Manual,
completion of the Safety and Environmental Administrative
Policy and Procedures Manual (SEAPPM) and Tiger Team
Review preparation. Where it will all end, we do not know,
but I am confident that the NSLS is prepared to meet the
challenges. Stay tuned next year for an update.

Front from left: Norman Fewell, Ken Batchelor, Clem Augusle; Back from left: Chris Weilandics, Peter Stefan, Paul LeDoux, Randy
Church, Tom Dickinson, Bill Thomlinson, Denny Klein, Andrew Ackerman and Barry Karlin.



Beamline X26A
The color image of a single infected root shows the distribution ofMn-' where blue is Ion-
content and yellow is high content (image size = / x 2mm). (See Figure 7, Lithography,
Microscopy and Tomography Subgroup Report.)
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Atomic and Molecular
Science
Mei-Ling Shek
NSLS

I. Valence Electronic Excitation
Beamline U11 is dedicated to gas phase studies involving valence electronic excitations. Of special interest are chemical

dynamics in reactions and van der Waals clusters. Photoionization studies have been made on the mixed complexes of
1,3-butadiene/ sulphur dioxide, argon/hydrogen chloride, perfluoroethylene/oxygen, homodimers of thiothene.
bromotrifluoromethane/methanol, and chlorobenzene/ammonia. Other experiments include the fluorescence lifetime mea-
surements of some liquid alkanes in their first excited singlet states, and a study of hydroxymethyl radicals by discharge
flow-photoionization mass spectrometry.

There are two experiments which contain surprises. The first involves the kinetic energy releases in the photoionization-
induced intracluster reactions in 1,3-butadiene/suIphur dioxide complexes. The dissociative photoionization of
(1,3-CjHyjSO,)^ where m+n=2 to 5, can unexpectedly produce C4H6SO*, apparently breaking a strong S-O bond in favor of
a weak van der Waals bond. Kinetic energy release measurements are shown in Figure 1. The mean energy of C4H6SO,* is
surprisingly large for the break-up of a weak complex. On the other hand, the kinetic energy of C,H6SO* is consistent with
the photoionization of SO, moiety to excited SO,* that breaks up non-statistically to give SO% which is subsequently captured
by a butadiene moiety.

The second experiment with surprises involves argon/hydrogen chloride complexes. Figure 2 shows unusually prominent
autoionization peaks which are not yet understood.
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Figure I. Distribution of
kinetic energy releases in the
center-of-mass system (points):

/ ^ * . The fluctuations are
an artifact due to limited
counting statistics. The lines
show a possible resolution into
components. J.R.Grover (BNL
Chemistry), E.A.Walters and
D.LArneberg (U. of New
Mexico), G.Hagenow (Frtie U.
Berlin) andJ.T.Clay (V. of
New Mexico).

Figure 2. (a) Photoionization
yield function for the
production of(Ar »HCl)" at
1000 Torr nozzle pressure.
Not yet resolved into
contributions from Ar • HCI
and ArJlCl. (b) Photo-
ionization yield function for
the production of(ArjHCl)' at
1000 Torr. B.M.Che'ng
(SRRCJidwani, D.Kim and
D.H.Lee (R.l.l.S.T.,Pohang).
LDiMauro, M.G.Whiteand
J.R.Grover (BNL Chemistry >.
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II. Soft X-ray Induced Core Electronic Excitation
The dynamics of soft x-ray induced core electron excitation and de-excitation processes in

small molecules are studied on beamlines U15 and U13UA. The research interests include
the vibrutional and rotational energy distribution upon core excitation and decay, the
mechanisms for photofragmentation. and detailed studies of de-excitation in small molecules
after energy- and state-selective, site-specific core hole creation.

The first vibrationally resolved luminescence spectra of the triatomic molecular ions N,O*
and CO,* formed by core excitation and decay have been measured on U15. Figure 3 shows
the measurement for N,O*. Excitation energy variation across the atomic absorption edges
does not lead to significant variation in the vibrational energy distribution, as shown in
Figure 4 for CO,*.
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Figure 3. Vibrationally
resolved luminescence from
N2O* following excitation to
the n' resonance of the
terminal N atom.
M.Mahalingam, ULee and
D.M.Hanson (SUNY at Stony
Brook).

Figure 4. Vibrationally-
resolved luminescence spectra
of CO/ (A2nj obtained at
different core excitation
energies following excitation
of the O resonance at 534.6 eV
(top) and the O continuum at
560 eV (bottom). The
differences in the two spectra
are slight, and reflect and
differences in the vibrational
populations which result from
the dynamics of core hole
decay at the two excitation
energies. Af. Mahalingam, K.
tee, and DM. Hanson
(SUNY, Stony Brook).
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The mechanisms for core hole-induced phoiofragmentalion in CF.Br and the freons CF.CI.
CF.CI, and CFCI, have been investigated by electron multiple-ion coincidence measure-
ments. The detection of all Auger and pliolwlectroiis. as coincidence triggers for time-of-
flighl ion spectra, probes all fragmentation pathways. Energy-resolved Auger electron
detection has been used to probe selected electronic excited states just prior lo dissociation.
for CF,Br and N,O. The double ion coincidence map for Auger electrons of 326-344 eV is
shown for N,0 in Figure 5.

220

Figure 5. Double ion coincidence map for N,O after excitation to
the shape resonance, obtained for Auger electron energies 326-
344 eV detected by a hemispherical analyzer. Fragmentation ions
are collected over 4n solid angle by a time-of-flight spectrometer
and two lens systems which compensate for the transverse ion
velocities. C.l.Ma, Deji, K.Lee, D.Y.Kim, S.Y.Chen and
D.M.Hanson {SVNY at Stony Brook).

Previously reported soft x-ray de-excitation studies of acetone have been extended on
U13UA. The electron emission spectra associated with singly charged final states and doubly
charged final states, resulting from O, carbonyl C and methyl C core photoionization are
shown in Figure 6. A further experiment to utilize Ihe high photon flux and energy resolu-
tion is the resonance Auger spectra of methane excited at closely spaced Cls resonance
energies. The data show slates resulting from both spectator decay and participator decay
(see Figure 7).

III. High Resolution Core Level Excitation
The high photon (lux and high energy resolution on XIB makes it possible to resolve

vibrational structure in photoelectron spectroscopy. Figure 8 demonstrates the photon
energy dependence in the intensities of the vihrational structure of the C Is pholoelcciron
line in CO. This opens possibilities of a detailed understanding of the influences of reso-
nances on the photoionization process.

12
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Figure 6. De-excitation spectra in acetone. De Ji, C.l.Ma, CM. Woodbridge, S.Chen and D.M. Hanson (SUNY at Stony Brook) and
S.L.Hulbert (NSLS).
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IV. X-Raj Core Level Excitation
The photoionization of He is the testing ground for understanding electron correlation. On X24A and on X26C, refined

measurements have been made of the double photoionization of He and compared with single photoionization. The ratio of
He*7He* is found to be consistent with an asymptote at 1.5%±O.2'X- reached by -4 KeV photon energy. Figure 9 shows a
comparison with theory and with other experimental determinations.

On X24A, interests in atomic inner-shell excitation and decay processes have concentrated on Ar. Post-collision interaction
between the photoelectron near the 1 s ionization threshold and the KLL Auger electron demonstrates that photoionization
and Auger decay must be considered as a unified process. Vacancy cascade processes in Ar have also been studied. The
cascade LMM Auger spectrum, due to L holes left by the KLL Auger transition, is found to differ .significantly from the
direct LMM spectrum. The importance of Auger decay leading to a vacancy cascade is aiso observed in the
photofragmentation of CF,C1 following Cl Is photo sxcilation near 2.83 KeV. ThJs creates a high degree of ionization in the
parent molecule and accounts for the presence of multiply charged atomic fragments in the photoion spectrum. It should be
interesting to compare the results on X24A with the U15 study of CF,C1 photofragmentation after C Is and F Is excitations.

The results of x-ray resonant Raman scattering at the Xe L, edge, obtained on X24A. are shown in Figure 10. The mea-
surements are in qualitative agreement with theoretical x-ray emission intensity and energy variations across the absorption
edge.
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Figure 10. Xe La 1,2 x-ray emission spectra recorded across the
L} edge. The variations of energies; intensities, and lineshapes are
in qualitative agreement with the theory ofJ.Tuikki, Phys.Rev.A,
27, 3375 (1983). M.A.MacDonald (Daresbury). S.H.Southworth,
J.C.Uvin, A.llenins, R.D.Deslattes (NIST), T.UHrun.Y.Azuma,

P.L.Cowan (ANL), B.A.Karlin (BNL).

Figure 9. Comparison of present He"/lle* data with
other work. The data were obtained during single-
bunch operations with time-of-flight measurements.
Data at 2.0S, 2.4,3.3 and 4.0 KeV were obtained with a
Ge monochomator on X24A. Data around 8.24,8.7
and 11.56 KeV were obtained with the use ofCu, Zn
andAlfilters, respectively, on X26C. J.C.ljevin
(NIST), l.A.Sellin (VT/ORNL), B.M.Johnson (BNL),
D.W.Undle (UNLV), R.D.Miller(VT/ORNL),
N.Berrah Mansour (WMV), Y.Azuma(ANL),
H.G.Berry (ANL) and D.H.Lee(BNL).
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Energy Dispersive Diffraction
EarlSkelton

Naval Research Laboratory
Special Interest Group Representative

Energy dispersive diffraction techniques at NSLS are used
mainly in cases where angular dispersive ranges are limited
and/or sample scattering powers are small, such as with
specimens contained in diamond-anvil pressure cells (DAC).
Extreme static pressures can be generated in the submillime-
ter region between the flattened culets of a pair of opposed
diamond anvils. Routinely operated to pressures of 100
GPa, by tapering the anvil faces, pressures can exceed that at
the earth's core, -360 GPa. Moreover, because of its
compact size, the DAC can be readily cooled to cryogenic
temperatures or heated to temperatures in excess of 1000 K.
Most of the energy dispersive diffraction research this past
year was performed using beamline X17C.

Baron and co-workers from Pennsylvania State University
carried out novel experiments designed to study the forma-
tion of rhenium hydride. Rhenium reacts with hydrogen
beginning at about 3 GPa to form a new hydride with
approximate stoichiometry ReH02J (see Fig. 1). Upon
incorporation of hydrogen, the hep lattice of rhenium
expands considerably. This study reveals new information
about the periodic chemical trends in metallic hydrides and
will help in the design of diamond cell techniques for
compressing hydrogen to ultra-high pressures using rhe-
nium-based gasket materials.

3 1 -

3 0 -

^ 2 9 -

28-

27-

i i

A Re
• ReHx

• • • ©

^ _

s 10
P (QPa)

15

Figure 1. Volume of rhenium immersed in high-pressure
hydrogen measured at X17C. R. Baron, D. Nesting, R.
Cunningham, andj. Badding (Pennsylvania State University).

Y. Vohra (U. of Alabama) and J. Akella (LLNL) found an
apparent second-order phase transition, from fee to bet, in the
5f element thorium at 70 GPa. The bet phase is stable to 300
GPa and is isostructural with the high pressure phase of the

4f Ianthanide element cerium. The c/a ratio increases rapidly
with increasing pressure until 200 GPa and tends to saturate
around 1.65 between 200 and 300 GPa. The energy-
dispersive x-ray diffraction spectrum of a Th and Pt mixture
at 300 GPa is shown in Fig. 2.

18 26 34 42
ENERGY ( keV )

SO

Figure 2. Energy-dispersive x-ray diffraction spectrum of a Th
and Pt mixture at 300 ± 8 GPa. The product of the energy E and
the interplanar spacing d for this spectrum is 45.859 ± 0.007
keV»A. The Th peaks are indexed to the bet structure while the Pt
peaks are indexed to the fee structure. The two lowest energy
peaks are fluorescence peaks ofTh. K. Vohra (U. ofAlaiwma)
andj. Akella (LLNL).

Lci'beyre and co-workers from the University of Paris, in
collaboration with Mao et al. from the Carnegie Institute of
Washington (CIW), studied the equation of state of 4He in
the hep phase at temperatures of IO0K and 300K and
simultaneous pressures of 57 GPa by single crystal x-ray
diffraction at X17C (see Fig.3). This is believed to be the
highest pressure at which single crystal measurements have
been carried out. The results support recently reported
abnormal quantum effects in dense He.

Gilfrich el al. from the Naval Research Laboratory (NRL)
performed a series of experiments to assess x-ray fluores-
cence detection limits. A fluorescence spectrum from a 10 x
10 \xm area of a N1ST Standard Reference Material contain-
ing 50 trace elements in 500 ppm amounts is shown in Fig. 4.
Based on this and related measurements, it was demonstrated
that it is relatively straightforward to achieve detection limits
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of a few ppm using spol sizes of 1(K) x UK) (.mi. even for
bulk samples emitting many overlapping x-ray lines. With
beam sixes of 10 x 10 j.tm, comparable counting limes lead
to detection limits of a few tens of ppm. |See Gilfrich et al..
Adv. in X-Rav Anal. 35. 99.5 (1992) for additional details.]
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In an article by Heinley and Mao of C1W. recent achieve-
ments to pressures in excess of 300 GPa are reviewed
| Shock Compression of Condensed Matter 1991. S. C.
Schmidt. R. D. Dick. J. W. Forber. and D. G. Tasker. editors
(Elsevier Science Publishers. 1992). pp. 27-38|. An example
of the type of equalion-of-state data obtained using energy
dispersive diffraction with a DAC is shown in Fig. 5.
Performing high pressure studies on silica glass iSiO,).
Meade et al. from CIW showed that large changes occur
with increasing pressure in the medium range (-4 to 10)
order parameter. The x-ray structure factor, S(Q(. was
measured at atmospheric pressure, and at settings of 8, 28.
and 42 GPa using energy dispersive methods (see Fig. 6).
The high critical energy available on the X17 wiggler
allowed access to a larger region of reciprocal space lhan
with more conventional sources. In addition to determining
the average pair-correlation function for the Si-O. O-O. and
Si-Si distances, the data arc of sufficient quality to permit
determination of individual pair correlations and density
estimates using reverse Monte Carlo simulations. {See
Meade et al.. Phys. Rev. Lett. 69. 1387 (1992) for additional
details.]

Figure 3. Equation of state (EOS) of*He in the hep phase at
temperatures of 100K and 300K and simultaneous pressures of 57
GPa, obtained by single crystal x-ray diffraction at X17C. The
different circles indicate the data at 300K (obtained over four
runs) and the triangles are the data at 100K. The full line
represents the EOS fitted at 300K and the dashed line is the
reduction of the 300K EOS to I00K using a self-consistent
phonon calculation. The 100K data are seen to deviate with
pressure from the expected normal behavior (i.e. the dashed line),
which corroborates a recent report ofabnorr..ul quantum effects
in dense He IPhys. Rev. Lett. 69, 1216 (1992)1.
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figure 4. Fluorescence spectrum recorded from a JO x 10 ftm
section of a \'IST Glass Standard Reference Material containing
SO trace elements in 500ppm amounts. /Gilfrirh et al. Adv. in
X-Ray Anal. 35, 995 (1992)1

Figure 5. Pressure-volume equation of stale for Csl jilemley and
Mao, Shock Compression of Condensed Matter 1991, S. C.
Schmidt, R. 1). Dick. J. U. Forber. and I), (i. Tasker. editors
(Elsevier Science Publishers, 1992), pp. 27-3HI
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Figure 6. X-ray structure factor of silica glass as measured using
energv dispersive methods at four pressure settings. [Meade et
al, Phys. Rev. Lett. 69,1387(1992)}

Vos and co-workers from CIW and the van der Waals-
Zeeman Laboratorium, Universiteit van Amsterdam per-
formed some very exciting experiments on the condensed
phase of weakly bound van der Waals molecules, namely
He-N,. A single crystal of He(N,)n was grown in a DAC
and energy dispersive diffraction spectra were used to study
its crystallography (see Fig. 7). The high brightness avail-
able on the X17 wiggler was necessary because of the small
size of the crystal and the low-Z of the elements. [See Vos
et al.. Nature 358.46 (1992) for additional details.]

By surrounding the diamond-anvils of a specially designed
high temperature cell with a resistive heater, Fei and co-
workers from CIW, Cornell University, and SUNY-Stony
Brook were able to measure the lattice parameters of the
orthorhombic -phase of (Mg0S4Fe() l(i),SiO4 to pressures of 26
GPa and simultaneous temperatures of 900 K. Once again.
the high brightness of the X17 wiggler was necessary
because it is important to take data rapidly due to possible
graphitization of the diamonds. The measured thermal
pressure is plotted as a function of temperature in Fig. 8 and
compared with equation-of-state calculations. These
experimental results provide thermoelastic properties, such

Figure 7. Microphotographs of the growth of a single crystal of
the high pressure phase oflte-X, recorded at 9 CPa and between
315 and 305 A'. 7 he crystal is on the left side of the figures. In
(c), three phases are visible: the Hv-\, solid, the X,-rich fluid,
and a He-rich fluid, visible as bubbles. /Vos, et al., Xatitre 358,
46 (1992)]
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as the temperature derivative of the bulk modulus and the
Anderson-Griineiscn parameter, which are important in
modeling the Earth's mantle. [See Fei et al., J. Geophy. Res.
97,4489 (1992) for additional details.]

R. LeToullec and co-workers from the Laboralorie de
Physique de Milieux Condense. Universitat Paris, and CIW
designed a new diamond-anvil cell for single crystal studies
at cryogenic temperatures using energy dispersive diffraction
techniques. A schematic drawing of the core of this facility
is shown in Fig. 9. With this, measurements of solid 4He at
11.8 GPa confirmed the stability of the hep phase. |See R.
LeToullec et al.. High Press. Res. 6, 379 (1992) for addi-

tional details.] Using this newly designed apparatus.
Loubeyre and associates from the Laboratoric de Physique
de Milieux Condense. Universitat Paris and Commissariat a
PEnergie Alomiquc. Courtry. France were able to determine
the He-Ne phase diagram at 296 K. Energy dispersive single
crystal studies performed on X17C revealed that the lattice
of sloichiometric NeHe, is hexagonal with 12 atoms in the
unit cell. Gibbs free energy calculations ;,upport the attribu-
tion to the MgZn,-type structure. This is believed to be the
first Laves phase observed in a van der Waals molecular
compound. |See Loubeyre, et al., Phys. Rev. Lett. 70.178
(1993) for additional details.)

Skclton and associates from NRL and CIW have contin-
ued their studies of sub-millimeter diameter Bi filaments.
Here too the brightness of the X17 wiggler was used to
compensate for the very small (attoliter) volume and
concomitant diminished scattering power of the samples. In
Fig. 10, rocking curves obtained from energy dispersive
diffraction spectra are shown for a O.()9 urn diameter sample
of Bi. These were recorded at three different positions along
the length of the filament. Each has a half-width of about
0.3 arcsec in w and exhibits a different grade of crystal
quality, suggesting changes in the diffracting crystallites or
the presence of small angle grain boundaries along the length
of the fiber. [See Skelton et al.. Adv. in X-Ray Anal. 35.
617 (1992) for additional details.)

Figure 9. Schematic drawing of a new diamond-anvil cell
designed for single crystal studies at cryogenic temperatures, (ft.
UToullec end.. High Press. Res. 6,379 (1992)1
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Figure 10. Rocking curve of the (1.0.J) diffraction peak from a
0.09 ftm diameter sample of bismuth. Sketton et al.. Adv. in X-
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Lithography, Microscopy,
and Tomography

Gwyn Williams
NSLS

Microscopy
At beamline XI A, H. Ade, X. Zhang. J. Kirz, S. Williams (SUNY at Stony Brook), S. Cameron and C. Costello (Exxon)

have enhanced soft x-ray transmission microscopy by the use of absorption near-edge chemical contrast. Image contrast is
achieved by taking differences between images taken at photon energies corresponding to specific near-edge excitations in a
material. This technique was demonstrated and developed at the carbon K-edge using mixtures of plastics, such as polysty-
rene and polypropylene (see Fig. 1). The technique was also applied to a biological sample, metaphase chromosomes of the
bean V. faba (see Fig. 2).

In another experiment at XI A, high resolution imaging was demonstrated using Fourier transform x-ray holography by
I. McNulty (APS/ANL), J. Kirz, C. Jacobsen (SUNY at Stony Brook), E. Anderson, M. Howells (LBL), and D. Kem (IBM
Yorktown). The images of test patterns were made with 3.4 nm wavelength radiation and were captured using a CCD
detector to give hologram patterns. Numerical reconstruction of these holograms yielded good images with a resolution of
60nm (see Fig. 3).

Lithography
At beamline U2, the IBM group studied suitability of chemically amplified negative cross-linking IBM resists for 0.25nm

x-ray lithography. They achieved a resolution of 0.175|im, a limit imposed by the mask rather than the resist. At beamline
U6, another group from IBM pursued a very large program to study diffraction effects in proximity printing. They found
excellent agreement between experimental exposures and calculations of the aerial images for O.25u.m to 2]im diameter mask
holes and mask-to-resist gaps of 25-215|im. Both of these pieces of work address the very important issues that define the
limits of the proximity printing x-ray
lithography technique.

Work in deep etch x-ray lithography,
also known as the LIGA process,
began in 1991 at the NSLS with funds
from the Laboratory Directed Research
Program to study the "Development of
Deposition Methods for
Micromechanics". Using beamline
U2A, experience was gained in mask
fabrication, resist exposure and
processing, and electrochemical
deposition of test structures. As shown
in Fig. 4, PMMA microstructures up to
10(im in height were created. The
PMMA is used as a template for
fabrication of a metallic microstructure
by electrodeposition. Additional work
in the coming year will utilize
beamline U2A for LIGA mask fabrica-
tion and beamline X27B for exposure
of PMMA layers up to 400um in
thickness.

The Advanced Lithography Research
Department of AT&T Bell Laborato-
ries is involved in an experimental
program on beamline U13UB to

Figure 1. Images of a 0.5 micron thick
section of a phase-separated polymer
blend, consisting of polypropylene and a
styrene-acrylonitrile copolymer, acquired
at the following photon energies: (A)
285.5 eV, (B) 286.2 eV, (C) 286.6 eV, and
(D) 287.9 eV. The contrast arises from
differences in the near-edge absorption
cross section of the different domains.
The dark features in image (A) are due to
styrene content, in image (B) to
acrylonitrile content, and in image (D) to
polypropylene. One can thus directly map
the chemical makeup of the polymer blend
and determine its morphology. See H.
Ade, X. Zhang, S. Cameron, C. Costello,
J. Kirz and S. Williams, Science 258, 972
(1992).

demonstrate a reduction lithographic
camera capable of 0. Ijim resolution.

Figure 2. Micrographs of metaphase
chromosomes of the bean V.faba at the
following photon energies: (A) 286.5 eV,
(B) 285.5 eV, and (C) 281.3 eV. Image (D)
is the optical density distribution ofDNA
in the chromosomes, as computed from
(B) and (C). See H. Ade, X. Zhang, S.
Cameron, C. Costello, J. Kirz and S.
Williams, Science 25.V, 972 (1992).



Figure 3.(A) and (B): electron
micrographs of resolution test patterns,
consisting oflSOnm thick gold structures
(dark regions) supported on I2(lnm thick
silicon nitride membranes. The patterns
are lOfim in diameter and the spokes in
(B) are SO to I25nm wide. (C) and (D):
x-ray Fourier transform holograms of the
test patterns. Exposure time was 30
minutes at a wavelength of3.4nm. The
displayed gray scale spans the range of
irradiance in the holograms. (E) and (F):
Numerical reconstructions of the
holograms, with the gray scale adjusted to
approximate that in (A) and (B) (as
displayed, the images are rotated by 90°).
The real and conjugate first-order images
are reflected about the zeroth-order image
in the center, the location of the reference
source. See I. McNulty, J. Kirz, C.
Jacobsen, E. Anderson, M. Howells, and
U. Kern, Science 256,1009 (1992).

The schematic layout of their most recent soft-x-ray imaging system, a Mo/Si multilayer-coated 1:1 ring-field optic with a
numerical aperture of 0.0835, is shown in Fig. 5. In theory, when illuminated with 12.911111 soft x-rays, this optic should be
able to image 0.1 (.im features at high contrast. In practice, however, the resolution of the optic was found to be limited to
0.15[iin by surface figure errors on the imaging mirrors. An example of the imaging performance of this optic is shown in
Fig. 6. where the imaging limit for coherent illumination is seen to be better than or equal to 0.15\im.

Figure 4. l0j.un high structure in I'MMA
with approximately 2,iu« lateral width, to
be used as a template for the fabrication of
a metallic microstructure \J. Warren,
HSLj.

Microprobe
At beamline X26A a group from the Savannah River Ecology Lab (SREL» ol"

the U. of Georgia studied uranium speciation in contaminated soils and sediments
as well as groundwater colloids. 'Hie uranium disiribulion of small < lOoOOmg)
samples was imaged with 5O-2(K)um precision. Variations in uranium concentra-
tion ami speciation were observed even at this length scale, emphasizing the fact
that such measurements can provide greater information on the environmental
dispersion of uranium than could ever be determined from bulk chemical analysis.
They also used x-ray absorption near-edge structure (XANF.S) to demonstrate
quantitatively that the Porlland-cement-based wasteform used for toxic metal and
low level waste encapsulation coniains chromium predominantly in the (Y" (more
mobile) slate whereas the slag-K :sed wasteform contains chromium predominantly
in the (V* slate (less mobile).

The X26A microprobe was used for other important studies on materials,
including trace element distributions in iron meteorite samples <l\ Chicago.
I'.Odense fDenmark)), hvdrothermal fluid inclusions KJeuryia Stale Vx aerosols
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Figure 5. Schematic layout for soft x-ray
imaging with a Mo/Si multilayer coated
1:1 ring-field optic annularly illuminated
at 12.9 am. A.A. MacDowell, J.E.
Bjorkholm, K. Early, R.R. Freeman, M.
Himel, P. P. Mulgrew, L.H. Szeto, D.W.
Taylor, DM. Tennant, O.R. Wood II, J.
Boker, L Eichner, T.E.Jewell, W.K.
Waskiewicz, D.L White, and D.L. Windt
(AT&T Bell Labs), R.M. D'Souza (MIT),
W. T. Silfrast (CREOL) and F. Zernike
(SVG Lithography).

Figure 6. SEM micrograph of the image of a transmission mask in
a 70 nm thick film ofRay-PN resist produced using a ring-field
optic illuminated with 12.7 nm radiation. The 1.0, 0.5, 0.4, 0.3,
0.25, 0.2 and 0.15 micron lines and spaces are printed. The 0.1
micron lines and spaces (located directly above the 0.3 micron
lines on the mask) are not printed due to mirror surface figure
errors. The exposure time was 40 seconds. A.A. MacDowell, J.E.
Bjorkholm, K. Early, R.R. Freeman, M. Himel, P.P. Mulgrew, L
H. Szeto, D.W. Taylor, DM. Tennant, O.R. WoodII, J. Bokor, L
Eichmer, T.E.Jewell, W.K. Waskiewicz, D.L White and D.L
Windt (AT&TBell Labs), R.M. D'Souza (MIT), W.T. Silfvast
(CREOL) and F. Zernike (SVG Lithography). To be published
(May 1993) in the proceedings of the Optical Society of America
Topical Meeting on Soft X-ray Projection Lithography, Monterey,
April 1992.

(Purdue), micrometeorites (SUNY-Plattsburgh), diamond
inclusions (U. of Chicago), carbonates (SUNY-Stony
Brook), bone (BNL- DAS), turtle shells from contaminated
ponds (SREL), and lunar rocks (Univ. of Chicago and
Rutgers), as well as various studies.of elemental partitioning
in geochemical systems.

An exciting new approach to oxidation state mapping
using microXANES was attempted for the first time: 2-D
x-ray fluorescence maps are produced at two different

monochromatic beam energies chosen to preferentially
excite different oxidation states of the fluorescing element.

Figure 7. MicroXANES analyses on beamline X26A are being
used by agricultural scientists to test the hypothesis that the
oxidation of Mn2* and subsequent precipitation of Mn4* oxide
minerals by the fungus Gaeumannomyces gramis var. tritici
(Ggt) is a key part of the infection process associated with "take-
all" disease, a root and foot rot that considerably reduces wheat
yields in many parts of the world. Petri dishes containing potato
dextrose agar with about 100 ppm Mn added as MnSOJMn2*)
were inoculated with Ggt and the fungus was allowed to grow for
one week. Wheat seeds were planted on the agar plate culture
and allowed to germinate. This photomicrograph shows a typical
wheat seedling growing in the infected agar. Fungal mycelia are
radiating out from the dark area in the center where the plate was
inoculated. Two wheat roots are growing out to the right, two to
the left, and one is growing toward the top. MicroXANES showed
that the clear (uninfected) areas along the root contain about the
same Mn content (Mn1*) as the adjacent agar. The dark lesions
on the roots, locations of fungal attack, contain about ten times
more Mn than the surrounding agar and the Mn is in the oxidized
state (Mn4*). The oxidation state distribution was mapped by
producing two-dimensional Mn images with the incident beam
monochromator set at energies specifically chosen to
preferentially excite the two states. The color image of a single
infected root (see section divider) shows the distribution ofMn:\
where blue repesents low content and yellow represents high
content (image size=l x 2mm). The high concentration ofMn''
in the root is consistent with the hypothesis that Ggt oxidizes Mn:*
to Mn4'. D. G. Schulze, T.S. McCay-Buis, D. M. Huber (Purdue
University), and S. R. Sutton (V. of Chicago)



The ratio of these images yields an oxidation slate image. Fi«. 7 is an image of the distributions of Mn-'" and Mir5" around a
fungus-infected wheat root (Purdue University), and supports previous hypotheses that the take-al! fungus infects wheat
seedlings by oxidizing soluble Mir* and precipitating insoluble Mn4* oxide minerals around the wheat roois, thereby hamper-
ing the plant's disease resistance mechanisms.

Microtomograp/iy
At beamline X2B. a group from King's College (Lonoon) and the University of London were able to image calcium

deposits in human cartilage. Such deposits are thought to be linked to arthritis. Fig. 8 is a tomographic reconstruction of
calcium pyrophosphate deposits in a I mm cube of arthritic human knee cartilage adjacent to the articulating surface (see ?he
"Appendices" section divider for a color version).

The remainder of this section reports work done using computed microtomography (CMT) at beamline X26. where it has
been used for a variety of non-destructive imaging studies. Images with 2nm spatial resolution are now routinely generated.

In a DOE sponsored geo.science project intended to study porosity and fluid flow in drill core samples, three-dimensional
images of several types of rocks (Berea sandstone of various permeability, chalk, etc.) were generated. The images are used
to determine the rock microgeometry, in particular the connectivity of the pore network.

A group from U. of Missouri and U. of North Dakota demonstrated that CMT can be used to image immiscible liquid
phases in unsaturated soil (see Fig.9). The spatial arrangement of liquids at the pore scale in unsaturated soi! is essentially
unknown. The knowledge that can be gained from such a study is of fundamental importance for the understanding of
transport processes for liquids in soils, and. therefore, of significance for research related to the development of waste
remediation technologies.

In a collaborative experiment between BNL-DAS and the Institute of Pathology. U. of Bern (Switzerland), computed
mierotomographs of plaque from an excised human coronary artery were obtained. CMT offers the possibility of studying the
architecture of such plaques in three dimensions, without cumbersome physical serial sectioning of the sample. The goal of
the study is to try to relate the architecture of a plaque to how dangerous it is.

Figure 8. Tomographic reconstruction of
calcium pyrophosphate deposits in
arthritic human knee cartilage. The
block width is lmm, and the image has
been processed to show the periphery of
the block (one face is adjacent to the
articulating surface) and the calcific
deposits. See C. J. Buckley, R. E. Hurge,
G. F. Foster (Kings College (London)), S.
Y. AH, C. A. Scotchford (University
College London), J. H. Dunsmuir, S. R.
Ferguson (Exxon), andM.L. Rivers ft'.
Chicago), "X-ray imaging of calcium
deposits in human cartilage", in C.
Jacobsen and J. Trebes, eds.. Soft X-ray
Microscopy (Proceedings SPIE 1741, pp.
363-372, 1992).

Figure 9. Left: computed micro-tomogram (CMT) of a sample consisting of425-600^un
diameter glass beads in a plastic tube with 50% of the pore spacefilled with a /% (by
weight) solution of iodine in water. The full range of reconstructed attenuation
coefficients is displayed. Iodine appears as dark grey. Pixel size: lOxlOum, slice thickness:
2 am; 401x401 element image matrix. Right: CMT through grains of sand. Pixel size:
I Ox 10 urn, slice thicknes: 2/jin; 407x407 element image matrix. Images obtained at
beamline X2bC. P. Spanne, K. W. Jones (BNL), L D. Prunty (Xorlh Dakota State V.),
amlS. H. Anderson (If. of Missouri-Columbia)."Potential Applications of Synchrotron
Computed Microtomography to Soil Science", BNL-47691 (January 1993).
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Nuclear Physics
Craig E. Thorn

BNL Physics Department

The photonuclear physics program at the Laser Electron
Gamma Source (LEGS) has expanded in several areas in the
past war. Major improvements in the experimental equip-
ment were completed, and a project to increase the energy of
the gamma-ray beam was started. Two new experiments
were completed, and the data analysis for these, as well as an
earlier experiment, are now complete or nearly complete.
During 1992 LEGS produced a gamma-ray beam for
approximately 100 days. Of this total 85% was used for data
collection and the balance was used to develop detectors and
to conduct beamline studies. The experiments completed in
1992 are:

Expt. L3b: Quasi-free p production in deuteron photodis-
integration and increased d(g,p)n statistics from 210 to 330
MeV to study the nuclear tensor force, and

Expt. L6: Three body final states in deuteron photodisinte-
gration as a probe of the N-D interaction.

1. Overview
A modest increase in the maximum gamma-ray energy,

from 349 MeV to 363 MeV, was obtained by an increase of
the ring energy from 2528 MeV to 2583 MeV. With this
higher energy it will be possible to measure pion photopro-
duction at the point that is best determined by the world's
supply of data, and thus provide the strongest test of the
quality of the existing data. This is the goal of experiment
L7, to be performed in the summer of 1993. A project to
increase the gamma-ray beam energy to 406 MeV was begun
this year, and should be complete within the next year to 18
months. The heart of this upgrade is a new frequency
quadrupled ND-YLF laser that will produce approximately 5
watts of 260 nm light. This laser was designed at BNL and
INFN (Frascatti). and is being constructed by STI Corpora-
tion. At present, a prototype laser produces up to 7 watts of
UV light, and it is expected that the final product will be
available by the end of the year. This new laser will be
mounted on the same granite optical bench as the existing
Ar-Ion laser, with its own computer controlled optical
system, so that operation can quickly and easily be switched
between the two.

The original liquid hydrogen target was completely rebuilt
during the spring and summer 1992 to increase the cell size
and to allow greater angular coverage of reaction products.
The new cell is 13 cm long (compared to 3.8 cm for the
original) which is important for the low cross section
Compton scattering experiments to be performed in 1993.
The target was used in the fall of 1992 in a continuation of
the deuterium photodisintegration program. A new large

Nal(Tl) detector. 19" in diameter by 19" long, was installed
at the third LEGS target station. This detector is the world's
largest single ingot of Nal. and because of its large volume
and high quality it has extremely good resolution for high
energy gamma-rays — 1.5% at 300 MeV. A set of 10 drift
chambers was constructed for tracking charged particles in
three dimensions. These chambers can be used to subdivide
the angular coverage of the large solid angle detectors, such
as the 19" x 19" Nal, and to image the target cell to distin-
guish reactions originating in the mylar cell walls and
insulation from those coming from the cell contents. All of
this new equipment was successfully used in a deuterium
photodisintegration experiment in the fall of 1992.

A Workshop, organized by the LEGS group, was held at
Brookhaven on May 28-29. 1992. This workshop focused on
'wo specific topics — the polarizability of hadrons. specifi-
cally protons, neutrons and pions. and nucleon "deforma-
tion" as reflected in the E2/MI mixing ratio in the excitation
of the delta resonance. The workshop was attended by 64
physicists from 11 countries. The interaction with this
diverse group has had many beneficial effects upon the
planned research program at LEGS.

II. Constraints on the Nuclear Tensor Force front
d(g,p)n, Expt. L3

Several experiments at LEGS (LI. L3a and L3b) have
studied the nature of the tensor interaction between nucleons.
particularly at short distances. The nuclear tensor force
conies about largely from one pion exchange, and is attrac-
tive. The tensor interaction mixes intrinsic spin and orbital
angular momentum. In particular it brings in a D wave into
what would otherwise be a purely S wave deuteron. (In the
absence of the tensor interaction, the deuteron could have no
quadrupole moment.) As demonstrated in Expt. LI with
measurements up to 222 MeV. the polarization observables
in deuteron photodisintegration are quite sensitive to Ihe
short range part of the N-N tensor interaction.

The measurements on deuterium photodisintegralion were
extended up to 315 MeV in experiments L3a and L3b. The
first of these was completed in 1991. A second measuremeni
to obtain higher statistics. L3b. was completed late in 1992
and its analysis is nearing completion. The combined results
from Expls. LI and L3 for cross sections and asymmetries
near 90 degrees are plotted in Fig. I. The curves are calcula-
tions by Arenhoevel and Leidemann using the PARIS
nucleon-nucleor, (NN) potential. The overall agreement with
the data is qualitatively good. However, the calculations
show a systematic departure from the asymmetry data at the



higher energies. This could be due to inadequacies of the
phcnomcnological parameterization used for the short range
part tit the Tensor interaction in the PARIS potential.
Another problem may lie in the Tail that these calculations
treat the N-D and D-D interactions in exactly Ihe same way
as the N-N force. Near the peak of the delta (265 MeV in
deuterium) this simplification must have some effect. The
better approach would be to treat these interactions in a
coupled channel framework. This is now being developed by
Arenhoevel and his collaborators. Data from the large range
of energies spanned in Fxpts. L.I,3 will provide a crucial test
of this calculation.
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Figure I. Measured differential cross section {lop) and beam
asymmetry (bottom) for deuteron photodisintegration near 90
degrees in Ihe center of mass as a function of beam energy in Ihe
region of Ihe S-rtsonance.

HI. Quasi-di'uttTon and diproton breakup in -'l
Kxpt. 1.4

During Fxpt. 1.4, the 'He(g.p). 'lle(».pn»aml llelg.ppi
reaction channels were measured simulianeously. with a
large acceptance scimilluior an ay surrounding a liquid "He
target. The data taking for this experiment, a joint effort of
an RPl-LI-XiS-Tel Aviv collaboration, tvas coniplclcd at ihe
end I W l . and extensive data analysis has been ongoing
since then. The pholodisinlcgralion of "He lias recently been
measured at several laboratories up to energies <tf a few
hundred MeV. although only wilh unpo!ari/ed photon
beams. Comparisons of some of these data wilh calculations
have been used to suggest dial such cross sections are
dominated by the absorption of a photon on a two-nucleon
pair. A prime motivation for Hxpt. 1.4 was lo provide a
crucial tesl of this picture through the measurement of
polari/alion asymmetries.

The Iwo-body 'He(g.pn) and 'He(g.pp) channels, ohlained
with a kinematic selection of those events in which the
undetected miclcon was esscnlially a spectator ai rest, have a
number of interesting features. Two-body 'He(g.pn) can be
directly compared with the d(g.p)n results measured in
Expts. LI .3. The beam polari/alion asymmetries for these
reactions are shown in Fig. 2. as a function of the center of
mass angle in the pn system, for energies of 215 and 287
MeV. At these energies the excitalion of ihe delta resonance
(at about 265 MeV) dominates the reaction mechanism for
d(g,p)n. Below this energy, at 215 MeV. the agreement
between Ihe asymmetries of d(g.p)n and 'He(g.pn) is quite
remarkable. At higher energies, the general trends are the
same, although the 'Hefg.pn) asymmelry becomes less
negative. Two-nucleon absorption still dominates this
channel, but it is evident ihal other processes are starting to
play a roll. Detailed calculations are needed to understand
these differences and these are underway in Saclay.

The two-body 'He(g.pp) channel is particular interesting.
When the momentum of the unobserved neutron is near zero,
this corresponds to the photodisintegration of an S=(l
diproton. The presence of identical fcrmions in the linal stale
plus parity conservation excludes all MJ excitations with
J odd. Furthermore, parity conservation and the symmelry
of Ihe final two-proton stale excludes ihe interference of
miiltipnles of opposite parity. As a result, both the cross
section as well as Ihe asymmetry can contain no odd powers
of cos(J) and must be symmetric about 'XI degrees. This is
indeed horn out in Ihe results shown in Fig. 3. For ttiis
reaction, l.agct has argued that Fl absorption should be
greatly suppressed since the diproton has no net dipole
moment, and a Japanese group, working wild iinpobri/eii
photons, has recently claimed ihal F2 absorption dominates
two-body 'Hefg.ppl. However, a strong component of V2
excitation would produce a large positive asymmetry, and
this is clearly ruled out by the data of Fig. 3. The small
positive lobes at forward and backward angles result from
the F2 mullipole. but this is cctiainh no) dominant. M
excitaiion produces only negative asyniineiiies. which go lo
-1 at 90". Although ihe decrease in the magnitude of (he
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asymmetry near 90° is presumably due to the presence of
higher multipoles, it is nonetheless likely that El excitation
is significant. (The lack of a dipole moment for the corre-
lated pp pair is probably more relevant at lower energies
where the wavelength of the photon is large.) In any case, it
is clear from Fig. 3 that the multipole contributions are
changing with energy. The d(g,p) calculations by
Arenhoevel and Leidemann are presently being redone for
the diproton and hopefully will shed light on this interesting
puzzle.

Figure 2. Comparison of measured beam asymmetries for
photodisintegration of'He to a pn final state with the undetected
proton at rest (solid cricks) and photodisintegration of'H to the
same final state (crosses) at an energy below (top) and just above

(bottom) the fa-resonance. The disagreement at the higher energy
shows that processes other than two-body absorption beg in to

become important with increasing energy.
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Figure 3. Beam asymmetry measured for photodisintegration of
'He to a diproton (the undetected neutron at rest). Fermi

statistics plus parity conservation requries that the asymmetry be
symmetric about 90 degrees. Pure El excitation requires an

asymmetry of -I at 90 degrees, and the much smaller measured
value indicates the presence of higher multipoles.
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Time Resolved Spectroscopy
Jim Long
Naval Research Laboratory
Special Interest Group Representative

During the 1992 Users' Meeting held in May. the Time
Resolved Spectroscopy Special Interest Group (SPIG) was
created. This new SPIG was formed largely to address the
concerns of the growing community of users who require
special operations to perform time resolved experiments at
NSLS on both the VUV and X-ray Rings. Based on the
scientific disciplines represented, the SPIG is an unusually
broad one: time resolved experiments at NSLS encompass
the full range of available photon energies, from infrared to
hard x-ray, and involve gases, liquids, solids, and surfaces.

On the X-ray Ring, special operations entails reducing the
number of circulating bunches from the usual twenty-five to
only five or one. On the VUV Ring, the number of bunches
may be reduced from nine to one. Additionally for the VUV
ring, the fourth harmonic cavity may be detuned or shorted;
during normal operations, this device improves beam
lifetime by stretching the electron bunches from about 0.5 ns
(Gaussian FWHM) to up to 2 ns (double-peaked, non-
Gaussian), thereby deteriorating the resolution of time
resolved experiments, which frequently probe nanosecond
processes. Various experiments exploit the unique charac-
teristics of timing runs in different ways. For example, the
interpulse period of 19 ns, which pertains to ordinary fills, is
extended in single bunch fills to the round trip time of the
ring (567 ns on the X-ray Ring and 171 ns on the VUV
Ring), thereby prolonging the time window available for
study of the decay of excitations induced by synchrotron
pulses. The increased interpulse period is also important for
avoiding overlapping time spectra when time-of flight (TOF)
techniques are employed to detect photoions or photoelec-
trons. Finally, a number of experiments benefit from having
the largest possible number of photons per synchrotron
pulse, which is maximized in single bunch fills.

The first matter taken up by the SPIG has been scheduling
of the X-.^y Ring. This is not surprising, since the reduced
lifetime and beam current accompanying few-bunch fills
impacts a larger number of users on this ring, a fact which
has made scheduling a difficult issue ever since the first
single bunch shifts were delivered in early 1987, just prior to
the Phase II shutdown. At that time, scheduling requests for
distinct eight hour "liming shifts" were hammered out in the
weekly users' meeting. The present philosophy of schedul-
ing timing runs continuously within a scheduling period,
twenty-four hours a day, and near a long-term maintenance
period if possible, has evolved largely to reduce the imposi-
tion of special operations on ordinary users. Similarly, five
bunch operations were installed because the lifetime and
current in that mode approach thai of the usual twenty-five

bunch mode. However, so far. only single-bunch fills satisfy
simultaneously the needs of all timing users. The growth of
the timing community has led to the recent requests for six
days (i.e. two 'quanta' of experimental run-time) of single
bunch running per scheduling trimester. If one accepts the
point of view that an eight-or twelve-hour shift is nearly as
disruptive as a twenty-four shift, such a request is not
unprecedented: five dis.inct shifts were scheduled in
Trimester I 1989, eight in Trimester II 1989. and five in
Trimester II 1990. To reduce the possibility of requests for
additional days, and to maximally use the timing resources
provided, the Users' Executive Committee has requested that
the X-ray timing community populate as many beam lines as
possible during the timing runs (often more than one group
seeks to use one particular beamline for timing experiments).
This expansion is being accomplished as pointed out below.

In this first Time Resolved Spectroscopy SPIG report, it
seems appropriate to provide a general introduction to the
time resolved experiments presently employing special
operations. Emphasis is given to investigations performed
on the X-ray Ring. In a future report, experiments employ-
ing the VUV Ring will be addressed, such as time-resolved
fluorescence investigations of the structure and conforma-
tional changes of proteins and nucleic acids (John Sutherland
and coworkers, U9B); time-resolved, far infrared spectros-
copy of pulsed-laser excited materials (Larry Carr and
coworkers, U41R); and measurements of time-resolved
fluorescence from hydrocarbon liquids (Jack Preses. Dick
Holroyd, Ull).

Jerry Hastings, Peter Siddons (NSLS) and coworkers have
been advancing techniques for applying resonant nuclear
scattering of x-rays to studies of condensed matter. Nuclear
resonant scattering occurs when x-rays are tuned to a nuclear
transition energy, such as the 14.4 keV line of 57Fe made
famous by Mossbauer spectroscopy. The nuclear excited
state lifetime (140 ns) is sufficiently long that resonant
emission, excited by pulsed synchrotron radiation, can be
detected for times much longer than the 19 ns interpulsed
period of the X-ray Ring. Importantly, interference oscilla-
tions in the time dependence of the coherently excited
emission contain the same information as available from
conventional Mossbauer spectroscopy, but requires the long
interpulse period available in five bunch and single bunch
operations in order to be recorded. The time resolved
techniques they use automatically aid in discriminating
against the much more intense electronically scattered
component, which occurs essentially instantaneously.
However, the bandwidth of ordinary monochromators so
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exceeds the nuclear resonance width (10's of neV) that more
sophisticated techniques must also be applied to prevent the
prompt pulse from saturating the x-ray detector. Thus, this
group has developed improved techniques for eliminating
the electronically scattered component, such as polarization
suppression and the use of very high order, channel cut
monochromators (see Fig. I). These experiments promise a
significant advance: with tunable synchrotron radiation,
Mossbauer spectroscopy will no longer be limited to the
small number of appropriate radioactive species and can
exploit the polarization of the source radiation. The suc-

Figure I. Calculated time dependence of the amplitude and
polarization of the transmitted wave in nuclear forward scattering
from 57Fe during the first 80 ns after excitation. At time t=0, the
polarization is parallel to the polarization of the incident
synchrotron radiation pulse (a). The polarization remains linear
but rotates in time as the amplitude decays exponentially and
oscillates with a frequency of 14 ns (quantum beats). The n-
polarized component was measured with synchrotron bending
magnet x-ray radiation at beamline X27C, which required very
high photon energy resolution (5 meVat the "Fe Mossbauer
transition athv=14.4keV) and a novel crossed-polarizer
scattering geometry. D. P. Siddons, V. Bergmann, andj. B.
Hastings. Phys. Rev. Lett. 70, 359 (1993); see also J. B. Hastings,
D. P. Siddons, V. van Biirck, R. Hollalz. and V. Bergmann, Phys.
Rev. Lett. 66, 770 (1992).

cesses of these techniques have attracted additional collabo-
rations: both X25 (NSLS) and XI7BI (Gil Hoy, Old Domin-
ion Univ.) were employed in independent experiments in the
November 1992 timing run and a third group is expected to
utilize a third beamline in an upcoming run.

A second class of experiments, originally spearheaded by
Jon Levin (NIST), Paul Cowan (ANL), and others at X24A
in the photon energy range 2-4 keV, investigates photoion-
ization processes in gases. Ion time-of-flight (TOF) tech-
niques are used, which benefit from the long interpulse
period as discussed above. J. Levin and coworkers have
obtained the ratio of double-to-single photoionization cross
sections for helium, the first measurements done well above
the double photoionization threshold at 97 eV (see the
"Atomic and Molecular Science" summary in this section,
and J. C. Levin, D. W. Lindle, N. Keller, R.D. Miller, Y.
Azuma, N. Berrah Mansour, H.G. Berry.and LA. Sellin,
Phys. Rev. Lett. 67.968 (199J)). Using photon energies
well above the double-ionization threshold helps discrimi-
nate among competing theories of the effects of electron-
electron correlation in the simplest atom for which correla-
tion can occur. The photon energy range of these experi-
ments has been recently extended to 12 keV on X26C in
collaboration with Brandt Johnson, even as a second group
(Tom Lebrun. ANL) employed X24A.

In addition, the photoion yield of a series of multiply
charged argon ions has been measured near the K shell
threshold (3206 eV). By measuring photoion TOF in
coincidence with energy-resolved electrons from selected
Auger transitions, many channels in the complicated
vacancy-cascade filling the K hole are discriminated against.
This simplifies enormously the interpretation of the interest-
ing hv-dependence of the photoionization yield of the
coincident photoions near threshold. By first using single
bunch operations to sort out the hv-dependence of the photo
yield for the various Ar"<(q=l,2,...) ions without the coinci-
dence constraint, it became feasible to perform the coinci-
dence measurements in normal operations to study the
detailed threshold behavior (see Fig. 2).

As in the case of the resonant nuclear scattering commu-
nity, new groups wish to employ the timing runs for gas
phase experiments. Thus, Brandt Johnson (X26C. BNL),
Tom Lebrun (ANL, X24A). and others are mounting
independent experiments; additional beamlines are under
consideration to alleviate scheduling pressure on X24A.

Jack Preses and Dick Holroyd (BNL) have utilized a
similar energy range on X7B lo study the UV fluorescence
lifetimes of x-ray excited hydrocarbon liquids. A singlet
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state is excited in liquid alkanes along the tracks of photo-
electrons ejected by x-ray absorption in the liquid. In the
absence of fluorescence-quenching radicals, the fluorescence
lifetime of this state varies from about 1 to 4 ns, depending
on the specific liquid. However, at x-ray wavelengths,
fluorescence-quenching radicals are also produced along the
photoelectron track, leading to smaller fluorescence lifetimes
as the radical concentration increases. Since the radical
concentration increases for decreasing (more densely
ionizing) photoelectron energies (and hence decreasing
photon energies) in a predictable way, the hv dependence of
the fluorescence lifetime may be used with a model to

characterize the reactivity and physical diameter of the
ionization tracks. For example, analysis of lifetimes
measured in the 5-14 keV range in cis-decalin and dodecane
yields a track diameter of 44 A (see Fig. 3). These experi-
ments are notable in part because both NSLS rings have
been used in special operations. Ul 1 supplied photons below
the threshold for production of radicals, providing a baseline
lifetime measurement in the absence of quenching species.
On the X-ray Ring, five and single bunch fills were em-
ployed because the greater photon flux per pulse yields
larger signals by alleviating dead time losses in the detection
scheme.
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Figure 2. Excess Ar* in the vicinity of the K-ionizaiion threshold
of argon measured in coincidence with K-LJ,^ Auger electrons.
By monochromatizing the incident x-rays to narrower (0.4eV)
than the natural width of the AT K vacancy level (0.7eV),
essentially only Ar1*-4'-5* are produced in coincidence with K-
L,JL2J Auger electrons. The relative abundances of these three
charge states vary strongly over a few eV range from just below to
just above the K binding energy (3206 eV). Ar3* persists welt
above threshold due to recapture of the K photoelectron into
bound states of the residual ion. J. C. Levin, C. Biederman, N.
Keller, L Uljeby, C.-S. O, R. T. Short, 1. A. Sellin, andD. W.
Undle, Phys. Rev. Lett. 65, 988(1990).
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Figure 3. Inverse fluorescence lifetime (1/T) of two alkanes, m-
decalin (open circles) and dodecane (open squares) versus the
linear rate of energy loss (dEldx) of the photoelectrons excited in
these hydrocarbons by 5-14 ke V x-rays at beamline X7B. The
corresponding inverse lifetimes for VV excitation (measured at
beamline I'll) are shown at dFJdx=0 (solid circle, solid square).
The slopes of linear fits to these two data sets are equal,
consistent with a track model of Miller and West, and yield a
value for the track radius of44A. it. A. Holroyd, J. .W. Preses,
andj. C. Hanson (BNL Chemistry).
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Using photon energies between 6 and 130 eV, Jim Long and
coworkers (NRL) have applied photoelectron spectroscopy to
study laser excited surfaces of semiconductors. A pulsed
copper vapor laser is synchronized to the ring, enabling a
synchrotron pulse to interrogate the surface during excitation
by the 5ns laser pulse. However, because the laser repetition
rate (6 kHz) is small compared to the synchrotron pulse rate
(53 MHz in normal operations), most synchrotron pulses
cannot be used. These experiments thus rely on single bunch
fills (1.76 MHz repetition rate) to provide the largest possible
number of photons per synchrotron probe pulse coincident with
the laser pulse. Time resolved investigations of the surface
photovoltage, which is the electrostatic shift of spectra which
ensues when photocarriers screen the built-in electric field
(band bending) often found near the surface of semiconductors,
has led to measurements of surface recombination on Si (111).
See J.P. Long, H.R. Sadeghi, J.C. Rife, and M.N. Kabler, Phys.

Rev. Lett. 64.1158 (1990). The photovoltage was also shown
to eliminate inhomogeneous broadening of spectra from GaAs
(110) surfaces which possessed photochemically induced band
bending non-uniformities. The narrowed Ga 3d lineshapes
permitted analysis of the laser-induced photochemical decom-
position. See J.P. Long, S.S. Goldenberg, and M.N. Kabler,
Phys. Rev. Lett. 68,1014 (1992). For GaAs (110), photoelec-
tron spectra have also been recorded for the laser-excited
electrons themselves (see Fig. 4). For example, resonant
emission from a transient electron population, which occupies,
with nanosecond lifetimes, minima in the surface state band
structure, has been observed for hv near the Ga 3d absorption
threshold (20 eV). Thus, the spectroscopy of laser excited
states in solids, previously the exclusive domain of laser-based,
fixed-frequency UV sources, is now possible with tunable
synchrotron light.
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Figure 4. Left: photoemission spectra of the GaAs(lI0)X surface state of the p- and n-type GaAs at beamline X24C.
Normally unoccupied, this surface state has been filled by electrons laser-excited in coincidence -with the synchrotron
radiation pulses. By varying the relative time delay between the synchrotron and laser pulses, the lifetime of the laser-
excited population is measured to be approximately 2 ns. Right: photon energy dependence of the laser-excited
GaAs( I IO)X photoemission spectra. As anticipated for state in a dispersionless pocket ofk-space, the excited-state peak
advances linearly with photon energy, as substantiated in the inset. J. P. Ix/ng, S. S. Goldenberg, and M. N. Kabler
(NRL), Phys. Rev. B 47, 2402 (1993).



UV Photoemission
and Surface Science
Chi-ChangKao
NSLS

Angle-resolved valence band photoemission
Band mapping using angle-resolved valence band photoemission continues to be an important tool in the study of the

electronic structures of materials. It is routinely performed on several beamlines around the ring (U4A, U8B, UI2B, and
U16A) to study a variety of systems ranging from H/Ag( 111), graphite on TaC( 111), Bi/GaSb( 110), to paramagnetic Gd.

Of particular interest is a new band mapping technique for narrow band solids based on a display spectrometer. It was used
to measure the dispersion of the valence band of LiF (IBM, U8B) (see Figure l).The method measures the momentum
distribution at fixed energy instead of measuring the energy distribution at fixed momentum. Reversing the two variables
helps the study of narrow band systems where a large momentum change corresponds to a relatively small energy change. In
the case of LiF, the measured band width is 3.5 eV which is 17% wider than predicted by first principles band structure
calculations. This is in quantitative agreement with the effects of self-energy in quasiparticle calculations. It is also noted
that the self-energy effect in LiF is opposite from that in alkali metals.

Initial results of Fermi-surface mapping of transition metal oxide bronzes (Boston University, U4A) was also reported.
The goal of the program is to understand the role of Fermi surfaces in determining the wide range of properties of these
materials, for example quasi-low dimensional electrical conductivity, metal-insulator transitions, charge density waves, and
superconductivity.
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Figure!. Momentum distributions of
pkotoelectnmsfrom the F2p valence
band ofliF(lOO) at various electron
energies relative to the valence bond
maximum, measured wish the display
spectrometer at beamUnt V8B. The
two photon energies, hv= 85.5 eV and
152 eV, were chosen such that the
valence band maximum (FIS) and
minimum (X4') appear im mental
emission, respectively. The pictures are
centered around the surface normal.
Areas of high emission intensity appear
dark. F. J. Himpsel (IBM), L. J.
Terminello (LLXL), D. A. Lopimno-
Smith (IBM), E. A. Eklumd (IBM), and
J. J. Barton (IBM), Phys. Rev. Lett. 68,
3611 (1992).

Valence band photoemission
Photoemission study of the temperature dependent Kondo resonance in the heavy fermion systems continued to be a highly

contested area. On the one hand, the Los Alamos group (U3C) reported that there is no evidence of the dramatic temperature
dependence predicted by the Gunnarsson-Schonhammer model in their study of a number of Ce and Yb based systems as
shown, for example, in Figure 2a. On the other hand, with better energy resolution, the collaboration from AT&T, U. of
Michigan, Seoul National U., and Tohoku U. (U4B) reported observation of strong temperature dependence of the spectral
weight in the valence band of YbAI, (Figure 2b). Clearly, more high resolution work on good quality samples is needed to
resolve all the controversies.

Although there have been many photoemission measurements of ihe valence band of alkali-doped CW), the existence of a
sharp Fermi-edge cut-off and the density of states at the Fermi-level still remain controversial. An emission angle dependent
measurement of K}CHI was reported (AT&T, U4B) (Figure 3). It clearly demonstrated the emission angle dependence in the
valence band spectra. Further analysis shows that there is a deficiency of K at the surface, which reduces the sharpness of the
Fermi-edge cut-off as well as the estimated density of states at the Fermi-level.
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Figure 2a. Valence band photoemission spectra of cleaved single
crystals of YbAl} measured with h v=60 eV soft x-rays at low temperature
(20K and 80K). The spin-orbit-split surface 4f peaks can be rigorously
subtracted from these spectra, yielding the bulk 4fspectra shown in the
inset for 80K and 300K temperatures. The lack of temperature
dependence is used as evidence against the Gunnarson-Schonhammer
(GS) model, and similar extensions of the Anderson impurity theory, as
applied to Yb-based heavy fermions such as YbAlf These models
require the existence of a narrow temperature-dependent 4f Hondo
resonance peak near the Fermi level. R. I. R. Blyth, J. J. Joyce, A. J.
Arko, P. C. Canfield, Z. Fisk, J. D. Thompson, R. J. Bartlett (LANL), J.
Tang, andj. Lawrence (V. California, Irvine).

Figure 2b. Temperature dependent valence band photoemission of
YbA l} measured at high photon energy resolution with hv= 104 e V soft
x-rays from beamline U4B. The peak just below the Fermi level is
centered at35meV binding energy with a width of 40 meVand is
strongly temperature dependent over the 10K to 300K range. These
results are consistent with Anderson impurity Hamtttonian calculations
for a Hondo system with a Kondo temperature of400K (in contradiction
to the results of the Los Alamos group). L. H. Tjeng, C. T. Chen, H.-J.
Lin (AT&T Bell Labs), E.-J. Cho, S.-J. Oh (Seoul National V.), J.-H.
Park, J. W. Allen (V. Michigan) and T. Suzuki (Tohoku V. Sendai).
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Figure 3. Emission-angle-dependent valence band photoemission spectra ofKJC^ the superconducting Buckminsterfullerene.
Ijeft: K 3p and Fermi-edge photoemission ofK3CM taken at different electron emission angles (defined with respect to the surface
normal). The K/CM ratio decreases monotonically with increasing, indicating that the surface layer is potassium deficient compared to
the bulk (large measurements are more surface sensitive). Right: at grazing emission (0=HS°), the Fermi edge disappears, proving that
the Fermi cutoff is associated with bulk K3CM and the surface layer does not contribute to N(et) at all, i.e. it behaves like an insulator.
The dashed line is an estimate of the pure bulk A',CM spectrum, obtained by taking the difference between the 8=0° and 8=85° spectra.
The (revised) estimate ofS(ef) is 4.S±0.5 states/eV/spin/C^ C. T. Chen, L. H. Tjeng, H.-J. IJn, G. Meif>s, J. Rowe, and R. liaddon
(AT&T Bell Labs).
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Figure 4. Direct spectroscopy observation of the Mott-Hubbard (Mil) to charge
transfer (CT) crossover in transition metal (TM) oxides. The Zaanen-Sawatzky-
Allen classification scheme argues that early TM compounds are MH type and late
TM compounds are CTtype. Shown here are valence band spectra, on and off the
giant resonance (d"-id'-'final states) at the TM 2p edge, for TM oxides from CuO
to Ti,Of These spectra provide direct spectroscopic evidence of the MH to C'T
crossover in TM oxides. J.-H. Park, R. C'laessen, J. IV. Allen W. Michigan), l~ H.
TjengandC. T. Chen (AT&T Hell Labs).

Figure 5. Above: L}f-edge x-ray absorption spectra ofNi: total x-ray absorption
(XASjop) and magnetic circular dichroism (MCI), bottom). In addition to the
intense /.,, white lines, intriguing fine structure peaks appear: A,A' in the XAS
spectrum and B,B' in the MCD spectrum. Below: MCI) resonant valence band
photoemissioH spectra ofNi with the photon energy tuned to the L, white line
(bottom curve) and feature B (top curve). For Lt (feature B) excitation, the giant
resonance at 6eV(12eV) binding energy is associated with a 3iF (3d*) atomic
ground state. It is inferred that peaks B,B' in the MCI) spectrum are due to local
many body effects, and a large portion of the intensity of peaks A,A' in the XAS
spectrum is due to a critical point in the band structure. I- H. Tjeng, C. T. Chen,
P. Rudolf, G. Meigs (AT&TBell Labs), G. van derlxian (Daresbury), and B. T.
Thole (V. ofGroningen).
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Resonant photoemission using the large 2p to 3d absorption cross
section has become a routine technique in the study of 3d transition
metals and their compounds. For example, it was used to study the
crossover from Molt-Hubbard insulators to charge transfer insulators
in the 3d transition metal oxides (U. Michigan and AT&T, U4B) (see
Figure 4). A further extension of resonant photoemission was also
reported: circularly polarized soft x-rays were used in a resonant
photoemission measurement of Ni (AT&T, Daresbury, U. Groningen,
1MB). This work clearly demonstrated that the B feature in the
magnetic circular dichroism spectra of Ni (Figure 5. left) is due to the
3ci* atomic ground slate, and the importance of local many body
effects (see Figure 5).

Finally, spin-polarized angle-resolved pholoemission data for
Gd«MX)l )/W( 110) were reported (U. Texas. U5U). By measuring the
spin-polarization of the surface state and the 4f levels of both surface
and bulk atoms (Figure 6). the authors concluded that the results are
consistent with ferromagnetic coupling between the surface layer and
the bulk crystal. This is in direct contradiction to the results of recent
ab-inilio local-spin-densily calculations, which show an antiferromag-
nctic coupling between surface and bulk gadolinium, and will certainly
stimulate more theoretical and experimental work to resolve this issue.
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Core-level photoemission
Several novel applications of core-level photoemission have been

reported. First, the inelastic mean free paths of electrons in alkali
metals were measured using the relative intensities of the well re-
solved surface and bulk core-levels (U4A). Strong deviations from the
universal mean free path were observed for K. Rb, and Cs at low
kinetic energies. The anomaly is thought to be due to plasmon
scattering of conduction electrons into the empty d band (see Figure
7). Second, impact ionization and hot electron dynamics in thin
semiconductor and dielectric films were studied by detailed analysis of
the lineshape of core-level photoelectron peaks coupled with a Monte
Carlo transport simulation (U8B). For example, the lineshape of the
Al 2p core-level in Al^Gay ,As is found to be highly asymmetric and
dependent on the kinetic energy (see Figure 8). Transport simulation

Figure 6. Spin- and angle-resolved photoemission data for Gd(OOOI) crystals
grown on a W(110) surface. Photon energy hv = 44eVt temperature
T= 100K. Left: spin polarization (left-hand scale) and spin-integrated

intensity (right-hand scale) normal emission energy distribution curves
(EDCs) of the surface and bulk Gd 4d levels. Right: spin-resolved normal
emission valence band EDCs, showing the d. surface state and the exchange
split A2-symmetry bulk d-bands. The results'are consistent with
ferromagnetic coupling between bulk and surface layers. The spin-
integrated spectra agree well with previous work on both bulk and thin film
Gd(000l) samples at beamline U16A. G. A. Mulhollan, K. Garrison, andj.
L Erskine (V. Texas).

10 100 [o
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Figure 7. Inelastic mean free paths (escape depths) of
the alkali metals, determined by core-electron
photoemission spectra from the (110) surfaces of
alkali metal layers grown on a cold Xi(100) substrate.
The photoemission signal from the first atomic layer
(surface) is well resolved from that of the bulk, but the
subsurface layer binding energy shifts are too small to
be resolved from the bulk line. The mean free path is
obtained from the fraction of the p^ signal coming
from the bulk, which is given by e^\ where d is the
(110) layer spacing. Left: mean free path data for K
andCs (obtained this year), combined with last year's
data for Li, Na, and Rb. The light lines represent the
so-called universal curve, which matches the
experimental data above 10 eV electron kinetic energy
for all of the alkali, and below 10 eV for Li and .\a.
The data for K, Rb, and Cs show a pronounced drop
below 10 eV, shifting to lower energy with increasing
atomic number. These heavier alkali metals have
empty d states close to the Fermi level, which suggests
that the anomaly is due to plasmon scattering of
conduction electrons into the empty d band. Right:
theoretical inelastic mean free path curves based on
the formulation ofQuinn (J. J. Quinii, Pints. Rev. I2f>.
1453 <1962». \ . V. Smith. G. K. Wertheim. A. B.
Andrews, andC. T. Chen (AT&T Bell Labs).
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shows that these observations are consistent with strong energy
dependent electron-phonon scattering near the impact ionization
threshold.

Finally, photoelectron holography is getting closer to becoming
a routine structural tool. A photoelectron hologram is the con-
stant-energy, angle-dependent photoelectron intensity derived
from a chemically-specific core-level. This multiple-angle
electron diffraction pattern is then two-dimensionally Fourier
transformed to create a three-dimensional, real-space image of the
atoms nearby the emitter. The first photoelectron holography
images of surface and near surface Cu atoms of clean and
Cl-adsorbed Cu (100) surfaces were reported (Lawrence
Livermore National Lab and IBM. U8B) (see Figure 9).

Figure 8. Left: (a) Constant final state (CFS) photoemission spectra
of the Al 2p core level in bulk AlAjSaolAs measured at various kinetic
energies, E^. Ertoa is the photon energy used for internal core
electron injection, (b) Calculated core level lineshapes using Monte
Carlo transport simulations. The energies are the same as in (a).
Right: Broadening of the Al 2p core level line in AltfiatAs as a
function of electron kinetic energy. The open (filled) circles show data
obtained on 2000A Alt fia0 As samples with a SA (25A) termination
layer ofGaAs. The squares show data obtained on cesiated samples.
The solid line shows the broadening in the Monte Carlo spectral
reconstructions of(b) (on the left) which use the Keldysh expression
with the given parameters to calculate the energy dependent impact
ionization rate. Et = 2.13 eV corresponds to an electron energy equal
to the energy ofth'eAl09GaeAs bandgap. E. A. Eklund, P. D. Kirchner,
F. R. McFeeiy, E. Carrier (IBM Yorktown), andD. K. Shuh (LBL).

Figure 9. The surface structure of Cl
adsorbed on the Cu(00l) surface
probed using the photoelectron
holography imaging technique. This
work is the first to use the adsorbate
atom as the electron emitter, and
demonstrates that the electron back-
scattering can be used for surface
atom imaging. Left: Schematic of the
Cu atom positions neighboring a
surface Cl atom (not shown, but
centered on the grid provided as a
reference plane). Right: Numerical
inversion of a d 2p photoelectron
hologram measuredathv = 220 eV.
Note the twin images above the plane
and the elongation of the atom
images, which are anticipated
consequences of the numerical
inversion. J. J. Barton, D. A.
Lapiano-Smilh (IBM) and L. J.
Terminello (LLNL).
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X-Ray Absorption Spectroscopy
Lars Furenlid

NSLS
Special Interest Group Representative

Six btzrr'jnes at the NSLS are dedicated to x-ray absorp-
tion spectroscopy (XAS), with a further five or six lines
spending at least part of the time in a spectroscopy mode.
The extended x-ray absorption fine structure (EXAFS)
technique continues to be the structural tool of choice for
sample systems lacking long-range order such as liquids and
solutions, amorphous solids, powders, and thin films. X-ray
absorption near-edge spectroscopy (XANES) provides
complementary information about oxidation states and
geometry. The diversity of sciences making use of XANES
and EXAFS techniques is well represented in the -125
abstracts from beamlines X9A, X10C, XIIA, XI8B, X19A,
X23A2, and X23B found in the latter parts of this Annual
Report. Soft x-ray absorption spectroscopy is performed at
and represented in the abstracts of X1B, Ul A, U4B, and
U16B. The user administration's database now lists more
than 500 researchers and collaborators as currently involved
in XAS research at the NSLS. This represents approxi-
mately 1/5 of the overall NSLS user community.

XAS is an effective tool for studying metal binding sites in
biological molecules and there were many important
experiments in the last year, a few of which are highlighted
here:

K. Clark and J.E. Penner-Hahn from the University of
Michigan and L. Utschig, J.Wright, and T.V.O'Halloran
from Northwestern University studied the MerR
metalloregulatory protein at beamline X9A. This protein is a
genetic switch: in the presence of Hg(ll) ions, MerR
activates the transcription of genes responsible for the
production of proteins which detoxify and transport Hg. It
also responds to other metals, though to a lesser degree.
Studies of Zn-MerR and Cd-MerR complexes found metal
environments with four coordinated sulfurs, whereas the
Hg-MerR complex has only three coordinated S atoms. This
difference suggests a structural explanation for the Hg ion
selectivity exhibited by MerR.

B.Chance, P.Billing, and K.S. Reddy from the University
of Pennsylvania studied the interaction of the widely used
anti-tumor agent Cis-Platinum (cis-diammine dichloro
platinum(Il)) with DNA as part of an effort to understand the
mechanism of cell killing and how tumor cells develop
resistance to the drug during chemotherapy. XANES spectra
measured at beamline X9A (Fig. I) clearly indicate that Pt
changes from a +2 to a +4 oxidation state upon binding to
DNA, and EXAFS experiments are underway to determine
structural features of the complex with and without the
presence of the proteins which are believed to give the cells
resistance.

11.7

Figure 1. XANES spectra of cis-platinum (—) and ch-plaiinum
with DNA ()

L.Que Jr., C.R. Randall, and A.E. True from the Univer-
sity of Minnesota performed iron K-edge EXAFS studies of
isopenicillin N synthase, and two of its enzyme-substrate
complexes at beamline X9. They find evidence for an
Fe-carboxylate interaction in the enzyme which is conserved
upon binding of the substrate. The substrate is found to bind
to the iron via a S atom with a Fe-S distance of 2.3A.

L.X. Chen, M.K. Bowman, P.A. Montano, M.C.
Thurnauer, and J.R. Norris from Argonne National Labora-
tory performed one of the first structural studies of an
optically excited molecule, working at beamline X18B.
They successfully measured the EXAFS of a complex
containing NO bound to Ni. Previous FTIR experiments
have suggested that charge is transferred from the Ni to the
NO moiety upon photo-excitation. The group was able to
directly observe the conversion from a linear Ni-NO* to a
bent Ni*:-N-O" geometry, as would be expected for the
charge separated state, by the decrease in the Ni-C-O
focusing effect and the change in Ni-O distance (see Fig. 2).

J. Chen from LBL, J. Christiansen, S.P. Cramer and S.J.
George from the University of California at Davis. R.C.
Tittsworth and B.J. Hales from Louisiana State University,
and D. Coucouvanis of the University of Michigan per-
formed Fe K-edge EXAFS measurements at beamline XI9A
on oxidized and reduced forms of nitrogenase, the two
protein system responsible for nitrogen fixation. Both
proteins contain Fe-S-M (M=Mo or V) clusters, and the
structural analysis suggests prismane-like (Fe^) geometries
as opposed to low symmetry alternatives. The Fe-S bond
lengths were found to be similar in the two proteins, and in
both cases slightly shorter in their oxidized forms. The same
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Figure 2. a) Molecular model of the ground and
excited state structures ofNiCpNO. b) The isolated
EXAFS oscillations before and after photo-
excitation.

group also studied the Fe L-edges of the Mo form of the enzyme at
beamline U4B and found evidence for the presence of high spin iron in
both +2 and +3 oxidation states.

EXAFS techniques are also powerful tools for the solid stale physics and
materials science fields. The relatively new techniques of .soft and hard
x-ray magnetic dichroism spectroscopy provide complementary informa-
tion about magnetic structure. Again, there were a large number of
important experiments, of which only a few can be highlighted here:

Magnetic materials are important for many applications, including
recording media. V.G. Harris, B.N. Das, and W.T. Elam from the Naval
Research Laboratory studied several kinds of melt-spun alloy ribbons
which show interesting magnetic properties. Fc-Si-B alloys with small
amounts of Cu and Nb are reported to have microstructures comprising
ultra fine grains of crystalline Fe-Si material embedded in an amorphous
matrix, with Ihe Cu facilitating the crystallization process. EXAFS studies
at beamline X23B of the local Fe and Cu environments confirm that the
iron is in a BCC environment, whereas the copper environment more
closely resembles an FCC arrangement. This suggests that the Cu atoms
are not in the Fe-Si crystallites, bul instead form another insoluble precipi-
tate. Co K-edge studies of Cu-Co-Fe ribbons during heat treatment reveal
the conversion from an initial FCC Co phase to a BCC Fe-Co phase
starting at 500 °C and the surprising reappearance of an FCC phase at
800°C attributed to the segregation of FCC Co.

Magnetic materials have also been the subject of study by Y.U. Idzerda
and C.J. Gutierrez of Naval Research Labs, and L.H. Tjeng, H.J. Lin, G.
Meigs. and C.T. Chen of AT&T Bell Labs at beamline U4B. In one
experiment, the magnetic circular dichroism of Fe - Co single crystal thin
films was determined for both elements' L2 and L3 edges. The relative
intensity ratios can be interpreted with recently derived sum rules in terms
of the relative contribution of orbital magnetic moments versus spin
moments. The same group studied Ihe magnetic structure of
submonolayer coverages of Cr on Fe. In this case, the advantage of MCD
techniques is the ability to separate the magnetic properties of ovcrlayers
from even ferromagnetic substrates. The Cr layer was found to be
ferromagnetic, in agreement with predictions, and anti-aligned to the Fe
layer. Soft x-ray magnetic circular dichroism can also be used to measure
element specific magnetic hysteresis curves in systems with multiple
magnetically active elements, as was demonstrated by members of the
above group together with A. Chaiken and G.A. Prinz of NRL, and G.K.
Ho of the University of Pennsylvania. An example is shown in Fig. 3,
where the iron and cobalt hysteresis curves in an Fe-Cu-Co multilayer
were measured separately by monitoring the MCD of each elements"
respective L(edge.

E.A. Stern and M.Qjan from the University of Washington, Y. Yacoby
of Hebrew University. S.M. Heald of BNL, and H. Maeda of Okayama
University performed Cu K-edge EXAFS measurements on oriented

samples of YBa,Cu,O7 i as a function of temperature at beamline X11 A. In agreement with other measurements, an anomaly
in the Cu( I)-O(4) radial distribution function was found. The apical oxygens were found to be distributed roughly equally
between two equilibrium distances, approximately 0.1A apart, rather than a occupying a single site. This double well
distribution was found to coalesce to a single distance at T , but then reappear at lower temperatures.

Several groups working at beamline X11A studied Ihe structures of metal impurilies in silicon and other semiconductors.
S.M. Heald and Z. Tan from BNL investigated the reaction al Ihe thin film interfaces of gold/silicon and copper/silicon
bilayers where the semiconductor was initially amorphous. Copper, which forms a stable siliciilc complex, was found to react
with the Si upon deposition, whereas gold, which does not form equilibrium silicide complexes, was found to promote
crystallization of the Si at 160° C and then to react with Ihe crystallites to form silicides. M.A. Mareu:, and D.Jacohson from
AT&T Bell Labs. S.Coffa from the University of Catania. A. Potman of the FOM Institute and G.M. I.amble of BNLstudied
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Figure 3. Element specific magnetic hysteresis
curves for Fe and Co in a Fe-Cu-Co multilayer
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Figure 4. Fourier transforms of Mo EXAFS ofNiMo catalysts
with and without H, treatment before sulfiding. (a) American
Cyanamid HDS-3 catalyst, (b) Akzo KF-843 catalyst.

the local environments of Co. Ni, Cu. Au. and Ft in
amorphous Si and also found complexes with metal
environments quite different from the equilibrium metal-
silicide compounds.

T.N. Rhodin. R.P. Merrill, P. O'Hagan and S.C.
Woronick from Cornell University, and A.W. Chester and
G.L. Woolery of Mobil Research performed oxygen
K-edge studies of silica and other materials at beamline
UI6B. Using a Ge solid state detector to measure the O
fluorescence, they were able obtain the full EXAFS from
a number of oxygen-containing samples including quartz,
pressed silica powder, and a zeolite which was found to
have a second shell different from either silica or quartz.
Also studied was the progressive calcination of alumina
monohydrate ( AIO(OH)) which leads eventually to a
material with a spectrum resembling sapphire.

X-ray absorplion techniques are also highly useful for
characterizing catalysts, and a number of research groups
representing industry, universities, and government
laboratories performed important experiments in the past
year. Some selected highlights:

M.D. Famos. G.L. Woolery. G.H. Kuehl, R.E. Holland,
and M.S. Sarli from Mobil Research studied commercial
Ni-Mo catalysts employed in ihe hydrotreatment of petro-
leum feedstocks and the removal of sulfur, nitrogen, and
metal contaminants, working at beamline XI1A . Hydrogen
activation of certain catalyst systems has an adverse affect on
sulfiding activity, which had been attributed to the reduction
of Ni*: to inactive Ni metal. The in-situ EXAFS study
found, however, that the reduced activity was the result of
inhibition of Mo-S, formation rather than reduction of Ni.
Recently developed Ni-Mo catalysts do not show activity
loss upon H, treatment, and the EXAFS confirms that MoS.
formation is unaffected (see Fig. 4).

S.R. Bare. J.J. Maj. and G.E. Mitchell of Dow Chemical
and J.L. Gland from the University of Michigan performed
Mo L-edge studies at beamline X19A of model catalysts
consisting of molybdenum oxide supported on magnesium
oxide. Samples with varying loadings of MoO, were
calcined at 600° C and then investigated with fluorescence
measurements at the L, and L, edges. The white lines are
found to be split, an effect previously assigned to the ligand
field splitting of the final state d-orbitals. Since the splitting
differs for different coordination geometries, careful study of
the edges permits the quantilation of the relative amount of
tetrahedrally versus octahedrally coordinated Mo. For
samples with up to 10 wt% MoO, only tetrahedral Mo was
found, whereas further Mo loading resulted in the presence of
both forms. Structural models have been proposed as a
function of loading and degree of hydration.

G. Via and J. Bradley from Exxon Research and L.
Bonneviot of Universite Laval studied a number of bimetallic
catalyst systems at beamline X10C. In one study, dissolved
palladium and copper salts were combined in the presence of
a polymer to give 40A cluster complexes with Pd-Cu ratios
determined by the initial salt ratios. Physical properties have
suggested that the surfaces of these colloids are deficient in
copper, and XAFS measurements verify that the average Cu
coordination numbers are larger than the Pd coordination
numbers, as would be expected for bulk versus surface
enrichment. In a study of Ru - Cu bimetallics formed on
silica, in situ EXAFS and near edge studies during reduction
at elevated temperatures suggest that a fraction of the Cu
serves as an anchor between the oxide substrate and metal
particles, while Ihe remainder is incorporated into the metal
particles.

There were developments in the last year also in the field
of DAFS (diffraction anomalous fine structure), the new
technique which is something of a hybrid between x-ray
absorption and diffraction. I.J. Pickering. M. Sansone. J.
Marsch. and G.N. George from EXXON Research and SSRL
demonstrated with data collected a( beamline X10C that the
iterative numerical solution of the Kramers-Kronig relation-
ship relating f"(E) and f'(E) to s(E) is a simple and effeciive
means for converting a DAFS spectrum into a form which
can be treated as standard XAFS dala. This is well demon-
strated in Fig. 5. in which two site specific DAFS derived



Figure 5. Co K-edge absorption spectra ofCoj04,
which has two Co in octahedral sites and I Co in a
tetrahedral site. Top: Overlay of measured bulk
absorbance and bulk absorbance determined from
weighted average of octahedral and tetrahedral
DAFS. Center: measured DAFS from octahedral
sites. Bottom: measured DAFS from tetrahedral sites.

Radial Distance (A)

spectra are compared separately and as summed, versus the mea-
sured bulk absorption spectrum.

DAFS measurements of 123 superconductor (Y,Ba,Cu,O,) carried
out by H. Stragicr. J.O. Cross. J J . Rehr and. L.B. Sorensen from the
University of Washington and C.E. Bouldin and J. Woicik of NIST
at beamline X23A2 successfully resolved the XAFS spectra of the
two inequivalent copper sites. Measurements from different Bragg
reflections sensitive to the same site agree quantitatively (see Fig. 6).
DANES (diffraction anomalous near edge structure) measurements
on the 123 system permits the separation of the valence sensitive
XANES spectra from the two sites (see Fig. 7) which permits the
determination of the electronic differences between the sites.
Though DAFS and DANES are still very new tools, these techniques
arc clearly likely to have an enormous impact on the study of
complex lattice solids and other systems where there are multiple
inequivalent sites.

J.J. Rehr and S. 1. Zabinsky of the University of Washington and
R.C. Albers of Los Alamos released FEFF5.0x. the full multiple
scattering version of the XAFS simulation program, in 1992. The
FEFF programs have become an integral part of the data analysis
process for many researchers, and the addition of accurate simula-
tions of EXAFS for atoms beyond the first shell is a welcome
advance.

X-ray absorption speclroscopy continues to be a strong synchro-
tron science at the NSLS, with a steady progression of incremental
and innovative developments in beamlines. techniques, and theory.
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Figure 6. Fourier transforms of the DAFS derived EXAFS spectra
for the two inequivalent copper sites in Ytlla ,Cu /). superconductor.
The overlaid spectra indicate the reproducibility of the site selective
EXAFS as determined from different Hragg reflections.
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Figure 7. DANES (diffraction anomalous near edge
spectra) for the IMS and (Hi7 reflections from I2.i
superconductor as compared to the measured hulk
XANES spectra.



X-Ray Fluorescence
Yanjun Ma

Pacific Northwest Laboratory

X-ray Fluorescence Spectroscopy or X-ray Resonant
Inelastic Scattering ?

Should x-ray fluorescence spectroscopy excited with
monochromatic photons be generally treated as a case of
resonant inelastic scattering? That is the focus of several
experiments at the NSLS.

When the incident x-ray energy is just below an absorption
threshold, such as the L, edge of Xe, it has been known for
more than twenty years that the process can be treated as a
resonant Raman scattering, where the energy, spectral line
shape, and intensity of the emitted x-rays change with the
incident x-ray energy. This process was investigated at
X24A using the NIST spectrometer by M.A. MacDonald
(Daresbury), S.H. Southworth, J.C. Levin, A. Heinins. R.D.
Deslattes (NIST), T. LeBrun, Y. Azuma, P. L. Cowan
(Argonne), and B.A. Karl in (BNL) (see Fig. 1). Their results
at the L, edge of Xe agree with the theory of resonant Raman
scattering.

When the incident x-ray is above threshold, it has been
widely accepted that the x-ray emission spectrum should
simply reflect the occupied electronic density of states, i.e.,
the emission is assumed to be independent of the absorption
process. Using the newly commissioned high resolution
X1B beamline and the soft x-ray spectrometer from Uppsala
University, Y. Ma (Washington/PNL), N. Wassdahl, P.
Skytt, J.-H Guo, J. Nordgren (Uppsala). P.D. Johnson
(BNL), J.E. Rubensson, T. Boske, W. Eberhardt (KFA), and
S. Kevan (Oregon), have observed excitation energy depen-
dent emission spectra at the K-edge of diamond which
contradict this traditional description (see Fig. 2). This
excitation energy dependence can be quantitatively explained
by treating the absorption-emission process as a coherent
x-ray resonant inelastic scattering event. In this picture, the
absorption and emission processes are related through energy
and crystal momentum conservation. The origin of the
inelastic scattering is the coherence between the absorption
and emission processes, which suggests that an excitation
energy dependence is also expected in molecular systems.
Indeed, the C K-emission spectra of CM) shown in Fig. 3
support this prediction.

This new understanding of the absorption-emission
process suggests that momentum resolved x-ray absorption-
emission spectroscopy can be performed, which may then be
used as a new technique for electronic band structure
determination. To investigate this possibility, K.E. Miyano.
D.L. Ederer (Tulane), T.A. Callcott. J.J. Jia, L. Zhou. Q.Y.
Dong (Tennessee), Y.Ma (Washington/PNL). J. Woicik and
D.R. Mueller (NIST) compared the Si L-edge emission

Fluorescence Energy — >

Figure I. Xe Laux-ray emission spectra recorded as a function
of excitation energy across the Xe L3 edge at beamline X24A. The
variations of energy, intensity and lineshape are in qualitative
agreement with the theory of x-ray resonant Raman scettering (J.
Tulkki, Phys. Rev. A27,3375(1983)). M.A. MacDonald
(Daresbury), S.H. Southworth, J.C. Levin, A. Henins, R.D.
Deslattes (NIST), T. LeBrun, Y. Azuma, P.L Cowan (ANL)and
B.A. Karlin (BNL).

spectra of crystalline and amorphous silicon (c-Si and a-Si.
respectively) using the soft x-ray emission spectrometer at
beamline UIO. Their spectra are shown in Fig. 4. While
strong excitation energy dependence is observed in the
spectra of c-Si, as observed in a previous study also per-
formed at UIO. no dependence is evident in the spectra of
a-Si. Since the local atomic structure of c-Si and a-Si is
similar, this forms the best evidence to date that the excita-
tion energy dependence originates from the long range, i.e.
band structure, effect.

Depending upon the lime scale, relaxation processes such
as phonon excitation do occur between the absorption and
emission processes. W. O'Brien. J. Jia.. Q.Y. Dong. T.A.
Callcolt (Tennessee). K.E Miyano. D.L. Ederer (Tulanei.
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Figure 2. Carbon K-edge emission spectra of diamond for a
selected number of incident photon energies (listed in eVat the
left) measured at the high resolution soft x-ray undulator
beamline XIB using a high resolution grazing incidence
multigrating spectrometer with a two dimensional detector. The
features in these spectra are identified with the critical points in
the band structure. For example, at hvt=289.5 e V where the
photoelectron is excited to the minimum of the conduction band
near the X point, emission from around the X4 point is enhanced.
Similarly, at hva=302.S eV, the photoelectron is excited to the
bottom of the second bandgap bordered by an X point and again
emission from X is enhanced. These and other observations
provide direct evidence for the inelastic scattering interpretation
of the absorption-emission process. See Y. Ma et al., Phys. Rev.
Lett. 69, 2598 (1992). Y. Ma (Washington/PNL), N. Wassdahl, P.
Skytt, J. Guo, J. Nordgren (Uppsala), P.D. Johnson (BNL), J.-E.
Rubensson, T. Boske, W. Eberhardt (KFA), andS.D. Kevan
(Oregon).
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Figure 3. C K-emission spectra ofC^ at selected excitation
energies. The inset shows a C K-edge absorption spectrum ofCu
where the vertical lines indicate the photon energies used to
obtain the emission spectra. The energy resolution of the incident
photons, provided by the X1B beamline, is about O.3eV. J.-H.
Guo, N. Wassdahl, P. Skytt, J. Nordgren (Uppsala), and Y. Ma
(Washington/PNL).
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Figure 4. Si L2S edge emission spectra for crystalline (c-Si) and
amorphous (a-Si) silicon at selected incident photon energies.
The excitation energy dependence in the spectra ofc-Si, and the
absence of it for a-Si, is attributed to band structure effects. K.E.
Miyano, D.L. Ederer (Tulane), T.A. Callcott, JJ. Jia, L Zhou,
Q.Y. Dong (Tennessee), Y.Ma (Washington/PNL), J. Woicikand
D.R.Mu<Uer(NIST).

Figure 6. O Ka x-ray emission spectra (dotted lines) of
La2jSrCuO4 (x = 0.15) with different excitation energies (shown,
in eV, on the right) and LDA-band-structure-calculated O Ka
emission bands (solid lines)for in-Cufl-plane oxygen-p (a),
apical oxygen-p (b) and a superposition of both (c). [J.-H. Guo,
N. Wassdahl, P. Skytt, S. Btitorin, J. Nordgren, and Y. Ma, Phys
Rev. B, submitted (1993).]

35 40 45
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Figure 5. Phonon relaxation effects on the L,} emission ofMgO,
measured by comparing the SXE spectrum to the photoelectron
spectrum. The observed O.SeV shift of the SXE spectrum relative
to the photoelectron spectrum is identified as a Stokes shift and is
described in terms of partial phonon relaxation. Similar
measurements on Mg metal show no detectable Stokes shift
within the experimental uncertainty of 0.2 eV. The larger Stokes
shift observed in the oxide is due to longer core hole lifetime,
faster phonon relaxation, and larger phonon relaxation energy in
the oxide. W.L O' Brien, J. Jia, Q.-Y. Bong, TA. Callcott (U. of
Tennessee), K.E. Miyano, D.L. Ederer (Tulane), D.R. Mueller
(N1ST) and C.-C. Kao (NSLS).
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D.R. Mueller (NIST), and C.C. Kao (NSLS) studied the
effects of phonon relaxation on the soft x-ray emission
process using beamline UIO. They observed a sizable
phonon-relaxation-induced shift in the oxides MgO (see
Fig. 5). A1,O,, and SiO,, which can be attributed to the faster
phonon relaxation and larger phonon relaxation energies in
these materials.

The same group also compared normal vs. spectator
emission at the B K-edge of BN and B,OV The branching
ratio between the two radiative decay processes was ob-
tained.

Using high resolution photon excitation, x-ray emission
spectroscopy can be made not only elementally sensitive but
also chemically sensitive. This has been demonstrated by
J.-H. Guo, N. Wassdahl, P. Skytt, S. Butorin, J. Nordgren
(Uppsala U.), and Y. Ma (Washington/PNL) in an experi-
ment performed on beamline XIB. They have tuned the

high resolution incident photon energy to features in the O
K-edge absorption spectra of the LaSrCuCX, high T super-
conductors. These features had been assigned previously to
unoccupied states centered on different oxygen sites. The
emission spectra obtained this way allow the separation of
valence band DOS features associated with the two different
O atoms, the planar and apical O, in the unit cell of this
prototypical high temperature superconductor, (see Fig. 6.)

In a novel application of fluorescence spectroscopy, K.
Hamalainen, C.C Kao, J.B. Hastings. D.P. Siddons. L.E.
Berman, V. Stojanoff, and S.P. Cramer (NSLS) have taken
advantage of the different spin polarized Tiiial states in the
KP fluorescence spectra of MnO and MnF2. Spin dependent
Mn K-edge spectra of these materials (see Fig.7) were
obtained using a high resolution partial fluorescence yield
method where a high resolution spectrometer is used to
separate and select the spin resolved fluorescence lines.
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figure 7. Spin dependent Mn K-edge absorption spectra of MnO (a) and MnF/b), obtained using a novel high resolution partial
fluorescence yield technique at beamline X2S. See K. Hamalainen, C.-C. Kao, J. B. Hastings, D. P. Siddons, I- K. Berman, V.
Stojanoff, and S. P. Cramer, Phys. Rev. B 46,14274 (1992).
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X-Ray Scattering and Crystallography

Surface Studies
Surface x-ray diffraction continues to play an important

role in pinpointing atom displacements on single crystal
surfaces. Highlighting this field was a surface crystallogra-
phy study of ihe recently-discovered c(7>/2 x V2)R45°
commensurate reconstruction of the clean Mo(OOl) surface,
by Smilgies, Eng, and Robinson at X16A (recently reported
in Phys. Rev. Lett. 70, 1291 [1993]). It was determined that
the reconstruction consists of antiphase domains bounded by
walls of undisplaced first-layer atoms running parallel to the
<110> directions. Within each domain, the surface atoms
were displaced slightly to form three parallel zig-zag chains
also along the <1 IO> directions, with the inter-atomic
distance within the chains being close to the bulk nearest-
neighbor spacing (see Fig. I ) . From an experimental
perspective this was a challenging measurement, since many
superlattice reflections were required to refine the displace-
ments, yet the reconstruction occurs only at very low
temperatures (below about 150 K) while the annealing
temperature to clean the surface is about 2000 K. Also, the
surface is highly reactive with hydrogen which destroys the
reconstruction, and even with a base pressure of 5x10 "
mbar the data could only be collected within 8 minutes after
annealing the sample.
Diffuse Scattering

Residual ordering and distances between the atomic
species in a Ni80 FeM single crystal alloy were measured for
the first time by varying the x-ray scattering contrast between
Ni and Fe using anomalous x-ray scattering, and measuring
the diffuse scattering intensity on an absolute scale, by Ice,
Sparks, Habenschuss, and Shafer at X14 (recently reported in
Phys. Rev. Lett. 68,863 [1992]; see Fig. 2). This yielded a
result similar to that obtained with neutron scattering, but
without the need for isotopic substitution. Thus only one
sample is required. Measurements were made with 7.092,
8.0, and 8.313 keV x-rays to determine the Ni-Fe, Ni-Ni, and
Fe-Fe pair correlation functions. This experimental method
allowed the determination of the distance between Ni-Ni,
Ni-Fe, and Fe-Fe atom pairs in an alloy for the first time. In
addition, the enhanced contrast between Ni and Fe increased
the precision of the short-range-order parameters. The alloy
was found to contain significant atomic displacements even
though the size difference between Fe and Ni is only 2.5%.
Magnetic Scattering

Magnetic fluctuations near a critical temperature have
historically been studied with neutron scattering. The high-
intensity, high-resolution x-ray beam at X25 has allowed
such fluctuations to be studied using x-ray scattering

Lonny Herman
NSLS

D. Peter Siddons
NSLS

1x1 Unit Ceil

c(7V2xV2) R45° Unit Cell

Primitive Unit Cell

Figure 1. Structural model far c(7V2 x v£)JMS° Mo(mJl). The
structure in the regions of displaced surface atoms resembles ike
well-knewn structure of the related W(091) surface at law
temperatures. One out of seven chains on Mo(301) is undispbtemd
and firms a domain wall between chained regions in antiphase.
The (I x 1), c(7-fo x \fe)R45°, and the primitive unitcelk ore
indicated by dashed Huts. The lower part of ihe figure shows an
enlarged view of the c(7\2 x V2)iM50 unit ceil defining the
displacement vectors d^djtdy Atom positions are denoted by
solid circles; without ihe reconstruction the atoms would be in the
positions given by the dotted circles. Note that only three
independent in-plane displacements are allowed within c2mm
symmetry. D.-M. Smilgies, P.J. Eng, and l.K. Robinson, Phys.
Rev. Lett. 70,1291 (1993).

methods for the first time, by Thurston, Helgesen, Gibbs,
Hill, Gaul in, and Shirane (paper recently submitted to Phys.
Rev. Lett.). Holmium possesses a spiral antiferromagnetic
structure below its J 31.5 K Neel temperature. As this
temperature is approached from above, the magnetic
correlations gradually become longer-ranged; the correlation
length scale can be determined from magnetic scattering.
Magnetic Bragg peak profiles from a holmium single crystal,
in the vicinity of the Neel temperature, were measured using
neutrons (at BNL's High Flux Beam Reactor) and x-rays
(see Fig. 3). From these, the inverse correlation length
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Figure 2. Diffuse x-ray scattering intensities in the H3=O plane of a Nim Fe,a single crystal alloy, collected with x-ray energies of
{a) 7.092, (b) 8.000, and (c) 8.313 ke V. Thermal diffuse scattering, which peaks near the (200* and (220) Bragg positions, is later
removed by subtracting the 8-ke V data where fXi ~fft. The weaker short range order peaks near the superstructure positions (100),
(110), (120), and (210) are changed in intensity and shifted by Isl) when the magnitude offsi-ffl is changed and the sign reversed. G.E.
Ice, C.J. Sparks, A. Habenschuss and LB. Shafer, Phys. Rev. /Jeff. 6H, 863, (1992).

temperature dependences were derived (see Fig. 4). it was
determined that the magnetic fluctuations exhibit two length
scales in the vicinity of the phase transition, a heretofore
unobserved phenomenon in magnetic systems.
Coherent Beam Diffraction

Coherent x-rays have been used previously at X25 to
observe a speckle pattern arising from diffraction from
antiphase domains in a Cu,Au crystal. If the domain
structure is not static, the speckle pattern will fluctuate in
time. In previous work, the intensity of a single speckle was
monitored following a rapid temperature quench from the
disordered to ordered phase, to learn about the time correla-
tions of the ordered domains as they grew. In a recent
improvement, a charge-coupled device (CCD) array detector
was used by Dufresne, Brtining, Sutton, Stephenson,
Rodricks, Thompson, and Nagler at X25 to image the entire
speckle pattern as it varied in lime (see cover photograph).
It was found that, over a period of hours following a tem-
perature quench of the Cu,Au crystal, the dominant speckles
in the pattern remained stationary but. on average, grew in
intensity. This is suggestive of a domain coarsening
mechanism as the crystal orders.
Inelastic Scattering

Inelastic x-ray scattering spectroscopy with 1 eV energy
resolution is well-suited for the study of valence and
conduction electron excitations and transitions of a few to
several eV, because the weak interaction between x-rays and
the electronic system allows the bulk system to be probed
over a wide range of momentum transfer. In experiments by
Isaacs, Platzman, Williams, Kortan, Zschack, Ice, and
Hamalaincn at XI4 and X25, inelastic x-ray scattering
spectroscopy was used to study the dispersion of valence
electronic features in Cm (recently reported in Phys. Rev. E
46, 12910 [ 1992|) and conduction electronic features in A!
(recently reported in Phys. Rev. B 46. 12943 11992|) single

crystals. The dispersions of intcrband transition and
plasmon features arising from the Ca i valence electrons were
found to be isotropic (see Fig. 5). Thus it should be feasible
to perform such spectroscopy studies on a Cut powder for
which doping is possible. A similar effect was noticed in the
Al plasmon dispersion, showing the Al conduction electrons
to be jellium-like and devoid of crystal symmetry band
structure effects. In these experiments, a crystal analyzer was
used in conjunction with a position-sensitive detector to
record an entire energy-loss spectrum all at once.
Powder Diffraction

The range of compounds accessible for structure solution
using powder diffraction was extended by the work of
Morris, Harrison. Wilkinson. Nicol, and Cheeiham at X7A.
who successfully sulved a structure (Ga,(HPO,)}) containing
29 inequivalent atoms in the monoclinic unit cell (sec
Fig. 6). This work was reported in a Letter to Nature (359.
519(1992)). Anolher notable achievement at this beamlinc
was the collection of high-resolution data from C(<l at a
pressure of 2.5 GPa in a diamond anvil cell, reported by
Jephcoat, Finger, Cox, Mertwoy, Romanow, and Fischer at
X7A. They were able to demonstrate that the simple cubic
orientationally-ordercd phase previously observed below
250 K is also formed at room temperature under high
pressure. This work has built upon several technical
innovations at the beam!inc. in particular a focussing
monochromalor in conjunction with a very high-resolution
position-sensitive detector (PSD) and remote-controlled
high-pressure cells. The detector, developed by G. Smith
(BNL), makes use of Kr gas. hut uses the escape peak rather
than the primary photopeak. This has the effect of reducing
the effective plmtoeleclron range in the detector, and hence
improving dramatically its spatial resolution.

An intriguing possibility was explored by Cox. Smith,
Finger, and Jephcoat at X7A in an experiment to assess the
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feasibility of performing powder diffraction at high energies, that such measurements are feasible, if appropriate correc-

in particular 0.337 A. High energy diffraction is attractive tions are made for line-shape distortion,

in particular for difficult sample environments. They found

Hoimium X-ray and Neutron Transverse Scans
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Figure 3. Transverse x-ray and neutron scattering scans of hoimium taken at the (0,0,2- z) and (0,0, z) magnetic peak positions. The
scans in the top row of the figure were taken at temperatures below the transition, and represent the resolution of the different
experimental configurations. The center and bottom rows show critical scattering observed at temperatures above the transition. The
solid lines represent fits to a Lorentzian plus squared-Lorentzian lineshape. T.K. Thurston, G. Helgesen, I). Oibbs (WAX, Physics), J.P.
Hill (B.\L, Physics/ MIT), B.I). Gaulin (McMaster U.), and G. Shirane <BiXI« Physics) submitted to Phys. Rev. Lett.

45



Holmium

•<£

10-3 10"2

(T-T,)A,
10-1

Figure 4. Half-width-at-half-maxima (HWHM) of the broad and
narrow components for x-ray and neutron scattering scans of
holmium taken within the basal plane. The solid lines through
the data represent fits to a power taw HWtlM = KJ(T- TJflf.
The resolution limits for the various configurations are shown to
the right of the data. The low-resolution neutron scattering limit
is identified by "low res.", while the x-ray and high-resolution
neutron scattering limits are identified by "high res.". T.K.
Thurston, G. Helgesen, I). Gibbs (BNI^ rhvsics), J.I'. Hill (BNL,
Physics/MIT), B.I). Gaulin (McMaster V.), andG. Shirane (HNL,
Physics), submitted to Phys. Rev. Ijett.

Crystallography
Although experiments using anomalous scattering are

becoming more common, the idea of using near-edge
absorption structure with crystallography to learn about the
chemical nature of various sites is still rather new. Two such
experiments were recently performed at beam line X3A2 by
Gao, Frost-Jensen, Pressprich. and Coppens. The first
experiment studied a model compound for photosynthesis
which contained Mn in various oxidation states at different
sites. By examining the energy shifts in the Mn K-edge
dispersion for specific sets of reflections, they were able to
associate a specific valence with each Mn site. This informa-
tion will lead to a better understanding of pholosynlhelic
processes.

Another experiment by the same group used similar
techniques to study the valence distribution in NbSe,, a
mixed-valence charge-density wave (CDW) compound.
They were able lo demonstrate edge-shifts of 5 eV between

the two layers of Nb atoms in the structure (see l-'ig. 7). This
indicates a smaller population of the conduction hand in this
layer, which is in agreement with haml-siruciuie calculations,
but disagrees with the results of nuclear ii'i^iieiic resonance
(NMR) studies.
Small-Angle Scattering

Small-angle x-ray scattering using synchrotron radiation is
being used fora varieiN <>i materials-related experiments. On
beam line X3A2, Cliu, Ying. l.inliu. Xie. Gao, Li, Nose, and
Okada have studied the transition ol" the critical scattering of
polymer blends from mean-field to Ising-niodcl behavior
(Maeromolecules 25,7382 (1992)). By combining the
synchrotron measurements with separate coexistence-eurve-
determination techniques, they were able to determine the
phase boundary much more precisely, and hence to investi-
gate with confidence how the crossover between the two
behaviors occurs.
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Figure 5. (a) Scattering function S (q, (o)for a single crystal of
f-'mfor q=0.65A' and parallel to the 1101) I axis. The elastic peak
is shown divided by a factor of30. The energy resolution is
1.5 eV. (b) S(n,0))far a single crystal ofV.mfor q=I.I5 A '.for q
parallel to the flOO] (open circles) and IIIII (filled circles) crystal
axes, respectively. The scans are very similar within experimental
uncertainty. IC.I). Isaacs, P.M. Platzman, A.R. Kortan (AT&T).
P. '/.schack (ORISH) and K. llamiiliiinen (\SI.S), Phys. Rev. It
46, 12910 (1992).



Figure 6. Polyhedral representation of the structure of
Ga ,(HPOj), • 4H,O viewed parallel to the [010] direction. The
figure depicts gallium-centered octahedra and phosphorus-
centered tetrahedra. Hydrogen atoms are shown as open spheres
and Ow(13) is shown as a closed sphere. R.E. Morris (V. ofCA,
Santa Barbara), W.T.A. Harrison (U. of Houston), J.M Nicol (V.
ofMaryland/NlST), A.P. Wilkinson, andA.K. Cheetham (U. of
CA, Santa Barbara), Nature 359, 519 (1992).
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Figure 7. Anomalous scattering valance contrast diffraction
study of the mixed-valence charge-density wave conductor NbSe,:
f'vs. E and fit to f'from hkl data. NbSe, contains three parallel
chains of prismatically coordinated Nb atoms (I, //, and III), two
of which undergo low-temperature Peierls transitions (at 145K
and 95K) that lead lo modulated structures. Nbl (open
circles),Nbu (squares), and Nbni (diamonds). Y. Gao, M.R.
Pressprich and P. Coppens (SUNY at Buffalo).

At XI2B, microphase separation in polyurclhane foam
reactions was monitored in real-time using small-angle x-ray
scattering. The team of Heaney, Willkomm, McClusky. and
O'Neill (Dow USA Corp.) and Capel were able lo follow the
formation of bidentatc urea particles as the foam reaction
proceeded, and to draw new conclusions about the particle
size changes induced by differing water content in the
reaction mixture (see Fig.8). Amorphous silicon was the
subject of another study at XI2B. by Williamson, Jones,
Chen and Capel. They were able lo make correlations
among sample preparation conditions, small-angJe scattering
features and device photoelectronic properties.
Other

Beam lines X27C and X25 were used for nuclear reso-
nance scattering experiments during the special timing mode
shifts (see "Time-resolved spectroscopy" in this section).
Two interesting experiments were performed by Siddons.
Bergmann. and Hastings. The first demonstrated that the
unique polarization dependence of nuclear resonant scatter-
ing could be used to completely suppress the potentially
overwhelming non-resonant charge scattering (Phys. Rev.
Lett. 70, 359 (1993)). The second experiment investigated
the role of incoherent resonance scattering. It was found thai
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Figure 8. Small angle x-ray scattering (SAXS) scans versus time
for polyurethane slabstock foam with 4 parts per hundred parts
(pphp) water. No distinct peak is observed, but rather a shoulder
in the reciprocal space vector h = (4n/X)sin 6 appears in the
0.4-1.0nm' range beginning approximately 100 seconds after
reaction initiation. The intensity of this shoulder increases and
the onset time decreases with increasing water content. Time
resolved Fourier transform infrared (FTIR) measurements
correlate this shoulder to the formation ofbidentate urea, hence a
hard domain structure. Estimates of domain spacing from the
one-dimensional correlation function \ix) show that the domain
spacing is not distinct for foams with 2 pphp water content, but
increases with increasing water content for foams with >2pphp
water content. M. I). Heaney, W. R. Willkomm, J. V. McCluskv,
and R. E. O 'Neilt (Dow USA) and M. Capel (NSKS).
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Figure 9. Schematic diagram of a thin-film x-ray waveguide structure. The coupling and the decoupling sections function as two
"air" prism couplers, allowing the incident beam to be coupled into the waveguide and then decoupled out for detection. Y.P. Feng,
S.K. Sinha, H. W. Deckman (Exxon), J.B. Hastings andD.P. Siddons (NSLS).

the time-dependence of this process had two components,
one showing the natural decay constant and one with a much
faster decay. Although this sped-up behavior was expected
for coherent scattering, it was not obvious that the incoherent
process would show it.

Another interesting experiment was performed at beam
line X27C by Feng, Sinha, Deckman, Hastings and Siddons.
It demonstrated that hard x-rays could propagate through a
long waveguide formed by coating a reflecting surface with a
low-absorption layer, and then overcoating this structure with
an opaque material. In this experiment the substrate was
silicon, the intermediate layer was a 1200 A polyimide film
and the overcoat was SiO, (see Fig.9). The overcoat had
additional thin regions (400 A) at each end to act as couplers
into and out of the waveguide region. The structure tested
could support 5 modes, and all 5 were observed after being
guided through 1 cm of waveguide (see Fig. 10).

Figure 10. Detector scan of the tunneled beam in the thin x-ray
waveguide shown in Fig. 9, with 0 = 0.128° set to excite mode #2
only. The five peaks correspond to the five guided modes, all of
which were present in the waveguide due to mode-mixing (the
left-most peak appears only as a shoulder riding on the much
more intense peak of mode #2). Y.P. Feng, S.K. Sinha, H.W.
Deckman (Exxon), J.B. Hastings and D.P. Siddons (NSLS).
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X-Ray Topography
Michael Dudley

SUNY at Stony Brook
Special Interest Group Representative

This report outlines significant scientific results obtained
by the two beamlines mainly comprising the X-ray topogra-
phy SPIG, X19C and X23A3.

A broad range of experiments have been carried out on
X19C in the last year. In a collaborative program between
Grumman Corporate Research Center and M. Dudley's
Group at Stony Brook, much progress has been made
regarding the characterization of the MBE growth of CdTe
buffer layers. T. Fanning (Stony Brook), M. B. Lee
(Grumman) and L. Casagrande (Grumman) showed that
white beam topography is an ideal technique for screening
CdTe substrates to optimize epilayer quality, and for
characterizing the three dimensional distribution of defects
in the epilayers.

D. Gillies, C. H. Su, A Lehoczky, F. Szofran, and M.P.
Volz of NASA Marshall Space Flight Center, in a collabora-
tive program with M. Dudley, W. Zhou and G.-D. Yao of
Stony Brook have been using white beam topography to
investigate defect structures in crystals used in electronic and
photonic applications. Crystals investigated include ZnTe,
CdTe and PbSe. Correlations between crystal growth
conditions and defect configurations are being pursued.
Twins, slip dislocations and growth dislocation networks
have been observed. In a similar program also funded by
NASA, D. Larson of Grumman Corporate Research Center
and M. Dudley, G.-D. Yao and J. Wu of Stony Brook have
been comparing defect structures in CdZnTe crystals grown
on earth to those grown in a microgravity environment on
Shuttle mission STS-50.

D. Larson, R. Silberstein and D. DiMarizio of Grumman
Corporate Research center and M. Dudley and J. Wu of
Stony Brook, in a joint project funded by DARPA have been
using white beam topography to screen CdZnTe wafers to be
used as substrates for 1R focal plane arrays.

P. Anderson and V. Shastry of Ohio State University in
Collaboration with M. Dudley and J. Wu of Stony Brook,
have been investigating the influence of surface relaxation
on dislocation images in white beam topography. Strong
influences have been found, in some cases leading to
residual defect images under conditions when complete
extinction of images is expected.

L. K. Cheng and J. Bierlein of Dupont in a collaborative
program with IA. Dudley and S. Wang of Stony Brook, have
been using white beam topography to investigate growth
defect structure in KTA and KTP crystals, both of which
have interesting optical properties. Dislocations, growth
sector boundaries, inversion twin lamellae and ferroelectric
domains have been observed and characterized (see

2 mm

Figure 1. White beam topograph of a KTP single crystal showing
growth section boundaries, growth dislocations, and inversion twin
lamellae. L K. Chang and J. Bierlein (Dupont), M. Dudley and S.
Wang (SUNY at Stony Brook).

Figure I). The influence of these defect structures on
optical properties is being investigated.

C. Fazi of Army Research Laboratory (Adelphi) and M.
Dudley and S. Wang of Stony Brook have continued to make
excellent progress in their joint project investigating break-
down damage in semiconductor crystals. Details of the
distribution of damage following reverse bias failure have
been revealed. In a recent extension of this program, C.
Carter and D. Asbury of Cree Research Inc., have joined us
in a joint venture investigating defect structures in very high
quality (0001) SiC single crystals grown at Cree (see Figs. 2
and 3).

W.T. Pike of Jet Propulsion Labs., in a collaborative
program with M. Dudley and J. Wu of Stony Brook, have
been investigating relaxation process in SiGe film growth
using white beam topography.

I. Baker and F. Liu of Dartmouth College, jointly with M.
Dudley, have been investigating deformation mechanisms in
polycrystalline ice using white beam topography. In sim

49



Figure 2. White beam topograph of a 6H-S1C crystal grown by
Cree Research Inc., showing growth dislocation Structure. S.
Wang and M. Dudley (SUNY at Stony Brook), C. Carter and D.
Asbury (Cree Research Inc.), and C. Fazi (Army Research
Center, Adelphi).

studies have revealed, for the first time in this material,
dislocation nucleation at a grain boundary (see Figure 4).

J. Wu and M. Dudley of Stony Brook have been using
white beam topography to investigate the high temperature
bending deformation of InSb single crystals. Detailed
information regarding relative mobilities of different kinds
of dislocations has been revealed.

A wide variety of diffraction imaging experiments have
been performed on beamline X23A3 this year. D. Black and
H. Burdette from NIST have new results from their program
in man-made and natural diamond. They observed a
distinctive defect microstructure in man-made type Ha
diamond crystals grown by General Electric using the high-
temperature/high-pressure method. In the vicinity of the
seed of (100) growth crystals, they observed a four-fold
pattern of dislocations and stacking faults (see Figure 5).
This high defect density region surrounded a central region
of nearly perfect diamond. The central region increases in
size with increasing distance from the seed. Slices near the
center of the crystal and far from the seed are nearly perfect.

A. Goldman and S. Kycia from Iowa State University and
D. Black examined single crystals of Bridgman grown,
icosahedral Al7(|Pd,(|Mn|rr These crystals have very narrow
rocking curves on the order of a few arcseconds. Quite
surprisingly, it appears that the Borrmann effect can be
observed in these nearly perfect quasicryslals. The dominant
feature of the microstructure appears to be voids.

Figure 3. White beam X-ray diffraction topographs of (0001) 6H-SIC single crystals grown from vapor phase show
that the open-core super screw dislocations with giant Burger vectors, seen as asymmetric black 'dots' on (a) and
double-images on (b), are responsible for the generation of some dislocations (which appear as thin lines on the
topographs) lying on the basal plane. These open-core super screw dislocations are generated during crystal growth
as required at low supersaturations. S. Wang and M. Dudley (SUNY at Stony Brook), C. Carter and D. Asbury (Cree
Research Inc.), and C. Fazi (Army Research Center, Adelphi).
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Figure 4. White beam topographs showing initiation of slip at a grain boundary in a large grained polycrystalline ice sample. This is
the first evidence for the mechanism of dislocation generation in polycrystalline ice. F. Liu and I. Baker (Dartmouth College), G.-l).
Yao and \f. Dudley (Si XV at Stony Brook). See Phil. Maj>. Lett. 65, 279 (19921

(111)AT

0.5mm

Figure 5. .-t < 111 > asymmetric transmission tnpograpli of an
isotopically pure man-made type II \ diamond. This is a slice
perpendicular to the growth direction taken from a larger crystal
about I mm above the seed. I). Illack and II. HurdvUv (XIST).

G. Fogarly and M. Cronin-Golomb from Tufts University.
B. Steinerand U. Laor from NIST. and M. Garreit and C.
Warde from MIT studied barium titanute crystals. In addition
to dislocation images, antipararellel ferroelectric domains
were observed. In one crystal, strain was observed that
resulted from the competition belween adjacent facets during
growth. Also G. Fogarty. M. Cronin-Golomb. B. Steinerand
U. Laor have observed the piezoelectric strain pattern
resulting from photorefractive space charge fields in barium
titanate. An interference fringe pattern was created using two
beams from a YAG laser. The non-sinusoidal character of
the pattern was observed. The phase shift between the
incident interference pattern and the space charge field could
be measured directly from the shift in the strain field across a
ferroelectric domain boundary.

R.R. Whitlock and M.I. Bell from NRL and B. Sleiner
examined the defect structure of quart/ resonator structures.
In this work the relationship between device performance and
extended lattice delects is being investigated.

H.H. Schloessin and R.A. Secco from the University of
Western Ontario and R.D Spal from NIST ha\e continued
their observation of the formation of pressure figures in
calcite crystals during real time loading. Whereas optical
microscopy shows the pressure figure on ihe { I0II } face to
be a faceted fan. the \-rav microscope reveals an inegularh
bounded anil extended lattice strain pattern. These patterns
are associated with | 0 l ! 2 ! i« inning, iw in boundary intersec-
tions. { l()| I) translation gliding and cleavage The area of
Ihe projected slain lobes is correlated to increased coiiiacl
force and ma\ be used to estimate the elastic energy stored in
the sample.



Beamline X22C
Glancing incidence x-ray diffraction study of the thermal phase behavior of a vicinal Anil 11)
surface. The surface temperature in this photo is about 1200 K, which is 100 K below the bulk
melting temperature of Au. (See Section II, Symposia and Workshops section divider for a color
version of this photo.)
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NSLS Users' Meeting
Neal Shinn
Sandia National Laboratories
UEC Chairman

The 1992 Annual Users' Meeting and workshops at the
National Synchrotron Light Source, held May 18-20, marked
the occasion of the tenth anniversary of the VUV Ring
commissioning and highlighted continuing scientific
advancements on both the VUV and X-Ray rings. The three
day event consisted of four parallel one-day workshops
(described in this annual report), invited and contributed
presentations, and a special afternoon workshop on Opportu-
nities in Science Afforded by a UV-FEL. Also, a display
representing 22 vendors was held during the Users' Meeting.

The Annual Meeting began Tuesday morning with an
historical perspective on the conception and design of the

Keynote Speaker, Dr. Robert t. Park, Director of Public Affairs
for the American Physical Society and Professor of Physics at the
University of Maryland.

NSLS VUV Ring by Martin Blume. Deputy Director of
Brookhaven National Laboratory. With a ten-year series of
photographs, he chronicled the construction, commissioning
and beamline development leading to the present facility.
The success of the VUV facility is exemplified by the
routine use of many techniques once considered revolution-
ary and the development of unanticipated research areas
which exploit the unique polarization or temporal character-
istics of synchrotron radiation.

The next decade of synchrotron based research will be
unmistakably impacted by the remarkable political and
economic changes worldwide. This was the theme of Ihe
Keynote Address, entitled "Science in a Peaceful World",
given by Dr. Robert L. Park, Director of Public Affairs for
the American Physical Society and Professor of Physics at
the University of Maryland. As author of the insightful
weekly electronic news bulletin What's New and a frequent
guest on nationally televised news programs, Dr. Park has
provided a refreshingly candid perspective on science
funding and the political process to a wide audience. In his
Keynote Address, he discussed the present political environ-
ment in Washington D. C , and the impact of the federal
deficit upon the political process. Science funding, he
emphasized, is not exempt from political pressures, particu-
larly in an election year. His message, delivered with a large
measure of humor, was for scientists to set well-defined
priorities, actively promote a merit-based agenda, and resist
pork-barrel projects.

Denis McWhan, NSLS Chairman, then presented a status
report on the NSLS and an overview of the changes envi-
sioned for the NSLS in this decade. As the world's largest
user facility, the NSLS has been successful in both cata-
lyzing forefront research and making synchrotron-based
techniques available to a wide cross-section of scientists.

The meeting continued with a talk by Peter Johnson
(BNL) on Spin-Polarized Photoemission Studies of Surface
and Interfacial Magnetism. The high flux of the V5
undulator is critical to these simultaneous spin and momen-
tum resolved photoemission measurements of magnetic
single-crystal and epitaxial overlayer electronic structure.
These experiments in combination are increasing our
understanding of two-dimensional magnetism. The diversity
of NSLS experiments was illustrated by Jeremy Delaney
(Rutgers) who spoke on Synchrotron X-ray Speclroscopy of
Extraterrestrial Materials. Geologists are exploiting syn-
chrotron sources for elemental analysis and structure
characterization of complex minerals which are found in
meteorites.
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Following an outdoor lunch cook-out, the conference
attendees met informally in Special Interest Groups to elect
1992-93 representatives to the UEC. These representatives
assure that user groups with a common concern or research
interest, regardless of their size, have a voice in UEC/NSLS
deliberations. The increased activity in the area of Time-
resolved Experiments at the NSLS was officially recognized
at the Annual Meeting by the formation and ratification of a
new Special Interest Group with representation on the Users'
Executive Committee.

The meeting continued with L. Hao Tjeng who described
the basic feature of the double-headed Dragon beamline
(U4B), in particular the features which permit it to perform
soft x-ray magnetic circular dichroism (SXMCD) measure-
ments with unprecedented magnetic sensitivity and energy
resolution. After introducing the U4B XSMCD capabilities
by showing L-edge MCD spectra of pure transition metals
(Ni, Fe, and Co), Hao demonstrated the elemental sensitivity
of SXMCD by showing spectra from multi-component
materials such as FeCo alloys (Fe L-edge) and Gd-Fe garnet
(temperature dependence at the Gd and Fe L-edges). Next,
Joe Woicik described recent results that he and his co-
workers from N1ST (X24A) and Stanford University have
obtained for clean surfaces using the x-ray standing wave
(XSW) technique in the back-reflection diffraction geom-
etry. This geometry has the advantages of reduced sensitiv-
ity to defects in the sample crystal structure and allows the
use of low energy photons for extinction-free electron
detection of XSW field. Combined with shallow core level
photoemission measurements from U16A, Joe described
their successful determination of the surface relaxation of
clean InP( 110) Ixl and the bonding geometry of
Sb/InP(llO) lxl .

On the occasion of the 10th anniversary of the VUV Ring,
Steve Kramer, NSLS VUV Ring Manager, described the
current status of the VUV Ring, including the recent
commissioning of horizontal and vertical position feedback
systems. Steve also discussed various future accelerator
options, such as "top up" injection mode which produces a
nearly constant current source and permits reductions of the
beam size (transverse or longitudinal) without suffering from
the resulting lifetime degradation.

At the NSLS/User Community Discussion, 1991-92 UEC
Chairman, Mark Rivers summarized the progress in improv-
ing BNL staff services and housing, computer system
upgrades, and other user issues. Roger Klaffky presented
highlights of an extensive Scientific Program Support
Committee report, including a detailed noise abatement

(Left to right) Chris Jacobson (SUNY, Stony Brook), Carol
Hirschmugl (Yale University) and Larry Can (Gruumman
Corporate Research Center).

(Left to right) Wilfried Schildkamp (University of Chicago) and
William Thomlinson (NSLS Associate Chairman).
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study. In the report on VUV Ring issues. Neal Shinn
commented that VUV Ring operation is now better under-
stood as a result of discussions and the User Meeting
presentation by VUV Ring Manager, Steve Kramer. Ideas
for more flexible PRT/General User interactions were
discussed and input from the community requested. Denis
McWhan answered questions concerning the impact of the
NSLS Department reorganization, stressed his commitment
to the implicit NSLS-PRT partnership, and reiterated his
expectations for beamline productivity and PRT commit-
ment. The general user system and beamtime proposal
rating mechanism were reviewed by Susan White-DePace
and Bill Thomlinson. Bill noted in particular that the DOE
conduct of operations requirements will be evident at the
NSLS in the future.

The afternoon concluded with the popular poster session
and concurrent social hour at Brookhaven Center. Attendees

viewed over seventy poster presentations in areas including
gas phase pholodynamics, EXAFS determinations of solid
state structures, and advances in experimental instrumenta-
tion. The conference banquet was held at the nearby Middle
Island Country Club, which afforded a scenic venue for the
traditionally lively event. In a brief after dinner presentation,
the NSLS Users' Association presented an award of appre-
ciation to Gerry Van Derlaske for exceptional service in the
User Machine Shop. The award included an unidentifiable
machined part characterizing an anonymous user's skill level
prior to Gerry's arrival. Bill Thomlinson was honored for his
many years of user support, concern, and advocacy. His
award, entitled "The Best of Bill Thomlinson", included the
only known copies of secret videotapes from previous NSLS
Annual Meeting banquets. His acceplance speech was not
recorded.

The scientific talks on Wednesday morning began with
Larry Sorenson (University of Washington) speaking on
Diffraction Anomalous Fine Structure: A New X-ray
Structural Technique. Using examples of buried interfaces
and high-Tc superconductors, he illustrated the exciting
prospects for spatial and valance selectivity in structural
studies of materials. In Alison Davenport's (BNL) talk
entitled In-situ XANES Studies of Passive Oxide Films
under electrochemical Control, she demonstrated how the
oxidation of Fe/Cr was important in understanding the
chemistry of corrosion processes. A unique NSLS capabil-
ity, x-ray diffraction measurements in a large-volume high-
pressure cell, were featured in Donald Weidner's (SUNY @
Stony Brook) presenlation on properties of Earth Materials at
High Pressure and High Temperature. These experiments
replicate the conditions present in the earth's crust where
important geochemistry and materials phase transitions
occur. Finally, two talks by Bill O'Brien (University of
Tennessee) and Yanjun Ma (BNL) described the use of soft
x-ray emission spectroscopy to study electronic excitations in
insulators and proposed a resonance raman scattering
interpretation for high resolution data from diamond.

(Left to right) Peter Johnson (BNL Physics Dept., former VEC
Chairman) and Denis Me Whan (NSLS Chairman).
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Workshops
J*«ejl<e

Material

Robert M. Sweet
BNL, Biology Department

Approximately 40 crystallographers registered for the
workshop on White-beam Laue Crystallography for Struc-
tural Biology that was held on May 18, 1992 in conjunction
with the NSLS Users' Meeting. Organizers were R.M.
Sweet, K. Moffat, P.T. Singer, and E.M. Westbrook. The
method has seen expanding use in attempts to stop the action
in crystals of enzymes and other proteins that can be made to
go through some portion of their normal biochemical
function. The thrust of the meeting was to present enough
background to the field that scientists, hoping to develop a
research program in dynamic crystallography, might get
sufficient background to proceed, while providing new and
useful information to those already doing this sort of work.

The lecture portion of the workshop was preceded by a
day's access to beamline X26C for participants who wanted
to use the method for their own specimens.

The field was introduced by Keith Moffat and Robert
Sweet, who gave historical and mathematical background.
Several lecturers, including Lynne Howell, Marian Szebenyi,
Annette Shrive, and Arne Smalas discussed two different
software packages that are used for reduction of data. This
section was especially timely and represents an important
focus for workers in the field in the next few years. Three
speakers, Dagmar Ringe, Joel Berendzen, and Greg Farber,
spoke about various experimental questions, including use of
organic-chemical tricks and low temperatures to control
enzymic reactions, and about methods to make the most of
the limited data that come from a Laue measurement.
Finally there were reports of recent results where Laue
diffraction has allowed study of rapidly changing events in
enzyme crystals by lime Schlichting, Paul Singer, and Barry
Stoddard.

Gabrielle Long
National Institute of Standards and Technology

This day-long workshop, held on May 18,1992, was
organized to bring advanced small-angle x-ray scattering
(SAXS) techniques into the practical arena for state-of-the-
art materials science research at present and future synchro-
tron x-ray sources. To this end, there were presentations and
extensive discussion of new and novel methods such as
anomalous SAXS, high resolution ultra-small-angle x-ray
scattering, SAXS interpretation of the wings of Bragg peaks
from single crystal diffraction, grazing-incidence SAXS of
ultra-thin films and island formation on surfaces, and
reflectometry (which can be regarded as a one-dimensional
version of SAXS). Practical issues, such as data desmearing
and instrumentational corrections, absolute calibration of
x-ray data, derivation of particle-size distributions, and the
interpretation of SAXS data from fractal systems were
discussed.

The materials science research presented included in-situ
studies of the growth of thin films by Joanne Levine Parrill,
and the methodology and science of studying surfaces and
interfaces by means of complementary x-ray and neutron
reflectometry measurements by Chuck Majkrzak. Ben
Larson explained how the intensity in the wings of Bragg
peaks from single-crystal diffraction can be interpreted in
terms of clusters of defects. Susan Krueger discussed recent
results using high resolution SAXS to investigate ceramic
materials all the way from green body to product microstruc-
ture. The kinetics of coarsening in alloys was presented by
Steve Spooner, and a presentation on the methods by which
coarsening of a carbide species in a complex steel can be
derived from anomalous SAXS data was given by Julia
Weertman. Finally, a unified Guinier/power law approach to
the interpretation of data from fractal systems such as foams
and aerogels was presented by Greg Beaucage.

Overall this workshop was well attended and the general
feeling was that it was of genuine assistance in bringing
advanced and practical SAXS techniques to bear on the very
wide range of problems in materials science today.

57



J

CJ 1 OIL J

I flu

f ) C c H o firs? ©en

Ederer
Tulane University, Physics Department

A half-day workshop took place on the 18th of May at the
Annual Users' Meeting entitled: Excitation Dynamics in
Matter Studied by Time-Resolved and Pump-Probe Synchro-
tron Radiation Experiments. Seven speakers gave 20 minute
talks that covered 12 orders of magnitude in time (100
picoseconds-1 minute) and six orders of magnitude in
photon energy ( 10 meV-10 keV ). About 40 people
attended the series of lectures. In four of the talks the pulsed
nature of the source was used to probe the sample. Some
speakers could have used faster photon pulse times, and all
of them could have used at least an order of magnitude more
intensity.

In two of the experiments reported, lasers were used as a
pump, synchronized to the Light Source time structure. The
laser pulses modified the valence band or injected carriers
into the conduction band. The modified valence band was
probed by the synchrotron photon beam using photoelectron
spectroscopy and the behavior of the carriers was studied by
observing their IR absorption. In another example, a CCD
detector was presented as a fast read-out device for the study
of changes in x-ray diffraction as a function of time from
interfaces and in thin films due to an applied heat pulse.
By this technique intensity changes taking place over time
ranges on the order of minutes could be easily observed.

A CW laser was used to pump dilute concentrations of
molecules in a liquid jet. The jet carried the excited mol-
ecules where they could be probed by a synchrotron x-ray
beam. In this case a time resolution of the order of I micro-
second was achieved by the jet velocity and the size of the
x-ray beam. Neither the detector nor the sources were
required to operate in a pulsed mode.

Real time x-ray circular dichroism was suggested as an
experimental technique, when a circularly polarized x-ray
source of sufficient intensity becomes available. Undoubt-
edly these experiments will require asymmetric wigglers.

The decay channels of biomoleeules were studied as a
function of time, using the pulsed nature of the NSLS VUV
synchrotron source, and the ultimate speed for Laue
diffraction was assayed using single pulses from the x-ray
wiggler at CHESS to register an exposure. Information was
recorded on time scales as short as l20ps. The increased
brightness from the Advanced Photon Source will be
required for most effective use of this technique.

The workshop demonstrated the use of a wide variety of
techniques over a very broad photon energy range and time
scale to elucidate the structure and dynamics of matter.

Charles E. Bouldin
National Institute of Standards and Technology

The XAFS workshop, held on May 18, 1992, was attended
by about 75 people, who heard eight talks on current
developments in the field of x-ray absorption spectroscopy.
The morning session focused on different aspects of electron
yield detection methods in XAFS and was intended to spread
the word that electron yield methods are now as mature as
fluorescence yield, and can and should be put into general
use in the field.

Ken Kemmer (University of Notre Dame) led off with a
talk on an electron yield detector that operates at liquid
nitrogen temperature. This was followed by talks by Tim
Elam, Slade Cargill and Tolek Tyliszczak on methods for
dealing with Bragg diffraction glitches in XAFS spectra of
single-crystal samples. It appears that several of the meth-
ods for removing Bragg peaks are also compatible with the
low temperature detector developed at Notre Dame, so that
glitch-free low-temperature XAFS data can now be collected
on single crystal samples.

The afternoon session dealt with "frontier" developments
in XAFS and started off with talks by Ingrid Pickering
(Exxon) and Hans Stragier (University of Washington) about
methods for extracting XAFS information from the energy
dependence of diffraction peak intensity. The U. W. group
has collaborated with NIST to show the exact equivalence of
"Diffraction Anomalous Fine Structure" (DAFS) with XAFS
measurements of the same material, in the case of a simple
mono-atomic system, Cu metal. The Exxon group has
shown that DAFS can be used to resolve different, chemi-
cally identical phases in powder samples, which the
U.W./NIST group has shown that the addition of
Q-tunability provides spatially resolved XAFS in multi-layer
samples.

The DAFS talks were followed by a presentation by Keijo
Harnalainen (NSLS) on using high resolution fluorescence
detection to collect XAFS without resolution broadening
from the core-hole lifetime. This method resolves structure
on x-ray absorption edges that was previously inaccessible
but is feasible on current insertion devices and should
become more readily available on 3rd generation sources.

Finally, Ronald Frahm (HASYLAB), talked about greatly
improving the throughput of an EXAFS beamline, by
allowing scans to be completed in about 10-60 seconds. The
instrumentation can be retrofitted to many existing
beamlines and can reach time resolution in the range of 1-10
seconds.
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University of Chicago

GeoSync, a national organization of earth scientists that
strives to facilitate the use of synchrotron radiation
sources, held a hands-on workshop at NSLS entitled
"Workshop on Applications of Synchrotron Radiation to
Earth Materials" (June 18-20, 1992). The purpose was to
train faculty and graduate students in the uses of synchro-
tron radiation instrumentation. Ninety (90) individuals
participated including 12 organizers/speakers and 10
graduate students.

The workshop consisted of 1 day of lectures and 2 days
of experimental work at 6 experimental stations on 5
different beamlines (X7A, X17B1, X17C, X23B, X26A)
at the National Synchrotron Light Source. The 6 tech-
niques covered were x-ray microprobe, x-ray absorption
spectroscopy, diamond anvil cell, large volume press,
powder diffraction, and microtomography. For the
experimental work, the participants were subdivided into
groups of about seven individuals. Each person was able
to attend three different three-hour sessions (assignments
were based on interests compiled from pre-registration
form responses). Guided tours of the Brookhaven
National Laboratory facilities were also available. A
seafood buffet was held on Friday evening and about 60
people attended. In addition. Associated Universities,
Inc., (managing organization of BNL) kindly provided
refreshments and hor d'oevres for an end-of-the-workshop
social gathering on Saturday evening.

A workshop handbook was produced which contains
information on theoretical and practical aspects plus
relevant bibliographies. Contact Steve Sutton (X26,
NSLS, Building 725A. Upton, NY, 11973) for a copy.

Workshop participants at X17B1: (back to front) Mike Vaughan
(Stony Brook), Mark Rivers (V. Chicago), Sasa Bajt (U. Chicago),
Per Spanne (BNl^DAS), Don Weidner (Stony Brook), Dave Cox
(BNL-Physics) and Steve Sutton (U. Chicago).



Jerry Hastings, Steve Hulbert
NSLS
John Axe, Steve Shapiro
BNL, Physics Department

The idea lor Ihe Workshop on Neutron and Synchrotron
Radiation Studies of Materials grew out of our conversations
with materials scientists in recent years. There is an initial
barrier to •'user-mode" research that must be overcome by
potential first time users of facilities such as the High Flux
Beam Reactor (HFBR) and the National Synchrotron Light
Source (NSLS). Many groups, realizing the power of these
tools in materials characterization, would like to try a few
experiments 10 judge their relevance to (heir own work, but
are put off by a perception that the techniques are esoteric
and best left to the specialists in x-ray or neutron scattering.
This is untrue for many of the techniques mosl useful in the
first characterization of new materials, e.g. powder
diffraction, small angle scattering, and x-ray absorption
speclroscopy, and nothing reverses this misconception as
thoroughly as a little first hand experience. Fortunately, the
Center of Excellence for the Synthesis and Processing of
Advanced Materials, a new program financed by ihe U.S.
Department of Energy, agreed and provided funding for this
Workshop, which was held at Brookhaven National Labora-
tory. May 4-15. 1992. In overall concept, the Workshop was
patterned after the more ambitious HERCULES Workshops
held in Grenoble for the last two summers.

Over 100 scientists from 50 institutions attended the first
week of the Workshop, which was devoted to lectures by
experts in various aspects of the production and use of
neutrons and x-rays for material characterization. Marty
Blume (BNL) gave an overview of scattering phenomen-
ology. This was followed by a talk on synchrotron sources
and their instrumentation by Brian Kiucaid (LBL), and a
companion talk on neutrons by Mike Rowe (NIST). Mogens
Lehniann I'LL) described single crystal structure determina-
tion methods, and Tony Cheetham (UCSB) discussed the
corresponding powder diffraction methods. Si Moss
(U. Houston) described the study of defect structure by
diffuse \-ra\ or neutron scattering. Sunhil Sinha (Exxon)
presented two lectures, the first on small angle scattering, the
second on \-ray and neutron lefleclomeiry methods.

Phil Plat/.man (AT&T Bell Labs) described x-ray inelastic
scattering, followed by Bob Nicklow (ORNL) on inelastic
neutron scattering. Dale Sayers (NC'SU) covered x-ray
absorption spectroscopy. while Neville Smith (AT&T Bell
Labs) and Brian Tonner (U. Wisconsin) discussed photo-
emission and soft x-ray microscopy and holography,
respectively. Brian Tanner (U. Durham) covered neutron and
x-ray topography, while Tom Holden (AECL) described
residual stress analysis using neutron diffraction.

The first week's activities concluded with four lectures
discussing applications of x-ray and neutron scattering to
specific material synthesis problems of current interest. Jan
Herbst (General Motors Res. Lab.) discussed the develop-
ment of new permanent magnet materials. Massimo Marezio
(CNRS) discussed using x-ray and neutron techniques to
characterize high temperature superconductors. Tom Russell
(IBM San Jose) described the study of phase segregation in
polymer blends using small angle scattering and refleclom-
etry. Finally, Bruce Gates (U. Delaware; discussed the
characterization of new catalyst materials. In all of these
studies, x-rays and neutrons provide complementary
information.

In Ihe second week of the Workshop, twenty prc-sclecied
participants arranged themselves into four teams and
performed eight different half-day experiments carried out at
the HFBR and NSLS under the supervision of a local expert.
Many more wished to stay for the second week, but we
developed selection criteria weighted in favor of scientists
with materials synthesis backgrounds, with no previous user-
facility experience and with ideas for specific future experi-
ments. The measurement of phonons and magnons in iron
was supervised by Steve Shapiro and Ben Sternleib. David
Cox devised the neutron powder diffraction experiments.
Dieter Schneider planned Ihe small angle neutron experiment
and Tom Holden graciously stayed on a second week to
supervise a neutron residual stress analysis experiment. Dale
Sayers, Steve Heald. and Gerry Lamble assisted with
EXAFS/XANES experiments. Mei-Ling Slick and Peter



Stefan organized a photoemission experiment, Peter Siddons
devised a white beam topography experiment, and Ben Ocko
supervised an x-ray reflectometry experiment.

Although it was an intensive two week experience for all
concerned, the participants seemed to feel that it was a
successful Workshop, and we are already discussing the
possibility of another Workshop next year on x-ray and

neutron methods in structural biology. Incidentally, all of the
first week lectures were videotaped.Readers interested in
receiving tapes of specific iectures or of the entire set for a
nominal fee (yet to be determined) should direct inquiries to
Robert Thomas, Bldg. 438, Brookhaven National Labora-
tory, Upton, NY 11973.

Workshop Participants
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Tom Dickinson
NSLS

There has been a growing realization that the organization
and oversight of research activities at a user facility like the
NSLS is an interesting challenge, if we are to meet high
standards of safety, health, and environmental protection.
Accordingly, on September 22,1992 forty people from
around the country gathered at the NSLS for a three day
workshop on "Research Operations and ES&H at Basic
Energy Sciences User Facilities." The participants
represented management, operations, safety, administration,
and users from nine BES facilities: APS and IPNS at
Argonne, ALS at Berkeley, HFBR and NSLS at Brook-
haven, LANSCE at Los Alamos, HFIR at Oak Ridge, CRF at
Sandia, and SSRL at Stanford. There were several partici-
pants from the DOE as well.

The inspiration for the workshop came from a shared
conviction that programs for research operations and safety

should be motivated by the needs and concerns of the
facilities and users involved rather than only as a response to
external regulations and safety orders. Much attention is
now being given to ES&H issues and with new user facilities
about to come on line, the time was ripe for a workshop to
share experience and plans for safe and efficient research
operations. No attempt was made to come up with the "right
way" for doing things, instead the focus was on forming an
"experience base" for strategies and techniques in research
operations which could be drawn on by each facility when
developing operations and ES&H programs.

There were thirty presentations by workshop participants,
on subjects ranging from facility and user program over-
views to technical details on access control and safety
orientation. These topics were discussed by the group as a
whole, and most of the participants also joined in working

Workshop Participants.
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groups for further development of topics. Working groups
were formed on Management. User Training, ES&H, User
Administration. Research Operations, and Technical Sup-
port. A substantial quantity of "working material" was
collected, including training videos, resource documents,
procedures, and the like, and this will be copied and made
available to the participating facilities as a resource in
developing programs in research operations.

During the presentations and discussions, some patterns
emerged about the approach to research operations at the
various facilities. Most participants involved in research
operations and ES&H view their roles more as providing

resources to the user than as regulator/police officer. Every-
one recognized the responsibility of the User Facility to
insure that all operations are conducted within the require-
ments of ES&H regulations and good practice. The general
approach is to provide a structure of procedures, technical
resources, and oversight rather than a regimented set of
regulations. This is seen as more effective and better suited
to the research environment where the essence of the work is
innovation and change rather than routine. The challenge is
to organize, document, and execute such a program. This
workshop represents a good start on a collaboration toward
that end.

Left to right: Bill Thomlinson (Workshop Organizer, NSLS), Fred Koomanoff (DOE), Maureen Hunemuller (DOE), Tom Dickinson
(Workshop Organizer, NSLS) and Marty Blume (BNL).
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JSWit Johnson
NSLS Workshop Organizer

This workshop was held after the NSLS Users' Meeting,
and was attended by roughly fifty scientists from many
institutions. It follows in the path of several topical work-
shops held at the NSLS over the last years to explore both
the nature of experiments which are currently limited by
existing sources, and the physics of accelerator based

, sources to address these limitations. Early on in this process,
attention quickly focused on FEL sources since they seem to
hold out the greatest promise of order-of-magnitude ad-
vances in brightness and peak power over the third genera-
tion sources now being constructed and commissioned
throughout the world. Since then, several iterations of
experiment and machine design have occurred which
prompted this most recent workshop to provide an opportu-
nity to cross compare developments to date.

This first session was moderated by NSLS Beamline R&D
section head Jerry Hastings, and after opening remarks by
BNL Deputy Director Marty Blume, the basic physics of
FEL sources, and the proposed NSLS UV-FEL in particular,
were described by Li-Hua Yu of the NSLS Accelerator R&D
group. As a starting point, the parameters for the proposed
source were listed, which include provision for independent
tuning for four users in a wavelength range from 75 to 300
nm, with pulses ranging in duration from 200 fs to 6 ps at 2.5
kHz repetition rate. Pulse energies of ca. 1.2mJ (200 MW at
lOOnm), bandwidth (10"*), and harmonic content (103) were
emphasized. An excellent comparison of laser and FEL
based experiments in chemical physics was then provided by
Giacinto Scoles (Princeton U.), followed by a discussion of
potential applications in biological spectroscopy given by
Bill Laws (Mount Sinai School of Medicine).

The second session was moderated by Neville Smith
(AT&T Bell Labs) where attention turned to problems in
solid state physics. Dave Ederer (Tulane U.) provided an
overview of several multi-color experiments that have been
explored at some level, yet in many cases thus far, have
suffered from source limitations either in flux, brightness, or
resolution. In the true spirit of workshops, Jim Long (NRL)
gave an impromptu presentation on the advantage of UV-
FELS for experiments done at X24C.

APS Prototype Photon Beam Position Monitor at
X25. A prototype photon beam position monitor
for the Advanced Photon Source (APS) consist-
ing of a synthetic diamond blade was tested
using the 200 W/rnm1 doubly-facussed white
beam ui the X25 hybrid wiggler beam line. The
image shows the surface temperature profile of
the blade, when subjected to the beam, as
mapped through an infrared camera system.
Diamond is an attractive material for such a
monitor, because most of the impinging x-ray
beam power is transmitted. The eventual
monitor will use two blades for each direction
sensed. <D. Shu, J.T. Collins, J. liarraza, T.M.
Kuzay IAPS1)
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Figure 1. The breakdown of the VUV Ring usage based on total
time (not scheduled time) for FY1992.

Figure 2. The total integrated current for the VUV Ring
accumulated each month for FY 1992.
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Figure 4. The VUV Ring injection charge rate averaged over all
fills in each month for FY 1992.

Figures. The VUV Ring vacuum pressure at 500 mA beam
current averaged over each month in FY 1992.
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VUV Machine Operations
Stephen Kramer

NSLS VUV Ring Manager
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Figure 3. The injection current averaged over all fills in a month
for the VUVRing in FY1992.

The VUV Ring performance statistics for FY 1992 are
given below:
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Figure 6. The VUVRing exponential beam lifetime at 500 mA
beam current (seven bunch only) averaged over each month
during FY 1992.

Average fill current

Average charge rate

Average lifetime at 500 mA

Total user integrated current

- 850 mA

- 65 mA/min.

- 242 min.

- 2750 A-hours
(114.6 A-daxs)

The detailed break down of these statistics are shown
in the accompanying figures. All of these statistics are
up significantly, a direct result of the increased reliability
and performance of the injector and storage ring systems.
It is a major accomplishment of everyone involved with
these systems to achieve this during a lime of reduced
budgets and manpower. This record performance was
achieved despite a major vacuum and mechanical effort
in September, that replaced a leaking ceramic gap and a
front-end valve. Thanks to the efforts of the Vacuum
Group, who patched the leak when it occurred, we were
able to make these repairs during n scheduled shutdown,
avoiding a major unscheduled downtime. The three-week
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effort was completed ahead of schedule despite several
unforeseen problems, one of which required venting almost
the entire ring. The early completion allowed more time for
conditioning the ring, providing a more stable and reliable
beam at the start of scheduled operations.

Measuring the performance of a mature, state-of-the-art
light source by integrated current alone is not adequate.
Beam stability in position and flux is also essential for the
advanced research performed with these sources. During
FY 1992 the new Global Orbit Feedback System (GOFS)
was commissioned. This system, like the earlier prototype
system, uses a realtime beam closed orbit measurement
system to feedback a measured correlated orbit distortion
signal to the orbit correction magnets. The new system
includes more pickup signals, allowing for the correction of
more channels of correlated orbit errors. In addition, this
system has horizontal and vertical orbit feedback systems,
instead of just vertical as in the earlier system. The net gain
in orbit stability has been a reduction of orbit distortion by a
factor of 2 to 10 on time scales of 1/60 sec to 24 hrs. The
typical rms closed orbit distortions over a fill are <40
microns horizontally and <20 microns vertically. Short-term
stability is considerably better, while deviations over the
larger dynamic range of current in a fill may actually
increase the real photon beam motion resulting from a non-
linearity of the electron beam pickups. Future efforts to
reduce these long-term effects may require using photon
beam monitors for a beam motion feedback signal, the first
of which will be added to the ring monitors in FY 1993.

The low energy of the VUV electron beam enhances the
steering and focusing effects of the undulators on the
electron beam. The strong fields of the TOK undulator have
been a major perturbation on the VUV closed orbit. A new
method of tuning the ring quadrupoles as a function of TOK
gap has been introduced, which appears to reduce the orbit
distortions to a smaller fraction of the ring circumference
than previously achieved. However, coincident with this
change was the shift to the new RF receivers that have better
resolution than the older switched pickup electrode (PUE)
system. The new realtime orbit display for the users will
allow them to correlate orbit motions with the changes in
undulator gaps and should be able to confirm this observa-
tion of improvement in the orbit reproducibility.

A major improvement to the ring has been the introduc-
tion of a new control system using VME microcomputers
and data acquisition hardware plus an advanced ethernet

communications system. The basic system (low level
distributed micro system) will be completed late FY 1993 but
has already provided major gains in control and diagnostics
of the storage ring beam. Some of these include: realtime
orbit measurements and display rates up to 20 Hz, user access
to orbit and beam parameters in realtime, flexible monitoring
of accelerator components and their affect on beam proper-
ties. After this initial hardware effort is completed, the tools
and manpower will become available to provide greater
advancement in orbit stability and reproducibility and for
understanding the influence of other systems on these beam
properties. This understanding will be necessary if signifi-
cant upgrades in emittance and stability from beam self fields
is to be achieved, bringing the VUV Ring performance closer
to that possible with the third generation light sources.

A major (unplanned) effort was spent during FY 1992 in
addressing a shift in radiation loss pattern during injection.
This resulted from a change in the operating procedure of
injecting with the TOK gap open, to injecting with the gap
closed. This change created an increased beam loss in the RF
straight section, which was minimally shielded. In keeping
with the DOE and BNL directives of As Low As Reasonably
Achievable (ALARA) radiation exposures, considerable
effort was spent to understand the change and to shield the
new source point to meet the ALARA goals. Some effort
will continue into FY 1993 to improve the injection effi-
ciency and to reduce radiation exposure to the second floor
offices and other locations.

The improvement program for the VUV Ring in FY 1993
will concentrate on the goals of: j I ] improved orbit stability
(position and flux), [2] improved orbit reproducibility (for
undulator gap changes), [3] reduced radiation level during
injection, and [4] improvement in beam lifetime and bright-
ness.

As we have seen in the past, some of these goals may
adversely influence gains in other goals. Consequently, input
from the users will be essential in setting priorities and
milestones in each of the above areas. Also, as I indicated at
the Users' Meeting in May, several upgrades of the VUV
Ring are possible that could increase the energy, the bright-
ness, and total flux. User input is needed in these areas to
effectively prioritize these goals and lo plan their imple-
mentation.
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VUV Beamline Operations
Roger Klaffky

NSLS VUV Operations Manager

Over the course of FY 1992 there were 199 different
experiments performed, as determined from a count of NSLS
safety approval forms. The institutional breakdown of
scientists participating on these experiments was 42% from
universities, 22% from industry, 19% from BNL, 8% from
other DOE labs, 3% from government labs and 6% from
abroad.

A near infrared beamline was developed, built and
commissioned at U2B. The beamline has been working to
specification and all of the high pressure IR work has been
done on it. The introduction of horizontal feedback on the
ring led to much improved performance on U4IR with

repeatability of <0.02% being obtained on the surface
science experiments at 2 cm1 resolution.

There were a number of upgrades to the previously
operating beamlines. RF glow discharge cleaning capability
was installed for all U1 optical elements. Cleaning was
successfully performed with 25 mTorr of oxygen at 150
watts. A flawed holographic grating on the U3C ERG was
replaced with a ruled grating. On U9B cryopumps were
replaced by ion pumps and a position and time sensitive
detector was installed to give simultaneous fluorescence
decay curves over the entire wavelength spectniin. On U11
there was a conversion of the data acquisition system from a

1 rl. I- A I tL£truJ*=,,--W-.
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PDPl I to a VAX 4000 system. The Klinger monochromator
grating drive was replaced with a new unit. Measurements
performed by the BNL Instrumentation Division Metrology
Lab revealed excessive figure errors of the U12A front
toroidal metal mirror (there were 3fim high undulations with
several mm periodicity). Arrangements were made for
polishing an identical mirror blank. The diffraction grating
was recoaled at SSRL.

The U13UA high flux/high resolution soft x-ray spectros-
copy branch line continued to be commissioned with
installation of the first silicon carbide grating (600 line/mm).
A new Icj chamber was constructed, featuring a compact gas
cell which will be used for energy resolution tests in addition
to experiments. On U15 there was a conversion of the data
acquisition system from a PDPl I to a PC based system using
commercially available data acquisition software. The time
of flight detection system was improved and the positive ion
collection efficiency increased from 20% to 100% for kinetic
energies below 20 eV. A new temperature control system
operating down to 40K was implemented on the EXAFS
chamber and glancing angle EXAFS capability was devel-
oped. On U16A the conversion from a PDPl 1 to PC
operating system began. Design was completed for the
future installation of a four quadrant mini-Mott spin detector

system for studying samples down to 10K. This system will
be useful in screening those experiments requiring access lo
the U5 undulator beam line. Construction of a sample
transfer arm to attach samples to the I OK cold finger is in
progress.

Other upgrades included the installation of additional
emergency lighting and putting the 125KW emergency
lighting generator on line. As part of a long-term improve-
ment project for the beamline power distribution systems, all
rubber insulated power cables were removed from the U4A
and C cable trays and new power cables were run through
conduits. The installation of new smoke detectors and the
addition of new zones to the fire alarm annunciator panel
also was underway in FY 1992.

Plots of horizontal and vertical orbit positions at the
beginning of each fill for 1993 indicated excellent repeat-
ability when the TOK gap was not changed. Repeatability
after gap changes improved during the latter part of 1993 as
routines were worked out for Control Room operators to
compensate for vertical tune shifts associated with the gap
changes. To allow users to monitor orbit repeatability and
stability for themselves, real lime horizontal and vertical
PUE readings are now displayed on Channel 6.
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VUV Storage Ring Parameters as of March 1993
Parameters VUV Storage Ring
Normal Operating Energy
Maximum Operating Current (multibunch
Circumference
Number of Beam Ports on Dipoles
Number of Insertion Devices
Maximum Length of Insertion Devices

w
B(p)
Electron Orbital Period
Damping Times
Touschek lifetime (dependent on current

per bunch and vertical emittance)
Lattice Structure (Chasman-Green)
Number of Superpcrious
Magnet Complement

Nominal Tunes (vx, v )
Momentum Compaction
R.F. Frequency
Radiated Power
R.F. Peak Voltage (typical)
Design R.F. Power
vg (Synchrotron Tune)
Natural Energy Spread £

Natural Bunch Length (2a)
Number of RF Buckets
Typical Bunch Mode
Horizontal Damped Emittance (EX)
Vertical Damped Emitlance (e )
Power per Horizontal milliradia.i (1A)

Arc Source Parameters
Betatron function (|3 J$ )
Dispersion function (TL/H )L / H -
a x y " ",y " "P V 2

 2

Source size (a ,a )
Source divergence (.o%.,a .)

Insertion Device Parameters
Betatron function (PX.PV)
Source size (a ,a )
Source divergence (<TY-,PV.)

0.745 GeV
ops.) 1.0 amp (1.1 x 1012 c")

51.0 meters
17
2
-2.5 meters
25.3 A (486 eV)
1.28 Tesla (1.91 meters)
170.2 nanoseconds
T = x = 17 msec; 1 = 9 msec
200 min @ 200 mA

Separated Function, Quad, Doublets
4
8 Bending (1.5 meters each)
24 Quadrupole (0.3 meters each)
12 Sextupole (0.2 meters each)
3.14, 1.23
0.023
52.887 MHz
14.7 kW/amp of Beam
100 kV
50 kW
0.002
4.7 x 10"4 (I < 20 mA)
7.6 cm (I < 20 mA)
9
7
1.38 x 10"7 meter-radian
> 3.5 x 10"!0 meter-radian (2.8 x 10"9 in normal ops.)***
2.3 Watts

1.18 to 2.25 m, 10.26 to 14.21 m
0.500 to 0.062 m, 0.743 to 0.093 m
-0.046 to 1.087, 3.18 to -0.96
0.738 to 0.970 m"1, 1.083 to 0.135 m"1

536 to 568 nm, >60 to >70 Jim (170-200 urn in normal ops.)***
686 to 373 |irad, 19.5 to 6.9 \uad (55-20 urad in normal ops.)***

11.1 m, 5.84 m
1240 fim, >45 jim (130 |im in normal ops.)
112 urad, >7.7 jtrad (22 |irad in normal ops.)***

*) Lifetime variable up to -350 minutes depending on use of bunch lengthening 211 MHz RF cavity.
**) Current and RF voltage dependent. **•) e is adjustable: in normal ops., typically <r = 200 tun
(130 nm in center of insertion straights) to provide a compromise between small beamsize and long
lifetime.
Sources of Data: NSLS Parameters, 198?, A. van Sleenbergen; Synchrotron Light Source Data Book -
Ver. 2, 1990, J. Murphy (BNL 42333r); 1993 information updates by N. Fewell, S. Hulbert and S. Kra-
mer (NSLS).
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X-Ray Machine Operations
Norman Fewell
NSLS X-Ray Ring Manager

The 1992 scheduled operating mode of the X-Ray Ring
followed the pattern established for ihe previous year. A
breakdown of the actual X-Ray Ring usage is shown in
Figure I. An increase of approximately 1Vft in integrated
beam current available to the users was the result of an
improvement in machine reliability (see Fig. 2).

In May the X-Ray operating energy was increased by 55
MeV to 2.584 GeV at the request of the LEGS experiment
on X5. As the three RF systems were operating close to their
limit, this relatively small increase in energy (2c/c) had to be
met by a reduction in the siored beam current of about
20mA.

An internal review of the 211 MHz RF cavity, that was
being prepared as a fourth acceleration system, was held in
March. The review committee concluded thai the problems
encountered in designing a higher order mode (HOM)
clamping system, sufficient to damp the HOM's to the
required levels, could not be solved in the near term. This
conclusion, together with (he uncertainties of beam stability
with a fourth harmonic system and Ihe unknown perfor-
mance of the 211 MHz RF transmitter, led the committee to
recommend that this system should not be installed this year.

The RF Group reported that the 52 MHz Test Cavity had
been refurbished sufficiently so that it could be used in an
operational system. As this cavity and transmitter is similar
to the existing operational systems, the committee recom-
mended that the RF group go ahead with the installation of
this 52 MHz system. Installation was completed in Decem-
ber 1992. This cavity adds sufficient RF power for higher
current (500mA max) or increased energy (2.8 GeV max)
operation.

The Controls and Diagnostics Group have completed the
installation of all the Pick-up Electrode (PUE) RF Receivers.
This has allowed the completion of the global and local
beam position feed-back systems. New computer programs
that correct the orbit both globally and locally prior to
closing the feed-back systems have markedly improved the
orbit reproducibility.

During the latter part of the year we began to experience
beam dumps for no apparent reason. Orbit window monitors
determined that the beam dumps were associated with orbit
transients. A sixteen channel fast glitch detector and storage
system was purchased to monitor the orbit and machine
components. Determination of the cause of the orbit glitches
was made difficult by the random nature of the dumps (up to
three a day) and by the coupling effect of the feed-back
systems. However, we finally found correlation between the
beam glitches and the malfunction of a beamline bending
magnet supply. This magnet supply has been overhauled
and is not expected to cause future problems.
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Figure 1. The breakdown of the acutal X-Ray Ring usage for
FY1992.
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Figure 2. The total integrated current for the X-Ray Ring for
FY 1992.

Figure 3. The injection current averaged over all fills in a month
for the X-Ray Ring for FY 1992.



X-Ray Beamline Operations
Roger Klafflcy
NSLS X-ray Operations Manager

During FY 1992 the X4A and X2I beamlines entered an
operational phase bringing the total number of operational
beam lines to 56. Construction and/or commissioning took
place on X4C, X6A, X22A, and X28C. There were 861
different experiments performed, of duration several days to
six months, as determined from a count of NSLS Safety
Approval Forms. The institutional breakdown of scientists
participating on these experiments was 43% from universi-
ties, 20% from industry, 16% from BNL, 9% from other
DOE laboratories, 79? from abroad, and 5% from govern-
ment labs.

A number of PRTs made improvements on their beam
lines this year. A cylindrical primary mirror was added lo
the X1A Beamline to provide vertical refocussing of the
undulator source to a point slightly downstream of the
experimental end stations. This allows full use to be made
of the coherent output of the undulator while preserving a
degree of insensitivity to motions of the electron beam in Jhe
ring. On the X3A line all the mechanical work was com-
pleted for converting to an image plate diffraction system. A
sagittally-bent focussing monochromator was installed on
X3B2. The crystal focusses 5.2 mrad of horizontal diver-
gence to a spot 1.5mm x 8mm, providing a seventy-fold
increase in x-ray intensity at the sample position without any
degradation in rocking curve width or diffraction efficiency.
All specifications for the X4C mirror and monochromator
were completed. The original X5 liquid hydrogen target was
rebuilt to increase the target thickness and to allow greater
angular coverage of reaction products. This results in more
efficient data collection for low cross section reactions. A
new Nal(Tl) gamma-ray detector, 19" in diameter by 19"
long, was installed and used for the first time. This is the
world's largest single Nal ingot. It has very high energy
resolution - 1.5% at 300 MeV. A set of 10 drift chambers
was constructed for tracking charged particles. This system
is used to image the target to avoid reactions initiated in the
mylar target cell and insulation.

On X6B a water-cooled mirror and a fixed-exit monochro-
mator were installed. Beam diagnostics were improved on
X7B after a CCD camera system was installed. A 120°
curved detector was used for time dependent powder
diffraction studies. A third crystal pair, new beryl crystals,
was installed in the X8A monochromaior to provide energies
from 0.8 to 2.0 keV at higher resolution (W/Si multilayers
cover from 0.3 to 2.0 keV at low resolution, and Si( III)
crystals cover from 2 to 6 keV). Previously, end stations at
X8A have been required to achieve clean high vacuum.
However, a fast valve interlock system has now been made
operational, permitting end stations to operate at up to one
atmosphere if separated from the beam line by a thin
window. Computer upgrades took place on X8C for
improved processing of data from the CCD camera. Installa-
tion of padded panels enhanced the workplace safety at X8C
by providing a noticeable reduction in noise. All X9A
beainline elements were moved to X9B and the additional 5
meters of length permitted the construction of an enlarged
hutch. A UHV valve was installed upstream of the X9B
beryllium window to allow for changes to the thin window
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without venting the X9 front end. XIO power supplies and
overhead crane were moved to remove conflicts with the
X9B hutch. The X10B mechanical mirror bender system
was upgraded. On X IOC, an external gear reduction was
added to improve monochromator tracking accuracy.
Software and instrumentation were developed to do
REFLEXAFS and DAFS (Diffraction Anomalous Fine
Structure). A stepping motor multiplexor unit capable of
controlling 18 different slit motors from a single E500
channel was designed and built. On XI1 a second set of
Si (111) crystals (cut with a different orientation to the
existing ones) was purchased to provide a choice of "glitch"
maps for a given energy range. A new Displex temperature
control unit and a new cooling unit for the water-cooled first
monochromator crystal were purchased. An improved,
flexible collimation system was designed and implemented
on the X12B small-angle scattering line. A two dimensional
detector was reworked to double the maximum count rate.
The data flow rate was increased by an order of magnitude
with the purchase of a new computer system. The mono-
chromator was upgraded with the installation of an external
drive system for reliable scanning. Major work and up-
grades on XI3 included implementation of local feedback
and an upgrade of the X13C double crystal monochromator
to facilitate operation at low energy by modifying the second
crystal mount to run with inchworm motors rather than piezo
stacks. This improves alignment flexibility and extends the
range over which the second crystal can be rocked, better
matching the wide rocking curve typically found in low
energy crystals such as beryl. The X13B line was modified
to allow the development of a scanning probe microscope,
and experiments for the development of a position monitor
for synchrotron Trieste were also conducted.The X15B
fluorescence detector was upgraded to a seven element
intrinsic germanium array to obtain greater throughput and
extended data acquisition capability. On X16C a new
double crystal monochromator and an elevating table were
commissioned as part of the conversion from a white to a
monochromatic line.

A Bent Laue geometry crystal monochromator was
installed to provide the X17B2 angiography imaging project
with an order of magnitude increase in intensity at the iodine
K-absorption edge compared to the previous Bragg device.
The Laue monochromator was used in two human studies
with dramatic improvement in image quality. Beam line
modifications were also made on X17B1 in preparation for
the installation of a tunable monochromator spanning the

30-100 KeV energy range. The X17C software was up-
graded to accommodate energy-dispersive diffraction. A
high throughput thin diamond window system was built for
X19A and underwent vacuum and interlock testing offline.
A fast valve was purchased and installed to protect upstream
beamline optics from a potential diamond window rupture.
An in situ coal combustion chamber was constructed. A full
package of data analysis software was installed for on-line
data analysis. An upstream eollimating mirror was received
and BNL Metrology Laboratory measurements showed that
it met figure error and roughness specifications. A bent
cylindrical mirror was installed on the X19C beamline to
permit unfocussed and focussed white beam operation.
Fabrication of a monochromator began and the design of a
liquid surface spectrometer was finalized.

On X20A the monochromator vacuum was improved with
the installation of a new monochromator housing and ihe
replacement of turbo pumps with ion pumps, which also
served to reduce noise. Beam pipe support stands, slit and
photon shutter tanks were designed and fabricated for a new
beamline on X22A. New computers, allowing more
sophisticated on-line graphics and analysis were introduced
on X22B and X22C. On X22B a permanent autolevel was
added to the hutch and new Io ion chambers installed to
better monitor intensity. On X22C, several new instruments,
including a pre-aligned telescope, were developed for beam
line alignment. In addition, new software was implemented
which allows a full three-dimensional scattering geometry in
x-ray surface scattering experiments. This will enable a new
regime of experiments seeking to characterize truncation rod
intensities in a glancing incidence geometry. On X24A water
cooling of the first monochromator was implemented to
reduce the stabilization time after injection. An InSb( III)
pair was added to the available monochromator crystals,
extending the energy range down to 1810 eV. A 0.002 inch
thick carbon foil and a tantalum pinhole array were installed
for improved beam line diagnostics. A new copper pre-
monochromator mirror was installed with an improved
cooling design, figure accuracy and smoothness compared to
the previous aluminum mirror. A new universal target
chamber was fabricated which can be adapted to a variety of
experiments and has improved alignment fixtures. A
mechanical carousel for exchanging crystals, and/or gratings
in LJHV was installed on the X24C monochromator. The
reflectometer precision was improved with the installation of
differentially pumped rotary feedthroughs. A new water-
cooled safety shutter was installed in the X25 from end. A
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wavelength dispersive spectrometer for use on X26A and X6, creation of space for twenty-three cabinets on the
underwent testing at X19C. A significant reconstruction of walkway to the basement of building 535, and the conver-
X28 was initiated to create needed space for the end stations sion of the X22B and C interlock systems to modular Phase
at U13UA. Downstream of a point about 12m from the II systems. Also, the installation of additional emergency
source, all three beamlines, A, B, and C were dismantled. lighting was completed and the 125 KW emergency lighting
Both hutches were stripped of electrical utilities and inter- generator tested and put on line.
lock systems. The back wall of the A/C hutch was removed, To allow users to monitor orbit repeatability and stability,
and the 3.6 m long, granite table removed, cut down to 2.6 m real time horizontal and vertical PUE readings are now
and returned. Most of the parts for the first prototype x-ray displayed on Channel 12.
pinhole camera were fabricated.

Other improvements that occurred on the x-ray beamlines
were the installation of a toxic gas exhaust system for X1B
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X-Ray Storage Ring Parameters as of March 1993
Parameters X-Ray Storage Ring
Normal Operating Energy
Maximum Operating Current
Lifetime
Circumference
Number of Beam Ports of Dipoles
Number of Insertion Devices
Maximum Length of Insertion Devices
XC(EC) at 1.22 T (B)
X (E ) at 5.0 T (W)
B(p)
Electron Orbital Period
Damping Times (2.5 GeV)
Touschek (2.5 GeV, O.25A)
Lattice Structure (Chasman-Green)
Number of Superperiods
Magnet Complement

Nominal Tunes (v , v )
Momentum Compaction
R.F. Frequency
Radiated Power for Bending Magnets
R.F. Peak Voltage
Design R.F. Power
vs (Synchrotron tune)
Natural Energy Spread (a IE)
Natural Bunch Length (2CT)
Number of RF Buckets
Typical Bunch Mode
Horizontal Damped Emittance (e )
Vertical Damped Emittance (e )
Power per Horizontal milliradian (0.25A)

Arc Source Parameters
Betatron function (PX>PV)
Dispersion function (r\ ,r\ .)

«x,y - "P V 2
 2

Source size (a ,a )
Source divergence (a

x-<Gy')
Insertion Device Parameters

Betatron function (PX>PV)
Source size (ox,o )
Source divergence (cr .,a .)

2.584 GeV
0.25 amp (1012 e")
-20 hours
170.1 meters
30
5
< 4.50 meters
2.48 A (5 keV)
0.60 A (20.8 keV)
1.22 Tesla (6.875 meters)
567.7 nanoseconds
Tx = x = 6 msec; t£ = 3 msec
> 16 hrs (vD_ = 700 kV)
Separated Function, Quad Triplets
8
16 Bending (2.7 meters each)
40 Quadrupole (0.45 meters each)
16 Quadrupole (0.80 meters each)
32 Sextupole (0.20 meters each)
9.15, 6.20
0.0065
52.88 MHz
126 kW/0.25 amp of Beam
700 kV
300 kW
0.002
8.2 x 10"4

10.5 cm
30
25

7
1.1 x 10 meter-radian
1.1 x 10 meter-radian
20 watts
1.09 to 2.96 m, 9.54 to 18.53 m
0.420 to 0.007 m, -0.351 to 0.175 m
-0.199 to 1.357, -2.18 to 2.19
0.952 to 0.962 m"1. 0.532 to 0.291 m'1

371 to 565 um, 102 to 143 |im
439 to 324 urad, 24 to 10 jirad

1.60 m, 0.435 m
415 Jim, 22 \xm
260 urad, 50 |jrad

Sources of Data: NSLS Parameters, 1983, A. van Steenbergen; Synchrotron Light Source Data Book -
Ver. 2, 1990, J. Murphy (BNL 42333r); 1993 information updates by N. FeweU, S. Hulbert and J.
Safranek (NSLS).
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Accelerator Test Facility
Profile of a 3MeV electron beam incident on a fluorescent screen in the ATF low energy beam
transport line, (Recorded by: K. Batchelor, W. Caftill, R. Femow, A. Fisher, R. Malone and
X.-J. Wang).
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Plans for Proposed UV-FEL User
Facility at the NSLS
Ilan Ben-Zvi
NSLS
E. D. Johnson
NSLS

Sam Krinsky
NSLS, Deputy Chairman
Li-Hua Yu
NSLS

The NSLS department has recently completed a design for
a UV-FEL User Facility described both in the 1991 NSLS
Annual Report [ 1 ] and in a detailed Preliminary Design
Report [2J. This UV source is characterized by a high pulse
repetition rate (up to 10 kHz) through its two undulators,
providing a tuning range of 60%, and radiation for up to four
simultaneous independent experiments each with full control
of the wavelength and pulse duration. The facility will be
capable of 'pump-probe' experiments utilizing the FEL
radiation with I) synchronized auxiliary lasers, 2) a second,
independently tunable FEL beam, or 3) broad spectrum,
high-intensity x-rays from the adjacent National Synchrotron
Light Source. This fourth generation light source will make
possible new avenues of inquiry in time resolved studies of
diverse fields including chemical, surface and solid state
physics, biology and material science.

A unique opportunity to make an early entry into the
fourth generation source arena is presented by the availabil-
ity of the 200 MeV linac from the SXLS project. A proto-
type device based on this linac (with some modifications)
would provide a single UV beam at a lower repetition rate
than the User Facility previously described, but maintain the
high power and tunability of the radiation. The coherent
ultraviolet radiation it can produce comes in pico-second and
sub-picosecond pulses with a wavelength ranging from 300
to 75 nm. The pulse width will be variable from about 7 ps
to under 200 fs, with repetition rates as high as 360 Hz,
single pulse energies > lmJ and therefore peak pulse power
>200 MW in a 10-* bandwidth.

Fig. 1 shows the proposed facility in an extension of the
recently completed building 729, opposite the NSLS on
Railroad Street. To produce the UV radiation, a pulsed
electron beam is first generated in a high-brightness laser-
photocathode RF gun and accelerated by an in-line single
pass S-band linear accelerator. The electron bunches enter a
superconducting undulator in phase with a "seed" laser pulse.
The seed radiation is generated by a 'conventional' tunable
Ti-sapphire laser which is frequency multiplied by conven-
tional techniques to the visible or near UV. In the first (or
bunching) section of the undulator, the electric field of the
seed laser interacts with the electrons in a resonant process
to produce an energy modulation in the electron beam. The
energy-modulated electron beam is bunched magnetically
and fed into the next undulator section which is resonant to a
VUV harmonic of the seed radiation.

The last step in the process is amplification of the radia-
tion in two additional sections of the undulator. The first is a
fixed field section where exponential growth occurs. The
second (tapered) section compensates for the energy lost by
the electron beam in the amplification process by reducing
the magnetic field in a quadratic taper, thus maintaining
resonance with the VUV radiation, and maximizing the
energy extraction from the electron beam. The VUV
wavelength is tuned by synchronously varying the seed laser
wavelength and the energy of the electron beam to maintain
the FEL resonance condition. This approach has several
advantages over the more conventional method of tuning by
changing the undulator gap, including (!) simplified
undulator design, (2) undulator operation at maximum field,
and (3) rapid wavelength tuning, limited in principle only by
the seed laser tuning speed.

To succeed in producing coherent radiation at such short
wavelengths, an extremely low emittance electron beam
must be generated, transported, and accelerated without
degradation. For this cornerstone technology, we rely upon
a laser-photocathode RF gun of the type that has been
developed at the Accelerator Test Facility (ATF). A high
repetition rate RF gun has been designed in collaboration
with Grumman Aerospace Corporation. The gun will operate
at the linac's repetition rate of 360 Hz and deliver electron
pulses six pico-seconds long with a charge of about
2 nanoCoulombs per pulse. Extensive simulations of the
gun's performance lead us to anticipate a normalized rms
emittance of about 4JT mm mrad. a value that is similar to
that achieved at the ATF.

The undulator design will be based on a superconducting
undulator that has been developed at the ATF for a visible
FEL oscillator experiment. This undulator has a high axial
magnetic field, high precision and low cost per unit length.
Another superconducting undulator is being developed for
the High Gain Harmonic Generation experiment on the ATF.
In this experiment, a CO, laser with about I MW input
power will be used to bunch a 30 MeV electron beam.
Several important features of the FEL will be studied
including the super-radiant growth of the third harmonic at a
wavelength of 3.47 fxm. amplification in the exponential
growth regime, and the characteristics of amplification in a
tapered wiggler section. The results of these experiments
will provide important tests of the theoretical models of the
harmonic generation and gain processes, and to answer
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important questions such as the effect of electron beam
parameters on the coherence of the FEL, the effect of
wiggler field and alignment errors, and the higher harmonic
content of the FEL output as a function of (he level of
saturation. This experiment will serve in a number of ways
as a proof-of-principle for the UV-FEL facility.

Unlike FEL oscillators requiring cavities, the seeded beam
FEL amplifier approach is a single pass device, eliminating
the resonator and outcoupler mirrors which are a difficult
aspect of oscillator FEL designs. An FEL utilizing the
harmonic generation and laser amplifier scheme described
here provides a source of high peak power VUV radiation
with the mode structure, bandwidth and frequency stability

of the input seed laser. These properties wi!l be invaluable
to investigators proposing to use the radiation from this
Demonstration UV Free Electron Laser (DUV-FEL) for
experiments in chemical dynamics, photo-biology, and
excited state photoemission.

11 ] Han Ben-Zvi, Sam Krinsky and Li-Hua Yu, in ft
52317, ed. by S.L. Hulbert and N.M. Lazarz, p. 81 (1992).

[2] UV Free-Electron Laser Preliminary Design Report,
BNL 48565, ed. by I. Ben-Zvi (1993).
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NSLS Building Expansions
Bill Foyt
NSLS

Structural Biology Expansion

X-ray Experimental Floor
Space

The NSLS has two construction projects which will add critically
needed experimental floor space to the facility.

The first is a General Plant Project (GPP) which will add approximately
6100 square feet to the X-ray experimental floor in the XI to X5 region.
This project received engineering authorization in FY 1992 with the
balance of funding planned for FY 1993. Preliminary planning for this
space includes an expansion of the facility's control room, laboratories
and perhaps a meeting room.

The second is a DOE (OHER) construction line item, part of the
Structural Biology initative, which is planned for FY 1993 funding. This
project will add 6300 square feet to the X-ray experimental floor in the X5
to X12 region. A survey of the Biology users of the NSLS solicited their
requirements for this area which has resulted in a preliminary plan that
provides nine (9) laboratories that will contain approximately three
hoods, three cold rooms and an array of equipment. Funding is approved
for FY 1993 and engineering will begin in February of 1993. •
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Free-Electron Lasers (FED are considered by many to be
the fourth generation synchrotron light sources. The NSLS is
carrying out an extensive R&D program on short wavelength
FELs, leading towards a proposal for a UV FEL User
Facility ">. The Accelerator Test Facility0' (ATF) is a linac-
laser complex capable of producing high brightness electron
beams and high power laser pulses synchronized with the
electrons. The ATF is the test bed for developing and testing
the components needed for a successful UV FEL. At the
same time the ATF is serving an advanced accelerator R&D
program such as laser acceleration of electron beams and the
interaction of intense laser pulses with high brightness
electron beams.

The ATF is operated as a users' facility for accelerator and
beam physicists. The first high energy beam line started
operating at 45 MeV last December. The high brightness
electron beam of the ATF, produced by a laser-photocathode
RF gun'3', has been available for experiments for over a year.
A typical beam profile, as viewed by a CCD camera looking
at a fluorescent screen in the 5MeV transport system, is
shown in Fig. 1 (see NSLS Projects section divider). At
present, two experiments are in progress, a Smith-Purcell
experiment run by a Dartmouth - MIT - BNL team and an
Inverse Cerenkov accelerator experiment by STI Optronics.

The electron gun of the ATF generates its high current,
low emittance beam by irradiating a high quantum efficiency
metal cathode in the presence of very high intensity RF
electric fields. The generation and careful manipulation of
such beams is an area of intense activity in accelerator
physics, being the key to short wavelength FELs. As a result
of the high performance of this BNL gun, this design has
been adopted by numerous laboratories in the USA, Europe
(e.g. CERN) and Japan.

The other key components of the BNL ATF are a 50 MeV
(up to 100 MeV in the future) electron linac, a 10 ps, 10 mj
Nd:YAG laser, a 10 GW CO2 laser system producing 100 ps
pulses (50 ps soon). The lasers are synchronized to within
one picosecond to the electron beam pulses. During 1992 the
construction of the linac systems, beam transport and beam
line #1 in the experiment hall has been finished and the
lasers and 50 MeV beams tested in the experiment hall.
Construction of beam lines #2 and #3 will be finished in
1993.

ATF experiments of special interest for the NSLS short
wavelength FEL programs are the RF gun development
program, the visible wavelength FEL oscillator experiment
and the high-gain harmonic-generation experiment. The FEL

Accelerator Test Facility
llan Ben-Zvi

NSLS
ATF Project Head

Ken Batchelor
ATF Technical Manager

experiments also include the development of novel super-
conducting undulators providing a high field and very low
magnetic field error.

The RF gun program produced the now famous 'BNL
gun' model, a one-and-a-half ceil mode S band gun,
operating at a peak cathode electric field of 100 MV/m.
However, our program has gone beyond that. An extremely
fruitful collaboration has been established with Grumman
Aerospace Corporation in which a potentially higher
brightness and, most importantly, a very high duty factor gun
has been developed and is now in an advanced production
stage'4'. To carry out this program, Grumman has invested a
significant amount of their internal R&D funding. The gun
will be tested at the ATF.

The visible FEL oscillator'5' will employ a superconduct-
ing 68 period micro-undulator (with a period of 0.88 cm and
0.5 Tesla peak field at a gap of 0.44 cm). Prototypes of this
undulator (up to 23 periods long) were built and performed
extremely well in superconducting tests*. The field errors of
the undulator were very low as constructed, making this
perhaps the first undulator that will require no trimming after
manufacture. The FEL experiment makes use of the short
period of the undulator and the low emittance beam gener-
ated by the RF photocathode gun to operate at 500 nm with a
50 MeV electron beam. Emittance scales inversely with
energy so that at 250 MeV a wavelength of 100 nm would be
practical.

The high-gain harmonic-generation experiment17' is
another facet of the technology-transfer collaboration with
Grumman, which is providing the undulator for the experi-
ment. This undulator is a derivative of the superconducting
micro-undulator of the visible FEL oscillator. It uses the
same principle of a continuous yoke but has parabolic pole
faces for two-axis focussing and four distinct regions: a
prebunching undulator, a dispersive section, an exponential
growth section and a tapered section. This experiment
emulates the FEL physics of the User Facility UV FEL. The
principle of high gain harmonic generation will be tested and
characterized in these experiments, as well as the supercon-
ducting undulator, the undulator diagnostics, error and
alignment studies and tapering control.

Other light source techniques are being pursued at the
ATF. A final example is the coherent synchrotron emission
experiment, in which the short, high charge ATF pulse will
generate coherent and intense mm wave radiation in a
bending magnet. This radiation will aiso be used as a pulse
length diagnostic for the ATF.
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BeamlineX9A
Diffraction diagram of an oriented gel of actin-tropomyosin obtained on X9A with a CCD-
detector borrowed from beamline XSC (Ed Westbrook, A. Tgonne National Lab). The diagram
shows unconnected, raw data. Note the well resolved, densely packed layer lines. Resolution
limit: 0.50 nm. Exposure time: 1.7sec; beam current: t8<) mA; photon energy: lOkeV;
specimen - detector distance; 206 mm; flux into focus: 1.4 xlll" plwlons/s; peak flux density
in focus: 2.4 x JO12 pbotons/s/mm2.
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G.L. Carr, Corporate Research Center, Grumman
Corporation, Bethpage, NY, 11714, M. Hanfland, Geophysi-
cal Laboratory and Center for High-Pressure Research,
Carnegie Institute of Washington, Washington, D.C., 20015,
G.P. Williams, NSLS, Brookhaven National Laboratory,
Upton, NY, 11973.

During the past year we have constructed and commis-
sioned a new infrared beamline on port U2. Beamline U2B
is an infrared beamline, operating in the region from the
visible to around 10|J. or 1000 cm1. The range is limited at
the long wavelength end by diffraction effects due to the
10 mrad total vertical aperture available. Throughout the
range, the NSLS is several orders of magnitude brighter than
a conventional black body source, as well as being pulsed
and polarized.

Both the pulsed nature of the source and the brightness are
to be exploited by the experimental programs. The infrared
pulses are to be alone, or in conjunction with another laser
source, for time resolved studies of semiconductors and
superconductors. The dynamics that follow a sudden change
in the number of charge carriers can be studied by pump-
probe spectroscopy using a synchronized, mode-locked
Nd-YAG laser. Meanwhile the brightness is fully utilized by
an infrared microscope which is being used to transfer the
beam through a small diamond anvil high pressure cell. The
first system to be studied is hydrogen and the transition to
metallic behavior at high pressures.

The U2B beamline directly receives the synchrotron
radiation through the existing U2 mirror box, which also

delivers x-rays to U2A lithography. A new UHV section
contains mirror optics that absorb the x-ray and UV portions,
and deliver the remainder (k >0.3 microns) as a focussed
beam through a small window. Additional mirror optics
collimate and transport the beam to a spectrometer located 3
meters downstream, both purged with nitrogen at atmo-
spheric pressure. Approximately 20 horizontal mililinidians
are available through this 2.5 inch (60mm) ID VAT valve
since it is located approximately 3 meters from the source
point. The available light is downstream from that of the
IBM lithography line. It is assumed that 10 milliradians are
available vertically. The extraction window is at present
KBr mounted on a mini conflat flange to UHV specifications
but can readily be changed. At present the beam is colli-
mated and fed into a Nicolet 740 rapid scan Michelson
interferometer for the spectroscopy work.

Details of the mirror box to be attached to this valve are
shown in the figure. The beam is first reflected downwards
by a copper plane mirror (MI) or a spherical glass mirror of
18 inch focal length (M2). It is then reflected upwards to
another glass plane mirror (M3) which reflects the focussed
beam through an all metal straight through valve onto the
window. All the mirrors were coated with Ag prior to
installation. Ml is cooled by being clamped to a commercial
UHV high current feedthrough which is water-cooled on the
outside of the vacuum chamber. The maximum power
deposited in the mirror is 40 watts, most of it into an area of
60mm x 30mm, or a density of 4.5 watts/mm2.

Calculations of the brightness and power expected from this beamline are given in the table below:

X
(im

1
10

100

X
urn

1
10

100

Radiation opening angle
vert, x nor. (mrads.)

9x20
10x20
10x20

Flux (photons/sec)
0.1% bandwidth

8.8 x10'3

1.9 x1013

3.7x10's

Source Size
vert, x hor. (cm)

.03 x .1

.1*x.1

. 1 - X . 5 *

BB Brightness U2 Brightness
photons/sec/crrrVsr photons/sec/cm2/sr

2.2 x10'6

2.9x10"
4.0 x iO'1

1.6x10"
9.5x10"
3.7x10"

NSLS Emittance
cm* sr.

5 .4x10 '
2.0 xiO"6

1.0 xiO"4

U2/BB
Ratio

7272
327
92

* Means source size is diffraction limited.



60 I/sec ion pump

Extraction Window

Elevation View of the NSLS U2B Infrared Beamline

Real-Time Diffraction Studies of
Dehydration of Zeolites. J. Hanson,
BNL Chemistry Dept.

The figure below shows a portion of
a set of complete powder patterns
obtained as the temperature is increased
through a phase transition. We have
demonstrated that data can be collected
and the structures refined by the
Rietveld Method using an 120 degree
positon sensitive detector made by the
INEL corporation. The time per
powder pattern for this example was 5
minutes.

We are extremely grateful to Dennis
Carlson and Carol Hirschmugl of the
NSLS and Dan Roller, Mike Martin and
Laszio Mihaly of SUNY Stony Brook for
help and participation.
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A study on the high resolution structure of the thin
filament of muscle by a group of the Max Planck Institute
for Medical Research, Heidelberg, Germany, on beamline
X9A (1991 NSLS Annual Report, Vol. II, p. 151) very well
demonstrates a new trend in the investigation of macromo-
Iecular assemblies. That is comparing the measured diffrac-
tion data of a macromolecular assembly with the calculated
diffraction data of a model based on the atomic structure of
the individual molecules of the assembly derived e.g. from
crystal diffraction data. The best fit between the data sets
will yield the position and orientation of the constituent
molecules. ^

In this study, diffraction patterns of extremely well
oriented gels of actintropomyosin were collected. The
model was based on the previously determined atomic
structure of polymerized actin (f-actin, Holmes et al., Nature,

1990). The measured diffraction data indicate the location
and binding region of tropomyosin on actin. Tropomyosin is
part of the regulating mechanism of muscle activity. In
addition high resolution data of muscle of different origin
have been obtained to compare their thin filament structure
with that derived from oriented gels of reconstituted thin
filaments, that is the complex of actin, tropomyosin and
troponin.

The success of this method depends on the combination of
three factors:

1. well oriented specimen,
2. a high resolution (i.e. fine focused), high flux beamline
3. a high resolution, low background detector.

Figure I: Diffraction diagram of an oriented gel of actin-tropomyosin obtained on X9A with a CCD-
detector borrowed from beamline X8C (Ed Westbrook, Argonne National Lab). The diagram shows
uncorrecied, raw data. Note the well resolved, densely packed layer lines. Resolution limit: 0.50 nm.
Exposure time: 1. 7 sec; beam current: 180 mA; photon energy: 10 keV; specimen • detector distance:

, 206 mm; flux into focus: 1.4 x 10" photons/s; peak flux density in focus: 2.4 x JO12 photons/s/mm1.
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Figure 2. Vertical and the horizontal intensity profile of the focus measured with a 0.025 mm wide slit. The vertical full width at half
maximum is 0.15 mm, the horizontal FWHM is 0.34 mm.

Phosphor Fiberoptic
Taper

Image
Intensifier

Lens^ Shutter CCD

PERFORMANCE OF THE DETECTOR

Sensitive area:
Resolution:
Pixel size @ input:
Point Spread Function (FWHM @ center):

Max. signal (in one pixel):
CCD read noise:
Digitization noise:
CCD Dark current:

Image intensifier HV: 12 kV
Conversion gain @ 12 keV: 22 e-/XPh
Image intensifier background: 5 e-/s/pixel
Detective Quantum Efficiency: 50%

115 mm diameter
1024 x 1024 pixel
100//m
better then 180 //m

430.000 e-
15 e-rms/pixel
13 e-rms/pixel
5 e-/s/pixel

30 kV
350 e-/XPh
80e-/s/pixel
45%

Figure 3. Design and performance data of
the CCD-detector developed by Ed
Westbrook 's group at the Argonne
National Laboratory. This detector is
currently used at beamline X8C.
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D.J. Weidner
Center for High Pressure Research
SUNY at Stony Brook

Scientists Donald J. Weidner and
Michael T. Vaughan adjust three of the
six sintered diamond anvils in the
SAM85 high pressure device on the
X17B1 Superconducting Wiggler
beamline. With these anvils, the
SUNY Stony Brook team is able to
reach presssures of 15 Gpa at 1000°C
in a sample volume of 1 mm3, and hold
these conditions while x-ray diffraction
data is collected.

A collaborative research effort between AT&T
Bell Labs scientists and the Oak Ridge National
Lab PRT User group in the area of low temperature
magnetic x-ray scattering has resulted in the recent
commissioning of a Bell Labs He3-He4 dilution
refridgerator on the X14 beamline. This cryostat
permits x-ray scattering measurements to tempera-
tures as low as 0.03 Kelvin, and will be of para-
mount importance in the study of heavy fermions
and other important magnetic systems. The
cryostat, shown below mounted on the X14
goniometer, is also equipped with a superconduct-
ing electromagnet to allow field dependent
measurements.
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ss-assa

The assembled vacuum system for the X19A diamond window is undergoing
vacuum and interlock testing. The modular endstation, designed by Lars
Furenlid and Peter Stefan of the Beamline R&D group, will permit the selection
of valve mounted Be or diamond (4000A on etched silicon base) windows
depending on experimental needs.



The UHV apparatus on beamline X22C for surface x-ray diffraction studies.
BNL physicists Gavin Watson(foreground) and Doon Gibbs(background) are
shown. Their collaborators, David Zehner of ORNL and Seungheon Song and
Simon Mochrie of MIT, had been working the night shift when this photo was
taken.

Glancing incidence x-ray diffraction
study of the thermal phase behavior of
a vicinal Au( 111) surface. The surface
temperature in this photo is about 1200
K, which is 100 K below the bulk
melting temperature of Au. (See
Section II, Symposia and Workshops
section divider for a color version of
this photo.)
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X25 Adaptive Monochromator
Crystal Assembly. At X25, thermal
distortion of the first monochromator
crystal is compensated adaptively. A
crystal bender designed for this
purpose is shown. A bending torque
about the base of the triangular silicon
wafer is applied via a piezoelectric
inchworm actuator that pushes on the
wafer from below, inducing a concave-
upward cylindrical bend which
compensates the convex-upward
thermal distortion. A gallium-indium
liquid eutectic interface thermally
couples the wafer to a water-cooled
copper block. The surface tension of
the eutectic insures the integrity of the
thermal contact even as the wafer is
bent. (L.E. Berman, J.B. Hastings
[NSLS])

X25 Monochromator Assembly.
The X25 monochromator consists of
two silicon crystals affixed to a
common rotary vacuum feedthrough.
The first crystal at bottom is a wafer
thermally coupled to a water-cooled
copper block through a gallium-indium
liquid eutectic interface. A piezoelec-
tric inchworm actuator is used to bend
the crystal to compensate for thermal
distortion. The second crystal at top is
clamped to a plate that is driven
kinematically with three inchworm
actuators. This allows for fine adjust-
ment of the crystal's 0 and % orienta-
tions as well as the gap between the
surfaces of the two crystals. (L.E.
Berman, J.B. Hastings, T. Oversluizen,
M. Woodle [NSLS])
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X25 Mirror Assembly. TheX25
mirror is a 70 cm long platinum-coated
silicon cylinder. It can be bent into a
toroidal shape via application of torque
couples at either end using cantilevercd
copper weights (hidden beneath the
mirror). Since the mirror is oriented at
a 3 mrad incidence angle to the wiggler
white beam, only a few Watts of power
are absorbed and over a very large
surface area. Consequently the mirror
itself is uncooled. The water-cooled
copper mask in the foreground protects
the upstream end of the mirror from
errant x-rays. (L.E. Herman, J.B.
Hastings, T. Oversluizen, M. Woodle
[NSLS])
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Diamond Crystal X-Ray Optics at
X25. It is impossible for conventional
silicon and germanium crystal mono-
chromators at room temperature to
diffract x-rays efficiently and faithfully
preserve the high source brightness in
the presence of the 200 W/mm2 X25
doubly-focussed white beam power
density, which is similar to that
expected from a third-generation
undulator. Diamond, however, is an
attractive high-power monochromator
material, since its room temperature
thermal conductivity is up to 15 times
higher than silicon's, and its thermal
expansion coefficient is about half as
much, yet its x-ray scattering power is
comparable to silicon's. Near-perfect
artificial diamonds are available
commercially, and they can be grown
using isotopically-enriched carbon in
order to further increase the thermal
conductivity.

Figure a shows the x-ray reflectivity
profiles of an isotopically-enriched
diamond single crystal measured under
high- and Iow-power-density condi-
tions at X25, and

Figure b shows the corresponding
profiles of a silicon crystal under
similar conditions. The high- and low-
power diamond curves overlap,
indicating no thermal distortion at high
power, whereas the excess width of the
high-power silicon curve reveals
substantial thermal distortion. (L.E.
Bernian, J.B. Hastings, D.P. Siddons,
M. Koike, V. Stojanoff [NSLS]; M.
Hart [Univ. of Manchester])
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Beamtine X19A
The assembled vacuum system for the X19A diamond window is undergoing vacuum and
interlock testing. The modular endstation, designed by Lars Furenlid and Peter Stefan of the
Beamline R&D group, will permit the selection of valve mounted Be or diamond (4000A on
etched silicon base) windows depending on experimental needs.
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U2

U3

U4

A

B
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A

B

C

0

N

U

o

o

N

o

Exxon Research &
Engineering

Exxon Research &
Engineering

NSLS/Camegie
Geophysical/Gnimman/
SUNY@ Stony Brook

LANL/EG&G/EM,
Harvard/SAO

LANL/Sandia

SEXAFS.ARUPS, XPS

Conceptual

Available

Infrared: High Pressure,
Pump Probe, High Tc

absorption

Time-resolved and DC
Radiometry, Reflectivity
for Optical Constants,
Calibrations

Conceptual

Photoelectron SoectrocD*
Calibration of Detectors

U4IR

U5

U5U

Footnotes appear on last page of Informational Guide.

o

0

o

D

0

AT&T Bell Labs/
U. Oregon

AT&T Bell Labs

NSLS/AT&T Bell Labs/
Fairleigh Dickinson/
Exxon

NSLS

BNL-Physics

ARUPS, High Res. Core-
Level Photoemission

NEXAFS, SXMCD, Soft
X-ray Photoemission
Spcctroscopy

Vibrational Spectroscopy
of Molecules on Surfaces,
Absorption, Fast Detectors

Diagnostics

Spin Polarized
Photoemission

ERG

FTIR

White

ERG

TGM

SGM

FTIR

TGM

Brian Devries
(516) 282-5206

Ken Liang
(908) 730-3032

Gwyn Williams
(516)282-7529

Warren Towell
(516)282-7245

Robert Blyth
(516)282-5503
Roger Bartlett
(505) 667-5923

Jack Rowe
(908) 582-5878
(516)282-5504

George Meigs
(908) 582-5878
(516)282-7290

Gwyn Williams
(516)282-3634
(516)282-7529

Peter Johnson
(516)282-3705
(516) 282-5505

Paul Stevens
(908) 730-2584

Ken Liang
(908) 730-3032

Larry Carr
(516) 346-9073

Richard Blake
(505) 667-7369

Roger Bartlett
(505) 667-5923

Gunther Wertheim
(908) 582-4958

C. T. Chen
(908) 582-6030
(516)282-7290

Carol Hirschmugl
(516) 282-7529

Peter Johnson
(516)282-3705
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AFFILIATION

IBM

BNL-Physics/NSLS

BNL-Physics/
SUNY @ Stony Brook

IBM

IBM

IBM

IBM

NSLS/BNL-Biology

U. ofTN/NIST/
ORNL/Tulane U.

NSLS/LLNL/SSC

RESEARCH PROGRAM

Lithography

Photoemission, SEXAFS

Photoemission, SEXAFS

ARUPS, NEXAFS
Soft X-ray Photoemission

ARUPS, NEXAFS

Evaluation of a Zone
Plate Monochromator,
Reflect. Measmnts. of
Thin films and Multilayers

Scanning Soft X-ray
Microscopy

Available

CD, MCD, Fluor. Lifetms.

Soft X-ray Emission
(SXE)

Vacuum R&D

MONOCHROMATOR

White

TGM

PGM

TGM

TGM

Zone Plate

Microscope

Czerny-Tumer

SXE
Spectrometer

White

LOCAL CONTACT

Jerry Silverman
(516) 282-5506
(914) 945-2099

Mark Ruckman
(516)282-3515
Francis Loeb
(516) 282-2092

Mark Ruckman
(516) 282-3515
Francis Loeb
(516) 282-2092

Elliott Eklund
(516) 282-5508

Elliott Eklund
(516)282-5508

Read McFeely
(914)945-2068

Read McFeely
(914)945-2068

John Sutherland
(516) 282-5509
(516-282-3406

Ken Miyano
(516)282-5510

Conrad Foerster
(516)282-4754

SPOKESPERSON

Jerry Silverman
(914) 945-2099

Myron Strongin
(516) 282-3763

Myron Strongin
(516)282-3763

Read McFeely
(914)945-2068

Read McFeely
(914)945-2068

Read McFeely
(914)945-2068

Read McFeely
(914)945-2068

John Sutherland
(516)282-3406

Tom Callcott
(615) 974-6765
David Ederer
(504) 865-5520

Conrad Foerster
(516)282-4754

Footnotes appear on last page of Informational Guide.
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Ull

U12

U12IR

U13U

U14

U1S

U16

O NSLS/BNL-Chemistry/
U. of NM/BNL-DAS

Gas Phase Photoionization

0

o

N

o

U. ofTN/ORNL

U. ofTN/ORNL

NSLS/Drexel U./U. of
Wisconsin ® Milwaukee/
Brandeis U./AT&T Bell

High Resolution Core
Level Spectroscopy,
ARUPS

Angle-resolved
Photoemission

Conceptual

High Resolution VUV/Soft
X-Ray Scattering, Electron
and Ion Spectroscopies

Labs/Rutgers U.

O AT&T Bell Labs/
BNL-Instrumentation/
GCA-Tropel/Litton/
Itek Optical/Optical Res.
Assoc./SNL/Talondic Res.

O NSLS

O NSLS

O NSLS/SUNY @ Stony
Brook and Buffalo

O U. of Texas/Sandia

B O Cornell U./Sandia

Footnotes appear on last page of Informational Guide.

Optical Metrology

Solid State Photoemission

Detector Research and
Development

Soft X-ray Spectroscopy

Angle-resolved
Photoelectron Emission,
Epitaxial Metal Films,
High. Res. Core Levels

ARUPS, Stim. Desorptn.
XPS, SEXAFS, NEXAFS

N1M

TGM

TGM

SGM

Multilayer

PGM

White

TGM

TGM

ERG

R. Bruce Klemm
(516)282-4022
(516)282-5511

Paul Lyman
(516)282-5512

Paul Lyman
(516)282-5512

Steve Hulbert
(516)282-7570

Alastair
MacDowell
(516)282-5334

Mei-Ling Shek
(516)282-5514
(516)282-5930

Steve Hulbert
(516)282-7570

DeJi
(516)282-5515

A. Ballard Andrews
(516)282-4206

Steve Woronick
(SI6) 282-5516

J. Robb Grover
(516)292-5511
(516) 282-4348

Ward Plummer
(615) 974-2288
David Zehner
(615) 574-6291

Ward Plununer
(615) 974-2288

Steve Hulbert
(516) 282-7570
Eric Jensen
(617) 736-2865

Richard Freeman
(908) 949-9500

Mei-Ling Shek
(516)282-5930

Steve Hulbert
(516) 282-7570

David Hanson
(516) 632-7884

James Erskine
(512) 471-1464

Robert Merrill
(607) 255-9857
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A
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O
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N

O

o

o

o

0

c

N

A

AFFILIATION

NSLS/SUNY @ Stony Brook/
IBM/LBL

Fritz Haber/NSLS/BNL-Physics,
KFA Julich

Exxon Research & Eng.

Exxon Research & Eng.

SUNY

SUNY

SUNY

SUNY

Howard Hughes Medical Instit.

Howard Hughes Medical Instit.

RESEARCH PROGRAM

Soft X-ray Imaging

Soft X-ray Spectroscopy

Scattering

Microtomography

Short Wavelength
Crystallography,
Diffraction, and Scattering

Crystallography,
Diffractometry, Small-angle
Scattering

X-ray Spectroscopy,
Standing Waves, Diffraction

Surface Science

Mutiwavelength Anomalous
Diffraction Analysis of
Crystalline Biological
Macromoiecules

Conceptual

Diffraction Measurements
from Biological
Macromolecules

LOCAL CONTACT

Sue Wirick
(516)632-4723
(516) 282-5601

Peter Johnson
(516) 282-3705

Kim Mohanty
(516) 282-5644

Michael Sansone
(516) 282-5759

Alex Darovsky
(516) 282-5603
(516)282-3770

Alex Darovsky
(516) 282-5603
(516)282-3770

Alex Darovsky
(516)282-5603
(516)282-3770

Alex Darovsky
(516)282-5603
(516)282-3770

Craig Ogata
(516) 282-7435
(516) 282-5380

Craig Ogata
(516) 282-7435
(516) 282-5380

Craig Ogata
(516)282-7435
(516) 282-5380

SPOKESPERSON

Janos Kirz
(516)632-8106
(516) 282-5601

Peter Johnson
(516) 282-3705

Do Yong Noh
(908) 730-2598

Keng Liang
(908) 730-3032

Phil Coppens
(716)829-3911

Phil Coppens
(716)829-3911

Phil Coppens
(716)829-3911

Phil Coppens
(716)829-3911

Wayne Hendrickson
(212) 305-3456

Wayne Hendrickson
(212) 305-3456

Wayne Hendrickson
(212)305-3456

Footnotes appear on last page of Informational Guide.
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A
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A
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A
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STATUS

0

D

C

0

O

0

O

0

O

o

o

AFFILIATION

BNL - Physics

ANL/Brooklyn College

ANL/Temple U./
Northwestern U./BP/Kodak/
Brooklyn College CUNY

Air Products/Alfred V. /Amoco/
BNL-Physics, Carnegie Inst./
Dupont/Mobil/NSLS/SUNY @
Stony Brook/U. CA, Santa
Barbara/U. Penn/UOP/
Union Carbide

BNL-Chemistry/U. of Pittsburg/
Swedish Res. Cncl./U. Helsinki

LANL/SAO/EG&G/Harvard

LANL/Sandia/LLNL/ANL/
U. CA

Hat.Biostructures Res. Resource

Nat.Biostructures Res. Resource

Exxon Research & Engineering

RESEARCH PROGRAM

LEGS, Medium Energy
Nuclear Physics

Diagnostic

Time & Space Resolved Dispersive
X-ray Spectroscopy

Scattering

Powder Diffraction

Crystallography, Wide Angle
Scattering

Detector Calibrations, Photoion
Cross-Sections, X-Ray
Spectroscopy

Diffraction from Biological
Macromotecules, Detector
Calibrations

XAS

Scattering, Diffraction, XAS

Scattering, SAXS, Crystallography

LOCAL CONTACT

Andy Sandorfi
(516) 282-7951

Peter Lee
(516)282-5934
(516) 282-3955

Kegang Huang
(516)282 5607
(516)282-5498

Dave Cox
(516)282-5607
(516) 282-3818

Jon Hanson
(516) 282-4378
(516)282-5707

Michael Sagurton
(516) 282-5708

Randy Alkire
(516) 282-5608

Syed Khalid
(516)282-5609

Syed Khalid
(516)282-5609

Kim Mohanty
(516) 282-5644

SPOKESPERSON

Andy Sandorfi
(516)282-7951

Pedro Montano
(708) 252-6239

Pedro Montano
(708) 252-6239

Dave Cox
(516)282-3818
(516) 282-5607

Thomas Koetzle
(516)282-4384

Richard Blake
(505) 667-7369

Robert Hockaday
(505) 667-5748
Ed Westbrook
(708) 252-3984

Ke Zhang
(215) 386-1912

Kent Blasie
(2! 5) 898-6208

Keng Liang
(908) 730-3032

Footnotes appear on last page of Informational Guide.
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XI1
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C

X13
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0

0

0

o

o

o

0

o

0

N

Exxon Research & Engineering

Exxon Research & Engineering

NC State/ V. Conn/BNL/
U. WA/Mobil/Dupont/Hoechst-
Celanese/Noire Dame U./
Georgia Tech/LLL/ITT/NRL/
Case Western U.

NC State/ U. Conn/ BNL/
U. WA/Mobil/Dupont/Hoechst-
Celanese/Notre Dame U./
Georgia Tech/LLL/ITT/NRL/
Case Western U.

NSLS

NSLS/BNL-Biology

BNL-Biology

NSLS

ORNL/Oak Ridge Inst./Dow/
U.IL/MRL

ORNL/Dow/IBM/AT&T

Crystallography, Scattering

EXAFS

EXAFS

EXAFS

Diagnostics

Time-resolved and static x-ray
diffraction of matromolecular
systems

Protein Crystallography

R&D Optics Development
Soft X-ray Utilization

Scattering, Crystallography,
Spectroscopy

Conceptual/X-Ray Microprobe/
Microdiffraction

Baoshan Zhang
(516)282-3553

Michael Sansone
(5 i 7) 282-5759

Geraldint Lamble
(516)282-5611
(516) 282-7734

Geraldine Lamble
(516)282-5611
(516^82-7734

Peter Siddons
(516)282-2738

Malcolm Cape!
(516) 282-5712
(516) 282-2792

Robert Sweet
(516)282-5712
(516) 282-3401
(516)282-5642

Erik Johnson
(516) 282-4603

Paul Zschack
(516)282-5614
(516) 282-2583

Paul Zschfck
(516)282-5614
(516)282-2583

Keng Liang
(908) 730-3032

George Meitzner
(908)730-2795

Dale Sayers
(919)515-3482

Dale Sayers
(919) 515-3482

Peter Siddons
(516) 282-2738

Malcolm Capel
(516) 282-2792

Robert Sweet
(516) 282-3401
(516)282-5642

Erik Johnson
(516)282-4603

Paul Zschack
(516) 282-5614
(516) 282-2583

Paul Zschack
(516) 282-5614
(516) 282-2583
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X15

X16

X17

X18

A

Bl

B2

B

O

O

o

o

N

o

o

o

o

o

ANL/Harvard

AT&T Bell Labs

AT&T Bell Labs/U. IL

AT&T Bell Labs

AT&T Bell Labs

NSLS/SUNY @ Stony Brook/
U. of Chicago/BNL-Medical/
BNL-DAS

NSLS/ANSTO/BNL-Medical/
ESRF/LBL/NSU Hospital/
Palo Alto Vets Admin. Hospital/
SSRL/Stanford U./U. TN

NRL/Carnegie Inst. of
Washington

Purdue/Northwestern U./U. IL/
U. Missouri

ANL/Allied Signal/Brooklyn
College CUNY/Chevron/
West Virgina. U./UOP

Footnotes appear on last page of Informational Guide.

XSW

SEXAFS, EXAFS

Surface Diffraction

Diffraction

Diffraction, Novel Spectroscopy

Conceptual

Materials Sci. at Energies beyond
50 KeV-chem. crystallography,
high pressure physics, x-ray
scattering, x-ray fluor. microprobe

Angiography, Medical Research -
Computed Tomography

High Pressure Research

Diffuse & Surface Scattering

EXAFS

Gregg E. Franklin
(516)282-5615
(516)282-2686

Alastair MacDowell
(516)282-5334

Peter Eng
(516)282-5793
(516)282-5616

Alastair MacDowell
(516)282-5334

Alastair MacDowell
(516)282-5334

Nancy Lazarz
(516)282-5617
(516)282-3519

Nick Gmur
(516)282-5617
(561) 282-2490

Jing Zhu Hu
(516)282-5917

Steve Erlich
(516)282-5618
(516)282-7862

Arun Bommanavar
(516)282-5718

Michael Bedzyk
(708) 252-7763

Paul Citrin
(908)582-5275 '

Paul Fuoss
(908)582-4951
Ken Evans-Lutterodt
(908) 582-2154

Eric Isaacs
(201)582-7261

Walter Brown
(908)582-3941

Dean Chapman
(516)282-4744
(516)282-5617

Bill Thomlinson
(516)282-3937

Earl Skelton
(202) 767-3014
Dave Mao
(202) 686-2467

Jerry Liedl
(317)494-4100

Pedro Montano
(708) 252-6239
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NSLS/U. CA at Davis/
U. Kentucky/U.Michigan/
BNL-DAS

NSLS/SUNY © Stony Brook/
Johns Hopkins U./U.IL/
U. Penn/USARL/Adelphi/
U. Chicago

IBM/MIT

IBM/MIT

IBM/MIT

NSLS/AT&T Bell Labs/
BNL-Physics/ESRF/Exxon

BNL-Physics/BNL-DAS

BNL-Physics/Harvard U.

BNL-Physics

National Inst. of Standards and
Technology

National Inst. of Standards and
Technology

RESEARCH PROGRAM

X-ray Spectroscopy, EXAFS

Topography, Liquid Surface
Scattering

Scattering

Scattering at Fixed Energy

Scattering

High Energy Resolution
Inelastic Scattering

Diffraction from Surfaces Held
under Electrochemical Conditions

High Resolution X-ray Diffraction
& Reflectivity from Liquid
Surfaces

Diffraction Studies of Magnetic
and Structural Phase
Transformations, Surface Scat.

EXAFS

Monochromatic Topography
Small-angle Scattering

LOCAL CONTACT

Fu-Long Lu
(516)282-5619

Michael Dudley
(516)632-8500
(516)282-5719

Jean Jordan-Sweet
(516)282-5720

Jean Jordan-Sweet
(516)282-5720

Jean Jordan-Sweet
(516)282-5720

Chi-Chang Kao
(516)282-4495

Doon Gibbs
(516)282-5622
.•516) 282-4608

Ben Ocko
(516)282-5622
(516) 282-4299

Doon Gibbs
(516)282-5622
(516)282-4608

Joseph Woicik
(516) 282-5823
(516) 282-5236

Din Fischer
(516) 282-5177
(516) 282-5623

SPOKESPERSON

Lars Furenlid
(516) 282-5699

Michael Dudley
(516)632-8500

Brian Stephenson
(914) 045-3008

Brian Stephenson
(914) 045-3008

1
p Brian Stephenson

(914) 045-3008

Chi-Chang Kao
(516)282-4495

Doon Gibbs
(516)282-5622
(516) 282-4608

Doon Gibbs
(516) 282-4608

Doon Gibbs
(516)282-4608

Joseph Woicik
(516)282-5823
(516) 282-5236

Gabriel le Long
(301)975-5975

Footnotes appear on last page of Informational Guide.



INFORMATIONAL GUIDE TO THE X-RAY BEAMLINES
MARCH 1993

BEAM BEAM OPERATIONAL AFFILIATION
PORT LINE STATUS

RESEARCH PROGRAM LOCAL CONTACT SPOKESPERSON

X23 B

X24

X25

X26

X27

X28

O

o

o

o

o

o

u

Naval Research Lab

National Inst. of Standards
and Technology

Naval Research Lab

NSLS/ANL/AT&T/
BNL-Biology/BNL-Physics/
IBM/Harvard U.

BNL-DAS/U. of Chicago/

BNL-DAS/ANL

NSLS

NSLS

NSLS

NSLS

B A NSLS

Footnotes appear on last page of Informational Guide.

EXAFS, Crystallography,
Scattering

Atomic, Molecular, and
Optical Physics

Photoeinission and Reflectance
Spectroscopy

High-Q Resolution Elastic
Scattering

Microprobe

Dev. of Microscopy Technology in
Chem., Geochem., Biology,
Medicine; Atomic Physics;
Crystallography

Instrument & Diagnostic Dev.

Instrument & Diagnostic Dev.

Instrument & Diagnostic Dev.

Instrument & Diagnostic Dev.

Instrument & Diagnostic, Dev.
(Assembly)

Johnny Kirkland
(516)282-5723
(516) 2S2-2258

Barry Karlin
(516)282-5624
Stephen Southworth
(301) 975-4850

Jack Rife
(516)282-5724
(202) 767-4654

Lonny Berman
(516)282-5333

Keith Jones
(516)282-5626
(516) 282-4588

Keith Jones
(516)282-5626
(516) 282-*588

Peter Siddons
(516)282-2738

Erik Johnson
(516) 282-4603

Peter Siddons
(516)282-2738

Peter Stefan
(516)282-2117

Peter Stefan
(516)282-2117

W. T. Elam
(202) 767-3014

Richard Deslattes
(301) 975-4841
Paul Cowan
(708) 252-4055

Milton Kabler
(202) 767-2223

Lonny Berman
(516) 282-5333

Keith Jones
(516) 282-4588

Keith Jones
(516) 282-4588

Peter Siddons
(516) 282-2738

Erik Johnson
(516)282-4603

Peter Siddons
(516)282-2738

Peter Stefan
(516)282-2117

Peter Stefan
(516)282-2117
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AFFILIATION RESEARCH PROGRAM LOCAL CONTACT SPOKESPERSON

X28

X29

X29

X30

A

B

O

u
u
D

NSLS Instrument & Diagnostic, Dev.

Unassigned, Available

Unassigned, Available

Diagnostic

Peter Stefan
(516)282-2117

Peter Stefan
(516)282-2117

Footnotes

A = Construction (Assemb!y)(beain line is being assembled)
C = Commissioning (beam line is built but is being run for the sole purpose of detecting flaws in the configuration)
D = Diagnostic (iNstruntentation designed to assess the status of the photon on electron beam orbits, intensity, etc.
N = Conceptual (pre-design stage)
O = Operational (beam line is actively used in research)
P = Planned (Design)(beam line design is completed but construction has not yet begun)
U = Available (unassigned beamline)

ARUPS = Angle-Resolved Ultraviolet Photoemission Spectroscopy
CD = Circular Diachroism
C-T = Czerney-Turner
ERG = Extended Range Grasshopper
EXAFS = Extended X-ray Absorption Fine Structure
FTIR = Fourier Transform Infared
LEGS = Laser Electron Gamma Source
MCD = Magnetic CD
NEXAFS = Near Edge X-ray Absorption Fine Structure
NIM = Normal Incidence Monochromator
PGM = Plane Grating Monochromator
SEXAFS = Surface EXAFS
SGM = Spherical Grating Monochromator
S-N = Seya-Namioka
SXES = Soft X-ray Emission Spectroscopy
TGM = Toroidal Grating Monochromator
Tor* = Transverse Optical Krystron
UPS = Ultraviolet Photoemission Spectroscopy
X) S = X-ray Photoemission Spectroscopy



Beamline X2B
Tomographic reconstruction of calcium pyrophosphate deposits in arthritic human knee
cartilage. The block width is I mm, and the image has been processed to show the periphery
of the block (one face is adjacent to the articulating surface) and the calcific deposits. See C. J.
Buckley, R. E. Burge, G. F. Foster (Kings College (ljondon)), S. Y. Alt, C. A. Scotchford
(University College Ijtndon), J. H. Dunsmuir, S. R. Ferguson (Exxon), and M.L. Rivers
(V. Chicago), "X-ray imaging of calcium deposits in human cartilage", in C. Jacobsen and
J. Trebes, eds.. Soft X-ray Microscopy (Proceedings SPIE 1741, pp. 363-372, 1992).
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VUV Beamlines

Beamline 111
Fluorescence Yield Oxygen K Near-edge X-ray Absorption Spectroscopy of La:iMxCuO4 (M=Ca, Sr, and Ba):
xDependence of Hole State Density

D.A. Fischer. A.R. Moodenbaugh and Y. Xuand 117
NEXAFS Study of C,,H6/Cu( 111)

P. Stevens. B. Bent, M. Xi, M. Yang, S. Jo. and J. Lin 117
Molecular Level Characterization of Thin Functionalized Paraffin Films

P. Stevens and D. Martella 118
Molecular Level Characterization of Thin Paraffin Films

P. Stevens and D. Martella 118

Beamline U2
Single Layer Chemically Amplified Resist Process for X-ray Lithography

W. Conley. D. Seeger. R. Viswanathan, C. Blair, and J. Gelorme 119

Beamline U3C
Spectral Weight of Crystal Field Sidebands as a Function of the Kondo Temperature in Ce Heavy Fermions

A.J. Arko, J.J. Joyce, R.I.R. Blyth, R.J. Bartlett, P.C. Canfield. Z. Fisk. J.D. Thompson, and P.S. Riseborough 119
Gas Scintillation Proportional Counter Physics Studies

M. Bavdaz and C. Erd 120
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R.L. Blake. D.E. Graessle. and E.M. Gullikson 120
A Photoemission Study of the Heavy Fermion Compound YbAl,.

R.I.R. Blyth. J.J. Joyce, A.J. Arko, P.C. Canfield. Z. Fisk, J.D. Thompson. R.J. Bartlett, J. Tang, and J. Lawrence.... 121
Photoemission of YbAgCu4 and the Limitations of the Kondo Model

J.J. Joyce. A.J. Arko. P.C. Canfield. R.I.R. Blyth, R.J. Bartlett, J.D. Thompson, Z. Fisk, J.M. Lawrence.
and J. Tang 121
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Investigation of a "Many Body' Satellite in Gadolinium

A.B. Andrews. S. Kevan, and D.A. Fort 122
Empirically Determined Partial Density of States of Cu-Au Alloys

T.-U. Nahm, K.H. Park, S.-J. Oh. S.-M, Chung. A.B. Andrew and G.K.Wertheim 122
Improved Resolution of the U4A 6m Toriodal Grating Monochromator

J.E. Rowe. G.K. Wertheim. D.M. Riffe. and N.V. Smith 123
Angle Resolved Photoemission Sludies of Transition Metal Oxide Bronzes

K.E. Smith 123
Electron Mean Free Paths in the Alkali Metals: Effect of the Empty d Bands

N.V. Smith, G.K. Wertheim, A.B. Andrews, and C.-T. Chen 124
Anharmonicity of Surface Vibrations in Photoemission from Alkali Metals

G.K. Wertheim and D.M. Riffe 124
Surface Effects and Density-of-States of K^C,,,,

G.K. Wertheim. J.E. Rovve. D.N.E. Buchanan, and E.E. Chaban 125

Beamline uas
Element Specific Magnetic Hysteresis, A New Means for Studying Heteromagnetic Multilayers

C.T. Chen. H.-J. Lin, G. Meigs. Y. Idzerda, A. Chaiken. G.A. Prinz. and G.H.Ho 125
Out-of Plane Orbital Characters of Intrinsic and Doped Holes in La, xSr,CuOj

C.T. Chen. L.H. Tjeng. J. Kwo. H.L. Kao. P. Rudolf. F. Setteland R.M. Fleming 126
The Nature of the Electronic States at the Fermi Level of K,CW) Observed by Photoemission

C.T. Chen, L.H. Tjeng. H.-J. Lin. G. Meigs. J. Rowe. and R. Haddon 126
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Iron L-Edge Absorption Studies of Nitrogenase Protein
J. Chen. S.J. George. S.P. Cramer, R.C. Tittsworth. and B.J. Hales 127

Oxygen Is and Cobalt 2p X-ray Absorption of Cobalt Oxides
F.M.F. deGroot. M. Abbate, J. vanElp. G.A. Savvatzky. Y.-J. Ma, F. Sette. and C.T. Chen 127

Magnetic Circular Dichroism of Fe^Co, ^ Single Crystal Thin Films
Y.U. Idzerda. C.J. Gutierrez, L.H. Tjeng. H.-J. Lin. G. Meigs. and C.T. Chen 128

Magnetic Structure of Fe/Cr/Fe Trilayers
Y.U. ldzerda. L.H. Tjeng. H.-J. Lin. C.J. Gutierrez. G. Meigs. and C.T. Chen 128

Strong Electron-Phonon Coupling Evidenced by Symmetry of Oxygen Holes in La,NiO4^6

P. Kuiper. D.J. Buttrey, D.E. Rice. L.H. Tjeng. H.-J. Lin. and C.T. Chen ". 129
X-ray Magnetic Dichroism of the Antiferromagnet Fe,O,

P. Kuiper, B.G. Searle, P. Rudolf. L.H. Tjeng. and C.T. Chen 129
Direct Spectroscopy Observation of the Mott-Hubbard to Charge Transfer Crossover in Transiton Metal Oxides

J.-H. Park. L.H. Tjeng. R. Claessen. J.W. Allen, and C.T. Chen 130
Interface Formation and Charge Transfer of Ultrathin C(IJ Films Deposited on Cu( 100)

J.E. Rowe. P. Rudolf. LH. Tjeng. R.A. Malic, G. Meigs, C.T. Chen. J. Chen and E.W. Plummer 130
Temperature Dependence of the Kondo Peak in YbAL

L.H. Tjeng, C.T. Chen. H.-J. Lin. E.-J. Cho. S.-J. Oh, J.-H. Park, J.W. Allen, and T. Suzuki 131
Magnetic Circularly Polarized 2p Resonant Photoemission of Nickel

L.H. Tjeng, C.T. Chen, P. Rudolf, G. Meigs, G. van der Laan. and B.T. Thole 131
Soft X-ray Magnetic Circular Dichroism on a Paramagnetic Bioinorganic System

J. van Elp. S.J. George, J. Chen, G. Peng, S.P. Cramer. C.T. Chen. M.W.W. Adams, and B.G. Searle 132
Soft X-ray Absorption of Ni Containing Metalloproteins

J. van Elp. G. Peng, S.P. Cramer, and M.W.W. Adams 132
Soft X-ray Absorption of Ni Inorganic Model Compounds

J. van Elp, G. Peng, S.P. Cramer, and B.G. Searle 133

Beamiine uam
Nanosecond Time Resolved Far-Infrared Spectroscopy of Photocarriers in Hg, ,CdrTe.

G.L. Carr, D.L. Ederer, and D.R. Mueller 133
Optical Conductivity of K(),MoO,

L. Forro. D. Mandrus. J. Hartge. and L. Mihaly 134
Synchrotron Infrared Spectroscopy at Megabar Pressures: Vibrational Dynamics of Hydrogen to 180 GPa

M. Hanfland, R.J. Hemley. H.K. Mao, and G.P. Williams 134
High Resolution Low Frequency Vibrational Spectroscopy of CO/Cu( 111)

C.J. Hirschmugl. C.A. Smyth, C. Echols. and G.P. Williams 135
Adsorbate-Induced Changes in the Infrared Reflectance and Resistivity of Cu and Ni

K.C. Lin. R.G. Tobin. P. Dumas, C.J. Hirschmugl, and G.P. Williams 135
IR Transmission of Ultra-thin High-T. Superconductor Crystals

D. Mandrus, M. Martin, C. Kendziora, J. Hartge, D. Koller. L. Forro, L. Mihaly and G.P. Williams 136
Synchrotron Infrared Spectroscopy of H,0 and CO Adsorbed on Polycrystalline Gold.

C.A. Melendres, V.A. Maroni. C.Q. Liu, B. Beden, and G. Bowmaker 136
A Search for Fractional-Charge Impurities in Si Using IR Photo and Field Ionization

A.G.U. Perera. S.R. Betarbet, B. O., and D.D. Coon 137

Beamiine us
Spin Polarized Photoemission Studies of Quantum Well States in Copper Overlayers

Y. Chang, K. Garrison, and P.D. Johnson 137
Surface Magnetism of Gd(0001): Ferromagnetic Coupling to Bulk

G.A. Mulhollan, K. Garrison, and J.L. Erskine 138

Beamline U6
Diffraction Effects in X-ray Proximity Printing

A.D. Dubner. A. Wagner. J. Mauer. and J.P. Levin 138

Beamiine U7A
Ultra-fast Dissociation of O, after Core-excitation: Atomic Auger Spectra

P. Kuiper .". 139
Photon-assisted Deposition of Silicon-containing Thin Films by Exposure of Condensed Reactants

J.F. Moore. R.J. Kroczynski. D.R. Strongin. and M.W. Ruckman 139
Photoelectron Scattering in Condensed Deuterium at 4 K

M.W. Ruckman. and J.F. Moore 140
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Near-Edge and Photoelectron Studies of Condensed Diborane: Evidence for Intermolecular Interactions in the Solid
Phase

M.W. Ruckman, M.F. Murray, J.K. Mowlem, J.F. Moore, and D.R. Strongin 140
Photon-assisted Growth of Carboranes on Graphite at Liquid Nitrogen Temperature

M.W. Ruckman, M.F. Murray, J.K. Mowlem, and D.R. Strongin 141
The Interaction of Li with Condensed Ammonia: Chemical and Physical Changes in Photoelectron Spectra

M.W. Ruckman, B. Xia, andM. Strongin 141
Synchrotron Radiation Assisted Deposition of Aluminum Oxide from Condensed Layers of Trimethylaluminum and
Water at 78 K

D.R. Strongin, J.F. Moore, and M.W. Ruckman 142

Beamline U7B
Photon-assisted Oxidation of GaAs(lOO) at Liquid Nitrogen Temperature

E. Ettedgui, K.T. Park, J. Cao, Y. Gao, and M.W. Ruckman 142
Photoelectron Study of the Interaction of Cr with NH, Layers on GaAs( 100) at Liquid Nitrogen Temperature

K.T. Park, J. Cao, E. Ettedgui, Y. Gao and M.W. Ruckman 143
Adsorption of C^ on Ta(! 10): Photoelectron Studies of the Interaction Between Fullernes and a Metal

M.W. Ruckman, B. Xia, and S.L. Qiu 143
Photoelectron Study of Yb/Cw Bilayers and the Yb Fullerides Formed at the Interface

B. Xia, M. Strongin, M.W. Ruckman, and S.L. Qiu 144

Beamline USA
Radiation Damage of Epitaxial CaF, Overlayers on Si( 111) Studied by Photon-Stimulated Desorption

V. Chakarian, T.D. Durbin, P.R. Varekamp and J.A. Yarmoff 144
The Adsorption of Iodine on Si( 111) Studied by Soft X-ray Photoemission

V. Chakarian, D. Shuh, J.A. Yarmoff, C. Hakansson, and U.O. Karlsson 145
Photon Stimulated Desorption of Cl+ from Si(100)

T.D. Durbin, V. Chakarian, P.R. Varekamp and J.A. Yarmoff 145
Photoemission Studies of the Chemisorption of Cl, on Si(l 11) and Si(100)

T.D. Durbin, D.K. Shuh, V. Chakarian, C.W". Lo, P.R. Varekamp and J.A. Yarmoff 146
Photon-Stimulated Desorption of F+ from GaAs( 110)

P.R. Varekamp, D.K. Shuh, V. Chakarian, T.D. Durbin, and J.A. Yarmoff 146

Beamline UOB
Surface Structure Determination of Cl/Cu(001) using Photoelectron Holography

J.J. Barton, D.A. Lapiano-Smith and L.J. Terminello 147
Large Source-wave Angular Momentum Causes Auger Electron Silhouettes

J.J. Barton and L.J. Terminello 147
Impact Ionization in Silicon

E. Cartier, M.V. Fischetti, E.A. Eklund and F.R. McFeely 148
Measurements of Hot Electron Dynamics in ECR Plasma Grown Silicon Nitride Thin Films

E.A. Eklund, E. Cartier and F.R. McFeely 148
Direct Determination of Impact Ionization Rates near Threshold in Semiconductors using Soft X-ray Photoemission

E.A. Eklund, P.D. Kirchner, F.R. McFeely, E. Cartier, and D.K. Shuh 149
Breakdown of the Semiclassical Description of Hot Electron Dynamics in SiO,

E.A. Eklund, F.R. McFeely, and E. Cartier 149
Band Dispersion of Localized Valence States in LiF (100)

F.J. Himpsel, L.J. Terminello, D.A. Lapiano-Smith, E.A. Eklund and J.J. Barton 150
Epitaxy of LiF on Ge( 100)

D.A. Lapiano-Smith, E.A. Eklund, F.J. Himpsel and L.J. Terminello 150
The Surface Chemistry Involved in the Chemisorption and Reaction of Diethylsilane on Silicon Surfaces

D.A. Lapiano-Smith, F.J. Himpsel, L.J. Terminello, and F.R. McFeely 151
The Chemisorption and Reaction of Germanium Tetrachloride with Si(100) and (111) Surfaces

D.A. Lapiano-Smith and F.R. McFeely 151
The Chemisorption and Reaction of SiH,CI, on Germanium (100) and (111) Surfaces

D.A. Lapiano-Smith. F.R. McFeely, FJ . Himpsel, T.D. Durbin, and J.A.Yarmoff 152
Substrate Disorder Induced by the F/Si Surface Reaction

C.W. Lo, D.K. Shuh, and J.A. Yarmoff 152
Auger Electron Angular Distributions from Surfaces: Direct Comparison with Isoenergetic Photoelectrons

L.J. Terminello and J.J. Barton 153
Surface and Near Surface Atom Imaging using Experimental Multiple-Wavenumber Photoelectron Holography

L.J. Terminello, D.A. Lapiano-Smith and J.J. Barton 153
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Beamline U9B
Structural Analysis of Antigenic Variation in Three Strains of Borreliu Burgdorferi. the Lyme Disease Spirochete

L.L. France, B. McGrath, J.J. Dunn, B.J. Luft, and J.C. Sutherland 154
Structural Analysis of Antigenic Vibration in Foot-and-Mouth Disease Virus

L.L. France, P. Piatti, J.F.E. Newman, F. Brown, and J.C. Sutherland 154
Secondary Structure Estimation for H5 and its Fragments from Circular Dichroism Measurements

V. Graziano and V. Ramakrishnan 155
Vacuum Ultraviolet CD of Hairpin Oligonucleotides

K.H. Johnson, R.J. Tinder, and M.E. Hogan 155
Circular Dichroism of the 1160 nm Band of Oxidized Reaction Centers from Chlorobium Tepidum

J. Olson, J. Trunk, K. Polewski, and D. Monteleone 156
Energy Transfer Between Fluorescein Molecules

S. Scarlata, J. Elliot, L. Cipp, K. Polewski, and J. Trunk 156
Fluorescence Lifetime and Circular Dichroism of Gramicidin and its Analog. ALA( 16)-Gramicidin

S. Scarlata, J. Elliot, L. Cipp, K. Polewski, and J. Trunk 157
Investigation of the Scintillation Mechanism in Cerium-Doped Rare Earth Oxyorthosilicates

J. Schweitzer, C. Melcher, C. Peterson, H. Suzuki. K. Polewski, and J. Trunk 157

Beamline UIOA
Phonon Relaxation in Soft X-ray Emission of Insulators

W.L. O'Brien, J. Jia, Q.-Y. Dong, T.A. Callcott, K.E. Miyano, D.L. Ederer, D.R. Mueller, and C.-C. Kao 158
Photon Excitation Energy Dependence of B,0, and h-BN Soft X-ray Emission: Spectator Versus Normal Emission

W.L. O'Brien, J. Jia, Q.-Y. Dong. T.A. Callcott, K.E. Miyano, D.L. Ederer, D.R. Mueller, and C.-C. Kao 158

Beamline U«
Photoionization of Argon/Hydrogen Chloride Complexes

B.-M. Cheng, D. Kim, D.-H. Lee, L. DiMauro, M.G. White, and J.R. Grover 159
Photoionization Studies of Oxygen Complexes: Perfluoroethylene/Oxygen

B.-M. Cheng, J.M. Preses, and J.R. Grover 159
Near Threshold, Single Photon Photionization of (C4H4S), Using Synchrotron Radiation and a VUV Laser: Vibrational
Spectrum of the Dimer Ion

P. Cid-Aguero, E.A. Walters, and J.R. Grover 160
State and Cluster-Size Specific Dissociative Photoionization in Bromotrifluoromethane Clusters with Methanol

J.T. Clay, E.A. Walters, J.R. Grover, and M.V. Willcox 160
Intracluster Reactions of Chlorobenzene/Ammonia Mixed Complexes

J.R. Grover. B.-M. Cheng, W.J. Herron, M.T. Coolbaugh, W.R. Peifer.and J.F. Garvey 161
Photoionization-Induced Intracluster Reactions: Kinetic Energy Releases for 1,3-Butadiene/Sulfur Dioxide Complexes

J.R. Grover, E.A. Walters, D.L. Arneberg, G. Hagenow, and J.T. Clay 161
Lifetimes of Fluorescence of Hydrocarbons

R.A. Holroyd and J.M. Preses 162
A Discharge Flow-Photoionization Mass Spectrometric Study of Hydroxymethyl Radicals (H,COH and H,COD):
Photoionization Spectrum and Ionization Energy

W. Tao, R.B. Klemm, F.L. Nesbitt, and L.J. Stief 162

Beamline uiSB
Core-Level Excitation in the Krypton Clusters

J.-C. Huang, G.H. Ho. E.W. Plummer, and M.I. Lester 163
Photoemission Spectroscopy from Monolayer Graphite on TaC( 111)

B.S. Itchkawitz, P.F. Lyman. E.W. Plummer, and D.M. Zehner 163
Angle-Resolved Photoemission Study of H/Ag( 111)

G. Lee. B.S. Itchkawitz, J.Q. Huang, and E.W. Plummer 164
The Electronic Structures of p( 1 x 1) and p(2x 1) Bi on MBE Grown GaSb( 110)

D.N. Me Ilroy, D. Heskett. A.B. McLean, N.J. Dinardo, R. Ludeke and H. Munekata 164
W( 100) Surface Core Level Shifts Induced by S Adsorption

D.R. Mullins and P.F. Lyman 165
Hydrogen Interaction with Li( 110) and K( 110) Surfaces

P.T. Sprunger, and E.W. Plummer 165
Probing 2D Electronic States within the Bulk Continuum

D. Swanston. A.B. McLean, D.N. Me Ilroy. D. Heskett, R. Ludeke, H. Munekata. N.J. DiNardo. and M. Prietsch .... 166
Electronic Structure of Potassium Overlayers on Si( 111)

H.H. Weitering, J Chen, N.J. DiNardo, and E.W. Plummer 166
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Beamline u«SUA
De-Excitation Spectra in Acetone

D. Ji, C.-I. Ma, CM. Woodbrige, S. Chen. D.M. Hanson, and S.L. Hulbert 167
Resonance Auger Spectra of Methane

CM. Woodbridge, S.Y. Chen, D. Ji, C.-I. Ma, D.M. Hanson, and S.L. Hulbert 167

Beamline uaue
Soft X-ray Projection Lithography

R. Freeman, J. Bjorkholm. J. Bokor, K. Early, L. Eichner, M. Himel, T. Jewell, A. MacDowell, L. Szeto. D. Taylor. D.
Tennant. W. Waskiewicz, D. White, D. Windt, O. Wood, Z. Tan, P. Takacs, J. Bruning, M. Ruda, K. Thompson 168

Beamline U14A
Electronic and Chemical Properties of Li-Au and Cs-Au Films on Ru(001)

J.A. Rodriguez. Y.W. Yang, J. Hrbek, M. Kuhn and T.K. Sham 168
Lineshape of the Ti M^VV Auger Spectrum from the Nearly Perfect TiO,( 110) Surface Measured by Auger Photoelec-
tron Coincidence Spectroscopy

A.K. See, R.A. Bartynski, C.-C. Kao, and S.L. Hulbert 169
Electronic Structure of Icosahedral Al65Cu,0Fe|5 and Crystalline Al7Cu,Fe

Z.M. Stadnik .: .' .". 169
Coverage-Dependent Investigation of Na on Cu(l 10)

C. Su, X. Shi, D. Tang, D. Heskett, and K.D. Tsuei 170

Beamline Uts
Fragmentation of CF,Br: Electron Multiple-Ion Coincidence Measurements

T.A. Ferrett, G. Harbers, S. Hsieh, D. Vosen, K. Lee, C.I. Ma, and D.M. Hanson 170
Fragmentation Studies on CF3C1, CF,C1,, and CFC1, Using Electron-Multiple-Ion Coincidence Techniques

T.A. Ferrett, G. Harbers, S. Hsieh^D. Vosen, K. Lee, C.I. Ma, and D.M. Hanson 171
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FLUORESCENCE YIELD OXYGEN K NEAR-EDGE X-RAY ABSORPTION
SPECVHOSCOPY OF La2-xMxCuO4(M=Ca, Sr, and Ba) : x
DEPENDENCE OF HOLE STATE DENSITY

D. A. Fischer (NIST), A. R. Moodenbaugh (BNL) and Youwen Xuand (BNL)

Fluorescence-yield of oxygen K near edge x-ray spectroscopy was
utilized as a bulk-sensitive method to determine the hole state density of
La2-x^xCuO4. Pre-edge features have been measured for M=Sr, 0^x^0.40
(as shown in the left figure); M=Ba, Oixs.0.25; and M-Ca, O^xs.0.10. These
features occur just above the Fermi level at ~530 and ~528 eV , the 528
eV peak being assigned to holes in the oxygen 2p band. The intensities
and energies of these peaks were determined as a function of composition
x. Results are qualitatively similar among M=Sr, 3a, and Ca. For x<fl.2 the
magnitude the 528 eV peak is linear in x; for higher x the magnitude
begins to saturate, as shown in the right figure.
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NEXAFS Study of C 6 H 6 / C u ( l l l )

P. Stevens (EXXON), B. Bent, M. Xi, M. Yang, S. Jo, and J. Lin (Columbia Univ.)

Deteriming the adsorption geometry of chemisorbed species is critical to understand the possible
interactions of a molecule with a surface. In some cases, this geometry is a function of coverage.
HREELS studies of C6H5 indicate that orientation of the molecule is not the same in submonolayer
and monolayer coverages. We have performed C-K edge near edge X-ray absorption fine
structure spectroscopy measurements to further explore these differences. Figure 1 shows the
NEXAFS spectra of Q H 6 adsorbed on Cu( 111) at low and high coverages. The spectra were
recorded in partial electron yield detection with a retarding voltage of -190 eV. The dotted curves
were recorded with the X-ray at glancing incidence; the solid lines are for normally incident light.
The polarization dependences of the K* and a* resonances indicate that the plane of the molecule is
parallel to the surface at low coverages. At high coverage there is an apparent tilt of the molecule
with respect to the surface. Figure 2 shows an expanded region of the NEXAFS recorded with

higher resolution than in figure 1. The spectra have been scaled to make the n* intensity equal in
all spectra where it is present The interesting observation is that the full width at half maximum of
the Jt* peak at high coverage is =0.2 eV wider in glancing incidence (dotted line) than in normal
incidence (solid line). These results indicate that at high coverages there are two species present on
the surface: one with its molecular plane parallel to the surface, and another whose plane makes an
oblique angle with the substrate.

Figure 1 Figure 2
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Molecular Level Characterization of Thin Functionalized Paraffin Films

P. Stevens and D. Martella (EXXON)

Intemwlecular forces play a key role in determining the order of alkane films. In large chain
molecules with bulky functional groups it is not cleat a priori whether the attractive van derWaals
forces will overcome the repulsive steric interactions to allow for ordering. We have performed C-
K edge near edge X-ray absorption fine structure spectroscopy studies of thin films of a
funclionalized paraffinic molecule, (CigH37)2(NCO)C6H4CO2NH2(Ci8H37)2. NEXAFS allows
us to characterize the molecular orientation of these molecules without the need to have well
ordered crystalline samples. The films (= 500 A thick) were prepared by evaporation of a
wax/hexane solution on a Si( 111) substrate covered with a native oxide. The NEXAFS spectra
were recorded in partial electron yield mode with a retarding voltage of -175 V.

The NEXAFS specira recorded in normal (solid line) and 20° glancing (dotted line) incidences of
(CtaH37)2(NCO)C5H4CO2NH2(Ci8H37)2 are shown in figure 1. The spectra are dominanted by
four resonance features. The weak peak near 286 eV is a Jt* resonance associated with the phenyl
group present in the molecule. The intense feature at 28° eV is dominated by the (C-H)*
resonances associated with the alkane chains. The two prominent structures above the continuum
edge ai 294 and 303 eV are O*<C-C) resonances due to the C-C bonds of the chains. All
resonances clearly show a pronounced polarization dependence, indicating a large degree of order.
In fact the o* resonances are completely absent in normal incidence indicating that the chains are
aligned along the surface normal. This orientation is further supported by the (C-H)* resonance.
The n« of the phenyl group, like the o* peaks, is most intense for glancing incidence. However, it
also has significant intensity for normal incidence indicating that the plane of the phenyl group
makes an oblique angle with respect to the alkane chains. In conclusion, we have used NEXAFS
spectroscopy to gain insight into the importance of various intermolecular forces at work in large
functionalized alkane molecules.

Figure 1

UIA

Molecular Level Characterization of Thin Paraffin Films

P. Stevens and D. Martella (EXXON)

The shapes of wax crystals are determined by the intermolecular forces. Consequently studies of
thin films of paraffins can shed light upon the nature of these intermolccular forces. We have
performed C-K edge near edge X-ray absorption fine structure spectroscopy studies of thin films
of a wax, C36H74, NEXAFS allows us to characterize the molecular orientation of these molecules
without the need to have well ordered crystalline samples. The films were prepared by evaporation
of a wax/hexane solution on a Si( 111) substrate covered with a native oxide. The NEXAFS
spectra were recorded in partial electron yield mode with a retarding voltage of -175 V.

The NEXAFS spectra recorded in normal (solid line) and 20° glancing (dotted line) incidences of
C36H74 are shown in figure 1. The bottom two curves are for a sample with approximated^ 10
monolayers of molecules (less than 500 A). The top two curves are from a sample 4 times thicker.
The spectra are dominanted by three resonance features. The first peak near 289 eV is a (C-H)*
resonance and is most prominent in normal incidence. The two structures above the continuum
edge at 294 and 303 eV are a*(C-C) resonances and are most intense in the glancing incidence
spectra. These resonances have their transition dipole aligned along the chain axis. In the 500 A
sample the o* resonances are completely absent in the normal incidence geometry indicating that
the molecules are aligned with their chains along the surface normal. In the 2000 A sample the o*
resonances are present in both incidences. Preliminary analysis of the polarization dependence
indicates that the 2000 A sample is oriented with an angle of °>30° which is in agreement with the
bulk structure determined with X-ray diffraction. A plausable explanation is that the interaction
with the oxide surface causes the first few layers to grow with a geometry different from that of the
bulk crystal structure.

Figure 1
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SINGLE LAYER CHEMICALLY AMPLIFIED RESIST PROCESS FOR
X-RAY I.IIIIOGRAPIIY

W. Conley, D. Sccger, R. Viswaiiathan, C. Blair, ami .1. Gelorme (IBM Semi-
conductor Research itw\ Development Center, Rte. 52. I lopewcll .let. NY 12533)

We have investigated resist systems using synchrotron radiation x-ray
lithographv for I ho fabrication of <).2.S/nn devices. In this work, we focused on a
chemically amplified negative erosslinking IBM resist, CC7R, Tor use on the con-
tact level. Wo have also looked ai XPR, a chemically amplified positive tone
IBM phoioicsisi. fur application on Hie polv-ilicon level

(TiR is pmccssed l>y spin co:iliii{! on lioxnmelhyklixiliwne vapor primed
silicon vvafcis ami post applv baking at 95C for (•() seconds. Wafers wore exposed
and naked following e\posuie on a hot plale al IOSC for 120 seconds. Develop-
ment was earned out in a staiic lank ol'O.MN leiramclliyl ammoiiiuni hydroxide
developer for M) seconds. XPR positive icisi was coaled similarly on vapor
primed wafers and post apply baked al WC for ')() sec. Wafers were exposed at
SO m.l/cm* and sulwet|uenlly baked al SOC for W seconds. The wafers were de-
veloped in (1.22N tetramcthyl ammonium hydroxide developer for M) seconds at
room temperalure.

Our work vvilh the CfiR negative resist system was to develop an x-ray
photoresist sysiem thai was capable ol" producing good 0.25/im lithography for
our progiam. This was demonstrated with boih nested and isolated arrays and
with isolated studs. The XPR positive icsist sysiem demonstrated resolution
down to O.I 7.S/im which was the resolution limit of I lie mask.

r.u
Spectral Weight of Crystal Field Sidebands as a Function of I he

Kondo Temperature in Ce Heavy Fermions
A.J. Arko, J.J. Joyce, R.I.R. Blyth, R.J. Bartlett, P.C. Canfield, Z. Fisk, and J.D. Thompson

Los Alamos National Laboratory, Los Alamos, NM 87545
P. S. Riseborough

Polytechnic University, Brooklyn, NY

The Gunnarsson-Schonhammer (GS) model of heavy fermion photoemission predicts a

dependence on the Kondo temperature (TK) for a number of features in the f-electron part of the

photoelectron spectrum. In particular, the Kondo resonance (KR) is expected to be of width krjTK

and have a spectral weight proportional to TR. It is also predicted to be highly temperature

dependent. We have recently shown that the Kondo-relaled features in Ce-based heavy fermions

appear to be nearly temperature independent, and commented that the spectral weight also appears

to be unrelated to TK. While it has been suggested in the past that much of the spectral weight in

the near-EF region is a result of finite Coulomb correlation (1%) effects as well spin-orbit and

crystal field sidebands, there has been no systematic study to verify these predictions.

In order to more correctly deal with the question of spectral weight, particularly as to how it

is affected by crystal field sidebands, we have looked at a number of Ce-based heavy fermions

with TR'S varying by 2 orders of magnitude, and compared the results to a GS-type calculation

i, which includes the full effect of crystal field states.

/ ' . . •' \ The calculation is for a generic heavy fcrmion

, . - " ' /". \ whose hybridization strength is varied in order to

vary the T R . The ciystal field states in all three

calculations are at -60 meV and -80 meV (much

larger than experimentally observed) in order that

they do not interfere with the KR thereby

obscuring any temperature effects. It is seen in the

bottom frame that the spectral weights due lo the

crystal field states alone increase dramatically with

TK. When the effect of the KR is added, the

increase on the basis of the GS model is predicted

to be quite spectacular. This is contrasted in the

top frame where our data yield a nearly constant

spectral weight. We conclude that one cannot

~ '"""' \ r ; :,, resort to sidebands or finito U as the source of the

-6.4 -6.3 -6.2 -6.1 6 constant (and much too lai^e) spectral weight.
Binding Energy (eV)

y-Ce film TK = Z00°K

CeSIa TK » 40"K

CeSte TK < 10°K

TK = 50°K

TK = 5"K

TK = 0.5°K



X15B/U3C
GAS SCINTILLATION PROPORTIONAL COUNTER PHYSICS STUDIES

M. Bavdaz and C. Erd (European Space Agency, The Netherlands)

For several years, gas scintillation proportional counters (GSPC) have been
developed at the Space Science Department (SSD) of the European space Agency.
These detectors were and will be flown on astronomy space missions. Their main
attributes include a wide energy range (0.1 - 30 keV), good time and energy resolution
(microseconds; 8% at 6 keV), adequate position resolution (1 mm at 6 keV), large
effective area, and operation at room temperature. The current GSPC-work at SSD
focuses on the low energy (LE)-GSPC for the x-ray astronomy satellite, SAX (Satellite
Astronomia X).

Successful implementation of the LE-GSPC requires careful calibration based on
computer modeling, which in turn relies on experimental measurements over a wide
range of energies. Synchrotron radiation is clearly an idaal source for such studies, and
beamlines X15B and U3C offer the combined capabilities of providing monochromatic
energies over the complete range of 0.15 to 10 keV.

The experiments performed on these beamlines were aimed at determining the
energy dependence of the Fano factor of xenon, the detector gas used in the LE-
GSPC. In addition, lateral and longitudinal electron diffusion coefficients, energy and
position resolutions, and the basic process of scintillation were investigated. All of this
information will be used for constructing an accurate picture of the LE-GSPC detector
response-

OPTICAL CONSTANTS AND SCATTERING FACTORS FROM REFLECTIVITY MEASUREMENTS ON
BEAMLINE U3C

R.L. Blake (LANL). D.E Gracsslc(SAO). EM. Gullikson(LBL)

Improved reflectivity measurement tc :hniqucs have been introduced to permit more accurate measurements of
optical constants 8 and p in Ihc index of refraction n = 1 • 6 - i|i over the energy range 25 to 5001) eV. When iJic
mirror sample density lias been determined, otK can calculate the sample atomic scattering factors / ' and / " from
5 and |).

Results obtained on U3C for the Ni L1II edge region arc given in Table 1. Figure 1 shows a partial scan of
reflectivity versus energy through Uic Ni LIII region. Angle scans at selected energy positions provide the data for
Table 1. The mass absorption coefficient u/p is more commonly used than [i or / " . which arc proportional to one
another. There are four points in Table 1 where our data may be compared to the other extant measurements of yJ
p a. Qualitative agreement is excellent Quantitative agreement is within error estimates The real part of the
atomic scattering factor / ' has never been measured before to our knowledge.

Table 1
Scattering factors in the Ni LIII region. 80(1 to 860 cV measured on U3C

Energy (cV) M-p"

800" belou 1.111 edge

845 stall l.lll edge

849 inereasmg / "

852 near edge energy

855 near ma* / "

860 beroecn LIII and t.ll

75

46

26

•4 7

3 4

106

•20 5

-23 4

•25 4

•32 7

•24.6

-174

2-17

2-107

2»25

7 400

17.07

8 611

2213

2041

2384

(.223

14300

7173

2668

6S66

13650

9029

8 214

1914

62 10

ft 0 8

97 3 29

10 3/22

a N.K. Del Grande and KG Tirscll. SPIE. Vol 911. p. 6 (1988) Nj L-lll Edge, 41 afC min

Figure 1 The LIII edge region of Ni in a
reflectivity scan at 41.2 arc minutes with
resolving power = 1000. The lowest point
is at 852 cV on the scale of this monochro-
mator. Energy steps arc 1 cV.
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U3C
A PhotoL-mission Stuilv of (he Heavy K-rmion Compound YbAI t
K.I.R.BI.wh. J.J.Joyce. A.j'.Arkn. l\('.<'airfield. Z.Hsk. .IP. Thompson and R.J.Bartlctt
l.<>\ AUimns Xuiiiimil hibnruum: / /» Altinws. ,\M K7545
.l.Tang ami .1.1 -awrencc
Ih'pi. <>f /V/vwi \. / mv<'r\ii\ <>/ (tilifcrniii, Irvine, ( A <*271 7

The (iumiarson Schonhammcr (<iS) model, and similar extensions to Anderson impurity
thcor\ . requires (he existence of :i narrow 41' peak, the Koudo resonance (KR). near the Fermi
11-\t-1 in pliotocniission \pcctra of Yb-based hc:i\ > fcrmions. The model give specific
uuantilatnc predictions lor Ihe width and binding energ) of the KR, and also predicts that it
should haw a significant temperature dependence. We have measured cleaved single crystals
of YhAI \a l ; 1 " overall resolution • SO meV. B\ a rigourous curve filling procedure we are able
lo subtract Ihc surface 41 component, which Ihe model ignores, and we find that the bulk 4f
peaks have binding energies and widths significantly higher than predicted. The main figure
shows ibal OUT the temperalure range 20-80 K none of the valence band features undergoes
ait) significant changes. The inset shows Ihe hulk 4f peaks extracted by curve fitting to data
taken over a w ider range, again showing (hat these peaks have no temperature dependence. We
also find that Ihc widths and surface shift of the 41 peaks arc entirely consistent with ordinary
core level behaviour. We are forced lo conclude lhal ihc CiS model fails when applied lo YbAI
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Photoemission of YbAgCu.4 and the Limitations of the Kondo Model
U3C

JJ Joyce, A S Arko, PC Canfield, R I R Blyth, RJ Bartlett, i 0 Thompson, and Z FiskfLos
Alamos Nat Lab ), i M Lawrence and J Tang (U of Calif-Irvine)

Several prediction' of the Kondo model (KM) were tested with (lie heavy fcrmion YbAgCu.)

(characteristic temperature T K » 100 K) The model predicts a spin (lucluauon resonance (KR) that should shmt

an extremely narrow density of slates (DOS) very near Ej The experimental results do noi suppon (his KM

interpretation for the photoemission data A narrow DOS near E| would give rise lo a Fermi level crossing (FLO

much higher than the normal mijpoint crossing generally observed for most materials In Fig I we prcscm the

PES data taken at a temperature of 21) K. well below T K for this material The upper left frame of Fig I shows the

full valence band of YbAgCu^ including the Ag and Cu d-lcvcls as well as the Yb 4f levels Thc upper riglit frame

of thc figure shows a high resolution (60 meV) blowup of the ncar-Ej. region which contains thc Yb bulk 4f7 / ;

peak. Lincshapc analysis shows Ihc natural linewidlh of (his peak (o be greater than (he experimental rcsolulion (

of order 100 mcV) This is interesting since YbAgCu4 neutron staltcring experiments do not show am crystal

field (CF) splittings. Thc resulting composite spectrum predicted by tin KM is simply a peak » KtiTK or ' ' nicV

wide (FWHM) and 9 mcV below Ej.. broadened b) the experimental resolution.

Thc expected KR peak and resulting rcsolulion broadened spectrum arc shown in thc

lower right corner of Fig. I. Nolc (he FLC position as

well as (he width of thc lincshapc This resolution

broadened (KR) lincshapc is overlaycd on (he PES data

for thc ncar-E|. region in the lower left frame of Fig. I

Thc comparison reveals major differences between (he

KM and PES results, both in the Fermi level crossing

positions and thc widths of Ihc peaks Thc case of

YbAgCuj should be one of thc simplest eases for KM

studies since CF complications arc removed and thc KR

predicted lincwidlh would be narrower than standard

PES band or core-level features Nevertheless, the KM

fares poorly in (his comparison -O \ 4.OB O O.Oft 0.1

airalnf Entity UVI
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INVESTIGATION OF A 'MANY BODY1 SATELLITE IN GADOLINIUM.

A.B. Andrews, S. Kevan (U. of Oregon), and D.A. Fort (U. of Birmingham)

Lagraffe etal.1 report observation of a final state correlation shake-up satellite (5d -» unoccupied

4 0 in heavy rare earth thin films and propose using it to probe shon range magnetic order. A

peak has also been observed in bulk Gd at a binding energy consistent with their model, but

evidence suggests that it is due to the

presence of bulk impurity atoms. We

therefore investigated this issue with highly

purified samples. Our results indicate that ,

both H and O undergo a dissociative %

chemisorption phase prior to oxidation '

without any reconstruction of the top layers.

This is in agreement with a LEED study2 for

O, but has not been observed previously in

UPS or XPS3 due to the difficulty of

removing bulk contaminants. Subsequent

annealing of O dosed samples at coverages

<0.5L permits surface O to penetrate into the

bulk and produces a second peak at -0 .6 eV

higher binding energy at the same location as

the proposed 'satellite'. Since formation of

ordered p x + y and p z bands at the surface as

well as GdiO3 is ruled out by LEED, this

implies that the oxide is incorporated into the

bulk during evaporation rather than at the

surface. H saturated films at low temperature

show similar behavior.

[1] D. Lagraffe, P.A. Dowbcn, L. Dottl Y. Ufuktepe, and M. Oneillion, Z. Phys. B -
Condensed Matter 82, 47 (1991); [2] D. Weller, and D.D. Sarma, Surf. Set. Lett, 171, L42S
(1986); [3) K. Wandslt and C.R. Brundle, Surf. Sci. 157, 162 (1985)

Work supported by DE-FG06-86ER45275
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EMPIRICALLY DETERMINED PARTIAL DENSITY OF STATES OK Cu-Au ALLOYS

Tschang-Uh Nahm, Kang-Ho Park, and S.-J. Oil (Seoul Nat'l Univ., Korea), S.-M. Chung (POSTECH,
Koroa). A.B. Andrews, and G. K. Werllicini (AT & T Boll Lab.)

Compositional!)* d"isoi<lered Cu-Au alloys have received much attention because they can give informations
about, the mechanism of band forming in binary alloys1. Experimental results indicate strong contribution
of Au lid states at binding energy (E«) around 5~-7 eV in Cu rich Cu-Au alloys and th^e results tempted
some authors to conclude that An partial DOS in C113AU ordered alloy or in An diluted Cu-Au alloys are
confined within En = 5—7 eV and that Au 5rf band and Cu 3d hand separate and form split bauds due to
band repulsion2.

We have determined partial density of states

(I'DOS) of CurAut_r using the Cooper minimum

phenomena of Au 5d states nt hi* ~ '201) eV. For this

purpose, we measured aiigk integrated photoemis-

sion spectra of CujAui_r alloys nt hu ~ 00 eV and

160 cV. Using empirically determined photoioniza-

tion cross sections of Au and Cu pure metals at these

two photon energies, we then determined Au and Cu

PDOS of each CuxAii|-r alloys srlf-consistently by ,*•

iteration. We have considered the effects of surface *̂

segregation of Au and the change of tin- phutoioniitn*

lion matrix element at different photon energies. ^

Figure shows empirical Au PDOS orCurAU).r 3

at Iw - GO eV. The density of Au 5d states at Rn "j

= 2^4 eV decreases with decreasing Au content, but *

the intensity of these stales is not negligible even for

CuonAujo. This is in contrast lo the spljt-l>antl pir-

ture, and hands in Au diluted Cu-Au alloys must b<>

classified an common-band type Tins can be under-

stood since Au atomic site in C'u host is compressed

and strong hybridization between different </ states

is expected.

1. J. Kudrnovsky, S.K, Hose, and O.K. Andersen.

Phys. Rev. U43, 4613 {1091). and references ihrrcin

2. W. Kberhardt, S.C Wu. R.F. Ciarrett, [). Somi-

ericker, and F. Jona, Phys. Hew B 31, 8285 (1985)

Au PDOS in Cu-Au ot hv - 60«\
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IMPROVED RESOLUTION OF tbe D4A 6m TORIODAL GRATING MONOCHROMATOR

J. E. Rowe. G.K. Wcrthcim. D. M. Riffe. and N. V. Smith (AT&T Bell Laboratories)

In an early study of Ihe resolution of the AT&T Bell Labs 6m toroidal grating monochromator (TGM) 11] the total
widths of the Fermi cut-off in the conduction band of Cu(OOl) were reported IO be 230,140. and 90 meV, for the
high, middle, and low energy gratings Gl . G2, and G3 respectively: however, no attempt was made to separate Ihe
contributions of (he TGM itself. Subsequently, in 1988-89 we performed more detailed calibration measurements
which wen: reported int he NSLS 1988 Annual Report. More recently, we have performed detailed ray tracing
calculations for this 6m TGM using the procedures developed by Maber [2], McKinney and Howells (3), and
Howclls (4] except for the inclusion of holographic correction terms to the focusing equations which we have
found to be essential for obtaining the correct focal distance. These theoretical results were also previously
reported in the 1989 NSLS Annual Report and have been subsequently realized experimentally. To maintain the
minimum exit slit resolution requires a slit assembly movable over a distance of-20 cm [5). We have found that a
second fixed exit slit at a position 16.8 cm closer lo the grating in combination with the standard exit slit position
gives near optimum resolution in ihc range 70-140 cV for grating, Gl . For both exit slit positions tiie resolution
(sec Fig. I) was determined from the photocmission response at the Fermi cut-off in the conduction band of
various clean metals such as Cu(l 10) and Cu(100) at 78 K using a VSW 100 mm electron spectrometer which had
been previously calibrated. For the high energy grating, Gl, Ihe measured resolution curve for each slit position is
close to that calculated from ray tracing. Figure 1 shows the
resolution measured with Ihc slit in two positions (a) fust exit slit at
388.8 cm with ihc slil opening set for 100 r e V resolution and (b)
tnc second exit slit at 372.0 cm with the slit opening set for 50 meV.
The single point at hv= HO cV labeled (c) is for the slil at 372.0 cm
and slil opening scl at 100 mcV. By appropriate choice of exit slit
and slit width we find Ihe full width at half maximum (FWHM) can
be kept below 100 meV for photon energies over the complete
range, 70-140 cV. Further resolution improvement (perhaps to as
low as 50 meV, FWHM) can be obtained by masking Ihc angular
width of Ihc grating, These improvements in resolution over Ihc
standard single fixed exit slit TGM design are expected to be
important for 3 variety of studies in ihc far ultraviolet and soft x-ray
spectral regions. Recent studies of ihc reconstruction of several Si
surfaces show evidence of only partially resolved surface-atom
core-electron binding-cncigy shifts that are not completely determined without reliable information about the
insmimcntal width. For many metal surfaces the surface core-level shifts arc smaller thin for reconstructed Si and
improved resolution is necessary. Accurately known core-level line shapes are also required to estimate the
disorder broadening associated with various adsorbatc-covercd surfaces and can probably also be used to measure
temperature dependent phonon broadening for a variety of surface and bulk systems.

111 P. Thiry. P. A. Bennett. S. D. Kcvan. W. A. Roycr, E. E. Chaban, J. E. Rowc, and N. V. Smith. Nucl. Instr.
and Mcth. 222.85(1984).

12] H. Habcr. J. Opt. Sec. Am. 40.153 (1950).

[3] W. R. McKinncy and M. R. Howells. Nucl. Instr. and Meih. 172.149 (1980).

14] M. R. Howells.Nucl. Instr. and Mclh. 172.123 (1980).

[5] L. H. Brcaux and J. L. Erskine. Nucl. Instr. and Mcth. A246.248 (1986).

ANGLE RESOLVED PHOTOEMISSION STUDIES OF TRANSITION METAL OXIDE BRONZES

Kevin E. Smith, Department of Physics, Boston University, Boston, MA 02215.

The goal of this program is to understand the electronic and structural properties of transition
meta! oxide bronzes. These oxides display a plethora of unusual physical phenomena including quasi-low
dimensional electrical conductivity, metal-insulator transitions, periodic lattice distortions, charge density
waves, and superconductivity.' The fundamental origins of many of these phenomena remain
undetermined. The structure of quasi-low dimensional Fermi surfaces in these oxides is of particular
interest since these Fermi surfaces are thought to play a crucial
role in determining many of the unique properties of these
materials. This program aims at measuring such oxide Fermi
surfaces for the first time. This will be accomplished by using
high resolution angle resolved photoemission (ARP) to measure
the location in k-space where a particular band crosses the
Fermi level.- Initial results from this experiment are very
encouraging. The valence hand electronic structure of both
cleaved and high-defect-density surfaces of the quasi-one
dimensional (ID) blue bronze Ko,MoO, and of the quasi-two
dimensional (2D) purple bronze Li09MocOl7 have been
measured.

Figure I shows a series of ARP spsctra taken from
cleaved Li^JMofi^. Note that only the region within 2.5 eV
of the Fermi level (E,J is shown. The emission feature close
to Ef is due to Li electrons donated into the Mo 4d states. The
spectra are taken with 18 eV photons, with the light incident
along the b axis of the crystal (this forms one of the mirror
planes of the cleavage surface). The detector was rotated in
the plane of the incident light. As is clear in the figure, a well
defined peak appears at E,. as states away from the center of
the surface Brillouin zone are measured. This feature is seen
to disperse towards E,, and to cross at k| = 0.7 A' . This is significant, since in the case of the quasi-
ID oxide K^jMoO-. no crossing was observed in this direction. The b axis is the direction of highest
conductivity in both systems. Other significant results obtained recently included the observation of very
strong dispersion of the O 2p states in a direction perpendicular to the cleavage plane. Not only is the
dispersion very clear, but it was quite unexpected in these layered compounds. Additionally, these oxides
have been found to be extraordinarily sensitive to photon induced damage. If the photon energy is raised
above the Mo 4p -»4d optical absorption threshold, a discrete defect state is observed in the gap between
the O 2p and Mo 4d emission. The discrete defect state is also observed from poorly cleaved surfaces
and from lightly sputtered surfaces. At present, both changes in ihe Fermi surface as the oxides undergo
metal-insulator transitions, and the precise nature of the defect state, are heing examined.

1. M. Greenblatt. Chem. Rev. 88, 31 (1988).
2. K.E. Smith and S.D. Kevan, Prog. Solid State Chem. 21, 49 (1991).

Fig. I: ARP spectra from Lio9Mo60|7;
only emission close to EF is .shown.

Work supported by AT&T Bell Laboratories.
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ELECTRON MEAN FREE PATHS IN THE ALKALI METALS: EFFECT OF THE EMPTY d BANDS

N. V. Smith, G. K. Wcrtheim, A. B. Andrews, and C.-T. Chen (AT&TBell Laboratories)

10;

We have completed our study of the inelastic mean free path (escape depth) in the alkali metals with new data on
K and Cs. The escape depths were determined from core-electron photoemission spectra from (110) surfaces of
alkali mcial layers grown on a cold Ni(100) substrate. The signal from the first atomic layer is well resolved from
that of the bulk. The core-level shifts of subsurface layers arc too small to be resolved from the bulk lire. The
mean free path \ is obtained from the fraction of the P M signal coming from the bulk, which is given by e"1"1.
where d is the (110) layer spacing.

The new data, combined with those for
Li, Na, and Rb reported last year, arc
shown in Fig. la. The anomaly at low
kinetic energy reported last year in Rb,
is present at comparable kinetic
energies also in K and Cs. As a result,
we rule out the earlier suggestion that
the anomaly is due to phooelcctron
diffraction.

The light lines drawn through the data
are based on the expression for the
"universal curve" 11)

X = a/Ej» + bE£,,

where a. b, and m arc adjustable
constants. Values of m near 0.7 were
required for an optimum fit (2]. The
results for Li and Na conform to the
behavior expected on the basis of this
formulation: those for K, Rb, and Cs
show a pronounced drop in the
inelastic mean free path below 10 eV
kinetic energy, with a shift to lower
energy with increasing atomic number.

We note thai the anomaly is present
only in the heavier alkali metals, which
have empty d states close to the Fermi
level. This suggests that it is due to
plasmon scattering of conduction
elections into the empty d band. (Li
and Na do not have empty d bands near the Fermi level.) Quran's theory [3|, applied to calculated band structures,
reproduces the observed behavior, sec Fig. I b, confirming our interpretation,

HIM. P. Seah and W. A. Dcnch, Surf. Interface Anal. 1.2 (1979).
(2) C. D. Wagner, L. E, Davis, and W. M. Riggs, ibid 2.53 (1980).
[311. J. Quinn, Phys. Rev. 126,1453 (1962).

Work supported by AT&T Bell Laboratories.
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ANHARMONICITY OF SURFACE VIBRATIONS IN PHOTOEMISSION FROM ALKALI METALS

G. K. Wenheim and D. M. Riffe (AT&TBell Laboratories!

Analysis of 2p core-electron photoemission spectra from so, - .
Na have shown bulk and surface phonon widths both ;
proportional to T*, in accord with simple theory [1]. In j /

the Debye model the square of the phonon width G is <o| .y",
given by

IJL
3 e D

For T > 8 D . G is proportional to T*. The larger width of
the surface component is due to a soft mode perpendicular
to the surface 11].

This work has now been extended to include the heavier
alkali metals K and Rb, using metal layers with (110)
orientation grown in situ on a cold Ni(I00) substrate. The
data were analyzed by fitting them with Doniach-Sunjic
line shapes convolved with a Gaussian to represent the
combined effects of phonon and instrumental broadening.
The square of the resulting total Gaussian widths are
plotted against temperature in Fig. 1. The bulk widlhs
show the expected linear behavior for all three metals, The
straight line fined to the data has an intercept at T = 0 very
close to the square of the independently determined
instrumental resolution. The surface widths deviate
significantly at high temperature from the straight line
drawn through the intercept.

This deviation indicates that the effective surface Dcbyc
temperature decreases with increasing temperature, i.e.,
that the harmonic Dcbyc model is inappropriate for the
surface layer. Since the in-plane surface vibrations! modes
arc bulk-like, this effect must be due to an amplitude-
dependent softening of the mode normal to the surface, i.e.,
this mode is anharmonic. This anharmonicity is orders of
magnitude larger than thai of ihe bulk vibrations which is
responsible for the bulk thermal expansion. Indications of
such anomalous thermal effects near the surface have been
previously obtained by LEED. The anhnrmonicily is due
to the weaker restoring force for excursions away from the
surface, compared to those toward the surfs'-;, and is
directly related to (he desorption channel of the surface
atoms.
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[11 D. M. Riffc, G. K. Wcrthcim, and P. H. Cilrin, Phys. Rev. Lett. «7,116 (1991).

Work supported by AT&T Bell Laboratories.
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SURFACE EFFECTS AND DF.NSITV-OF-STATF.S OF K, C«,

0 . K. Wertheim, J. E. Rowc, D, N. E. Buchanan, and E. E. Chaban (AT&TBell Laboratories)

Since photocmission spectra of C w are in excellent agreement with band structure calculations, similar data on the
potassium compounds K, CM were also interpreted as representative of the bulk band structure 11,2]. The spectra
of K, C w did yield the features expected on the basis of charge transfer, but there were indications of a problem in
the weak amplitude of the Fermi ra;off in K3CW. The 10 A diameter of the CM units suggests that this may be
due to the fact that photocmtssion from these materials is dominated by emission from the surface layer of
molecules. The good agreement with theory for pure CM is then predicated on the fact that the bulk and surface
spectra of the undoped compound arc similar because they differ little from that of the free molecule.

Attempts to measure the electron mean free path in Ceo using the coverage dependence of core, valence and Auger
signals gave attenuation lengths close to the 8.2 A (111) layer spacing of solid Cw. Fig. 1 (filled squares). Since
this is the smallest value that can be obtained by this method, the results indicate only that the mean free path is
less than the layer spacing. (The solid dot is an escape Jepth obtained by XPS from the C Is spectrum.) The
escape depth at lower kinetic energy was obtained from C Is data from annealed C«o grown on Cu(100), which
showed a shifted signal for molecules in contact
with Ihc substrate |3 | . Layer-wise growth makes 5 0

it possible to obtain an escape depth from such
spectra using only the ratio R of intensities of the
contact-layer to the ovcrlaycrs, using the
expression

„ (1 - c J f t ) - 5(1 -e-"1)2

( e N d A - l ) + &(l-c-M) '
where N is the number of complete layers above
the contact layer and 5 is the fraction of Ihc area
covered by an additional incomplete layer. A
value of 5.2 A (open square) was obtained for a
kinetic energy of 56 cV. Also plotted in Fig. 1 is
a measurement (open circle) and the calculated
escape depth for amorphous carbon 14] (solid
line). It is clear that the carbon curve provides a
good guide to the escape depth in COT. 10 20 1000 200050 100 200 500

KINETIC ENERGY (eV)
In KjQo Die outermost molecular layer has
properties which differ significantly from those of the bulk, because of the different K coordination and symmetry,
The lower symmetry splits of the t lu derived band (Ihc LUMO of CM) of the surface layer. As a result the surface
layer can remain insulating even when the bulk is metallic, This accounts for the weak Fcrmi-cdgc step in the
photocmission spectra. In data at 110 cV |2] the step is attenuated by a factor of 3.6, bringing the density of states
into much better agreement with theory and other experiments. This attenuation corresponds to the escape depth
shown by the triangle in Fig. I. We conclude that in the range of photon energy where valence band spectra have
normally been obtained, photocmission data from A, Cm (A=K, Rb, or Cs) are dominated by emission from an
atypical surface layer because the escape depth is less than the layer spacing.

[ 1] O. K. Wcnhcim el al., Science 252,1419 (1991).
|2 | C. T. Chen ct al., Nature 352.603 (1991).
[31J. t . Rowe et al., Proceedings of the Italian International Workshop on Buckcyballs (in press).
|4| S. Tanuma, J. C. Powell, and D. R. Penn, Surf. Intcrf. Anal. 17,911 (1991).

Work supported by AT&T Bell Laboratories.
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Element Specific Magnetic Hysteresis, A New Means Tor Studying Heteromagnetic Multilayers

C. T. Chen, H.-J. Lin, G. Meigs (AT&T Bell Labs), Y. Idzerda, A. Chaiken, G. A. Prinz (NRL)
G. H. Ho (U. Penn.)

The magnetic hysteresis measurement is a well established technique for studying the magnetization of
matter under an applied magnetic field. Until now, almost ail magnetic hysteresis curves have been
recorded by techniques which probe the overall magnetization of the sample. It is conceivable that, for
magnetic systems containing more than one magnetically active element, i.e. heteromagnets,
derr.sit specific magnetic hysteresis
measurements should provide novel Fe(io2A)/Cu(3oA)/Co(5lA)
information thai is unobtainable by
conventional hysteresis measurements. Very
recently, we have utilized the soft-x-ray
magnetic circular dichroism (SXMCD)
technique to obtain the first element specific
magnetic hysteresis (ESMH) curves of
beteromagnetic materials. Simpler but
dramatically different hysteresis curves were
observed for Fe and Co from a
Fe(102A)/Co(30A)/Cu(5lA) trilayer thin film.
The top panel of the figure shows the Fe and
Co L3 white line intensities as a function of the
applied magnetic field. The bottom panel
shows the comparison between the
conventional hysteresis curve taken with a
vibrating sample magnetometer (solid line,
labeled VSM) and the optimal linear
combination of the Fe and Co curves (dashed
line, labeled Fe-KTo). Also shown in the bottom
panel are die individual Fe and Co ESMH
curves obtained by re-normalizing the curves
shown in the top panel. An excellent agreement
was found between ths VSM and Fe+Co
curves, testifying that the SXMCD signals are
proportional to the Fe and Co moments,
resolving the complicated VSM hysteresis
curve and giving respective averaged moments
of 2.1 and 1.2 u.g/atom. Fine features,
imperceptible in the VSM curve, were also
observed at ±38 Oe in the Co curve, providing
new information on the magnetic interaction in _0 4 _0 ,5 o.o 0.2

this system. MAGNETIC FIELD <KO«)
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Out-of-Plane Orbi! i l Characters of Intrinsic and Doped Holes in Li2 . ,Sr ICu04

C. T. Chen, L. H. Tjcng, J. Kwo. H. L. Kao, P. Rudolf, F. Sette, R. M. Fleming (AT&T Bell Labs)

Due to differences in surface chemistry, spectroscopic probing depth, and data statistical accuracy, great
controversies were found among various works, regarding the important out-of-pUne orbital characters of
high Tc superconducting cuprites Cu 3d3z2.r2 to 3(1^.^ intensify ratios ranging from 5% to 20%, either
with or without an energy shift, have been reported; and no apical 0 2pz character had ever been
observed, except for the special case of YBa2Cu307 where holes in the chains were measured. In order to
identify out-of-plane orbitals, and to help elucidate its relevancy to high T c superconductivity, we have
performed high-precision, bulk-sensitive, polarization-dependent fluorescence yield absorption
measurements on La2.xSrxCuO4, using unique single-domain thin films with CuOj planes tilted off the
sample surface, and a novel experimental configuration [I]. The results are summarized in the figure
shown below. The top spectra, Elc , were taken with polarization vector, E, perpendicular to the c axis of
the films, selecting the O 2pKy and Cu 36^2.^ characters, while the bottom spectra were taken with E||c,
selecting the 0 2p£ and Cu 3d3z:.r! characters. Quantitative analysis gives an apical 0 2p2 to in-plane O
2px or 2py character ratio of
-15% arid a Cu 3d3z:.^ to
3d.2.yj character of -1.5% in
the superconducting samples,
dramatically contrary to those
reported in previous studies
employing different experimen-
tal techniques. Although the
role of the apical O 2p z orbital
in high T c phenomena is not
clear at this time, its prominent
appearance and progressive in-
crease with Sr content could
have profound physical impli-
cations. These high quality
data and orbital character ratios
impose a very strong constraint
on all high T c superconductiv-
ity models invoking out-of-
plane orbitals. [1] C. T. Chen
el al., Phys. Rev. Lett., 68,
2543(1992').
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The Nature of the Electronic State* at the Fermi Level of K3Q» Observed by Pnotoemission

C. T. Chen, L. H. Tjeng, H.-J. Lin, G. Meigs, J. Rowe, R. Haddon (AT&T Bell Labs)

Since the discovery of superconductivity in alkali doped C^o, numerous photoemission measurements have
been reported, but many controversies remain. While some works observed a sharp Fermi-edge cut-off in
KjCgo, others didnt. Even more intriguing is that the dssity of states at the Fermi-level, N(cF), deduced
from photoemission data, is only 1.9 states/eV/spin/Cgo. which is 3-10 times smaller than that determined
by other techniques. To investigate the origin of such a low N(eF) in K3C50 observed in all pbotoemission
works, we have measured emission-angle-dependent valence band photoemission spectra of KjCgq. The
left figure shows the K Jp and the Fermi-edge pbotoemission of l^C^o taken at different electron emission
angles, 9 (defined with respect to the surface normal). It is evident from the data that the K to C w relative
ratio decreases monotonically with increasing 6, indicating that the surface layer is potassium deficient in
comparison to the bulk, because the larger the 8, the more surface sensitive the measurements. We also
note that near the grazing emission, 6=85°, the Fermi-edges disappears (see the blow up in the right
figure), indicating that the Fermi cut-off is indeed associated with bulk K3C50 and the surface layer does

not contribute to the N(tp) at all, i.e. it behaves
like an insulator. The dashed line in the right
figure shows our estimated spectra for pure bulk
¥*•£•($, obtained by taking the difference
between the 6=0° and 8=85° spectra.
Consequently, the previously reported N(cp) is
re-normalized to become 4.5±0.5 states/eV/
spin/Ca). [11C. T. Chen et at.. Nature 352,603
(1991). [2] G. K. Wenheim et al.. Science 252,
1419 (1991). [3] T. Takahashi et al., Phys. Rev.
Lett. 68, 1232 (1992).
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IRON L-EDGE ABSORPTION STUDIES OF NITROGENASE PROTEIN

J. Chen (LBL), S.J. George and S.P. Cramer (UC Davis), R.C. Tittsworth and B.J.
Hales (LSU)

Biological reduction of dinitrogen to ammonia is catalyzed by the bacterial
enzyme nitrogenase. The active center of nitrogenase comprises an iron-sulfur
cluster of unknown structure which contains one other metal, either Mo, V or Fe.
Precise structural and electronic information about the active-site is critical for
synthetic modeling and mechanistic understanding of nitrogenase. We have
previously probed the structure of the Mo form of this enzyme using both the
Mo K-edge and Fe K-edge x-ray absorption spectroscopy (1). Here, we report
the first Fe L-edge absorption spectra of nitrogenase MoFe-proteins.

For the Fe L-edge x-ray
spectroscopy of nitrogenase,
absorption path length is 1 \i or less.
Extremely thin windows or
windowless techniques must be used
throughout beamlme, sample, and
detector paths. The experiments
require an efficient detector and
frequent sample changes to acquire
data before radiation damage
becomes significant. Despite these
difficulties, we have obtained
excellent data on the Fe in A .
vinelandii nitrogenase which nicely
show the sharpness of L-edgc spectra
and shifts with oxidation state (Figure
1). The spectrum can be simulated by
the sum of reduced (Fe2*) and
oxidized (Fe3+) rubredoxin spectra,
which suggests that the Fe is in a high
spin state and exists in both oxida-
tion states.

j | . . , . ^
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Figure 1. The Fe L-edge spectra of
dithionite-reduced and thionine-oxidized
nitrogenase MoFe-proteins.

(1) J. Chen et. al. submitted to J. Am, Chem. Soc.

This work was supported by NSF under grants no. DMB-9107312 and
DOA under grants no. DOA-91-37305-6514.

Oxygen Is and cobalt 2p x-ray absorption of cobalt oxides U4B
F.M.F.deGrool', M.Abbatc', J.vanElp1, G.A.Sawalzkt?, Y.J.Ma3, f.Selle5 and C.T.Chm3

1 Spectroscopy of Solids and Surfaces, University of Nijmegen, The Netherlands
2 Dfip. of Applied and Solid Slate Physics, University of Groningen. The N'etrnrlands

3 AT&T Bell Laboratories, Murray Hill, New Jersey 07974

The oxygen Is and cobalt 2p x-ray absorption spectra of CoO, Li-doped CoO and
LiC'oO2 have been measured with the dragon monochromalor. The cobalt 2p x-ray
absorption spectra have been analysed in detail with a ligand-field multiplet model.
Because of the uncertainties in the final state parameters the Hubbard model description
still needs improvement. The oxygen ls-spectra do show large similarities to the oxygen
p-projected density of states as obtained from (LDA) density functional calculations.
The influence of correlation effects on the 3d-part of the spectrum are found to be small,
possibly too small to be delectable in oxygen ls-spectra.

From the analysis of the cobalt 2p and oxygen Is x-ray absorption spectra wo conclude
that CoO contains divalent cobalt-ions with ^-symmetry . It is strongly affected by 3rf
spin-orbit coupling and the actual ground state is of /fi-symmetry. Though the strength
of the 'id spin-orbit coupling can not be determined accurately from the present data
taken at room temperature, it can from a series of temperature dependent measurements.
The electronic configuration of the ground state of CoO has about 80% 3rf'-character
about 20% 3i/8/.. This is consistent with the finding that the spectral shape of the
cobalt 2p x-ray absorption spectra shows good agreement with a ligand-field multiplet
calculation for the 3(i7-configuration. IJC0O2 is found to contain trivalent cobalt-ions
with '.4]-symmetry and contains about equal contributions of 3rf6 and 3d'I..

For the spectra of the I.i-doped CoO samples the changes in the shape of the spectra
can be best explained assuming the trivalent cobalt-ions to have Mi-symmetry, though
other observations, such as the cell parameter variation, indicate 37'i-symmeiry. No
definitive answer to this question is found. The niiscibility-gap is a direct consequence
of the much smaller ion-size of the low-spin trivalent cobalt-ions (as compared to the
high-spin divalent cobalt-ions). This difference in ion-size causes apparently too much
stress for x > 0.2 and for these values of 1. phase separation takes place.

It has been found that hole-doping in NiO, LaoCuO^, MnO and I.ar'eOj creates
impurity-states in the band-gap. This phenomenon has been explained consistently if a
ground state dominated by 3rfv/.-character is assumed. N'i2+, Cu5*. etc. belong to the
class of so-called charge transfer insulators which have a (considerably) smaller charge
transfer energy than Coulomb repulsion energy. The doping induced ions Ni3*. Cu3*.
etc. belong to the class with a negative charge transfer. From analogy it could he infered
that hole-doping in CoO would create similar impurity states. In cobalt these impurity
states have to be coupled to their parent states which have high-spin Tpcharacter. With
S = 1/2 quasi-parlicles this makes possible triplet or quintet states of which the latter
can be excluded from magnetization measurements. However apart from these states
the trivalent cobalt-ions have an alternative not available for their nickel and copper
analogs, that is to change their symmetry to '.4|, This state couples only via 5 = 3/2
quasi-particles to its divalent parent states with the consequence that the quasi-nnrticles
are likely to be self-trapped. In other words the doped states in C'oO are of a rather
different nature than the doped states in NiO. etc.
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Beamline U4B
Magnetic Circular Dichroism of FexCoi., Single Crystal Thin Films

Y.U. Idzerda1, C.J. Gutierrez^, L.H. Tjeng3, H.-J. Lin3, G. Meigs3, and C T.

*- , , ,, Co Concentration (atomic %)
'Masai Research Lab, M T 6 T Bell labs,
1Soutkxvest Texas State Univ.

Magnetic Structure of Fe/Cr/Fe trilayers
Beamline U4B
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Soft x-ray magnetic circular
dichroism (SXMCD) of the L2 and L3
edges of Fe and Co is used to g
independently determine magnetic —
information for single crystal FexCoj.x -i
alloy thin films (0<x£l) [1]. A -1000 A ^
buffer layer of ZnSe is deposited on heat <
cleaned GaAs(OOl). The Fe^Co].,, alloy is q
then deposited at 175 °C and capped by a
thin Al layer (50 A) to prevent oxidation
(characterization is presented elsewhere
[2,31). The absorption cross section is
measured by collecting the energy-
selected Fe or Co L-edge fluorescence
yield, using a high sensitivity, LN2
cooled, 7-element Ge array detector.
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The concentration dependence of the MCD to total XAS peak height ratios

for the Fe and Co L2 and L3 edges is shown above There is a remarkable
monotonic increase of all the MCD with reducing atomic concentration. To
understand this, instead of examining the L3 and L2 peak intensities
separately, we can analyze the relative L3 to L2 peak intensity. This ratio
normalizes out the d-hole concentration, avoiding the necessity of an
absolute hole-concentration determination. Using only a straightforward
sum-rule coupled with a simple exchange model, it has been demonstrated [41
that the L3 to L2 relative intensity ratio is correlated to the ratio of the orbital
moment to the spin moment. With this view, the monotonic variation of
the L3 and L2 ratio indicates an element resolved variation of the orbital
moment to spin moment as a function of alloy concentration for the Fe-Co
disordered alloy. This suggests that the orbital contribution plays an
important role in the transition metal alloy systems.
1. Y.U. Idzerda, C.J. Gutierrez, L.H. Tjeng, H.-J. Lin, G. Meigs, and C.T. Chen,
submitted to J. Mag. Mag. Mater. 1992)
2. C.J. Gutierrez, J.J. Krebs, and G.A. Prinz, (sub. to Appl. Phys. Lett. 1992).
3. C.J. Gutierrez, V.G. Harris, J.J. Krebs, W.T. Elam, and G.A. Prinz (sub. to J.
Appl. Phys.)
4. B.T. Thole. P Carra, F. Sette, and G. van der Laan, Phys. Rev. Lett. 68, 1943
(1992).

Y.U. Idzerda', L.H. Tjeng2, H.-J. Lin*, C.J. Gutierrez'3, G. Meigs2, and C.T.
Chen*
^Naval Research Lab, 2AT&T Bell Labs,
^Southwest Texas State Univ.
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The determination of the magnetic
structure of overlayers on
ferromagnetic substrates can be
complicated by the magnetic signature
of the substrate. Soft X-ray magnetic
circular dichroism (SXMCD) is the
difference between the absorption
cross-section of positive and negative
helicity soft-x-rays at inner-shell
absorption white lines, such as the
2p-»3d excitations of transition metals
[1,2]. A single monolayer of Cr
deposited on Fe(OOl) is predicted to be
ferromagnetic with a large enhanced
moment of 3.6 |1B [3]. We have
measured the XAS and MCD of the Fe
and Cr L2 and L3 edges for a 0.25 ML Cr
overlayer on Fe/GaAs(001). Figure l(a)
shows the two RT X-ray absorption spectra (XAS) and the difference spectra
(MCD) of the L3 and L2 white lines of the Fe film. The dots are the difference
between the parallel (solid) and anti-parallel (dashed) spectra which is the
MCD spectra. In these figures we have not corrected for the incomplete
polarization (90%) and incident angle (65°) of the soft x-rays. These spectra are
very similar to those of bulk bulk ferromagnetic 3d transition metals [1,2],
showing a negative MCD signal at the L3 white line and a positive signal at
the L2 white line. Figure l(b) show XAS and MCD spectra for the 0.25 ML Cr
film. It is immediately evident from the reversal of the Cr MCD intensity at
both the L3 and L2 white lines in comparison to the Fe MCD spectra that the
Cr is ferromagnetic and anti-aligned with the first Fe layer (as depicted in the
inset of Fig. Kb)). Utilizing these peak area ratios and comparing to the
branching ratios tabulated in Ref. 4 for various d4 and d5 configurations, the
averaged Cr magnetic moment is estimated to be 0.6 ± 0.2 us/atom.

1. C.T. Chen, F. Sette, Y. Ma, and S. Modesti, Phys. Rev. B 42, 7262 (1990).
2. F. Sette, C.T. Chen, Y. Ma, S. Modesti, and N.V. Smith, in X-ray Absorption
Fine Structure, Ed. by S.S. Hasnain (Ellis Horwood, New York, 1991).
3. R.H. Victora and L.M. Falicov, Phys. Rev. B 2L 7335 (1985).
4. G. van der Laan and B.T. Thole, Phys. Rev. B £3,13401 (1991).
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Strong electron-phonon coupling evidenced by symmetry of oxygen boles in La,NiO4<8

Pieter Kuiper (Physics Department, BNL), D.J. Buttrey, D.E. Rice (U. of Delaware),
L.H. Tjeng, H.-J. Lin, C.T. Chen (AT&T Bell Labs).

The oxygen U absorption spectrum of single crystals of stoichiometric La2NiO4 is very anisotropic,
reflecting the two-dimensional structure of this La2CuOj analogue. The lowest unoccupied states
have primarily Ni 3d9 character. These upper Hubbard band states are split by the ligand field
splitting inA-'-y2 and .V-r2 final states. The latter lies higher in energy, and is seen of the polarization
is parallel to the in-plane oxygen 2p^ orbitals. The former is seen when E is parallel to the apex
oxygen 2p,-orbital, and it is weaker because of the larger Ni-O distance.

Excess oxygen induces holes with primarily oxygen Tfi character in this charge transfer insulator.
These show up as a prepeak, approximately the band gap below the 3d* final states. Surprisingly,
the intensity of the prepeak is isotropic. The most plausible explanation, suggested by neutron
diffraction (Tranquada and Buttrey), for this is that the oxygen holes remove the tetragonal
distortion around Ni-ions, and make all six Ni-O distances of equal length.

U4B
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Fig. I Oxygen \s X-ray absorption spectra of a single crystal of La,NiO4()S5 at perpendicular
incidence on the a-c surface, for two polarization directions.

Supported by US Department of Energy under contract DE-AC02-76CH0OO16.

X-ray magnetic dichroism of the antiferFomagnet Fe2O,

Pieter Kuiper (Physics Department, BNL), B.G. Searle (U. of Groningen, The Netherlands),
P. Rudolf, L.H. Tjeng, C.T. Chen (AT&T Bell Labs).

We have measured strong magnetic linear dichroism at the Fe Lj,3 edge of the antiferromagnet
Ft^Oj (hematite). The absorption spectra for light polarized parallel and perpendicular to the
magnetic moment are in excellent agreement with calculations for Fe3* (3d5) in an octahedral crystal
field. The dichroism is found to be primarily magnetic in origin since it reverses at = -10 'C, at which
temperature the Morin spin-flip transition occurs. Magnetic linear dichroism provides a new way
to measure spin-direction of both ferromagnets and antiferromagnets in thin films and interfaces,
and to image magnetic domains.
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Fig. 1: Absorption spectra for Fe2O3 with the polarization direction along the c-axis, above (A/lc)
and below (M'c) the Morin spin-flip transition temperature. The theoretical magnetic linear
dichroism spectrum (line) is calculated using the program of B.T. Thole, for a cubic crystal
field \0Dq = 1.45eV, and reproduces both size and shape of the diference spectrum (points).

Supported by US Department of Energy under contract DE-AC02-76CH00016.
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Direct spectroscopy observation of the Mott-Hubbard
to charge transfer crossover in transition metal oxides

J.-H. Park1, L.H. Tjeng2, R. Claessen1, J.W. Allen1, and C.T. Chen2

•University of Michigan, 2AT&T Bell Lab.

Til Zp On u>d OH RESPK

In the Zaanen-Sawatzky-Allen (ZSA) classification scheme, it is argued that early
and late transition metal compounds are of the Mott-Hubbard (MH) and CT types,
respectively. Although the scheme was motivated by electron spectroscopy studies
of NiO, and has been widely accepted, especially in connection with models of high
temperature superconductors, it is in fact not yet well proven spectroscopically for the
full range from the CT to MH regimes. Some TM compounds show a metal-insulator
(M-I) transition. Various models and theories for each compound have been proposed
to explain the transition, but nothing is established yet. It is therefore important to
firmly establish the correct basic starting point for each compound.

We have collected the va-
lence band spectra of transi-
tion metal (TM) oxides from
CuO to Ti2O3 by taking ad-
vantage of giant resonance en-
hancement <f —• d""1 final
states at the transition metal
2p edge. As the results, we
found that they provide direct
spectroscopic evidence of the
MH to CT crossover in TM
oxides. Furthermore, the oxy-
gen Is edge resonant photoe-
mission spectroscopy (RESPES)
permits us to observe the oxy-
gen 2p* final states which can
provide additional information
to determine the charge trans-
fer energy A. Combining O la
binding energy and the oxy-
gen KVV Auger kinetic energy
(invoving O la and 2p elec-
trons) with the 0 2p* final state
energy in the 0 la RESPES,
we provide a new spectroscopic
determination of the A value.
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Interface formation and charge transfer of ultrathin C«o films deposited on
Cu(lOO)

J. E. Rowe, P. Rudolf, L. H. Tjeng, R. A. Malic, G. Meigs and C. T. Chen
AT&T Bell Laboratories, Murray Hill, NJ 07974, U.S.A.

/ . Chen and E. W. Plummer
Laboratory for Research on the Structure of Matter,

University of Pennsylvania, Philadelphia, PA 190104, U.S.A.

The chemical properties of the interface formed with Ceo and Cu have been investigated
with high resolution K-edge photoemission and X-ray absorption spectroscopics using syn-
chrotron radiation. We find that for very thin (0.24 - 1 monolayers) Q o films, deposited in ul-
trahigh vacuum at room temperature, the Cu substrate plays a role similar to that of K in K3C50
films. Thus Cu donates charge to partially fill the «• LUMO band as can be deduced from the ab-
sorption spectra for transitions from the C(l s) to the LUMO band: for films of thickness below 4
ML, the intensity of the LUMO peak is reduced and the two lowest energy peaks are shifted to-
wards lower photon energy compared to the 4ML film spectra. The energy shift also indicates

1 hybridization between the Cu and the Cgo states.
The figure shows a set of photoemission spectra
of the C (Is) core level as a function of Q o over-
layer thickness. It is clear that there are two main
peaks: one at 283.98 eV and one at 284.54 eV
binding energy relative to E F which can be as-
signed to first layer C M and to combined contri-
butions from second, third and fouth layers, re-
spectively. The 4 ML spectrum is identical to that
of thicker films (200A) except for a -8-10% in-
crease in linewidth. The intrinsic Gaussian width
for Ceo >s -0 .4 eV which we assign to phonon
broadening.For 0.24 ML, 0.52 ML and 1ML of
C$o (he main peak is shifted to lower binding en-
ergies by 0.56 eV with a large tail extending on
the high binding energy side. A small shoulder on
the high energy side at a binding energy of
284.75 eV is more evident in the 1 ML spectrum.
This additional peak as well as the additional
width of the main peak at 283.98 eV are evidence
for more than one carbon site. This may be due to
the partial formation of 2nd layer Q50 or the non-
uniform distribution of valence electron charge
due to hybridization effects, hi addition this may
indicate that at RT the Ceo molecules are not as
free to rotate in the 1st layer as in thicker layers.
The shift in the core level position of the first
layer points again to charge transfer from ths Cu
substrate to the C®} overlayer and probably hy-
bridization of Cu and Q$o states.288 286 284
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Temperature dependence of the Hondo peak in YbAI,

LM. Tjeng,' C.T. Chen.' H.-J, Un,' E.-J. Cho.' S.-J. Oh,' J.-H. Park.' J.W. Allen,' and T. Suzuki?

'AT&T Bell Laboratories, 2Seoul National Univ., 'Univ. of Michigan, "Tohoku Univ. Sendai.

Extensive work has been done in the last decade on Ce and Yb Kondo systems. Good agreement
has been found for results from various forms of electron spectroscopy and Anderson impurity
Hamiltonian (AIH) calculations [ 1 ]. Recently, however, a Los Alamos group has claimed the contrary [2).
In their high resolution resonant photoemission spectra of a number of Ce and Yb materials, they could
not find a peak with an energy position and width which would be consistent with the Kondo temperature,
nor find large enough temperature dependence of the spectral weight as to necessitate the use of the AIH.

Here we report temperature dependent high resolution photoemission and x-ray absorption
experiments on YbAI,, which has a Kondo temperature of TK~400K. We observe a Kondo peak in the
valence band at 35 meV binding energy with a widlh of 40 meV, as well as a Strong temperature
dependence of the spectral weight over the 10K to 300K range, as shown in flg.l, thereby contradicting
the Los Alamos results. More bulk sensitive 3d-»4f absorption measurements show temperature dependent

changes in the Yb valence, consistent with the
photocmission data. Our results are in good
agreement with AIH emulations for a TK«400K
system, and give therefore strong support to the
notion that it is possible to describe the high
energy properties (from electron spectroscopics)
and low energy properties (from transport,
neutron scattering and magnetic susceptibilty
measurements) within the same theoretical
(many-body) framework [1].

[1] J.W. Allen, S.-J. Oh, 0. Gunnarson, K.
Schflnhammcr, M.B. Maple, M.S.
Torikachvili, and I. Lindau, Adv. Ptiys.
35, 27S (1986); O. Gunnarsson and K.
Schflnhammcr, Phys. Rev. B 28, 4315
(1983); N.E. Bickers, D.L. Cox, and
J.W. Wilkins, Phys. Rev. B 36, 2036
(1987).

|2) !J. Joyce, A.J. Arko, J. Lawrence, P.C.
Canficld, Z. Fisk, R.J. Bartlelt, and J.D.
Thompson, Phys. Rev. Lett. 68, 236
(1992); J. Lawrence, A.J. Arko, J.J.
Joyce. P.C. Canfcld, Z. Fisk. J.D.
Thompson, and R.J. Bartlctt. J. magn.
Magn. Mater. 108. 215 (1992).
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Fig.l. Valence band pliotocmission
(hv=!04eV) of YbAI,, showing the
temperature dependence of the Kondo peak.

Magnetic Circularly Polarized 2p Resonant Photoemission of Nickel

LJi. Tjeng.' C.T. Chen,1 P. Rudolf.' G. Meigs.' G. van der Lam? and B.T. Thole.'

'AT&T Bell Laboratories, 2Daresbury Laboratory, 'University of Groningcn.

Recent x-ray absorption (XAS, TT+t l ) and magnetic circular dichroism (MCO, TT-T-l)
measurements on ferromagnetic Ni have provoked new discussions on the the relative importance of local
electron correlation and band structure effects In XAS and MCD spectra. Fig.l reproduces these spectra,
showing the intense L ^ white lines, together with their intriguing fine structures: peaks A.A" in the XAS
spectrum and peaks B,B' in the MCO spectrum. Here we report the unique use of magnetic circular
polarization in our 2p resonant photocmission study on Ni. With the photon energy tuned at the L, white
line we have observed a giant .esonance at 6 eV binding energy in the tola! (Tt+Ti) valence band
phoioemission spectrum and in the difference (TX-tt) spectrum ax shown in fig.2. This can be attributed
to a de-excitation channel consisting of a pholoabsorption process followed by a non-radiative decay of
the type 2p*3d'+hv-»2p53d'°-»2p'3dl+«k. to denotes the photoclectron). Increasing the photon energy
towards that of peak B in the MCO spectrum, the giant resonance in the total spectrum decreases in
intensity and transforms into a LjVV like Auger without new resonance features becoming visible. In the
difference spectrum, however, the Auger signal is strongly suppressed and a new resonance feature at 12
eV binding energy can be distinguished, as shown in fig.2, where the residual Auger signal has been
subtracted out. The de-excitation channel is of the type 2p'3d'+hv-»2p53d'->2p*3d'+e,. Increasing the
photon energy to even higher values does not reveal new resonance effects in the total or difference
spectra. Comparing these results to bandsuueture and Anderson impurity model calculations, we infer that

peaks B,B' in the MCD spectrum arc due to
local many body effects, and a large portion of
the intensity of peaks A.A' in the XAS spectrum
due to a critical point in the band structure.
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Soft X-ray Magnetic Circular Dichroism on a Paramagnetic Bioinorganic System.
J. van Elp (LBL), S. J. George (UCD), J. Chen (LBL), G. Peng (VCD),

S. P. Cramer (LBL/UCD), C. T. Chen (AT&T), M. W. W. Adams(U of Georgia, Athens),

and B. G. Searle (U of Groningen, Holland).

We performed soft X-ray Magnetic Circular Dichroism
experiments on a paramagnetic bioinorganic system. We
measured the Fe L-edges of Pyrococcus furiosus rubrcdoxin
using circularly polarized synchrotron radiation, and
fluorescence detection. The sample was placed at the bottom
of a separate cryostat in the center of a split coil, cold bore,
and ultra high vacuum compatible superconducting magnet.
In the experiments a field of 4 Tesla, and a sample
temperature of 1.5 K was used. A strong soft X-ray MCD
effect (30% as defined by I(L-R)/I(L+R)) is observed as
shown in the Fig 1. In the bottom of Fig 1C we show the
calculated spectrum using parameters obtained from a fit of
the isotropic spectrum (Fig 1A). The main differences are
found at the high energy sides of both edges, and are a result
of satellite features. Although the applied magnetic field is
not strong enough to achieve a full Zeeman like splitting, we
find, taking the 80% circular polarization of both photon
beams into accoum, a mainly Mj=-5/2 (-70%) ground state.
The potential importance of soft X-ray MCD extends well
beyond the bulk ferromagnets or ferrimagnets to which it has
to date been mostly applied. Since mixed valence and mixed
metal clusters are important catalysts in chemistry and
biology, studies for determining the metal cluster electronic
structure and magnetic interactions can be of greai value.
Soft X-ray MCD, with its sensitivity to relative orientations
of different species, and with its straightforward theoretical
interpretation, is a promising new probe for bioinorganic
paramagnetic systems.

710 720
Absorotion En«rgy

This work was supported by NSF DIR-9105323, DMB-91C7312, and NIH GM-44380.
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Soft X-ray absorption of Ni containing metalloproteins.
J. van Elp (LBL), G. Peng (UCDavis), S. P. Cramer (LBL/UCDavis),

and M. W. W. Adams (U. of Georgia Athens).

Soft X-ray absorption spectroscopy (2p to 3d transition) is a powerful probe for studying the

electronic and geometrical structure of 3d transition metals in bioinorganic materials. Soft X-ray

absorption spectra have a much smaller linewidtii (-400 meV) then the near edge region of the K-

edges. It is element specific and sensitive to the metal oxidation state, spin state, and ligand field.

Ni is found in Ni hydrogenases, responsible for the reduction and/or formation of molecular

hydrogen, and in Urease, S-methylreductase and CO dehydrogenase. The Ni oxidation states of

hydrogenase is not clear, as well as the local structure.

In Fig 1 we show the reduced form of Ni

hydrogenase and a Ni substituted rubredoxin,

both from the Pyrococcus furiosus bacteria.

Comparing the Ni substituted rubredoxin to a

model compound with T j symmetry shows that

the symmetry of this system is T<j like, and it is

Ni2 + . From both of these spectra we can make a

few preliminary conclusions concerning the Ni

site in the hydrogenase protein. First the Ni L-

edges can be measured in this very diluted

biological system (INi, -30Fe, and a molecular

weight of 185000). The Ni in this system is di-

valent and high spin (the low spin model com-

pounds showed a distinctly different shoulder at

the high absorption energy side, and are at a

higher absorption energy). Comparing both spec-

tra the Ni site in the hydrogenase is different

from Td symmetry, and because of the spin state

the Ni site has most likely more then 4

neighbors.

This research is supported by NIH-GM-44380-2.
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Fig. 1 (a) Ni L-edges from Ni hydrogennse, (b) Ni
L-edges of Ni substituted rubrcdoxin, in the as pre-
pared form (solid line) and in a for 105: oxidized
form (broken line), showing the strong valence de-
pendence.
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Soft X-ray absorption of Ni inorganic model compounds.
J. van Elp (LBL), G. Peng (UCDavis), S. P. Cramer (LBL/UCDavis),

and B. G. Searle (U of Groningen, Holland).

We have measured the Ni L-edges of a number of Ni inorganic model compounds to study the
influence of the local Ni structure and the significance of different ligands. In the figure on :he right
we show the data of [Ni(tren)2](BF,02 (bottom) and [Ni(ttcn)2](BF4)2 (top), together v/ith a
theoretical calculation based on atomic multiplet theory. The data shows the Urge difference in
spectral features as a result of ligand field strength (as expressed by lODq in the calculations) and
covalency (reduction of Coulomb and exchange integrals). Based on these two spectra, our Ni L-
edge studies of compounds with different sym-
metries and ligands, and literature [1] we can write
down the following conclusion;, for the Ni L-edge.
The Ni L-edge is very sensitive to the valence (Ni2+

versus Ni3+) and the spin state (low spin Ni2+ ver-
sus high spin Ni2+). The Ni L-edge is sensitive to
the different symmetries (Oh versus Td, versus D41,),
and is sensitive to changes in ligands (as shown in
the figure 6S versus 6N). The Ni L-edge spectra can
be calculated, and the parameters obtained are related
to expected ligand field values and covalency. Our
results are important for using Ni L-edge spec-
troscopy to gain a better understanding of the Ni sites
in two important Ni containing metalloproteins, Ni
hydrogenase responsible for the reduction and for-
mation of molecular hydrogen and CO dehydro-
genase. In both these enzymes the Ni oxidation state
is not clear, as is the local Ni structure. The actual
catalytic reaction from the point where does the
hydrogen or CO bind, is barely understood. Ni L-
edge spectroscopy will enable us to study the Ni
redox chemistry.

aso 660 670
Absorption Entrgy (tV)

Reference: [1] G. van der Laan etal. Phys. Rev. B 37, 6587 (1988).

This research is supported by N1H-GM-44380-2.
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Nanosecond Time Resolved Far-Infrared Spectroscopy of Photocarriers in Hgi.,,CdxTe
G.L. Carr (Grumman Corp. Res. Ctr.), D.L. Ederer (Tulane Univ.) and D.R. Mueller (NIST)

Time-resolved far-infrared speclroscopy was successfully use to study photocarrier relaxation
in a semiconductor. A pump-probe spectroscopic technique was employed using 100 ps
Nd:YAG laser pulses to create photocarriers (mobile electrons and holes). The photocarriers
were subsequently sensed with broadband far-infrared pulses from beamline U4IR. The
recombination of electrons and holes was delected as a change in free carrier absorption for
various pump-to-probe delay limes. The sample was a film of Hgi.j,Cd,Te (MCT); a narrow-
gap semiconducting alloy commonly used in IR detectors. The recombination time can be on
the order of nanoseconds, depending on impurities. The photo-induced change in far-infrared
transmission (-AT/T) is shown in Fig. 1 for six different pump-to-probe delay times. The
absorption by photocarriers dominates for frequencies co < 60 cm*1. The separation of the
curves for various delay times indicates the change in carrier density as the electrons and holes
rccombine. The large absorption toward o = 100 cm*1 is a thermal effect due to an optical
phonon in the substrate. The MCT film was measured at several temperatures, and the change
in transmission was fit to yield a scattering rate and carrier concentration. The resulting limc-
dependent carrier concentration is shown in Fig. 2. Direct electrical measurements of the
transient photoconductivity gave similar decay times, but did not provide quantitative values
for the induced carrier density, nor the scattering time.

Fig. 1 Fig. 2
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Parallel Polarization

Optical Conductivity of of K0.3M0O3
L. FORRO*. D. MANDRUS, J. HARTGE and L. MIHALY. SUNY at Stony Brook

The blue bronze, KQ. 3MoO3, is known to have a metal insulator transition
at around 180K. In the low temperature phase a periodic lattice distortion
develops, the electrical resistivity increases and the compound has a strongly
nonlinear current voltage characteristics, indicating the presence of sliding
charge density waves (CDW) at high electric fields.

We prepared ultrathin, free standing single crystals of this material,
and we performed a thorough study of the infrared transmission properties at
several temperatures between 10K and room temperature, in the wavenumber range
of 100cm"1 to 3000cm"1. The measurements were performed with the electric
field parallel and perpendicular to the "easy" direction of the CDW motion.

Representative spectra
for the parallel polarization
are shown in the Figure. Above 0 .2
the phase transition
temperature, the transmission
is low and featureless, as •—-
expected for a metallic C i * 0.15
sample. At low temperatures _O 'E
the spectra show a number of </> —
resonances, identified as ,<2 °
phonon modes, with a Debye C g Q ]
frequency of 650cm"1 (7SmeV). JJ "-"
The width an strength of these C. XI
resonances is strongly (tf JU
temperature dependent. A
separated triplet of narrow
lines, probably of electronic """•
origin, appears between
900cm"1 and 1000cm"1. By
performing Kramers - Kronig 0
transformations on the data we
derived the optical conducti-
vity of the material. The gap
in the electronic states is deduced from the temperature dependence of the
transmission spectra and it is found to be 140 meV.

The dimensionless ratio of 24/KBTc=8.7 can be derived from the
measurements. This i3 much larger than the value of 3.5, expected in mean
field theory, but it agrees well with the gap value obtained from resistivity
studies. The large value of 2A/KBTC points to the importance of one
dimensional fluctuations.

This work has been supported by NSF grant ECS 9014683. The work in
Brookhaven has been supported by DoE grant# DE-ACO2-76CH00O16
•Permanent address: Institute of Physics of the University, Zagreb, Yugoslavia
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U4IR
Synchrotron Infrared Spectroscopy at Megabar Pressures

Vibrational Dynamics of Hydrogen to 180 GPaf

M. Hanfland, R.J. Hemley, H.K. Mao, Geophysical Laboratory and Center for High-
Pressure Research, Carnegie Institute of Washington, Washington, DC 20015, G.P.
Williams, NSLS, Brookhaven National Laboratory, Upton, New York 11973.

The Qj(l), QiOJ+S^O), and Q/((J) vibrational transitions of solid hydrogen up to 180
GPa have been studied by transmission measurements using infrared synchrotron radia-
tion. The difference between the Qj(l) infrared and Raman vibrons increases from 3
ci.r1 (zero pressure) to 510 cm"1 (180 GPa), indicating a dramatic increase in inter-
molecular coupling with pressure. A negative frequency shift is observed for the
infrared vibron above 140 GPa. A significant increase in frequency and LO-TO split-
ting of the lattice phonon is also documented.
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Representative absorption spectra of
hydrogen at 80, 137 and 166 GPa
(295K). The intensity in absorbance is
given by the vertical scale bar and is
identical for each spectrum to give a
constant absorbance at 4000 cm"1 and
6800 cm"1 in order to bring our the
discrete vibrational peaks analyzed in
the present study.

Reference. Hanfland et al. Physical Review Letters 69 1129 (1992).
t Research supported by the NSF (DMR-8912226, EAR-8920239),
(NAGW1722) and DOE (DE-AC02-76CH00016).
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High Resolution Low Frequency Vibrational Spcciroscopy of CO/Cu(ll l) ' - U4IR

Carol J. Hirschmugl, NSLS and Yale University, New Haven, CT 06520, Carol A.
Smyth. Chris Echols. Gwyn P Williams, NSLS, Brookhaven National Laboratory.
Upton, New York 11973.

We have made new high resolution surface infrared reflection-absorption measurements
for CO on Cu(Ul) in the frequency range 200-500 on"1 (24-60 meV). The actual
resolution was 2 cm"1 (250 (ieV) and the coverage 0.14 monolayers, for which all the
CO molec-.iles are on atop sites with the carbon atom down. The reflection spectra are
ratioed to the clean surface, so that only the changes are seen. Note that the reprodu-
cibility is 0.01% for the I2CI6C, or 100 parts per million. This is due to the vertical
and horizontal feedback circuits operating simultaneously. The peaks and features
can be assigned using isotopic
substitution which changes the
masses but not the force con-
stants. Thus, the feature at 346
cm"1 is the carbon-metal stretch,
the derivative-like feature is the
hindered rotation, and the dip
between these two is tentatively
assigned to the hindered transla-
tion appearing as a combination
mode - added to the hindered
rotation. The modes are shown at
the bottom of the figure. Some of
ihe peaks have a width of only 4
cm"'. We also see clear evidence
of features flanking the carbon-
metal mode whose origin is unc-
ertain and which will be the sub-
ject of further study.

in in
Wavinumtmr [cm'1)

Reference: C. J. Hirschmugl. G. P. Williams, F. M. Hoffmann and Y. J. Chabal, Phy-
sical Review Letters 65 408 (1990).
tC.J. Hirschmugl, C.A. Smyth and C. Echols supported through Brookhaven National
Laboratory Educational Programs. Work supported by US DoE Contract #DEAC02-
76CH(XX)'|6
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Adsorbate-Induced Changes in the Infrared Reflectance and Resisitivitv of Cu
and Nif

K.C. Lin, R.G. Tobin, Dept. of Physics and Astronomy, Michigan State University,
East Lansing, MI 48824-1116, P. Dumas, LURE, Bat. 209D, Centre Universitaire
Paris-Sud, F-91405, Orsay, France, C.J. Hirschmugl and G.P. Williams, NSLS, Upton
NY 11973.

We present the first experimental test tf a predicted relationship between adsorbate-
induced changes in the infrared reflectance and dc resistivity of a metal. We have
measured the absolute change in reflectance for O and CO on Cu(100) and for CO on
Ni(100) over the frequency range 300-2000 cm"1 and compared it with published
resistivity changes for the corresponding thin film systems. For the two adsorbates on
Cu the results are consistent with a simple model based on scattering of conduction
electrons by the adsorbatc. For CO on Ni, however, the reflectance change is smaller
than predicted. r — ' '• r~

(a) clean Cu(100)

- l

(e) C0/Cu(l00)

o/cu(ioo)
30000 500 1000 1500

Frequency ( c m ' 1 )
Adsorbate-induccd reflectance changes. The gaps in spectra (a), (c) and (d) and the
noise at high frequencies are due to absorption in the polyethylene windows. The
vertical scale is the same for all spectra. The numbers in [] are the predicted changes,
(a) Cu(100) with no adsorbate indicating the level of systematic error, (b) 0.4 ML CO
on Ni(100) at 300K. [-5.8%] (c) 4 ML CO on Cu(lOO) at 90K. [-2.2<&| (d) 0.25 ML
Oon Cu(100) at 300K. [-2.1%]

We thank Tamara Bush for help with the Ni data.
tSupported by US DOE Contract 8DE-AC02-76CH0OO16, and NSF SDMR-8815616
and MNT-9016771.
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IR TRANSMISSION OF ULTRA-THIN H1GH-T SUPERCONDUCTOR CRYSTALS

Di.vid Mandrus, Michael Martin, Chris Kendziora, Jeff Hartge, Dan Koller,
Laszlo Forro, and Laszlo Mihaly (SUNY @ Stony Brook), Cwyn P. Williams (NSLS)

We have investigated the far infrared transmission of ultra-thin single
crystals of Bi2Sr2CaCu2O[, in the wavenumber range of 100cm"1 to 700cm-'. This
is the energy range where the superconducting energy gap expected. However
our measurements1 and other infrared measurements2,3 have been unable to
detect the peak that, according to BCS theory, should occur at the gap energy.
One explanation of this is that we are in the clean limit3 and therefore the
peak is too small to be seen.

We have made our samples dirtier using a several methods: electron beam
irradiation, 50MeV 160*6 ion irradiation, heat treatment in vacuum to drive
ofr oxygen, and Y and Ni substitution doping. The Figure shows the
"before" and "after"
infrared transmission of
the ""O*6 irradiated
sample. The irradiated
sample clearly has a much
higher transmission,
indicating that we are
indeed increasing the
electronic scattering
rate. However, there is
no sign of a peak
developing in the
measured energy range.
This suggests that either
the gap is outside the
measured range, or the
superconductivity is in
fact gapless. All of the
other "dirtier" samples
we have measured show an
increased infrared
transmission, but no
BCS-type gap peak.

We believe these measurements have shown that BiaSr2CaCuz0e does not have
a BCS-type superconducting energy gap and is possibly gapless.

This work is supported by NSF Grant DMR 9016456. NSLS and GPW supported
by the U.S. DOE Contract HDE-ACO2-76CH00016
1. L. Forro et. al., Phys. Rev. Lett., 65 1941 (1990); D. Romero et. al.,
Phys. Rev. H, 44 2818 (1991)
2. Z. Sehlesinger et. al., Phys. Rev. Lett., 65 801 (1990); R.A. Hughes et.
al., Phys. Rev. B 40 5162 (1990)
3. K. Kamaras et. al., Phys. Rev. Lett., 64 84 (1990)
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SYNCHROTRON INFRARED SPECTROSCOPY OF H2O AND CO ADSORBED ON
POLYCRYSTALLINE GOLD

C. A. Melendres, V. A. Maron i, C. Q. Liu (Argonne National Laboratory),
B. Beden, (U. OF Poitiers, France) and G. Bowmaker (U. of Auckland NZ;

Synchrotron infrared spectra of H2O and CO adsorbed on a polycrystalline gold
surface have been obtained for the first time. Water was found to adsorb molecularly and
associatively at low temperatures, i.e. 100 to 140°K. For example, at 117°K and a
coverage of 0.3 L, IR bands were observed at 3380 and 1650 cm'1 corresponding to the
OH stretching and H-O-H bending modes, respectively. Bands attributed to frustrated
translation were observed at 230 and 290 cm'1; a band at 817 cm'1 was assigned to
frustrated rotational motion. The assignments were confirmed through isotopic shift
measurements with D2O. The observed spectra are suggestive of the formation of HOH
clusters at low coverage. Most of the molecules are oriented with their oxygen ends
towards the metal and others have their hydrogen atoms directed towards the surface.
At high coverage, multilayer formation wilh a water structure similar to ice is evident.

The adsorption of CO occurred on mostly atop sites characterized by a C-O
stretching frequency of 2120 cm'1. A maximum absorption intensity of 3% was measured
at 132°K and surface coverage of -5 to 20 L. Coadsorption experiments show that H2O
displaces adsorbed CO from the Au surface.

This work was supported by the Office of Basic Energy Sciences, Division of Materials
Science, US Department of Energy under contract W-31-109-Eng-38.
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A Search for Fractional-Charge Impurities in Si Using IR Photo and Field Ionization

A. G. U. Perera, S. R. Betarbet, Byungsung O and D. D. Coond'c (U of Pittsburgh)

A search for unconfined naturally occuring fractional charges based on the predic-
tions of Chaudhuri et.al.,(l] in a p-i-n diode was carried out. For Si:P the electron
binding energy (Is to 2p±) is about 45 meV (from IR spectroscopy). For a u-quark
bound to a Si nucleus, the binding energy of the outermost electron corresponds to
78 jim [1]. Electric fields below the classical value can cause impurity ionization. At
low temperatures, thermal ionization is low hence impurities tend to remain ionized
for a longtime. The i-region is first de-ionized with a forward biased pulse. Next,
simultaneous illumination with an IR beam and a low reverse bias, sweeps away pho-
toexcited carriers (with low ground state detachment). Next, a fast reverse bias pulse
de-populates the remaining ground state population. The resulting charge current
(proportional to the ionization rate) flows into the load capacitor which, concurently
decays. The charge dumped into the capacitance is measured to be 90 ± 100 electrons.
Assuming a normal distribution, the number of electrons detected is estimated to be
< 293 with the confidence level of 95%. With a 1.23 x 10S! sample atoms, the upper
limit is 23 FCI's per 10" Si atoms. This compares very well with 17 per 10" Hg atoms
by Matis et al. [2|.

jl] S. Chaudhuri, D. D. Coon, and G. E. Derkits, Phys. Rev. Lett. 45, (1980).

[2] H. S. Matis ct al., Phys. Rev. D 30, 1851 (1989).
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Figure 1: a) Mean value of the signal b) The input waveform c) Schematic of the data acquisition setup

This work was supported in part by DOE grant # DE-FG02-91ER4O646. We are in-
debted to G. P. Williams, C. J. Hirschmugl and W. E. Cleland for invaluable assistance.
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Spin Polarized Photoemission Studies of Quantum Well States In Coppor

Overlayers.

Yeh Chang, Karl Garrison and Peter D. Johnson, Physics Dept., Brookhaven National Lab.

The quantum well structure assot ated with the development of the bulk sp bands has

been studied for copper thin films grown on a fee Co (001) substrate. Co/Cu multilayers

have previously been shown to exhibit periodic coupling between the adjacent Co films

dependent on the thickness of the intervening copper layers. [1) It has been suggested that

the quantum well states may well play a role in the coupling between the layers. (1) Our

study confirms the thickness dependence ol the binding energy of the quantum well states

found in the earlier study [2] but now we are able to measure the spin polarization of the

states. As in the case oi our earlier studies of silver layers grown on a Fe(001) substrate

[3] we find that the quantum well states always exhibit minority spin polarization.

Examples are shown in fig. 1 for the states associated with copper films of thicknesses of

two, six and eight monolayers respectively. The thickness dependence of the coupling

between adjacent Co layers was confirmed by subsequently deposition of Co on the copper

layers and measurement of the spin polariz-

ation of the outer layer.

Unlike the Fe(001) substrate in the

earlier study [3] fee Co does not have a band

gap of even symmetry in the vicinity of the

Fermi level. Thus our measurements show

that irrespective of whether or not a bulk

band gap exists for the substrate in the

vicinity of the Fermi level, hybridization in

the interface region leads to spin

polarization of the overlayer or noble metal

s/p bands.

[ 1 ) e.g. 2.Q. Qiu et al., Phys.Rev.B 46

8659 (1992).

13 ] J.E. Ortega et al., to be published.

12 ] N.B. Brookes et al., Phys. Rev. Lett.

6 7 , 354 (1991).
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SURFACE MAGNETISM OF Gd(OOOl): FERROMAGNETIC COUPLING TO BULK

G.A. Mulhollan, K. Garrison, and J.L. Erskinc (The University of Texas)

Gadolinium has been considered an important prototype material for testing local-spin-dcnsity
approximation calculations on rare-earth metals. Surface properties of Gd(0001) arc of intrinsic
interest and also provide an additional means of testing such calculations. Recent ab-initiocalculations
have examined the structural, electronic, and magnetic properties of Gd(OOO!). The surface Gd
layer was found to couple antiferromagnetically with the underlying bulk ferromagnetic layers and
a localized surface state was found to exist near T. In the antiferromagnctically coupled Gd(0001)
surlace layer, the minority spin surface state band is occupied and the majority spin band is empty.

Previous surface sensitive probes of magnetism applied to Gd(0001) have established novel
Ixhavtor. Spin-polarized low-energy electron diffraction and magneto-optic Kcrreffcctmcasurcments
established the existence of enhanced surface ferromagnetic order. These results, along with spin-
polartml photocmission experiments that probed bulk and surface 4f excitations, were interpreted
as indicating antiferromagnetic coupling between the surface 4f spins and those of the underlying
ferromagnetic bulk.

While the previous spin-polarized photoemission experiments of Gd(0001) did manifest
evidence of antiferromagncttc alignment between surface and bulk 41' electron spins, the statistics
and quality of experimental data were not convincing. In addition, no evidence of the surface state
or of exchange split A. symmetry d-statcs were reported in conjunction with the 4f level spectra.
More recent measurements of the 4f core level polarization have failed to unambiguously pin down
the nature of the coupling.

We present spin- and angle-resolved photocmission data for Gd(0001) crystals grown on a
\V( 110) surface. Our new data includes polarization determination of electrons emitted from the
surface state, the exchange split A: symmetry bulk d-bands, and the 4f levels of both surface and
bulk atoms. The results are consistent with fenomagnctic coupling between bulk and surface
layers. Additionally, our spin-integrated spectra agree very well with our previous work on both
bulk and thin film Gd(OOOl) samples obtained using a different bcamlinc(U 16A).
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DIFFRACTION EFFF.CTS IN X-RAY PROXIMITY PRINTING

A.D Dubncr, A. Wagner, ami .1. Maucr (IBM TJ. Watson Rest-arch Ccnlcr, Yorktown Hciglits,
NY 10598) ami J.I'. Itvin (IBM General Technology Division, p.sscx Junction, Vermont 0S452)

The influence of diffraction on the shape anil size of features printed using X-ray proximity

printing with a collimatcd X-ray source (measured beam divergence of ~0.2 mrad PWIIM) at mask

to wafer gaps of 25/rni anil above was determined. Three major conclusions wcic drawn from the

results: (1) Diffraction distorts the shape of a primal feature, and the systematic shape changes

observed in resist images can be explained using simple scaling based on Frcsncl diffraction. (2)

The lincwidlh change with exposure dose is independent of feature lype and size, ami depends only

on the square root of the mask to wafer gap, and (X) Tiic bias of each printed feature varies when

all of the feature types anil sizes are printed at the same dose.

Resist images of 2.0 to 0.2Sfim contact holes printed at mask to wafer gaps ranging from 25

to 515pm were obtained. Ilie square contact holes on the mask print diamond shaped at a Frcsnel

number of 2.5. Isolated lines, spaces, and line-space arrays ranging from 1.0 to 0.25jim were printed

in thin I'MMA (0. Ijim thick) resist at gaps ranging from 25 to ROjim over a series of exposure

doses. A 10% increase in exposure dose resulted in a I ft, 20, and .Illnin change in lincwidth at gaps

of 25, 40, and RO/itn, respectively. When the 1.0 to 0.25/nn lines, spaces, and line-space arrays were

printed with a single dose at a 40/mi gap, the bias variation among the features appears to be ap-

proximately ±2flnin. All the experimental rcsulls were compared to calculated aerial images and

good agreement was obtained. Txposures in thick I'MMA (0 5/*tn) show trends similar to those

observed in thin icsist However, .'is the thickness of the resist increases, the dose at which the

printed linewidlh has /cio Itias decreases, and approaches the dose required to clear a large open

area.
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Ultra-fast dissociation of O, after core-excilatinn; atomic Auger spectra

Pieter Kuiper (Physics Department, BNL)

The oxygen Is absorption spectrum of O2 shows two strong peaks below the ionization continuum.
The first one (at 5.11 eV photon energy) is due to transitions to the partly occupied K * orbital. The
second peak (540 eV) involves transitions to the antibonding O * orbital. The O * excited state has
a strongly dissociative potential energy surface, which explains why this absorption peak is so broad.
Within the short life time of the core hole (a few femtoseconds) the molecule comes apart. The
fragments are neutral, and the core-excited atom is in a (3P or 'P) is'Zs2^;5 state. Auger decay then
leads to excited states of O* (is'tyA 2sl2p\ and 2t :V). w ' l n relative energies known from optical
specttoscopy. Because of the two core-excited states, there are generally two Auger energies for
each final state. The intensities can be estimated from the Auger spectrum of neon l s ' ^ V - A s

shown in the figure, the theoretical atomic spectrum can be aligned with the measured Auger
spectrum taken at 540 eV. No such agreement is found at the ft * peak or in the ionization
continuum.

u7a
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Fig. 1 Oxygen KVV Auger spectrum of solid O2 taken at a photon energy of 540 eV. The stick
diagram shows a semi-empirical spectrum of oxygen l i ' I s 2 ^ ('P a I u J 'P)-

Photon-assisted Deposition of Silicon-Containing Thin Films by Exposure of Condensed Rcactants

J.F. Moore, R.J. Kroczynski and D.R. Strongin ( SUNY-Stony Brook), and M.W. Ruckman ( BNL-Physics)

Synchrotron radiation assisted deposition of silicon- containing thin films on silver was investigated.
Exposure to unmonochromatized synchrotron radiation with a flux of - 1 0 ^ photons/cm^scc, and containing
energies from I00-10O0eV induced the reactions. 50A ihick condensed layers (at 78K) of tetramclhylsilane
(TMS), and TMS mixed with water were used as the reacting precursors. All reactants were found to desorb from
the silver substrate (to at least monolayer coverage) when wanned without exposure to the soft x-ray photons.
Analysis was performed with x-ray photoelectron spectroscopy (XPS) before and after exposure and after
warming to 300K in each experiment.

When condensed TMS was exposed to the radiation for only 3 minutes, a nonvolatile, silicon-rich
product was formed. Positions of the silicon 2p and carbon Is core levels (binding energy, referenced to Er) in lkt
film were 101.7 and 284.SeV, respectively, and correspond with those reported for SiC. In irradiation of the
TMS/water, most of the carbon was removed from the condensed layer after 1 minute of irradiation, presumably
by formation of a volatile product (see Figure 2). A nonvolatile layer containing silicon and oxygen (Si 2p at
103.8eV and O Is at 533.leV) was formed after 30 minutes of exposure. The same experiment was also
preformed for mixtures of TMS and ammonia and the results are tabulated below.

Experiments are planned to observe products desorhing during exposure with mass spectromctry, lu
further characterize the films grown by this method, and to use alternate corcactants such as NO2 and O2 are
being considered. . . . .. _ . . . .
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Supported by US Department of Energy under contract DE-AC02-76CH0OQ16.

Figure 1: C and Si I s core levels in a mixed TMS-H2O
layer (bottom) and after 1.0 and 10 min. irradiations ,
respectively.

The authors acknowledge support of this work through the Department of Energy, Materials Sciences Division
under Contract No. DE-ACO2-76CH00O16.
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Photoclectron Scattering in Condensed Deuterium at 4 K

M. W. Ruckman ( BNL-Physics ) and J. F. Moore ( SUNY-Stony Brook )

Spectroscopic studies of hydrogen and its isotopes have contributed much to our understanding of

chemistry and physics. Surprisingly, little or no work has been done to study the solid phase using photoelectron

spectroscopy. This can be attributed to the high vapor pressure of solid hydrogen and deuterium even at

temperatures normally used to condense molecular species. We have modified our cryogenic equipment and can

reach the temperatures needed to condense molecular deuterium in an ultra-high vacuum ( -10*10 Torr ).

Photoelectron spectra were obtained for a thin { monolayer coverage ) on a silver film and a thicker Sayer which

represents the bulk solid. The thin D2 layer on Ag is adsorbed molecularly and the interaction is relatively weak

because the D2 desorbs from the surface between 8-9 K and the screening of the photohole on the D2 causes a

shift of - 1.4 eV in the molecular feature from the gas phase result. A remarkable property of the D2 molecules

is their efficiency as a scatterer of the intense primary photoemission from the Ag substrate ( sec Figure I ).

Figure 2 shows the photoelectron spectrum of the thick deuterium film. The inelastically scattered electron

features are very strong and the primary loss feature marked B is 13.7 eV from the l a u feature. This loss is about

an eV larger than in the gas phase and we believe it is due to the confinement of the excited state wave function in

the solid state.

Near-edge and Photoclectron Studies of Condensed Diborane: Evidence for Intermolecular
Interactions in the Solid Phase

U7a
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M. W. Ruckman ( BNL-Physics ), M. F. Murray ( St. Joseph's University ), J. K. Mowlem, J. F. Moore
and D. R. Strongin (SUNY-Stony Brook )

Synchrotron radiation photoemission is a
powerful probe for studying the electronic structure of
molecules and this work described below is concerned
with the possible change in the molecular structure of
diborane when it is condensed from the gas to the solid.
In the course of other spectroscopic studies of mixtures
of B 2 H 6 and NH3, it was discovered that the valence
and near-edge structure of B2^g differed significantly
from that reported in the gas phase ( see Fig. 1 ). At
first this was attributed to the transformation of B2H5 to
another boron hydride. This hypothesis was challenged
by the observation that warming the condensed solid
produced diborane and the gas was evolved at 110 K, the
temperature diborane is known to become volatile.

Since diborane is usually stored in an argon
carrier gas, a 5 % B2H6/ 95 % Ar mixture was
condensed on a silver support and the B K-edge was
obtained for the matrix-isolated B2H5 ( see Fig 2. ). The
B K-edge of the matrix isolated species differs
substantially from that of solid B^Hg and docs match
that reported by Zimkina and Vinogradov j 1 ] for
gaseous I^Hg. The K edge of gaseous diborane shows a
strong pre-edge resonance due to the anti-bonding
component of the bridging hydrogen bonds between the
two boron atoms (peak t ' ) and weaker states ( Rydberg
and two electron resonances ) near the ionization
potential. The condensed B2H5 has a lower ionization
threshold, a weaker or non-existent pre-edge feature and
a strong shape resonance. We feel the shape resonance is
due to scattering off of the boron atoms and may indicate
the presence of a boron-boron bond. From the data it is
shown that the electronic structure of diborane changes
when condensed and it is due to a molecular interaction
that allows the solid to revert back to B T H 6 when the
material evaporates at 110 K.

(11 T. M. Zimkina and A. S. Vinogradov, Bull. Acad.
Sci. ( USSR ), Phys. Ser. 36, 229 (1972).

• This work was supported by the U. S. Dept. of Energy under contract no. DE-AC02-76CH00016.
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• This work was supported by ths U. S. Dcpt. of Energy under contract no. DE-ACO2-76CH000I6.
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Photon-assisted Growth of Carboranes on Graphite at Liquid Nitrogen Temperature

M. W. Ruckman ( BNL-Physics ), M. F. Murray ( St. Joseph's University ), 1. K. Mowlem.and D. R. Strongin
( SUNY-Stony Brook)

We studied the interaction of diborane with graphite, in part, because the pholoelectron and near edge
spectre suggested that the dibonuie was interacting with the metal support being used. The valence and NEXAFS
spectra for diborane on graphite which is a relatively unreactive surface resembled those taken for diborane on
silver and argued that the modification of the diborane electronic structure was intrinsic.

It occurred to us to expose the condensed diborane layers to the intense zero order synchrotron beam
(-10" photons/cm2.sec ) to promote photochemical reactions between B2**6 an<' g™ph'te to ™k» carbides. This
has practical application to the making of graphite containing composite materials because the chemical
modification of graphite surfaces could improve the adhesion of matrix materials on graphite fibers. Figure 1
shows the change in the chemical state of boron via the B K-edge and illustrates that the dibonne reacts with the
carbon to form a non-volatile coating. A comparison of our data ( figure 2 ) to that obtained for several boron
compounds shows that the resulting film is not boron carbide but is a molecular carbon-boron species resembling
a carboranc.

200 210 220

Pholon Energy (c?V)

• Tim work was supported by the U. S. Dept. of Energy under contract no. DB-AC02-76CH00016.

The Interaction of Li with Condensed Ammonia: Chemical and Physical Changes in Fhotoehxtron
Spectra.

U7a

Fig . l

. I.

M. W. Ruckman, Bo Xia and Myron Strongin ( BNL-Physics )

This abstract summarizes continuing studies of
the interaction of metals vith solid ammonia. It is well
known that alkali metals can dissolve in liquid ammonia
producing solvated ions and electrons. Under other
conditions metal amines and amides can be produced.
The process of going from the atomic species to the
solvatod species is important for many physical,
chemical and biological phenomena. Earlier work in this ~
area demonstrated that photoelectron spectroscopy could
be used to study the solvated ion when small amounts of i
the alkali metal were deposited on a solid NHj layer and
have also showed that the alkali metal will dissolve into ">
an NH3 film as it is assembled on a alkali metal covered :
support. L

The interaction of Li and NH3 was studied ':
because Li has the smallest ionic radius and forms '
tetrahednlly rather than oclahedrally coordinated
solavalion complexes. In addition, there are no Li
features to obscure the NH3 valence features and the Li

Is core level has one component. Figure I shows the
evolution of the Li Is feature with increasing Li
coverage ( expressed as the evaporation time }• The Li
Is component shifts about 1.2 eV to higher binding
energy and is broadened when compared to the metallic
component. The core level shift is comparable to that
seen for other alkali metals and suggests that charge is
removed from Li. The broadening of the core level can ::
be explained by a change in the screening of the core -
level when compared to the metal and might be evidence •;•
for coulomb effects during photoemission.

The valence spectra ( Fig. 2 ) show little .;- 1
change, apart from a broadening and a small shift of the '
NH3 states to higher binding energy. Again, we think ' " " ' ! - , ' 1

the broadening of the NH3 levels is related to charge ' . \ '̂  '-

transfer during the photoemission process. The lack of

change in the NH3 levels demonstrates that Li is not " I

bonded to NH3 at that coverage but is solvated. At the

largest Li coverages, Iho new NH3 levels are detected

and these may signal changes in the NH3 molecule

which now finds itself largely coordinated by Li atoms.

* This work was supported by the U. S. Dept. of Energy under contract no. DE-AC02-76CH00O16.
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Synchrotron radiation assisted deposition of aluminum oxide from condensed layers of
trimcthylaluminum and water at 78 K

D.R. Strongin and J.F. Moore ( SUNY-Stony Brook ) and M.W. Ruckman ( BNL-Physics )

Spectroscopic evidence which shows that
synchrotron irradiation of trimethy 1 aluminum (TMA)
and water at 78 K on a silver substrate produces pure
layers of aluminum oxide was obtained. All analysis
was performed using NEXAFS and XPS. The
condensed precursors made about a 50A thick film and 1
the relative concentration of H2O to TMA was about
3:1. Figure 1 shows XPS measurements of the Al(2p)
and C(ls) levels (referenced to Op of silver) from
condensed layers of TMA (top), TMA/H2O mixtures -
(middle), and after exposure of the ice mixture to .-*
synchrotron radiation for 30 minutes with subsequent
warming to 260 K (bottom)- In the condensed .
TMA/H2O solid the Al(2p) peak is shifted from 75.0 to
75.5 eV and the C(ls) level shifts from 280.O to 285.5,
suggesting that there may be some interaction between
the TMA and H2O at 78 K. When the condensed layers
were warmed to 260 K without exposure to synchrotron
radiation, they desorbed from the silver.

When the condensed layers are irradiated with
zero order synchrotron light, the carbon is removed and
the Al(2p) binding energy shifts slightly to 75.6 eV,
which is in agreement with reported values for bulk
aluminum oxide (AI2O3). Using the attenuation of the
underlying Ag(3d) pholoclectrons as a gauge, the
Aluminum oxide layer is estimated to he between 20 and
30A in thickness. Addilionally, the NEXAFS spectra
shows well defined oxygen near- edge features which
agree well with those features of bulk aluminum oxide,
in both energy position and relative intensity.

The mast striking result is that the carbon component
tn the alkylaluminum precursor was completely removed
dunng irradiation as volatile methane product, as
determined by mass spectrometry. Figure 2 plots m/e 16
and m/e 57, (CH3)2AI+ , as a function of irradiation
lime; this shows that the interaction of synchrotron light
with the ice does not lead to any detectable desorption of
TMA.
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This experimental work was supported by US Department of Energy, Materials Sciences Division under contract
No. DE-ACO2-76CH0O0I6.

Photon-assisted Oxidation or GaAs(lOO) at Liquid Nitrogen Temperature

E. Etledgui, Ken T. Park, Jianming Cao, Y. Gao ( Univ. of Rochester) and M. W. Ruckman ( BNL-Physics)

A key problem in microelectronics-related materials fabrication is the control of interfacial defects at
semiconductor-dielectric interfaces that can trap charge carriers and reduce device performance. It is well-known
that many processes used to deposit dielectric films on semiconductors like gallium arsenide also produce
unwanted reactions with the semiconducting material. These reactions can be controlled by passivation- a
technique by which the surface is chemically modified to become non-reactive. Passivation of semiconductors is
often done using extremely hot gases or by wet phase processing. We recently discovered that thin surface nitride
layers could be grown on GaAs(lOO) using ammonia by the process of photon-assisted reaction of the condensed
gas with the substrate.

It should be possible to use oxidizing gases to like O 2 or N2O to passivate III-V semiconductor surfaces

but the condensation of oxidizing gases like O 2 or N2O on GaAs(IOO) does not passivate the surface. Like the

NH3 case, activation of the oxidizing species is needed, and it has been shown that condensed N 2 O can be

cracked by a white synchrotron beam and used to oxidize GaAs(! 10). The research summarized here shows that

H2O can be used in the same manner, Previous studies of the interaction of water with GaAs(lOQ) suggest that

some water dissociates to form the hydroxyl species which bonds with Ga to passivate the surface. We condensed

a thin layer on the substrate ( Fig. 1 ( bottom curve )). The spectrum shows that the water is adsorbed

molecularly and an examination of the As 3d core level ( Figure 2 ) shows that the adsorbed water causes no band

bending. Exposure to white synchrotron radiation causes the water to bs cracked into reactive species like OH- or

atomic oxygen, which then react with the substrate at 78 K to form a thin oxide or hydride layer (Fig. 1 (top

curve ))• This is accompanied by changes in the As 3d core level suggesting the formation of an As suboxide.
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• MWR acknowledges ihe support of (he U. S. Depl. of Energy under contract no. DU-ACO2-76CHO0OI6.
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Photoclcctron Study of the Interaction uf Cr with NH3 layers on GaAs(lOO) at Liquid Nitrogen

Temperature

Ken T. Park, Jianming Cao, E. Eltedgui, Y. Gao ( Univ. of Rochester) and M. W. Ruckman ( BNL-Physics )

The work described below is a continuation of previous studies of the use of condensed gases to grow
dielectric films on Ill-V semiconductor surfaces. These experiments are a variation on the reactive deposition
technique pioneered by Bunshah and others and differs from that procedure by the use of 1 solid phase reaclant
rather than a gas phase one. In this experiment, Cr vapor is deposited into a thick NH3 film condensed on the
surface at 100 K. Phnloelectron spectra were obtained and the figure below shows constant intial state spectra
taken at 1.7 eV. For small Cr coverages ( - 1 ML ) , the CIS curve shows that atomic-like (11 ( marked by the
arrow ) and bulk-like Cr species ( marked by the bar ) are present. This shows that the Cr clusters at monolayer
coverage but (hat some of the Cr may be matrix-isolated or solvated in the solid ammonia. As the Cr coverage
increases, the bulk like feature increases while the atomic feature decreases. However, the CIS spectra resemble
the typical 3p-3d intcrshell interaction for Cr | 2 | but the position of the bulk-like peak does not coincide with that
of metallic Cr. The photoemission spectra ( not shown ) suggest that a nitride has formed and this compound is
stable to 700 K.

HI R. Bruhn, E. Schmidt, H. Schroder and B. Sonntag , 1. Phys. B 15, 2807 (1982).
|2] 1. Barth, F. Gerken and C. Kunz, Phys. Rev. B 31 . 2022 (1985).

CIS of Cr/NH /GaAs(100)

E = 1.7eV

c
'c

30 40 50 60 70 80
Photon Enerqy (eV)

Figure I. CIS spectra with the intial stale E> = 1.7 eV at various Cr coverages at T = 100 K and after subsequent
annealing to 300 and 700 K. All spectra have been normalized to the incident photon flux and the signal from the
substrate has been removed.

• MWR acknowledges the suppml ol the U. S. Depi. of Energy under contract no. DE-AC02-76CH00OI6.

Adsorption of C60 on Ta( l lO) : Photoelectron Studies of the Interaction Between Fullerenes
and a Metal.

M. W. Ruckman, Bo Xia < BNL-Physics), and S. L. Qiu ( Florida Atlantic University )

The electronic structure of thin fullerene films
on a variety of surfaces [1] has been studied with the
goal of understanding the physics of this interesting
carbon phase. The fullerenes are chemically reactive and
have a strong affinity for electrons. In this sense, they
resemble a number of adsorbales but unlike those
adsorbates the fullerenes are large ( 60 carbon atoms )
and the amount of charge transferred per atom is small.
The Cgrj molecule should then lack the modification in
shape and electronic properties seen in many
chemisorbed species. We assembled monolayers of CgQ
on Ta(llO) to study the bonding and transfer of charge
from the metal to the fullerene.

Figure 1 shows the evolution of the valence

band states with fullerene coverage, The topmost curve

shows the thick CgQ layer result and the spectrum for

Ta(llO) ( normal angle of emission ) is at the bottom.

At monolayer coverage, the sharp C^Q states marked 1

and 2 are weak and the Ta 5d bands and other C 6 0 states

are broadened. We attribute this to the hybridization of

those C 6 Q x states with the Ta 5u states. Hybridization

of those states is reasonable given the alignment of the

fullerene stales with the Ta Sd bands as illustrated in the

insert in the figure.

Figure 2 shows the work function change when
CfiQ *s deposited on the surface. We found the work
function changed -0.G cV and the sign of the work
function is consistent with the transfer of charge from
the substrate to the fullerene to form a C^g"" species OT
the formation of an interfaciul slate ( bonding ) and the
accompanying dipole at the interface. An examination
of the modification of the Ta 4f surface shifted core level
which moves to higher binding energy und splits into
one or more components suggests that charge is
transferred off the surface atoms.

|1J J. H. Weaver, Ace. Chum. Res. 25. 143 {1992 )

•Th i s work WAS supported by the U. S. Depi. of Energy under contract no. DE-AC02-76CH000I6.
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Ptmtoclectron Study of Yb/C60 Biluytrs and the Yb Fullcridis Formed at the Interface.

Bo Xia, Myron Strongin, M. W. Ruckman ( BNL-Physics) and S. L. Qiu ( Florida Atlantic Univ. )

One of the most interesting properties of the
alkali metal fullerides is their superconductivity. Since
its discovery by Hebard et al. [ 11 considerable activity
has been directed towards characterizing these materials
and searching for other examples of superconductivity.
It is an open question whether other metals can be used
to dope the futlerenc and induce superconductivity. Yb
might be such a metal because it can be solvated in
highly polar solvents like ammonia and it shares this
property with the alkali metals already known to induce
superconductivity in Cgg-

This work represents an attempt to measure the
transport and electronic properties of Yb-Cgg and
compare them with (hose of materials like K3C50 and
KgCgQ which are superconducting and non-
superconducting, respectively. The transport
measurements suggest the Yb-C60 compound formed is
semiconducting rather than metallic and is in agreement
with results recently published by Ohno et al. [3) Ohno
et ai. identify the stable Yb-CgQ phase as the divalent
Yh^CgQ. Figure 1 on the right shows the valence
electronic structure of the Yb surface compound formed
by assembling Yb vapor on a Cgrj film at 300 K.
Peaks A and A' are the * states on the fullerene, peaks
C-E are related to the Yb 4f7/2 band and peak B is the
feature related to the Yb-Cgg interaction.

Figure 2, shows a fitting of the levels nearest to
the Fermi level and the features derived from the Cgg
aitd the Yb are approximated by doublets near -2 and -
2.5 eV respectively. The Yb-C^Q feature marked tr* is
about 0.5 below Ef and our data shows no step at the
Fermi edge. Accordingly, we conclude the surface
phase is not very metallic and resemhles other non-
metallic metal fulleridcs like K0C0o-
[1] A. F. Hebard ctal.. Nature. 350. 600 ( 1991 ).
|2] A. Bharathi et ul., High Tc Updated. 19,3 (1992).
|3] Olmoct al. ( pre-print )

* This work was supported by the V. S. Dent, of Energy under contract no. DE-AC02-76CH00016.

U7b RADIATION DAMAGE OP EPITAXIAL CaFj OVKRLAYERS ON Si(lll)
STUDIED BY PHOTON-STIMULATED DESORPTION

USA

Ca 3p-»3d

Varoujan Chakarian, Thomas D. Durbin, Patrick R. Varekamp and Jory A. Ynrmoff
Department of Physics, University of California, Riverside, CA 92521 USA and
Materials Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA

The growth of epitaxial insulators on semiconductor surfaces is important for the
realization of the long term goal of compact, three dimensional devices. Of the systems under
investigation, epitaxial CaF2 grown on Si(lll) is the prime candidate.1 High quality CaF2 films
can be grown in situ via molecular beam epitaxy. One major problem with this and other metal
halide systems, however, is their susceptibility to radiation damage. When irradiated with
electrons or photons of sufficient energy, color centers arc easily formed which, in turn, alter the
electrical and optical properties. In the case of CaF2 films on Si(lll), it has been previously
demonstrated that an ordered array of color centers is formed when the films are irradiated with

photons of about 35 eV.2 In the present study,
photon-stimulated desorption (PSD) of
positive ions is used to identify the electronic
transitions responsible for the radiation
damage.

The PSD results arc summarized in
the figure. The ions were collected over all
energies and over an 85° cone centered about
the sample normal. Two distinct features
are observed in the spectra: A weak feature
at 26.6 eV, which corresponds to transitions
from the interface Ca 3p to the Si conduction
band minimum (CBM), and a much
stronger feature centered at -35 eV, that
corresponds to Ca 3p to 3d transitions. Note
that since PSD is very surface sensitive, the
interface Ca 3p to Si CBM transition is only
visible for CaF2 films of 2 layers or less.
The Ca 3p to 3d transition, on the other hand,
gets much sharper as the CaF2 layer
thickens. Finally, note that the structure
seen in these spectra is consistent with the
multiplet structure for Ca 3p to 3d absorption
in CaF23

t-Ca3p-»SiCBM

30 40

Photon Energy (eV)
50

1. L.J. Schowalter and B.W. Fathaucr, J. Vac. Sci. Technol. A 4, 1026 (1986).
2. U.O. Knrlsson, F.J. Himpsel, J.F. Mornr, F.R. McFecly, D. Riegcr, and J.A. Yarmoflf, Phys.
Rev. Lett. 57, 1247(1986).
3. R.A. Heaton and C.C. Lin, Phys. Rev, B 22, 3629 (1980).



THE ADSORPTION OF IODINE ON Sid! 1) STUDIED BY SOFT X-RAY PHOTOEMISSION U8A

Varoujan Chakarian,ab David Shun.™* Jory A. Yarmoff,a-b C. Hakansson,c U.O. Karlssond

(a) Department of Physics, University of California, Riverside, CA 92521 USA
(b) Materials Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720 USA
(c) University of Lund, Lund, Sweden
(d) Royal Institute of Technology, Stockholm, Sweden

Chemical reactions between halogens and semiconductor surfaces are a key element in
device manufacturing technology. In order to elucidate the fundamental processes involved in
halogen-semiconductor reactions, a series of experiments has been undertaken. In this
experiment, the chemisorption of I2 on Si(l 11) and the coadsorption of O2 and I2 are studied by
soft x-ray photoemission spectroscopy. Si( 111 )-7x7 surfaces were exposed to I2 produced in situ
from an electrochemical cell.

A clean Si(lll)-7x7 surface exposed to a saturation coverage of I2 results in the
formation of Sil, Sil2. and S1I3 species on the surface, as determined from Si 2p core-level
measurements. This is shown in the figure to the left in which the points show the data after the
subtraction of a smooth background, the solid lines are fits to the data, and the dashed lines show
the individual components of the fits. The 1 4d core-level measurements from this surface
display a single chemical state.

If the surface is first saturated with I2, it becomes inert to O2 adsorption. When the
surface is first exposed to O2, however, some iodine will adsorb. Si(l 1 l)-7x7 was exposed to up
to 10 L of O2, which forms thin SiOx layers. Subsequent I2 exposures result in the adsorption of
small amounts of Sil, as determined from Si 2p core-level measurements. The analysis of the I
4d core-level shows evidence for a chemically shifted iodine component, indicating that 1-0
bonds are also formed.

PHOTON STIMULATED DESORPTION OF C1+ FROM Si(lOO) U8A
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'Present address: Chemical Sciences Division, Lawrence Berkeley Laboratory, CA 94720

T.D. Durbin, V. Chakarian, P.R. Varekamp and J.A. Yarmoff
Department of Physics, University of California, Riverside CA 92521 and
Material Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720

Electron stimulated desorption (ESD) and photon stimulated desorption
(PSD) are often used to investigate the local electronic structure and bonding
geometries of adsorbates. In particular, ESD of Cl+ from Si(100) has been a subject
of seveal recent studies. Electron stimulated desorption ion angular distribution
(ESDIAD) studies by Yates et a/.1 and Bennett et al.2 have shown that the
distribution of ion desorption angles of Cl+ from Si(lOO) changes upon annealing.
In this study, the PSD of Cl+ from Si(lOO) at the Si 2p edge is studied as a function
of annealing temperature.

The PSD results show that the mechanism for Cl+ desorption from Si(100)
changes with annealing temperature. The PSD spectrum collected after a room
temperature exposure of CI2 on Si(100) shows an edge - 1 eV past the bulk
absorption edge. This indicates that desorption is initiated by a localized
transition from the Si 2p level of the bonding Si atom to the conduction band
minimum. The PSD spectrum collected after annealing to 630°C, however, has an
edge at the same position as the absorption spectrum. This indicates that, after
annealing, the PSD occurs via an indirect process in which secondary electrons
induce ESD.

10 kL Cl2

+ 630°C
Absorption
(Secondary Electron Yield)

2p(SiCI) > CBM

98 100 102 104

Photon Energy (eV)
106

C.C. Cheng, Q. Gao, W.J. Choyke and J.T. Yates, Jr., Phys. Rev. B, in press;
Q. Gao, C.C. Cheng, P.J. Chen, W.J. Choyke and J.T. Yates, Jr., J. Chem. Phys.,
submitted.
S.L. Bennett, C.L. Greenwood and E.M. Williams, in Desorption Induced by
Electronic Transitions DIET-V, to be published.



PHOTOEMISSION STUDIES OF THE CHEMISORPTION OF CI2 U8A
ONSi(lll)ANDSidOO)
T.D. Durbin, D.K. Shuh,* V. Chakarian, C.W. Lo, P.R. Varekamp and J.A. Yannoff
Department of Physics, University of California, Riverside CA 92521 and
Materials Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720

The Cl2-Si interaction is studied in order to investigate the fundamental
reactions that occur during semiconductor processing. Recently, there has been
considerable interest in the chemisorption of CI2 on Si. Electron stimulated
desorption ion angular distributions have shown that the Cl-Si bond angle on
Si(lOU) changes upon annealing.1'2 It has been suggested that the thermal
conversion of higher chlorides to monochlorides may be responsible for this
change,1 but no direct measurement of the surface product distribution on Si(100)
has previously been reported. In this study, the chemisorption of CI2 on Si(lOO)
and Si(l l l) "is studied with soft x-ray photoelectron spectroscopy (SXPS).
Additionally, the effect of the doping level on CI2 chemisorption is investigated.

O2 chemisorbs dissociatively on Si(lOO), forming predominantly silicon
monochlorides at room temperature. Annealing this surface to temperatures below
the 630cC desorption temperature causes no significant changes in the Si 2p core
level spectra (not shown), which shows that a thermal conversion of higher
chlorides to monochlorides does not occur at lower temperatures. The
chemisorption of CI2 on Si(lll), on the other hand, results in the formation of di-
and trichlorides, in addition to monochlorides. Annealing this surface to ~400°C
removes the higher chlorides, leaving a surface terminated primarily by
monochlorides.

Chemisorption of Clo on heavily doped n-type Si(lll) produces a surface
layer that is similar to that formed on intrinsic Si. Heavily doped P-type samples,
on the other hand, have a thicker surface layer than intrinsic samples. The doping
effect observed for CI2 on Si is similar to that for XeF2/Si.3

Si2p
Z' lOkLCIo'Sidlll
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1. S.L. Bennett, C.L. Greenwood and E.M. Williams, in Desorption Induced by
Electronic Transitions D1ET-V, to be published.

2. C.C. Cheng, Q. Gao, W.J. Choyke and J.T. Yates, Jr., Phys. Rev. B, in Dress:
Q. Gao, C.C. Cheng, P.J. Chen, W.J. Choyke and J.T. Yates, Jr.. J.Chem. Phys.
submitted.

3. J.A. Yarmoff and F.R. McFeelv, Phys. Rev. B 38, 2057 (1988).
•Present address: Chemical Sciences Division, Lawrence Berkeley Laboratory,

Berkeley, CA 94720

PHOTON-STIMULATED DESORPTION OF F* FROM GaAsU 10) U8A

P.R. Varekamp, D.K. Shuh,* V. Chakarian, T.D. Durbin and J.A. Yarmoff
Department of Physics, University of California, Riverside, CA 92521 and
Materials Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720

The interaction between halogens and semiconductor surfaces is an area of
active investigation due to its relevance to device manufacture. These systems also
present an opportunity to explore the mechanisms involved in photon-stimulated
desorption (PSD), since adsorbed halogens are extremely sensitive to radiation
damage. GaAs(llO) was exposed to atomic fluorine via XeF2, and then analyzed by
soft x-ray photoelectron spectroscopy (SXPS) and PSD. PSD spectroscopy is an
extremely surface sensitive technique, due to the small mean free path of F+ ions
traveling through a solid.

In the figure below, the positive ion yield is shown for several XeF2 exposures.
The data was taken for photon energies in the vicinity of the F 2s and As 3d
absorption edges. Desorbed ions were collected over all kinetic energies and within
an 85° cone centered about the surface normal. The spectral features observed are
due to photon absorption into a final state that is sufficiently long-lived to result in
ion desorption. The 300 L and 1.3 kL spectra are dominated by a broad first-order
feature at ~32 eV, which represents a transition originating from the F 2s core level.
After higher exposures, the PSD spectra contain many sharp first-order features.
These sharper features are the result of transitions localized at GaF3 surface sites,
since these species dominate the surface after large exposures.1

XeF2 :
Exposure
10.5 kL

30 40 50 60
Photon Energy (eV)

70

U.B. McLean, L.J. Terminello and F.R. McFeely, Phys. Rev. B 40,11778 (1989).
'Present address: Chemical Sciences Division, Lawrence Berkeley Laboratory,
Berkeley, CA 94720
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SURFACE STRUCTURE DETERMINATION OF CI/Cu(001) USING PHOTOELECTRON
HOLOGRAPHY

J. J. Barton and D. A. Lapiano-Smilh (IBM Research), L. J. Terminello (Lawrence Livermore
National Laboratory)

The surface structure of Cl adsorption on Cu(001) surface was probed using the imaging technique
of photoelectron holography. A photoelectron hologram is the constant-energy, angle-dependent
photoelectron intensity derived from a chemicaliy-specific core level. Photoelectron holography is
experimentally the same as photoelectron diffraction, which has been shown to be an effective
surface structure determining tool. This multiple-angle electron diffraction pattern can be two-
dimensional Fourier transformed to create a three-dimensional, real-space image of the atoms
nearby the electron emitter.

This work represents one of the first adsorbate-surface systems that have been studied by
photoclectron holography where the adsorbate atom is the electron emitter. This is an important
step in the development of the electron holography technique because it indicates that the electron
back-scattering - rich in structural information - can be used for surface atom imaging.

Pictured below is the three-dimensional structural information produced by numerically inverting
our Cl 2p photoelectron hologram measured at 220 eV. An iso-surface through the volume of data
is pictured on the right next to a schematic of the Cu atom positions neighboring a surface Cl atom
(not shown, but centered on the grid provided as a reference plane). Note the twin images above
the plane in the experimental data and the elongation of the atom images, which are anticipated
concequences of the numerical inversion.

CI/Cu(001)

Cl 2p at 220 eV Hologram
Twin

Atom Reconstruction
Real

This work was conducted under the auspices of the US Department of Energy by the Lawrence
I.ivermorc National Laboratory under contract No. W-7405-ENG-48.

LARGE SOURCE-WAVE ANGULAR MOMENTUM CAUSES AUGER ELECTRON
SILLOUETTES

J. J. Barton (IBM Research) and L. J. Terminello (Lawrence Livermore National Laboratory)

The unusual Auger electron emission patterns observed by Frank et al. 'can be explained as due to
high source-wave angular momentum and low electron energy. A high angular momentum
electron wave emitted from an atom acts like an s-wave (/ = 0) in an extra centrifugal potential.
This extra potential changes the electron's effective wavenumber and phase shift, altering the
conditions for constructive interference when this wave scatters from nearby atoms. We
demonstrate that the difference in source wave angular momentum between Cu M2,3M4,5M4,5
Auger and Cu 3p photo-electrons2 explains the difference between their emission angular
distributions from surfaces: the Auger electron emission has a predominantly f-like source-wave (/
= 3) and destructive interference in the forward electron scattering direction ("silhouette") while the
photoelectron has lower angular momentum and constructive interference ("peak").3

Here is an llustration of the impact of source
wave angular momentum on forward scattering
intensity. Each dot in the track on the right
labeled 1 = 0 represents the complex number
l+//a, where/=/I=°)(fc,a,eaR), the scattering
factor, and 0=3.52, the internuclear distance
along a (001) axis in a Cu (001) crystal. The
values of k correspond to energies ranging from
34 to 1524 eV, as we move from the bottom to
the top of the track. A portion of the unit circle is
also drawn: those dots within the unit circle
correspond to destructive interference (forward
dips) and those dots outside correspond to
constructive interference (forward peaks). Points
labeled 1 correspond to /=0 (Cu 3p
pholoemission), 2 correspond to the /=3 wave
which includes the accumulated phase and
effective wave number.

1. D. G. Frank, N. Batina, T. Golden, F. Lu, A.
T. Hubbard, Science 247, 182 (1990).

2. L. J. Termincllo and J. J. Barton, Science
251, 1219(1991).

3. J. J. Barton and L. J. Terminello, Phys. Rev.
B, in press.

This work was conducted under the auspices of the US Department of Energy by the Lawrence
Livermore National Laboratory under contract No. W-7405-ENG-4S.
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IMPACT ION!ZATION I!N SILICON
E. Cartier. M.V. Fischctti. E.A. Eklund and F.R. McFeely (IBM Research Division. Yorktown
Heights. NY)

We have studied the electron dynamics in silicon for electron energies from 1 to 5 eV
using high resolution soft X-ray photoemission spectroscopy. From the observed changes in
the Si 2p core level lineshape as the electron kinetic energy is varied (Fig. 1). it was possible
to infer the impact lomzation rate near threshold.' Monte Carlo simulations have been per-
formed to derive the energy dependence of the electron-hole pair production rate using these
results in combination with published data on the ionization coefficient and on the quantum
yield for pair-production. The obtained ionization rate (the solid curve in Fig. 2) shows a
very soft threshold at 1.2 eV. and approaches the results by Kane 2 at higher energies. As
seen in Fig. 2. several published models iave been found to be inconsistent vvith the full set
of experimental data we have considered.
1.) E.A. Eklund, P.D. Kirchner. F.R. McFeely. E. Carrier and D.K.Shuh, Phys. Rev. Lett. 68

(6). 831 (1992).
2.) E.O. Kane. Phvs. Rev. 159. o24 (1967).
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U8B
MEASUREMENTS OF HOT ELECTRON DYNAMICS IN ECR PLASMA GROWN
SILICON NITRIDE THIN FILMS
E.A. Eklund. E. Cartier and F.R. McFeely (IBM Research Division, Yorktown Heights, NY)

We have investigated hot carrier transport from 3 to 18 eV above the conduction band
minimum in amorphous silicon nitride thin films by means of high resolution photoemission
spectroscopy. The high quality, stoichiometric Si3N4 films, with thicknesses of 3 to 23 A,
were grown on a heated Si(l 11) substrate using an ECR nitrogen plasma source. To study
transport in the overlayers, the soft X-ray induced electron transmission technique was used,
in which the substrate Si 2p core level serves as a tunable, internal souice of quasi-
monoenergetic electrons. Pronounced, systematic changes in the shape sjid im?nsity of this
core line, which occur as the overlayer thickness and electron kinetic energy ar.. '-sried, have
been shown to be direct manifestations of electron-phonon scattering and electronic
excitations.1 Typical experimental spectra, which illustrate the evolution of the Si 2p ill
component of the substrate core level with increasing film thickness, are shown in Fig. 1 for
a fixed detection energy of 7 eV.

Semiclassical Monte Carlo transport simulations were used to reconstruct the exper-
imental spectra and thus determine the energy dependent electron-phonon scattering and deep
inelastic scattering rates. Preliminary results are shown in Fig. 2.
1. E. Cartier and F.R. McFeely, Phys. Rev. B 44, 10698 (1991).
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DIRECT DETERMINATION OF IMPACT IONIZATION RATES NEAR THRESH-
OLD IN SEMICONDUCTORS USING SOFT X-RAY PHOTOEMISSH)N

E.A. Eklund, P.D. Kirchner, F.R. McFeely. E. Cartier ( IBM Research Division, Yorktown
Heights. NY) and D.K. Shuh (LBL. Berkeley. CA)

The linciihape of the Al 2p core-level phoioemission peak in AlaiGn^As is found to be
strongly dependent on the electron kinetic energy. Using Monte Carlo transport simulations
it is shown that the observed strong, asymmetric line broadening is caused by electron-phonon
scattering In agreement with the experimental observation, the simulations predict that this
phonon induced line broadening is rapidly suppressed as the core line is shifted through the
impact lonizanon threshold Thus, it becomes possible to infer from the core level lineshape
the energy dependent impact lomzalion rates near ihe impact ionization threshold. For more
details, refer to Phys. Rev Lett. 68 (6), H.M (I1J92).
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Fig I: (a) Constant Final Slate (CFS)
phoioennssion spectra of the Al 2p core
level in bulk Ak«G<ia\As measured at vari-
ous kinetic energies, £,,„. £ „ „ „ is the photon
energy used for internal core electron in-
jection, (b) Calculated core level lineshapes
using Monte Carlo transport simulations.
The energies are the same as in (a).

Fig. 2: Broadening of the Al 2p core level
line in AlniGat^A.s as a function of electron
kinetic energy. The open (filled) circles
show data obtained on 2(MK) A AUi>Ga,,A.s
samples with a 3 A (25 A) temiiiuilion layer
of GaAs. The squares show data obtained
on cesiated samples. The solid line shows
the broadening in the Monte Carlo spectral
reconstructions of Fig. I h , which use the
Keldysh expression with the given parame-
ters to calculate the energy dependent im-
pact ionization rate. E, = 2.13 eV
corresponds to an electron energy equal to
the energy of the AluoGomAs bandgap.

U8B
BREAKDOWN OF THE SEMICLASSICAL DESCRIPTION OF HOT ELECTRON DY-
NAMICS IN SiO2

E. A. Eklund, F.R. McFccly and E. Carter (IBM Research Division, Yorktown Heights. NY)

We have investigated the temperature dependence of electron transport in SiO2 by collecting
CFS photocmission spectra at two temperatures, 300K and 980K. In the scmiclassical Monte Carlo
simulations used to reconstruct the experimental spectra and extract the scattering rates, the clccuon-
acoustic phonon scattering rate at 980K is increased by a factor of 3 over the rate at 300K. Thus, an
enhancement in the phonon scattering induced broadening of the Si 2p line and a decrease in its in-
tensity arc expected al high temperatures in oxides thicker than 6A. The spectra in Fig. la. for a 3A
oxide and 7cV electrons, arc both sharp (no broadening) and show a negligible dependence on tem-
perature. This is expected, since the electrons spend insufficient time in the thin ovcrlaycr to lose
energy to phonons. Spectra taken under the same conditions from a I9A oxide arc shown in Fig. Ib.
Contrary to the expectations of the scmiclassicai model, these spccira arc nearly identical, despite the
680K difference in temperature. The solid line in Fig. Ib, which agrees with the 3IXJK data, is a 300K
simulation with scattering rates from Rcf. 1, and (he dashed curve is a simulation at 980K. which fails
to produce the correct intensity and broadening seen in the 980K data. The dotted curve shows the
minimum temperature dependence possible with Uic scmiclassical model, an unphysicaJ result
produced by replacing acoustic phonon scattering with (higher energy) TO phonon scattering, which
still cannot reproduce the 98OK data. Fig. 2. a plot of the ratio of substrate Si 2p attenuations between
thin and thick oxide ovcrlaycr samples at 3(K)K and 980K vs. electron energy, shows that the behavior
observed at 7eV extends over the entire energy range measured.

These experiments show that while the scmiclassical transport formalism is applicable in SiO2

at room temperature, it fails when applied to issues of temperature dependence. For details, refer to
Phys. Rev. LclL 69,1407 (1992).

1. E. Carrier and F.R. McFccly, Phys. Rev. B 44. 10698 (1991).
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BAND DISPERSION OF LOCALIZED VALENCE STATES IN LiF (100)

F. J. Himpsel (IBM Research), L. J. Terminello (Lawrence Livermore National Laboratory), D.
A. Lapiano-Smith (IBM Research), E. A. Eklund (IBM Research), and J. J. Barton (IBM
Research)

The band dispersion of (he localized, F 2p-like valence band of LiF is mapped using an imaging
technique to obtain k(E). Instead of determining the energy distribution of photoelectrons at fixed
momentum we obtain the momentum distribution at fixed energy using a display spectrometer.
Reversing the two variables helps for narrow bands since we get a large momentum change for a
small energy difference.

The measured band width is 3.5 eV (from FJS to X'4). This is 17 % wider than predicted by first-
principles band calculations, implying an expansion of the bandwidth by self-energy effects in
quantitative agreement with quasiparticle calculations. The self-energy effect is opposite to that
seen in localized systems, such as alkali metals.

J J_i_iJ_LJ._L±-l_LLlI 1 1 1 1 1 1 1
J hi' - (15.5 i-V

-34

hi' - I5L' eV

-1 V •' ." ' 'A - . A - u
' -4.0 *• '—"-2.3 - | . s »0S

t T I i i i i i i i i i i i i i r m r••] l r r i i i r i \ i '

k1 along [010] (A'I

Momentum distributions of photoelectrons from the F 2p valence band of LiF(lOO) at various
electron energies relative to the valence-band maximum. The two photon energies are chosen such

that the valence-band maximum (HIS) and minimum (X'4) appear in normal emission,
respectively. The pictures are centered around the surface normal. Areas of high emission
intensity appear dark.

F. J. Himpsel, L. J. Tenninello, D. A. Lapiano-Smith, E. A. Eklund, and J. J Barton, Phys.
Rev. Utt. 68, 3611 (1992).

This work was conducted under the auspices of the US Department of Energy by the Lawrence
Livermore National Laboratory under contract No. W-7405-ENG-48.

EPITAXY OF LiF ON Ge(100)

D. A. Lapiano-Smith (IBM Research), E. A. Eklund (IBM Research), F. J. Himpsel (IBM
Research), and L. S. Terminello (Lawrence Livermore National Laboratory)

We have shown that LiF (100) films with the electronic properties of cleaved LiF crystals can be
grown epitaxially on Ge (100). These properties include an exceptionally large, negative electron
affinity of -2.7 eV, which leads to intense photoemission at zero kinetic energy. The valence band
offset ranges from 7.3-7.6 eV.

1 1 t 1 1 1 1 i i

E. = 14.1 eV

LiF (100)

E. = -2.7 oV

VBM

1 i V 1

-14 -12 - 1 0 - 8 - 6 - 4 - 2 0 2 4 6 8 10 12 14

Energy relative to E t (eV)

Two parts of a photoelectron spectrum from a thick film of LiF(lOO) on Ge(lOO), representing the
valence band maximum (VBM) and conduction band minimum (CBM) are shown. The latter is
obtained using low energy, secondary electrons, and shifting them up in energy such that their
final energy scale matches the initial energy scale of the valence band spectrum. By using the
band-gap Eg = 14.1 eV a negative electron affinity E A = -2.7 is obtained for the LiF(100) surface.
An intense peak in the secondary electron spectrum near the vacuum cutoff at 3.7 eV is
characteristic of the high photoelectric yield of negative affinity materials. It has surface character,
since it is located in the bulk band gap and is sensitive to the quality of the LiF (100) surface.

D. A. Lapiano-Smith, E. A. Eklund, F. J. Himpsel, and L. J. Terminello, App. Phys. Utt. 59
(17), 21 (1991).

This work was conducted under the auspices of the US Department of Energy by the Lawrence
Livermore National Laboratory under contract No. W-7405-ENG-48.
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THE SURFACE CHF.MISTRY INVOLVED IN THE CHEMISORPTION AND REACTION OF
DIETHYLSILANE ON SILICON SURFACES

D.A. Lapiano-Smilh (IBM), FJ. Himpsel (IBM). LJ . Tcrinincllo (LLNLl anil F.R. McFccl> (IBM).

An abundance of silicon and germanium hydrides, taluk's- ami haliihydrules exist as possible precursors for group
IV atomic layer epitaxy (ALE). Only recently have alkylsilancs anil alkvlgennancs been considered as possible
candiilaics lor silicon and germanium ALE. These chemicals belong lo an advantageous subset of all possible
molecular eamlidaics. bceau.se Ihey arc less uni t and flammable Ulan silicon and germanium hydrides and
halohydridcs. However, an inhereni piiienual problem may exist which wan-anls experimental investigation to
determine whether catbon is codeposiicd on the scniiainducior surface. On the other hand, such a potential
drawback may be put 10 good use for growing epitaxial Si,.,C, thin films and novel, ternary Si,.,.yGetCy alloy
systems.

We have examined the surface ehcmi-try involved in the ehcmisorptiun and thermal reaction of diethylsilane
(DES) on Si! 111) and Sil UX)). for growth at room temperature and subsequent annealing as well as for growth at
elevated temperatures. We have used phoioeleetxon spectroscope as the surface-sensitive technique to probe the
valence band, the shallow C2s core level, and ihe CIs and Si2p core levels. We have found that DES ehemisorhs
dissociativcly m form S i C H X H , surface species on Si (III) and (HIM ai room temperatures. Figures 1 and 2
show the unprocessed valence kind spectra of a clean Si(IIKI) surface and a surface exposed to DEIS at rixini
temperature, respectively. The two very sharp peaks in Figure 2 at 30.N and .U.4 cV kinetic energy serve as
"fingerprints" for the identification of chemisorbed CH.C'H, (ethyl) groups on the surface. This distinct doublet
feature represents the C 2s bonding and arnihonding orfiiials winch result from the interaction between carbon at-
oms in the chemisorbed surface species, For alkyl groups in general, llie number of C'2s components observed in
the valence band spectrum is directly related to the number of C atoms in the hydrocarbon chain. Anneals of the
(III) and (KKl) surfaces to temperatures of 3M) and 3.WC, respectively, promote the onset of desorption of the
ethyl groups from the surface. Although decreasing in intensity the CH,C"H, species continue to persist until a
temperature of -HX) and 55O"C is attained for Si (111) and (100), respectively. At these temperatures, Ihe remaining
cihyl species dissociate to form Si-C surface species. For growth at elevated temperatures we find that carbon,
from the decomposition of DES, is codeposited with silicon. '

Figure 1 Figure 2
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U8B

THE CHEMISORPTION AND REACTION OF GERMANIUM TETRACHLORIDE WITH SI (KX» AND (111)
SURFACES

D.A. Lapianu-Smilh and F.R. McFeely (IBM)

Interest in group IV atomic layer cpiuixy (ALE), namely, the self-limiting, layer-by-layer growth of semicon-
ductor materials by chemical vapor deposition (CVD), is due primarily to the potential opportunity to control film
growth to >/cry fine atomic layer thicknesses. To rationally evaluate i specific source gas/substrate system as
suitable for ALE, a fundamental understanding of Ihe chemical mechanisms which govern the surface reaction
processes in that particular system is in order. We have thus performed a series of high resolution soft x-ray
phwocmission experiments designed lo ascertain ihc surface chemistry involved following the chcmisorpiiim and
subsequent reaction of Germanium tclrachloridc (CcC'1,1 with Si (MX)) and (111) surfaces as a function ol substrate
temperature from the ambient to 7(X)"C. Only the results obtained for the technologically important Si( 100) surface
will be discussed here.

The figure displayed below shows the soft x-ray phutoeinission spectra obtained from Ge 3d and corresponding
Si 2p core levels following exposures of clean Si(KXI) surfaces to GeCI, at substrate temperatures of 3(X) (panels
a and b) and 5(X>*C (panels c and d) Panel a shows that GeCI4 chentisorbs Jissociatively onto the Si surface at
3(X)"C. The "large point" dotted line represents the experimental data and the "small point" line shows the daia
following the numerical removal of the 3ilj,2 spin-orbit component. The resultant Ge 3d spectra as well as the Si
2p data were fit with a least squares procedure to a sum of Gaussian-broadened Lorcnt/ian lincslupcs. 71ic com-
ponent fit to the leading edge of the high kinetic energy side of the Ge 3d band in panel a has a binding energy
that is approximately that expected for elemental Ge. The rest of the hand may be fit using the assumption that
it arises gram GcCI and GeCI, components.

Following an exposure of the surface to CieClit at .S(X)"C\ the Ge 3d band sharpens considerably as observed
in panel c as a result of the complete elimination of the higher germanium chloride surface species. The Gc 3d
feature is clearly fit with a single Gaussian-broadened Lorent/iau linesha|)e, indicating the presence of elemental
Germanium bonding lo surface silicon sites. At all substrate temperatures examined, the decomposition of GeCI4
promotes the formation of SiCI surface species. A maximum amount of adsorbed Cl in the form of SiCI has been
observed to bond to the Si surface following the 5(X)'C exposure, along with the production of SiCI; surface spe-
cies.

In order to consider GeCla/5i(MK» as a possible system to use for ALE, we propose the following. In the first
sicp, GcClj is adsorbed onto the surface at a temperature of 3IXK". This temperature is chosen as it represents the
point at which a maximum amount of Ge, GeCI and GeC'U sivcics are deposited on the surface. In addition, this
temperature is below that at which the intermixing ol Si anil Ge is observed. In the second step, atomic hydrogen,
which is known to remove Cl from Si surfaces, would be used to remove all Ct from the smfacc. This would
possibly leave behind the newly deposited Ge as well as untermmated Si dangling bonds, ready for the next ex-
posure of GcCI.,.

Gc M. hu • 90 eV S i 2 p . h u = 150 CV

EIEC1R0N KINETIC CNERGY (cV)
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THK CHKMISORPTION AND RKACT10N OK SiH,CI2 ON C K R M A M l ' M (100) and ( H I ) SURKACKS

D.A. Upiano-Smuh (IBM), F.R. McFecly (IBM). F J . Hiinpv:! (IBM). I D . Durhin (LCR) ami J.A. Yarmorf
(L'CR)

The Si/Gc interface has auraetcd considerable attention in light of it> many industrial applications as electronic
and optoelectronic device maicnals. Recently, the devclopmcniof methods fur sclf-linming Atomic Layer Epitaxy
(ALE) of the group IV semiconductor materials have been coasidercd as a means to facilitate the fabrication of
these hcicrocpiuxul structures. We report here the results of a high resolution soft x-ray photoemissiiin experiment
designed to ascertain the surface chemistry involved in atomic layer epitaxy following the chemisorpuon and re-
action of dichlofOMlanc with Ge( 11)0) as a function of substrate temperature from the ambient to 7(XrC.

Figures 1 and 2 show Si 2p and corresponding Ce 3d core level srxctra. respectively, obtained following ex-
posures of Ge(ll)O) to 80kL SiH.CU at substrate temperatures of 200 (panel a) -MX) (b) and WXrc (c). The
cbcmisorpuon of SiH.CU on GetllXJf results in substantial decomposition above room temperature as observed in
panel a of Figure 1.-The component observed at 35.7 cV kinetic energy is at the position expected for elemental
Si. A second component shifted to lower kinetic energy by about 0.X5 eV relative to elemental Si dominates the
pholocmission srxctrum and has been assigned to silicon monochlonde moieties chemisorbed to the Gc(KX))
substrate. The most noticeable effect following an exposure at JINK" is the significant intensity increase of the
Si 2p photoemission feature. The amount of deposited elemental Si continues to rise at elevated temperatures as
the contribution from SiCI species subsequently decreases. At WXr̂ C only elemental Si remains bonded to the
Ge substrate.

Tiro Gc 3U spectrum in pane! a of Figure 2. shows that the Gel KKI) surlacc state at 5ft. J cV kinetic energy has
been significantly quenched as a result of the exposure at I W C . indicating that a near monolayer coverage has
been attained. At -itXrXT however, we observe an increase in the intensity of the Ge surface stale, in addition to
the increase m the Si 2p intensity. This observation imlieaics that the Si and SiCI surface species may be islanding
or forming patches on the surface. In stew of the strung Ge surface state intensity observed in panel c following
a600"C exposure and its similarity to that obtained for The clean surface, the corresponding observed Si 2p signal
almost certainly arises from Si atoms which have diffused into the bulk. At < W C . the substrate is well above the
temperature at which the intermixing of Si and Ge occurs.

; f t <• )io tv 5t i3 «v = SO eV

mum me

r /

s
J3 '

b
X l . i

V

SUBSTRATE DISORDER INDUCED BY THE F/Si SURFACE REACTION L8B

C.W. Lo, D.K. Shuh,* and J.A. Yarmoff
Department of Physics, University of California, Riverside, CA 92521 and
Materials Sciences Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720

High-resolution soft x-ray photoemission spectroscopy (SXPS) is used to probe the
surface reaction layer produced during the spontaneous etching of Si by XeF2. This reaction
produces fluorosilyl intermediate species on the surface and volatile etching products composed
primarily of SiFj- The figure shows a Si 2p SXPS spectrum collected from Si( ] 1 ]) after a 50 kL
exposure. The spectrum contains a bulk Si 2p component and several chemically shifted
components, representing SiF, SiFi, and SiF3. In addition, the etching reaction creates rrivalent
Si defects in the near-surface region of the substrate [1], Photoelecirons originating from the
bulk inelastically scatter from these defects resulting in an inelastic loss feature in the 2p spectra.
The inelastic loss is modeled by a Poisson distribution of fixed energy losses. The dashed lines
in Fig. (a) show the bulk component and its associated inelastic loss separately. The necessity of
including the inelastic loss is demonstrated in Fig. (b), which shows a fn without the inelastic
loss. In this case, a large discrepancy exists in the region between the bulk and SiF components.

There are two ways in which trivalent Si defects can form. First, when a F atom breaks a
Si-Si bond and attaches lo one of the Si atoms, the other Si aiom is left with a dangling bond. If
the reaction layer is thick, the concentration of dangling bonds can build up at the reaction
layer/substrate interface because the flux of F to arrive at these sites is small. The second type of
trivalent Si defect is a consequence of the excess energy released into the substrate by the
exothermic Si-F surface reaction [21. For each Si-F bond formed, several eV of energy can be
localized on a lime scale sufficiently
slow that another Si-Si bond is broken.
The defects are stabilized by the lattice
strain accompanying F adsorption.
Defect formation via the excess heat
liberated by the surface reaction is the
predominant mechanism involved in
this system.

1. C.W. Lo. D.K. Shuh, V.
Chakarian, T.D. Durbin. P.R.
Varekamp and J.A. Yarmoff, Phys.
Rev. B, submitted.

2. RC. Weakliem, CJ. Wu and E.A.
Carter, Phys. Rev. Lett. 69, 200
(1992).

• Present address: Chemical
Sciences Division, Lawrence Berkeley
Laboratory. Berkeley. CA 94720
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AUGER ELECTRON ANGULAR DISTRIBUTIONS FROM SURFACES: DIRECT
COMPARISON WITH ISOENERGETIC PHOTOELECTRONS

L. J. Terminello (Lawrence Livermore National Laboratory) and J. J. Barton (IBM Research)

Angular distribution patterns of Auger electrons and of photoelectrons from a Cu (001) surface
were measured at the same electron kinetic energy. These measurements reveal that the low kinetic
energy Cu Auger electron and Cu 3p3/2 photoelectron angular distributions differ substantially.
This direct comparison between the photoelectron and Auger electron angular distributions (capable
only with the use of synchrotron radiation) demonstrates that the Auger process produces a source
wave that causes the apparent attenuation of elastically scattered low energy Auger electrons. A
recent article by Frank el al. 'reported unexpected Auger electron angular distributions from single
crystal samples that, they argue, could not be explained with a conventional electron scattering
formalism. These authors proposed a controversial physical model to explain their results. Our
experiment presents empirical evidence2 that the original model of Frank et al. cannot be correct
owing to the dissimilarities between isoenergeric photo- and Auger electron angular distributions.

A schematic is shown that describes the Cu 3p
photopeak and Auger electron kinetic-energy
positions used in this experiment. For point A
the M3M45M45 Cu Auger transition was
measured using a photon energy of 100 eV.
For point B the Cu 3p3/2 is at 56.6 eV thus
coinciding with the MjM^sMjj.s Auger. A
measurement at Point F has no photo- or
Auger electron present and serves as a
background. The images are the Cu 3p3/2
photoelectron and Cu Auger electron multiple-
angle distribution patterns measured at points
A and B. Each image represents the angularly
resolved electron emission from the Cu(001)
surface with normal emission in the center of
each image. For the Cu 3p3/2 image, normal
emission has the greater intensity. Note the
dip at normal emission in the Cu Auger image
where the Cu 3p3# pattern has a maximum in
intensity.

1. D. G. Frank. N. Batina, T. Golden, F. Lu,
A. T. Hubbard, Science 247, 182 (1990).

2. L. J. Terminello and J. J. Barton, Science
251, 1219 (1991).

This work was conducted under the auspices of the US Department of Energy by the Lawrence
Livermore National Laboratory under contract No. W-7405-ENG-48.
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SURFACE AND NEAR SURFACE ATOM IMAGING USING EXPERIMENTAL MULTIPLE-
WAVENUMBER PHOTOELECTRON HOLOGRAPHY

L. J, Terminello (Lawrence Livermore National Laboratory), D. A. Lapiano-Smith and J. J.
Barton (IBM Research)

Copper atoms near a (100) single crystal face were imaged using multiple-wavenumber
photoelectron holography that was predicted by Barton using simulated holograms. Experimental
photoelectron holograms were extracted from Cu 3p photoelectron angular distributions that were
measured at nine kinetic energies from 244 to 477 eV. Each hologram was Fourier transformed
and then multiple-wavenumber phase-summed to produce higher fidelity atom images. With this
demonstration of the multiple-wavenumber method substantial resolution improvement, twin image
suppression, and artifact removal was achieved - qualitative improvements that cannot be achieved
with higher kinetic energy holograms or scattering phase/amplitude-concction schemes.

Figure 1: Panel A is a volume-contour
rendering of the atoms within a copper single
crystal lattice. This columnar slice is a
schematic to indicate the Cu atom positions
that are near a given emitter. The Cu atoms
are superimposed on a 8 x 8 A plane which is
parallel to the Cu(001) surface but intersects
the electron emitting atom (located at the
center of the plane). A single-energy (322 eV)
Fourier transform of a Cu 3p hologram is
shown volume-contour rendered in Panel B;
again, a reference and scale plane is inserted
into the volume to help provide perspective.
Panel C is a similar three-dimensional
rendering of the holographically derived
intensity information but is obtained from a
phased-sum of nine separate energy hologram
transforms. The insert is the Cu 3p electron
angular distribution measured at 322 eV; each
division on the insert is approximately 2 A"1,
and darker features represent higher intensity.

Cu(001)

1. J. J. Barton, Phys. Rev. Lett. 67 3106
(1991).
2. L. J. Terminello, J. J. Barton, and D. A.
Lapiano-Smith, Phys. Rev. Lett, in press.
3. L. J. Terminello, J. J. Barton, and D. A.
Lapiano-Smith, J. Vac. Sci. and Technol.
B10 (4) 271 (1992).
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This work was conducted under the auspices of the US Department of Energy by the Lawrence
Livermore National Laboratory under contract No. W-74O5-ENG-48.



U9B
STRUCTURAL ANALYSIS OF ANTIGENIC VARIATION IN THREE STRAINS OF
BORRELIA BURGDORFER1, THE LYME DISEASE SPIROCHETE.*
L.L. France', B. McGrath", JJ . Dunnk, B.J. Luftc and J.C. Sutherland'.
'Plum Island Animal Disease Center, USDA/ARS, PO Box 848, Greenport, NY 11944.
•"Biology Department, Brookhaven National Laboratory, Upton, NY 11973.
CSUNY at Stony Brook, Health Science Center, Stony Brook, NY 11974.

Outer surface protein A (OspA) is a major antigen of the spirochete, Borrelia
burgdorferi, which is the etiological agent of Lyme disease. Recombinant forms of OspA
from three strains of the spirochete (strains B31, K48 and PGau) are being structurally
characterized, using the VUV circular dichroism (CD) spectrophotometer at port U9B of
NSLS (Fig. 1). The CD spectra are analyzed for five classes of secondary structure, using
an algorithm which compares the experimental spectrum to the CD spectra of proteins whose
3D structures are known from x-ray diffraction experiments. The antigenic variants, OspA
B31, OspA K48 and OspA PGau, appear to differ primarily in a-helix and 0A-sheet contents,
with PGau showing a 12% increase in a-helix, compared to B31, and the K48 conformation
being more similar to B31 (Table 1). Primary sequence analysis indicates that the region
144-179, which includes a hypervariable region (164-177), may be the site of these
distinguishing features. A second hypervariable region (197-219) contains the conserved
tryptophan residue (Trp-216) and theepitope for the monoclonal antibody which distinguishes
B3I from PGau and K48. Although Trp-216 has been shown to be critical to this epitope,
steady-state and time-resolved fluorescence experiments indicate that Trp-216 in OspA B31
is buried in the protein matrix, rather than surface-exposed, as would be expected for an
epitope. Moreover, Trp-216 does not lie in a region in which the a-helix prediction is
greater for PGau than for B31, according to the primary sequence analysis. The results may
indicate that these two regions interact, giving rise to the structural differences which make
the three proteins antigenically distinct.

Table 1: Secondary structure content, predicted
from CD spectra, using the program VARSELEC.
a, a-helix; /3A, antiparallel /3-sheet; 0Pl parallel 0 -
sheet; Turn, all types of /3-tums.

B31

K48

PG»u

a

0.11

0.14

0.23

ft.
0.34

0.28

0.22

a,
0.12

0.14

0.10

Turn

0.17

0.14

0.23

Other

0.27

0.29

0.25

Total

1.01

0.99

1.03

200 230 260
WAVELENGTH, nm

"Research supported by the OHER and BES, USDOE, and NIH grants
GM35662 to JCS and AI3245401 to JJD and BJL.

U9B
STRUCTURAL ANALYSIS OF ANTIGENIC VARIATION IN FOOT-AND-MOUTH
DISEASE VIRUS."
L.L. France", P. Piatti", J.F.E. Newman", F. Brown' and J.C. Sutherland11.
"Plum Island Animal Disease Center, USDA/ARS, PO Box 848, Greenport, NY 11944.
'Biology Department, Brookhaven National Laboratory, Upton, NY 11973.

Foot-and-mouth disease virus (FMDV) is an icosahedral RNA virus with a capsid
consisting of 60 copies of each of four proteins (VP1-VP4). The immunodominarit loop
consists of residues 132-159 of VP1, and contains the putative cell attachment site (145-147)
as well as the major immunogen of the virus (146-154). While the 3-D structure of serotype
O1BFS was solved by X-ray diffraction in 1989, that of the loop region between residues 134
and 157 could not be determined. Seven antigenic variants from one isolate of serotype A12
differ only at residues 148 and/or 153 in VP1 (Table). Peptides corresponding to residues
141-160 of VP1 of these variants can be distinguished by serological tests with antipeptide
antisera as well as by antivirion antisera. We have shown by circular dichroism (CD) that
although these peptides are structurally very similar in aqueous solution (Fig. 1), they can be
distinguished by their differing abilities to form a-helix in 100% trifluoroethanol (TFE)
(Fig.2). This suggests that their antigenic specificity may be determined by the ability of the
loop region to form a-helix. Our CD results indicate that the chief determining factors in the
conformation of the loop are the presence or absence of leucine at position 148 and proline
at position 153.

Peptide:

148

153

FP

Phe

Pro

LP

Leu

Pro

FL

Phe

Leu

LL

Uu

Leu

SL

Ser

Lai

FS

Phe

Ser

FQ

Phe

Gin

Fig. I: Peptides in •queous solution (pH 7). Fig.2: a-hclix content as • function of peptidc
concentration in 100% TFE.

"Research supported by USDA, Agricultural Research Service, and
OHER and BES, USDOE, and NIH grant GM35662 to JCS.
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SECONDARY STRUCTURE ESTIMATION FOR H5 AND ITS FRAGMENTS FROM CIRCULAR DICHROISM
MEASUREMENTS.
V. Graziano and V. Ramakrishnan (Biology Department, BNL).l

The linker hi stone HS is an extreme variant of the Hi family and is found in
avian erythrocytes. It is known to bind to the nucleosome and is essential for
the formation of chromatin higher order structure. H5 consists of three separate
and distinct domains, a trypsin-resistant, central globular domain, flanked by
a short N-terminal domain and an extremely basic, long C-terminal domain. In
chicken H5, these domains extend from residues 1 to 24, 25 to 97, and 98 to 189,
respectively. It is generally accepted that the N-terminus and C-terminus exist
in an extended form in solution. However, there is some evidence suggesting that
binding to DNA induces o-helical segments in the C-termina.1 domain (1). In the
present study, we examine the secondary structure content of several recombinant
fragments of H5 lacking various domains, by vacuum ultraviolet circular dichroism
measurements. In order to assign secondary structure to proteins from CD
measurements, data to low wavelengths (-178 nm) is essential. The U9 beamline
station at the NSLS is particularly useful, because of the very intense beam at
low wavelengths. Figure 1 shows CD spectra of the various fragments of HS. Table
1 shows the secondary structure data for each of the proteins obtained from
analysis of the CD data (2) . We have recently solved the structure of the
globular domain of H5 (GH5) to 2.5 A resolution by X-ray diffraction. Table 1
shows the excellent agreement obtained from X-ray data and CD analysis of GH5.

(1) Clark, D.J. et al. Emho J. 7, 69 (1988).
(2) Johnson, W. C. Proteins 7, 205 (1990).
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1 This work was supported by NIH grant GM 42796 and the Office of Health
and Environmental Research, U.S. Department of Energy.

U9
VACUUM ULTRAVIOLET CD OF HAIRPIN OLIG0NUCLE0TIDES
Kenneth H. Johnion, Robert J. Tinder, ind Michaftl E. Hogan (B«ylor College
of Medic in*)

We measured the vuv CD ( c i rcu lar dichroian) apectra of aeveral
ol igonuc laot idea capable of folding to form three-jitranded atructures .
Negative CD banda at 27S and 198 nm character i s t i c of G-G-C t r i p l e t s were
induced in the apectra of o l igonucleot ides by the addit ion of 10 mH HgS0&.
The o l lgonuc leo t ide YRR3 haa the p o s s i b i l i t y of forming G'G-C t r i p l e t s aa
well as T-A-T t r i p l e t s when In the presence of Hg*+. YRR3 vas designed to
fold up in the atructure shown in the inaet t o the f i gure .
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5'-CCCTTTTCCCTT

TTGGGAAAAGGGTT

TTGGGTTTTGGGT-3'

» 1CmU U§+* 10 mi - 0 no

In this structure the third strand is tntlparallel to the duplex purine
strand. This is the normal case for G-G-C triplets, but T«A'T triplets are
usually parallel. The figure shows the VUV CD spectrum of YRR3 without
Mg**, with Mg,**, and the difference between there. A promlnant negative
band at 210 nm Is induced by the addition of Mg**. Thia band is similar to
bands induced by parallel T'A-T triplet formation. In both cases the
negative bands may be due to shifts to the A conformation for the
underlying duplex«s.

This work wa« supported by the NSLS-HFBR Faculty-Student Support Program,

the NIH, and the Department of the Navy.



U9B
CIRCULAR DICHROISM OF THE 1160 nm BAND OF OXIDIZED REACTION
CENTERS FROM CHLOROBIUM TEPIDUM'
J. Olson (Odense U.), J. Trunk (BNL), K. Polewski (BNL) and D. Monteleone (BNL)

Reaction center antenna complexes were prepared from the green sulfur bacterium,
Chlorohium tepidum. Absorption and circular dichroism (CD) spectra were recorded from
1230 nm to 1180 nm for reaction centers in three states: (I) reduced by ascorbate in the
dark, (II) treated with ascorbate and illuminated and (III) treated with fenicyanide in the
dark. Difference spectra were plotted for ferricyanide-oxidized vs. ascorbate-reduced
samples and for illuminated vs. dark samples in the presence of ascorbate. The absorption
and CD bands of oxidized P840 at ca. 1160 nm are the same in position and shape for
both the chemically oxidized and photochemically oxidized samples. The sign of the CD
band is negative. Since the corresponding CD band in reaction centers of
Rhodopseudomonas vividis is positive, we have demonstrated an important difference
between the cation radical P840* in green sulfur bacteria and the cation radical P960* in
purple non-sulfur bacteria.

Fig. 1: Chemically oxidized-minus-reduced difference spectra for a reaction center
complex from Chlorobium tepidum. CD spectra is on left and pseudoabsorbance curve
is on right.

The National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory is
supported by the Office of Chemical Research and The Office of Materials Research,
United States Department of Energy (USDOE). The {circular dichroism spectrometer |
fluoromcter} at port U9B of the NSLS is supported by the Office of Health and
Environmental Research, USDOE.

U9B
ENERGY TRANSFER BETWEEN FLUORESCEIN MOLECULES*
S. Scarlata (SUNY-SB), J. Elliot (SUNY-SB), L. Cipp (SUNY-SB), K. Polewski (BNL)
and J. Trunk (BNL)

The goal of this experiment was to determine the amount of energy transfer
between fluorescein molecules. When one fluorescein is sufficiently close to another
energy transfer Qiomotransfer) can occur resulting in a depolarization of fluorescence and
a lengthening of lifetime. Therefore, as the fluorescein concentration increases the
probability of homotransfer increases. Ultimately, we would like to use this type of
measurement to monitor the formation of protein domains through fluorescein
homotransfer by fluorescence polarization. To determine the feasibility of these types of
measurements, we have determined the steady state changes in polarization and emission
energy of solutions with varying fluorescein concentrations and used the instrumentation
at Brookhaven to verify the lifetime increase. We measured the fluorescence lifetime of
three concentrations of fluorescein, 20 pM, 10 ;iM and 0.1 iM. In all samples, the best
fit of the decays were to single exponentials and were: 3 .95± .005, 3 .67± .09 and
2.98+. .012 ns, respectively. These data correspond to a change in polarization from
0.216 to 0.3S and show that the lifetime data are sensitive to homotransfer. An example
of a fluorescence lifetime measurement is shown in figure I. In the future we would like
to perform a more complete study of fluorescein-lipids in bilayers.
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"Research supported by NIH grant GM39924 to S.S. The fluorometer at port U9B of the
NSLS is supported by the Office of Health and Environmental Research, USDOE.



U9B
FLUORESCENCE LIFETIME AND CIRCULAR DICHROISM OF GRAMICIDIN AND
ITS ANALOG, ALA(16)-GRAMICIDIN.'
S. Scarlata (SUNY-SB), J. Elliot (SUNY-SB), L. Cipp (SUNY-SB), K. PolewsW (BNL)
and J. Trunk (BNL)

The fluorescence lifetime and Circular Dichroism (CD) spectra of the integral
membrane peptide gramicidin and its analog, Ala(l6)-gramicidin in two types of bilayers
was measured. Previously, it was found that the four surface oriented tryptophan residues
can hydrogen bond to the iipid head groups. These hydrogen bonds are only stable if the
length of the bilayer matches the length of the peptide. It is postulated that breakage of
the hydrogen bonds could cause the peptide to change its conformation from a N to N
terminal dimer to an intertwined helical dimer which has a very different CD spectra. We
can monitor stability of these hydrogen bonds through fluorescence anisotropy. To verify
that the changes in anisotropy we have viewed were due to changes in tryptophan
rotational motion as opposed to changes in lifetimes, we determined the lifetime of a few
prototypical samples at two temperatures (an example at 16°C is shown in figure 1).
These lifetimes will allow us to calculate the enthalpy associated with hydrogen bond
breakage. We also measured the CD spectra of the samples in order to determine whether
the samples undergo changes in conformation. The results are presently being analyzed.

Figure 1: The fluorescence lifetime decay of Ala(16)-gramicidin at 16°C.
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"Research supported by N1H grant GM39924 to S.S. The {circular dichroism spectrometer
! fluorometer} at port U9B of the NSLS is supported by the Office of Health and
Environmental Research, USDOE.

U9B
INVESTIGATION OF THE SCINTILLATION MECHANISM IN CERIUM-DOPED
RARE EARTH OXYORTHOSILICATES.'
J. Schweitzer*, C. Melcher*, C. Peterson' and H. Suzuki', K. Polewski"
and J. Trunk1".
'Schlumberger-Doll Research " BNL-Biology Dept.

The purpose of this run was to investigate the scintillation mechanism in cerium
(Ce)-doped rare earth oxyorthosilicates. Currently, we are interested in the excitation
wavelength range of 170 to 250 nm. Samples of Gd, Lu and Y based oxyorthosilicates
were studied which, when doped, were doped with Ce. A typical excitation spectrum is
shown in Figure 1. These data were obtained at 1 sec/pt, but are clearly able to define
the significant peaks even at wavelengths below 200 nm. The decay time data were
particularly interesting. Figure 2 shows the time decay of the 430 nm emission when the
Ce dopant is directly excited, with the expected exponential decay. Figure 3 shows the
time response for the same 430 nm emission when the Gd in the crystal is excited instead.
An initial increase is seen, followed by an exponential decay. The buildup reflects the
time needed to couple the energy from the Gd excitation into the Ce emitter. This energy
transfer mechanism plays a critical role in the behavior of this material as a detector of
nuclear radiation.
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The {circular dichroism spectrometer | fluorometer} at port U9B of the NSLS is supported
by the Office of Health and Environmental Research, USDOE.
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PHONON RELAXATION IN SOFT X-RAY EMISSION OF INSULATORS

W L O'Brien, J. Jia, Q.-Y. Dong. T. A. Callcotl (U. of TN), K. E. Miyano, D. L. Ederer
(Tulanc). D. R. Mueller (N1ST), and C. C. Kao (BNL)

Phonon relaxation effects are important in soft X-ray emission (SXE) when the phonon
relaxation rate is comparable to or faster than the core hole decay rale.( 1,2\ This condition is
fulfilled for the Li K SXE[3] and Na L2 3 SXE|4|. Proper experimental verification of these
effects in Na and Li relied on careful measurement of the SXE and soft x-ray absorption (SXA)
edges using the same spectrometer to eliminate calibration uncertainties. However, large
uncertainties in band gap values and core hole effects on the SXA threshold make it
unreasonable to measure phonon relaxation effects in this manner.

Here, phonon relaxation effects on the L2 3 emission of MgO, AljOj, and SiO2 are
measured by comparing SXE spectra to photoelectron spectra (figure below shows the case of
MgO). The observed shifts of the SXE spectra relative to the photoelectron spectra are
identified as Stokes shifts! 1,2) and are described in terms of partial phonon relaxation. The
observed Stokes shifts are 0.5, 0.9, and 1.2 eV for MgO, A12O3, and SiO2 respectively.
Similar measurements on Mg, Al. and Si show no detectable Stokes shift within the
experimental uncertainty of 0.2 eV. The larger Stokes shifts observed in the oxides are due to
the longer core hole lifetime, the faster phonon relaxation, and the larger phonon relaxation
energy in the oxides.

40 45
photon energy (eV)

1. G. D. Mahan, Phys. Rev. B 15, 4587 (1977).
2. C.-O. Almbladh. Phys. Rev. B Jjfi, 4343 (1977).
3. T. A. Callcott, E. T. Arakawa, and D. L. Ederer, Phys. Rev. B If, 5185 (1977).
4. T. A. Callcott, E. T. Arakawa, and D. L. Ederer, Phys. Rev. B 18, 6622 (1978).

UIOA

PHOTON EXCITATION ENERGY DEPENDENCE OF B203 AND h-BN SOFT X-RAY
EMISSION: SPECTATOR VERSUS NORMAL EMISSION

W. L. O'Brien, J. Jia, Q.-Y. Dong, T. A. Callcott (U. of TN), K. E. Miyano, D. L. Ederer
(Tulane), D. R. Mueller (N1ST), and C. C. Kao (BNL)

We investigated the excitation energy dependence of the B K soft x-ray emission (SXH)
from B2O3 and h-BN. It is found that occupation of the exciton state during valence emission
(spectator emission) lowers the energy of the SXE spectrum relative to the emission when the
exciton is unoccupied (normal emission). The shifts between the normal and spectator emission
spectra are 1.5 and 1.8 eV for B2O3 and h-BN, respectively. This shift is a result of both
phonon relaxation and differences in the initial and final state electronic screening.

The variations with excitation energy are illustrated for B2O3 in the figure below. When
the excitation energy is set at threshold, the exciton state is occupied and this spectator shift is
observed (193.7 eV excitation energy). At excitation energies above this threshold, normal
emission takes place (199 and 200 eV excitations). When the excitation is increase beyond the
absorption threshold by an amount equal to the energy gap, a second threshold is reached. At
this second threshold it is energetically possible to occupy the exciton state by a shake-up event.
Thus, above this second threshold, the valence SXE is a superposition of normal and spectator
emission, and in addition emission due to direct recombination between the exciton and hole is
seen at 193.5 eV emission energy. Note that direct recombination at threshold (193.7eV
excitation energy) cannot be observed because of the strong elastically-scallered peak due to the
excitation photons. Similar variations with excitation energy are observed in h-BN.

The valence SXE spectra above the second threshold may be decomposed into the
spectator and normal components by using the isolated spectator and normal spectra taken at
193.7 and 199 eV excitation energy respectively. Then the spectator valence emission
component can be compared to the direct emission peak to determine the branching ratio of
radiative decay. This is defined here as the probability of direct decay relative to the probability
of spectator decay for the core exciton. These values are determined to be 0.28 and 0.08 for
B2O3 and h-BN, respectively.
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PHOTOIONIZATION OF ARGON/HYDROGEN CHLORIDE COMPLEXES

B.-M. Cheng**, D. Kim + , D.-H. Lec+ , L. DiMauro*, M. G. White* and
J. R. Grover*
"Department of Chemistry, Brookhaven National Laboratory: Upton, NY 11973
^Synchrotron Radiation Research Center, Taiwan, ROC
*Research Institute of Industrial Science and Technology, Poliang, Korea

The complexes Ar»HCl and A^HCI were synthesized in room temperature free jet
expansions of 1.0% HCI in Ar, using a nozzle diameter of 0.012 cm. Neutral Ar»HCl is
detectable at 150 Torr nozzle pressure and its number density (n.d.) reaches a maximum at
1100 Torr. The n.d. of neutral AnHCl is detectable near 450 Torr and is still rising at
1500 Torr. Ar(HCl)2 and larger mixed complexes could not be seen under our conditions.
The ionization potentials of Ar»HCl and Ar2HCl were measured to be 12.449 + 0.004 and
12.327 ± 0.004 eV respectively (the IP of HCI is 12.747 eV). The photoionization yield
functions of both species display unusually prominent autoionization structure, Figs.l and 2.
The Rydberg series' for Ar2HCl are especially complex.

750 1050 450
WAVELENGTH (A)

750 1050

Figure 1. (left). Photoionization yield function for the production of (Ar»HCl)+at
1000 Torr nozzle pressure. Not resolved into contributions from Ar»HCI and Ar2HCI.
Figure 2 (right). Photoionization yield function for the production of (Ar2HCI)+ at
1000 Torr.

This research was carried out at Brookhaven National Laboratory under contract
DE-ACO2-76CHO0O16 with the U.S. Department of Energy and supported by its Division of
Chemical Sciences, Office of Basic Energy Sciences.

UU
PHOTOIONIZATION STUDIES OF OXYGEN COMPLEXES:
PERFLUOROETHYLENE/OXYGEN

B.-M. Cheng**, J. M. Preses* and J. R. Grover*
'Department of Chemistry, Brookhaven National Laboratory, Upton, NY 11973
"Synchrotron Radiation Research Center, Taiwan, ROC

The weak complexes C2F4O2 and (C2F4>202 were synthesized, along with (C2F4)2
and (C2F4)3, by free jet expansions of 7.0% C2F4 in O2, using a room-temperature 0.012-cm
nozzle. The number densities of neutral C2F4«O2 and (C^ii^h first become measureable
near 400 and 700 Torr of nozzle pressure, respectively, and increase monotonically to
2200 Torr, the highest pressure investigated. Neither C2F4(O2)2 nor larger mixed clusters
were detected. Oxygen-containing polyatomic products involving dissociation of the O-O
bond were not seen. However, the production of C2Fj»+ from C2F4»O2 does occur, and
efforts are underway to measure the appearance potential of this reaction, and thereby the
dissociation energy of C2F4»O2. The yield function of (C2F4*O2)+ displays strong
autoionization structure, Fig.l, as does (C2F4)2C>2+, Fig.2, even though resolution of these
spectra into contributions from the original neutral reactam clusters has not yet been carried
out. The conspicuous peak at 900 A also occurs in the spectra of (C2F4>3+, (C2p4h+ and
C2F4+, so we believe it originates in a Rydberg state of C2F4 whose structure strongly
resembles that of the ground state.

1030 1350 550
WAVELENGTH (A)

1030 1350

Figure 1. (left). Photoionization yield function for the production of (C2F4»O2)+at
1000 Torr nozzle pressure. Not resolved into contributions from C2F4»O2 and (C2
Figure 2 (right). Photoionization yield function for the production of (C2F4>202+ at
1500 Torr.

This research was carried out at Brookhaven National Laboratory under contract
DE-ACO2-76CHOO016 with the U.S. Department of Energy and supported by its Division of
Chemical Sciences, Office of Basic Energy Sciences.
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PHOTOIONIZATION OF (C4H.S), USING
PECTRUM OF THE

HEAR THRESHOLD, SINGLE PHOTON
SYNCHROTRON RADIATION AND A VUV LASER: VIBRATIONAL S
DIMER ION.

P. Cid-Aguero*, E. A. Walters*, J.R. Grover*; *Department of
Chemistry, University of New Mexico, Albuquerque, NM 87131;
Department of Chemistry, Brookhaven National Laboratory, Upton,
NY 11S73.

Homodinters of thiophene, C4H,S, were prepared by free-jet
expansions of 1:9 mixtures of C4H4S:Ar and the diner ion was
produced by single photon photoionization using light from beamline
Ull at NSLS and from a tunable VUV laser. The expansion conditions
were those known to yield diners as the only cluster species. The
photoion yield curve for (C^S)^ was measured over the threshold
at an optical resolution of 2A using synchrotron light. We obtain
IP ((CtH4S)2) = 8.27+/- 0.03eV, Figure la. This curve shows some of
the step-function features that characterize vibrations in the ion,
however the optical resolution is too low (+/- 100 cn(-l)) to allow
clear assignments of the vibrations. A tunable VUV laser made by
third harmonic generation in Xe of the output of a Nd.YAG pumped
dye laser operating near 440 ran was used to perform single photon
ionization of (C^S), over the 1409-1469A range at an optical
resolution of 20cm(-l). First derivative plots of the overlap
region of the two photoion yield curves are found in Fig. lb.
These spectra are being analyzed for the frequencies of the normal
vibrational modes of the van der Waals complex.

,, ( OV)
1 !>O0 I).,

Knorgy C oV)

Figure 1. (a) The threshold photoion yield curves for (C4H,S),*
(M-) from a 150 torr pressure expansion of 1:9 C4H4S + Ar and for
C^H4S*U) from a 52 torr pressure expansion of the same mixture (b).
Fxrst derivative plots of the photoion yield curves for (C4H4S)2*
from synchrotron (*) and laser (°) experiments.

Supported in part by the u. s. Department of Energy and in
part by the U. S. Air Force.

STATE AND CLUSTER-SIZE SPECIFIC DISSOCIATIVE PHOTOIONIZATION IN
BROMOTRIFLUOROMETHANE CLUSTERS WITH HETHANOL

J.T. Clay*, E.A. Walters,* J.R. Grover* , and M.v. wilicox*;
* Department of Chemistry, University of New Mexico, Albuquerque,
NM 87131; Department of Chemistry, Brookhaven National Laboratory,
Upton, NY 11973.

Production of (CF3Br)2* and (CF3Br'CH3OH)* by dissociative
photoionization of homo- and heteroclusters of CFjBr and CH3OH,
(CF,Br)»'(CHjOH)n, generated in supersonic jet expansions of a vapor
mixture was monitored over a range of nozzle stagnation pressures.
Dramatic changes in the short wavelength yield of either ion with
increasing pressure may be understood as the result of
fragmentation of larger clusters upon ionization into the diraer
ions. Figure la. The cross-section for production of a given
fragment ion depends upon size and composition of the neutral
progenitor and the energy of the ionizing radiation. He have
resolved these photoion yield curves into contributions from state
specific decompositions of a known cluster into diner ions. Some
of the results are presented in the energy diagram in Figure lb.

Figure 1. (a) Photoion yield curves for <CFjBr-CH,OH)* over the
pressure range of 400-900 torr in 100 torr increments. The bean
composition was 9.0:304:2522 CH3Br* are given on the figure. (b)
An energy diagram showing the appearance potentials of ions and
their fragments along with the electronic states in CF3Br from
which they arise.

Supported in part by the U. S. Department of Energy and in
part by the U. S. Air Force.
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INTRACLUSTER REACTIONS OF CHLOROBENZENE/AMMONIA MIXED
COMPLEXES

J. R. Grover*. B.-M. Cheng'*, W. J. Herron+, M. T. Coolbaugh*,
W. R. Peifer+ and J. F Garvey+

"Department of Chemistry, Brooklmven National Laboratory, Upton, NY 11973
^Synchrotron Radiation Research Center, Taiwan, ROC
+Depanment of Chemistry, SUNY at Buffalo, Buffalo, NY 14214

The spontaneous disintegration of (CeHsCNNr^)* to form C6H5NH3+ has been
intensively studied by two-photon techniques at other laboratories. We examined this process
using single-photon interactions, and expanded the work to include larger complexes of
C6H5CI + NH3 and higher energies. The complexes were prepared by jet expansions of
0.50% C6H5CI in NH3, using a nozzle 0.010 cm in diameter, the resulting mixtures being
analyzed by the method already described1. A sharp onset of CftH5NH3+ from C6H5CNNH3
was found at 8.947 ± 0.003 eV, which, when combined with the known heat of formation
of C6H5NH3+, gives a dissociation energy D(C6HsCI»NH3) = ca. 2 kcal moH.
Production of CeH5NH3+ from trimers was too weak in the onset region to permit
measurement. The ion C6HsNH2+ was also observed, with onsets of 8.849 ± 0.009 and
8.855 ±0.029 eV from C6H5CNNH3 and C6H5C1(NH3)2 respectively, clearly below the
onset for C6HjNH3+, but far above the thermochemical thresholds near 7.6 eV. For the
"parent ions" (C6H5C1»NH3)

+, C6H5C1(NH3)2+, and C6H5C1(NH3)3+ onsets were found at
8.74 + 0.02, 8.652 + 0.013, and 8.555 + 0.012 eV. However, product resolution
experiments indicate that in the onset region (C6H5C1»NH3)+ is apparently produced entirely
from trimers. This value of the dimer ion onset therefore implies that
D([C6H5C1«NH3]+) > ca. 9 kcal mol1 (Fig.l). On the other hand, C6H5NH3

+ is
produced from C6HsCl«NH3 at energies >11.5 eV, a process not yet understood.

Figure 1. Energy diagram of
the system CgHsCl + NH3.
The ionization potential for
(C6H5C1*NH3)+ is an upper
limit if the measured value
pertains to a trimer instead of
the dimer. (All energies in eV.)

C6H5C1+ + NH3

(C6H5CI.NH3)
+

C6H5C1 + NH3

'J. R. Grover, W. J. Herron, M. T. Coolbaugh, W. R. Peifer and
J. F. Garvey, J. Phys. Chem. 95, 6473-6481 (1991).

This research was carried out at Brookhaven National Laboratory under contract
DE-AC02-76CH00016 with the U.S. Department of Energy and supported in part by its
Division of Chemical Sciences, Office of Basic Energy Sciences, and in pan by the Office of
Naval Research.
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PHOTOIONIZATION-INDUCED INTRACLUSTER REACTIONS: KINETIC ENERGY
RELEASES FOR 1,3-BUTADlENE/SULFUR DIOXIDE COMPLEXES

J. R. Grover*, E. A. Walters*, D. L. Arneberg*, G. Hagenow+ ;!nd
J. T. Clay*
'Department of Chemistry, Brookhaven National Laboratory, Upton, NY 11973
^Department of Chemistry, U. of New Mexico, Albuquerque, NM 87131
*lnstitutfiir Physikalische Chemie, Freie Universitat Berlin, Berlin, Germany

Dissociative photoionization of (1,3-C4H6)m(SO2)n to produce C4HgSO+, m+n = 2
to 5, occurs only at >15.9 eV. This is 1.0 eV higher than the threshold to produce
C4H6+ + SO + O from l,3-GiH6«SO2. Surprisingly the strong sulfur-oxygen bond breaks
while a weak van der Waals bond survives. More information was obtained about the
dynamics of this unexpected reaction through kinetic energy release measurements, shown in
Figs. 1 and 2 for a photon energy of 20.7 eV. The mean energy of C)H6SO2+ in the center of
mass. Fig. 1, is 0.05 eV, which represents a total mean energy of about 0.10 eV, if the
average target was a tetramer. This is surprisingly large for the breakup of a weak complex,
and implies that most of the normal modes were equilibrated. In contrast, the mean energy of
C4H6SO+ is 0.07 eV, corresponding to a total mean energy of about 0.16 e V. The additional
energy is consistent with photoionization of the SO2 moiety to form excited SO2+, followed
by nonstatistical breakup to form SO+, which is subsequently captured by a 1,3-C4H<; moiety.

} Ufl tJM» l«
Energy m CM (meV)

Figure 1. (left). Distribution of kinetic energy releases for (GiIVS02)+ in the
center-of-mass system (points). The fluctuations are an artifact due to limited counting
statistics. The lines show a possible resolution into components. Figure 2 (right). The
same, for C4H6SO+.

This research was carried out at Brookhaven National Laboratory under contract
DE-AC02-76CH00016 with the U.S. Department of Energy and supported in part by its
Division of Chemical Sciences, Office of Basic Energy Sciences and in part by the
Engineering and Services Laboratory, Air Force Engineering and Services Center, Tyndall
AFB, FL 32403.



LIFETIMES OF FLUORESCENCE OF HYDROCARBONS

R. A. Holroyd and J. M. Preses

Ult

Liquid alkanes absorb photons in the vacuum ultraviolet leading to the
formation of the first excited singlet state (Si). The same Si state can also be formed
indirectly following combination of electrons and ions upon absorption of x-rays. In
connection with our studies of such singlet states formed by x-rays, on beamline X7B
it was necessary to measure the lifetimes of these singlet states when formed alone;
that is, in the absence of other species like radicals which are present in the tracks of
densely ionizing particles and which quench these excited states. Therefore we
measured the lifetimes of the excited states of several hydrocarbons using beamline
Ull at the NSLS. This study also served to test our single-photon counting apparatus
on Ull and to show that oxygen, which also quenches these states, is effectively
removed by N2-bubbling.

Si lifetimes
Alkanp

Out

Dodecane

cis-Decalin

n-Octane

2,3-

Dimethylbutane

Lifetime

results

3.81

2.14

1.3

0.71

(ns)

Literature

3.85

2.18

1.4

0.99

The results obtained, as shown
in the Table, are in most cases in good
agreement with literature values. The
short lifetimes are a result of fast
nonradiative dissociation processes, (see
Preses & Holroyd JCP 22 2938, (1990)). It
is also important to verify that the
fluorescence is that of the Si state.
In the figure is shown the observed fluorescence spectrum of cis-decalin (circles)
compared to the known spectrum (solid line) from Hirayama and Lipsky (JCP 5J.
3616, 1969).
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A DISCHARGE FLOW-PHOTOIONIZATION MASS SPECTROMETRIC STUDY
OF HYDROXYMETHYL RADICALS (H2COH and H2COD): PHOTOIONIZATION
SPECTRUM AND IONIZATION ENERGY*

W. Tao, R. B. Klemm (BNL, Department of Applied Science); F. L. Nesbitt, L. J. Stief
(NASA/Goddard Space Flight Center, MD)

The photoionization spectrum of H2COH was measured over the wavelength range
140-170 nm by using a discharge flow-photoionization mass spectrometer apparatus with
synchrotron radiation. Hydroxymethyl radicals (H2COH and H2COD) were generated
in a flow tube by the reaction of F atoms with CfyOHCD). Ionization energies (IE) were
determined directly from photoion thresholds. The IE values, 7.56±O.O2 and 7.55±O.O2
eV for H2COH and H2COD, respectively, are consistent with previous measurements.
Also, the dissociative ionization process, presumed to be H^CO*
observed with a threshold at 8.61 ±0.06 eV.

HCO+ + H,, was

162 166 170

WAVELENGTH, nm

The figure shows a photoionization efficiency curve for H2COH; 140 nm s x s 170
nm. The idealized vibrational progression (i/j) is depicted by the doted lines. Primary
(*[) and secondary (vn) progressions are taken from Dyke et al. Chem. Phys. Lett. H i ,
207(1984).

"This work was supported by the Division of Chemical Sciences, U.S. Department of
Energy, Washington, D.C., under contract No. DE-AC02-76CH00016.
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CORE-LEVEL EXCITATION IN THE KRYPTON CLUSTERS

J.-C. Huang, G. H. Ho, E. W. Plummet, and M. I. [,estei (U. of P>?nri:;y W.mia)

We report the photoionization spectfa of the krypton clusters. Ki n (n>?-
in the energy range 90.7 - 94.5 eV, where excitation ot an election honi th<?
3d innei shell to the Rydberg states is expected.

The ktypton clusters were generated by supersonic expansion of
krypton gas through a conical nozzle (50 micron diameter and stagnation
pressures 0.8-5.0 atm). The skimmed molecular beam then interacted with the
monochromatic synchrotron light in the center of a time -of -flight (TOP)
spectrometer. The TOF chamber was coupled to the beam UIIP with a capillary
array in between: a prensuie difference of five orders of magnitude and • SOH,
light transmission wsie achieved by such airangement. The production of ions
was monitored by using the photoelectron-photoion coincidence (PEI'ICO)
technique. We weie able to record three Tass channels (typically Kr , Kr+,
and Krj+) and background simultaneously.

The photoionization spectra at the Krf*. Kr + , and KIT 1 channels at
different stagnation piessui^s ate shown in the figures. At 0.8 atm, out
spectra agreed well with tin- g^s phase measurements. [T.Hayashi et al,,
J.Phys.. B17, 3511 (1984)] The spectra at the Kr channel were identical
under all expetLmental conditions. The spectra of Kr-,+ remained partly atom
like. Moreover, additional broadening structures showed that the krypton
clusters exhibit a behavior intermediate between the gas phase and solid
extremes. [B. sonntag "Dielectric and Optical Properties" in Rare Gas Solids,
ed. H. I. Klein and J. A. Venables (Jcademie Press, London, 1977)1 A similar
broadening was observed at the Kr channel, and a baseline incline and
increment of relative Kr intensity with increasing pressures were found. To
account for our observation, we suggested the following: Aftei. cluster ion
production (Krn should be the major), extensive fragmentation fallowing
chatge transfer is most likely.

Supported by the Natjonal Science Foundation under contract DMR 88-19805.

i;i;;n
PIIOTOKMISSION SPI'CTROSCOI'Y FROM MONOUYRR GRAPIIiTK ON T n C ( l l l )
B.N Itchkawilz (tl of I'A). PF l.yman (ORNL). KW Plummer (I) of PA), and DM Zehncr (OKNI,)

F.lhylene decomposes upon exposure lo surfaces of transition melals •in;] Iransitioii melal
carbides .il elevated temperatures, forming a graphitic monolayer The inleraetion of !he
resultant graphite layer with the substrate has been described by other workers ,n terms of a
rigid band picture, in which charge exchange between the substrate and oveilayer causes ,i
displacement of the electronic bands of the overlayer toward higher binding energ} while
preserving the bands' overall structure We have investigated the electronic hand structuic of
(lie monol.iyer graphi(e/Ta('(l II) surface system using XPS. AKS. and ARUPS lo test the
validity of the rigid band picture

Figure I shows angle resolved pholoeleclron spectra at various emission angles along the
two symmetry planes of the overlayer The most notable featuic; in the spectra arc the a
and sr bands of the graphite monolayer, which disperse toward Ep with increasing !v The
initial stale energies of the graphite induced features are plotted as a function of k in Kig
2. along with a I.PAW calculation of the expected bands in bulk graphite [ I]

The calculated bulk hands bolli lie several eV below the bands measured from the
graphite mo/iolayer This is in qualitative agreement with rigid band model, which predicts
an equal displacement of all the valence bands relative to the positions calculated for bulk
graphite. However, the measured positions of the a and x bands and Iheir effective masses
differ significantly from the predicted values We conclude that hybridization between the TaC
substrate and the monolayer graplnte is not negligible, and the rigid band model is
quantitatively inconsistent with our measurements
|I|M Poslernnk. A BaldiTescln. AJ Freeman K Wnninoi -and M Wi-mrrt I'hys Rev I,PII !jQ Vlil IIMH)

Figure 1 Figure '•!

Kosenrrh sponsored by tlie Divismn ol Material Srinirps. Offico of Hasic Enrrgv Srimrcs US DDK umlc-i
conlrart DE AC05-84OR2M0O with Martin Marietta Energy Systems Inr and in part by .in appointment
(PPL) to the US DOE laboratory Cooperative Postgraduate Riwarrh Program adinmislercd in ffliAl' tin ami
by NSF DMR 89 -I266G
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ANGLE-RESOLVED PHOTOEMISSION STUDY OF H/Ag(lll) *

G. Lee, B. S. Itchkawitz, J. Q. Huang and E. W. Plummer (LRSM and U. of Penn)

We performed an angle-resolved UPS study on the hydrogen adsorbed on Ag(lll)
surface. For the adsorption, atomic hydrogen was generated from H2 passing
through the doser with a hot tungsten filament, because of the activation barrier
for the dissociative adsorption on silver. LEED pattern of H/Ag(lll) showed
sharp and bright 2x2 spots which indicate a well-ordered (2x2)-H overlayer phase,
with a possible substrate modification. New surface features were observed in the
spectra upon H adsorption and the dispersions of them were mapped out using the
off-normal emission measurement. In Fig. 1, the measured dispersions are
plotted along the high symmetry directions of the surface Brillouin zone of (111)
surface. Like H-adsorption on other metals, hydrogen bonding state is found
below the silver bulk bands at EB= 8.5 eV with width of - 0.7 eV. _Due to broad but
weak intensity, the identification of the bonding states along TK was difficult.
Above the bulk d bands, two sharp peaks with considerable dispersions were
observed within the band gaps of the surface projection of the Ag bulk bands near
the zone boundaries (M and K). We assign those states as the anti-bonding states
upon H-adsorption. Such occupied anti-bonding states have not been observed
for the feed 11) surfaces of the other metals investigated in the past, except for
H/Ti(0001). Existence of these anti-bonding states as well as the bonding states will
be very helpful for the determination of the bonding geometry (e.g. bonding site
and bond length) of H on silver, when combined with the theoretical calculation.

•Work supported by the NSF on grant DMR-91-20668

The Electronic Structures otp( 1x1) and D(2X11 Bion
MBE Grown GaSbd 10). D. N. MC ILROY' and D. HESKETT',
University of Rhode Island: A. B. MCLEAN, Queen's University;
N. J. DINARDO, Drexel University: R. LUDEKE and
H. MUNEKATA, IBM, Thomas J. Watson Research Center. -
The technique of angle-resolved photoemission with
synchrotron radiation was used to investigate the electronic
surface states of clean MBE grown GaSb(110) and the two
phases of Bi/GaSb(H0). Comparison of the electronic surface
states of the clean MBE grown GaSb(110) sample to a
previous study of a cleaved surface of a (110) single crystal of
GaSb showed good agreement. For the commensurate P(1X1)
bismuth structure three new surface states were observed at -
0.675eV, -1.17eV, and -2.96eV, relative to the Fermi level of
the sample, at the X' point of the Surface Brillouin Zone. For the
case of the commensurate p(2x1) phase of Bi/GaSb(110),
comparison to the clean substrate revealed only two new
surface states at -1.38eV and -3.HeV. The dispersion of the
Bi-induced surface states for the two phases have mapped
across the Surface Brillouin Zone.

'Partial support is acknowledged from the URI University
Council for Research.

U12B

Fig. 1 Dispersion of the H-induced peaks in the photoemission spectra for
H / Ag( 111) along M and K of clean SBZ

X M X'
DISPERSION OF GaSb( 110) - p( 1XI )Bi



W(100) SURFACE CORE LRVEL SHIFTS INDUCED BY S ADSORPTION
D.R. Mullins and P.F. I.yman (Oak Ridge National laboratory)

U12B

The binding energy of a core level for a surface atom may differ from that of bulk atoms
due to differing atomic coordination or to bonding to atoms adsorbed on the surface. This
phenomenon has been studied and exploited for the W 4f core levels to probe both clean and
adsorbate covered tungsten surfaces. We have applied the technique of surface core level
spectroscopy (SCLS) to study the effect of adsorption of atomic sulfur on the W(IOO) surface.

Pholoemission from the -)f7/2 core level on the clean surface of W(100) exhibits two
shifted core levels, St and S2. believed to arise from the outermost atomic layer and the next
underlying layer, respectively. The adsorption of atomic sulfur rapidly attenuates the
component S, from the outer layer, and at least two new W 4f7/2 states (termed S1 and S")
iissoeidted with W S interactions are introduced upon sulfur adsorption. The intensity of
these states is related to the coverage and structure of the sulfur ovcrlayer.

Figure 1 depicts the behavior of the bulk and the two original (clean) surface components
as a function of sulfur coverage, while Fig. 2 depicts the behavior of new features associated
with sulfur chemisorption S, is extinguished by 0.25 ML. indicating that by this coverage all
surface tungsten atoms are affected by sulfur. S' reaches a maximum at this coverage, and
we attribute it to tungsten atoms bonded to one sulfur atom. These observations are
consistent with the prevailing structural model for 0.25 ML. wherein sulfur atoms reside in
four-fold sites separated by twice the lattice spacing. Continued-adsorption in four-fold sites
results in tungsten atoms bonded to two sulfur atoms, by 0.5 ML. each surface tungsten atom
is bonded to two sulfur atoms This is consistent with the disappearance of s at 0.5 ML. The
origin of S" and the interpretation of the behavior of both S" and S2 with continued
adsorption are less straightforward. Both the binding energy and the behavior of S" suggest
that it arises from tungsten atoms bonded to two sulfur atoms. The correlation of S" and S2
then suggests that S2 derives intensity from both first and second layer tungsten atoms.

Figure I

Research sponsored by I he Division of Chemical Sciences and the Division of Material Sciences. Office of
B.ISK Knoifiv Sciences. US DOE under contract DE-ACO5-B4OR21400 with Martin Marietta Energy Systems. Inc.
.mil in jiiirl hv .111 appoinlmcnt (PFL) to the US DOE Postgraduate Research Program administered by ORAU.

U I 2 B
HYDROGEN INTERACTION WITH LIOIO) AND K(I10) SURFACES
P.T. Sprunger and E.W. Plummer (LRSM and U. of Pennsylvania)

We have studied the changes in the electronic structure of K(110) and
Li(llO) due to the interaction of atomic and molecular hydrogen using valence and
core spectroscopy. Alkali films (~1000A thick) were evaporated onto either Ag(llO)
or Ru(OOOl) substrates; upon annealing, alkali LEED patterns were reminiscent of
bcc(llO) crystal structure. As predicted theoretically, no evidence of H2
chemisorption is observed at the substrate temperatures investigated (2110 K).
However, the results of core level spectroscopy suggests that at 110 K adsorbed
atomic hydrogen forms a "surface hydride" phases; But upon annealing to ~ 250 K
(before hydrogen thermally desorbs) the hydrogen is absorbed irreversibly into the
bulk forming regions of bulk-like hydride. These results are consistent with our
earlier studies with other spectroscopies (EELS, LEED, A<W which have indicated
that the interaction of H on Li and K at 110 K has vibrational and electronic losses
characteristic of an adsorbed "surface hydride" system; but upon annealing, loss
spectra suggest that patches of clean metal and bulk hydride coexist at the surface.

Adsorption of H on K at 110 K (Fig. #1) is accompanied by a broad shift of
the surface/bulk K(3p) core towards higher binding energy, an attenuation of the
plasmon and LVV Auger excitations, and a new broad loss at ~7 eV attributed to
the formation of a gap in the surface hydride. Upon annealing to 275 K, a re-
emergence of the Auger and plasmon losses are observed, reminiscent of clean
K(110); however, the persistence of the broad shifted core suggests coexistences of
bulk hydride regions. Figure #2 shows similar behavior for the case of H/Li.
Adsorption of H at 110 K is accompanied by a large (-1.85 eV) shift of the surface
core while the bulk core peak remains unperturbed. Because of the inferred large
charge transfer, this is the "surface hydride" phase. Upon annealing to 250 K, the
spectra is comprised of a bulk hydride peak (-1.9 eV) and "clean" Li(Is) surface and
bulk cores; the hydrogen is absorbed into the subsurface forming small micro-
dusters of bulk-hydride which are surrounded clean surface/bulk Li regions.

• 1 • . , i . . . 1 . . . 1 . . . 1 . . . 1 . . . 1 . . . 1 •

10 12 14 52

Work supported by the NSF on grant DMR-89-03306
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Probing 2D electronic states within the bulk continuum

D. Swanston, A. B. McLean, Queen's University, Kingston, Ontario, D. N.
McILroy, D. Heskett, University of Rhode Island, Kingston, Rhode Island,
R. Ludeke, H. Munekata, IBM Thomas J. Watson Research Center, New
York. N. J. DiNardo, Drexel University. Philadelphia, M. Prietsch Freie
Universitat. Berlin.

The initial state dispersion of the two-dimensional electronic surface states on
the non-polar, InAs(llO) surface has been determined using momentum re-
solved photoelectron spectroscopy with synchrotron radiation. The InAs(llO)
surfaces were grown using molecular beam epitaxy on a GaAs(llO) substrate.
The .•U surface state, which arises from the lone pair on the As atom, is split-off
from the bulk bands away from the surface zone centre and it is clearly visible
in the photoemission spectra at the high symmetry points A', A" and M of
the surface reciprocal lattice. Lower lying surface states overlap more strongly
with the bulk bands and consequently it is harder to determine their band
dispersion. To alleviate this problem we have applied non-linear lineshape
analysis techniques to the valence bands photoemission spectra, to extract the
binding energy, and width of optical transitions. This procedure allows us to
determine the initial state dispersion of surface and interface state bands even
although they may overlap with bulk transitions. For example, we show below
a valence band photoemission spectrum probing the .4j surface state at the X
point of the surface zone with 16 eV linearly polarised light, together with the
results of our Hneshape analysis.
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Electronic Structure of Potassium overlayers on Si(lll)

-4 -3 -2 -1 0
Energy below VBM (eV)

H. H. Weitering (U. of Penn.), J. Chen (U. of Penn.), N. J. DiNardo (Drexel U.),
E. W. Plummer (U. of Penn.)

When alkali-metal atoms, are deposited on a clean semiconductor
surface, one expects that the interface would ultimately become metallic.
However, the exact mechanism of the interfacial metallization process is often
not clear. One of the most fundamental questions is whether the onset of
metallicity is due to the charge transfer of the alkali-metal valence electrons
into the unoccupied surface states of the semiconductor (substrate
metallization) or whether the overlayer itself becomes metallic at some critical
coverage (Mott transition). We have studied the evolution of the electronic
structure of the Si(lll)7x7 and the Si(lllX/3x/3)K30°-B surfaces as a function
of K coverage, using angle resolved photoemission spectroscopy. In contrast to
the Si( l l l )7x7 surface, there is no "metallic" surface state at the
Si(lll)(/3x/3)R30°-B surface. It is expected that a comparative study of the K-
induced metallization of these surfaces may reveal the nature of the
metallization process.

At K-saturation coverage (room temperature) the K/Si(lllX/3x/3)R30°-B
and K/Si(lll)7x7 interfaces appear to be semiconducting, i.e. there are no
surface states at the Fermi level. Instead, at both types of interface, a K-induced
surface state is observed below EF. Its energy decreases only slightly for wave
vectors approaching the zone boundaries. We attribute this state to a bonding
combination of the Si dangling bond state and the K 4s orbital. Its dispersion
suggests that this state is rather localized. Since according to a single-particle
picture, the K7Si(/3x/3)R30o-B interface should be metallic, the semi-
conducting nature of both types of interface suggests that their electronic
properties are dominated by electron-electron correlation effects. We have
conclusive evidence that the onset of metallization and long range conductivity
occurs during the development of the second layer.

This work was supported by NSF/MRL program DMR-9120668, NSLS is
funded by the US Department of Energy.
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DE-EXCITATION SPECTRA IN ACETONE

De Jl, C-I Ma, C. M. Woodbridge, S. Chen, and D. M. Hanson (SUNY at Stony Brook)
S. L. Hulbert (NSLS, BNL)

In recent years, several papers have been
published on small molecule de-excitation spectra
from core-excited and core-ionized species
because of their simple structure. In this report,
autoionization and Auger spectra from core-
excitation of !s - i* (carbonyl carbon and
oxygen, Figure 3) and Is - 3p (methyl carbon,
Figure 3), core-ionization of Is - k edges
(carbon, Figure 4) and Is - shape resonances
(carbon, Figure 5) for a large molecule, acetone,
were obtained with high photon resolution
(U13UA.) and a low pass energy on the
hemispherical analyzer.

These spectra provide information not only
about two-hole, doubly-charged final states
(Auger decay) but also about one-hole and two-
hole/one-particle, singly charged final states
(autoionization). The ion yield and electron de-
excitation spectra in acetone are shown in Figures
1-5.
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Beam Line U13UA
RESONANCE AUGER SPECTRA OF METHANE
C.M.Woodbrldge, S.Y.Chen, D.Ji, C.I.Ma, and D.M.Hanson (SUNY at Stony Brook)
S.L. Hulbert (NSLS, BNL)

The high photon flux and resolution of the U13UA undulator beamline made it
possible to obtain resonance Auger spectra at four different closely spaced C(1s)
resonances. These spectra, as well as an Auger spectrum, with excitation energies:
hv» 287, 288, 289, 290, and 330 eV are shown below. A hemispherical electron
energy analyzer was used with a resolution of about 0.5 eV.

While only the most preliminary analysis has been done at this time, the
resonance Auger spectra have contributions from both two-hole-one-electron states
(spectator decay) and one-hole states (participator decay). The similarities with the
Auger spectrum taken in the continuum (two-hole states) reveal the presence of two-
hole-one-electron states. It also is noteworthy that a spectrum was obtained for the
relatively weak 3s(a-|) < - i s dipole forbidden transition.

This work was supported by National Science Foundation.
This research was supported by the National Science Foundation (Grant CHE-8921729)
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SOFT-X-RAY PROJECTION LITHOGRAPHY

R. Freeman, J. Bjorkholm, J. Bokor, K. Early, L. Eichner, il,
Hiroel, T. Jewell, A. MacDowell, L. Szeto, 3. Taylor, D. Tennant,
U. Waskiewicz, D. White, D. Windt, 0. Wood, II and 2. Tan (AT&T
Bell Laos.), P. Takacs (BNL), J. 3runing (GCA/Tropel), K. Ruda
(Talandic Res.) and K. Thompson (Opt. Res. Assoc).

The goal of this project is to evaluate the feasibility of
soft-x-ray projection lithography at the sub-tenth micron level.
Our aost recent progress includes the following:

1. ",Je have demonstrated for the first tine a process for the
repair of soft-x-ray reflection masks that consist of a patterned
Ge absorbing layer on top of a Ho/Si multilayer reflectori The
repair process involves the use of a focused gallium ion beam
operating at 20 kv to either add missing absorber or remove
excess absorber. We used a Mo/Si multilayer-coated 1:1 ring-
field optic, illuminated at 12.9 nra, to evaluate a multilayer
reflection mask containing both repaired and unrepaired defects
in the absorber (see Figure).

a)

Figure: SEM photographs of developed images of a) repaired and b)
unrepaired regions of a reflection mask in Ray-Pti resist printed
with a IX soft-x-ray camera.

2. In collaboration with J. !•!. Calvert et al. of the Naval
Research Laboratory, we demonstrated a new surface-imaging-resist
technology in the soft-x-ray region involving the patterning of
self-assembled monolayer films, which are then selectively metal-
lized using electroless deposition? Using this technology, very
grainy but clearly resolved images of 0.1 micron lines and spaces
were produced with 13.9 nm radiation at doses of 10 - 20 mj/cra2.
Because this new resist technology involves the use of thin (1
nir,) imaging layers, it could make the large resist absorption
characteristic of this wavelength region less of a proolem.
1D. :•;. Tennant, A. A. ;;acDovell, P. P. tlulgrew, J. z. Pastalan,
W. E. Vlaskiewicz, D. L. Windt and 0. R. Wood, II, in Soft-X-Ray
Projection Lithography Technical Digest. 1992 (Optical Society of
America, Washington, D.C., 1992), Vol. 8, pp. 98-99.
2J. :i. Calvert, et al., J. Vac. Sci. Technol. B J, 3447(1991).
Supported by AT&T & IJIST under Coop. Agreement t.'o. 70NAUB1H1115.

ELECTRONIC AND CHEMICAL PROPERTIES OF Li-Au AND Cs-AU FILMS ON
ftu(OOl). J.A. Rodriguez, Y.H. Yang, J. Hrbek (BNL), M. Kuhn and
T.K. Sham (UWO).

The core and valence levels of Li-Au and Cs-Au films have been
studied using synchrotron radiation. For Li-Au, the results of
valence-band photoemission show no band gap in the region close to
the Fermi level indicating that this compound has metallic
properties. In contrast, the valence spectra of CsAu show the
typical band gap expected for a highly ionic compound1-2. The
formation of alkali-gold bonds induces shifts in the core levels
that are not controlled exclusively by changes in the charge of the
metal centers. Alloys saturated
with Cs or Li show shifts of
+1.3 or +0.7 eV, respectively,
in the Au(4f) levels.

LiAu and CsAu compounds are
very reactive toward oxygen. The
presence of oxygen shifts the
Au(4f) levels of the alkali-gold
alloys toward lower binding
energy. The interaction of O,
with CsAu at 100 K produces O2
(the only oxygen species at low
0; exposures) and O2\ Annealing
of the 02/csAu film to 300 K
leads to the disappearance of O2'
and the appearance of 0:. The
adsorption of 02 on Li-Au alloys
at 300 K produces the O,- ion
together
species.

with another oxygen —

1. G.K. Hertheim, C.W. Bates
and D.N.E. Buchanan, Solid State
Commun. 4£, 727 (1983).
2. M. Skottke-Klein, A.
Bbttcher, R. Imbeck, S. Kennou,
A. Horgante and G. Ertl, Thin
Solid Films 201, 131 (1991).

This work was carried out at BNL under contract No. DE-AC02-
76CH00016 with the US Department of Energy, Office of Basic Energy
Sciences, Chemical Science. Division. M. Kuhn and T.K. Sham thank
the Ontario Center for Materials Research and the Natural Science
and Engineering Research Council of Canada.
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LINESH APE OF THE TI M23VV AUGER SPECTRUM FROM THE NEARLY PERFECT 1102(110)
SURFACE MEASURED BY AUGER PHOTOELECTRON COINCIDENCE SPECTROSCOPY
A.K. Sec. R.A. Bartynski (Rulgcrs U.); C. -C. Kao and SX. Hulbort (NSLS)

To investigate the valence band electronic structure local to the cation in an oxide, we
have measured the Ti M 2 3 W Auger spectrum in coincidence with Ti 3p photoelectrons from the
TiO2(l 10) surface. Fig. 1 shows the coincidence Auger spectrum. It is characterized by a high
kinetic energy threshold near 25 eV, followed by a broad emission feature, extending to 12.5 eV,
below which the secondary background begins to rise sharply. W e associate the structure be-
tween 12.5 and 25 eV with pr imary Auger emission. Without further analysis, we see that this
spectrum differs from the predictions of the independent electron approximation in two ways:(l)
the threshold is shifted by 2 eV to lower energy; and (2) the width of primary emission in this
spectrum is larger than twice the valence band width.

In o rder to study the l ineshape of the
M23VV Auger spectrum in more detail, we have
subtracted a smooth background represented by
the dashed line in Fig. 1 to account for the sec- 1
ondary electron contribution to the spectrum.
Tne remaining emission is plotted in Fig. 2. The |
dot-dashed curve in this figure is the SCDOS lo- J
cal to the Ti ions which is primarily composed of g
the O-Ti bonding orbital near the botlom of the |
valence band. This lineshapc is expected if the §
final state has uncorrelated holes o n two differ- u

cnt oxygen sites. The dominant participation of
the bonding orbitals in this Auger tiansition ex-
plains the delayed onset of the spectrum, but the
low kinetic energy emission is still unaccounted
for. If we consider the possibility that the two
final holes are localized on the same O site, then
w e must include a Coulomb repulsion of about 6
eV, as is seen on many other oxide systems. The
dotted curve in Fig. 2 is the l ineshape predicted
using the Cini-Sawatzky theory for two corre-
lated holes assuming U = 6 eV (which is approx-
imately equal to the bandwidth, W). The result
is a spectrum which is sharply peaked n a r 15
cV and accounts for the addit ional width of the
observed spec t rum quite well. W e conclude,
therefore, that there are two contributions to the
observed Auger spect rum: the high energy
emission is from Auger final states where two
uncorrclated holes are on different O sites and
the low kinetic energy feature corresponds to
two holes localized on the same anion, experi-
encing a Coulomb interaction energy U - 6 e V . Kin.ocEi>«tty«V>

This work was supported by NSF grant No. DMR89-07553

U14A

ELECTRONIC STRUCTURE OF ICOSAHEDRAL AL^Cl^F*,, AND CRYSTALLINE
AI7CuaFe

Zbigniew M. Stadnik (U. of Ottawa, Canada)

A current problem in condensed-matter physics is to determine how the recently
discovered quasiperiodic crystal structure affects various physical properties of a
material, and its electronic structure in particular. It is expected that quasiperiodicity
should lead to some exotic physical properties found neither in crystalline nor in
amorphous alloys. In this work, the valence-band photoelectron spectra of high-quality,
single-phase icosahedral AI^Cu^Fe^ and crystalline AI7Cu2Fe have been measured in
the photon energy range hv = 40 to 160 eV.

Valence-band spectra of A^Cu^Fe,., and A^CujFe at hv = 100 eV (Fig. 1) exhibit
two broad peaks: peak A at about 0.7 eV below EF, and peak B at about 4.0 eV below
EF. The intensity of peak A changes noticeably near the Fe 3p-»3d transition at about
53 eV (Fig. 2). This proves that peak A contains a significant contribution from the Fe
3d states. Peak B is mainly due to the Cu 3d states (Fig. 1).

The valence-band spectra of AluCu.,0Fe15 and AljCujFe are very similar (Fig. 1).
No unusual features of width greater than 0.4 eV in the valence band of Al^Cu^Fe,.,
which could be ascribed to its quasiperiodic nature, are observed (Fig. 1). The low
intensity at EF observed for both alloys (Fig. 1) is indicative of the low DOS(EF).
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This work was supported by the Natural Sciences and Engineering Research Council
of Canada.



U14A

COVERAGE-DEPENDENT INVESTIGATION OF Na ON CU(UQ)

C. Su, X. Shi , D. Tang, D. Heskett ( U . R . I . ) ; and K.I). Tsuei (B.N.I..)

We have ca r r i ed out core level photoemission measurements of the
coverage dependence of Na/CultlO) at room temperature. The r e s u l t s of
LEED and work function measurements a re q u a l i t a t i v e l y s imi lar t o most
o ther i nves t iga t ions of a l k a l i adsorpt ion on fcc(LlO) metal sur faces with
the observat ion of an a lka l i - induced (ly.2) recons t ruc t ion a t in termedia te
coverage. The comparison erf coverage—dependent core level binding energy
s h i f t s between Na/Cu(llO) and Na/Cu(l l l ) reveals t h a t a low coverage
plateau in the curve of binding energy v s . Na coverage for Na/CuUlO) (see
Figure below) is associa ted with the Na-induced r e c o n s t r u c t i o n , and can be
accounted for within a local ized p i c t u r e of the r e c o n s t r u c t i o n .
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U15
FRAGMENTATION OF CF3BR ELECTRON MULTIPLE-ION COINCIDENCE
MEASUREMENTS*

T.A. Ferrett, G. Harbers, S. Hsieh, and D. Vosen (Carleton College) and K. Lee, C.I.
Ma, and D M . Hanson (SUNY, Stony Brook)

Electron multiple-ion coincidence data were collected in the vicinity of the F Is
edge for gaseous CF3Br using two types of electron detection. One technique used
Auger and photoelectrons of all energies as coincidence triggers for time-of-flight (TOF)
ion spectra; thus, all fragmentation pathways were probed. A more difficult and
selective experiment involved detection of the highest kinetic-energy F Is Auger
electrons as triggers for the ion measurements. This second technique essentially views
fragmentation originating from a much more limited group of electronic states of
CF3B12"1" (or CF3Br+).

There are substantial differences between total mass spectra taken in the F Is
ionization continuum near 730 eV photon energy using these two techniques (see spectra
below; the right-hand edge of the TOF scale corresponds to 10 microseconds). For
example, though the Br2 ion fragment is observed in the more inclusive experiment
(left), the selective spectrum triggered by particular F Is Auger electrons (right) displays
little if any Br^+ sign*). Further dttt analysis is aimed at elucidating how bond
breakage depends on die electronic makeup of the molecule just prior to fragmentation.
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Time of Flight

* This material is based upon work supported by Carleton College, a William and Flora
Hewlett Foundation Award of Research Corporation, a BNL Faculty-Student Travel
Grant, and the National Science Foundation under Grant No. CHE-9110614.



U15
FRAGMENTATION STUDIES ON CF3CI, CF2CI2, AND CFCI3 USING
ELECTRON-MULTIPLE-ION COINCIDENCE TECHNIQUES*

T.A. Ferrett, G. Harbers, S. Hsieh, and D. Vosen (Carleton College) and K. Lee, C.I.
Ma, and D.M. Hanson (SUNY, Stony Brook)

Fragmentation patterns for a series of gaseous freons (CF3CI, CF2CI2, and
CFCI3) were investigated by initial excitation/ionization of the F Is core electrons
(Binding Energy -700 eV). Synchrotron radiation was tuned to four photon-energies: 1)
just above the C Is edge (-320 eV), 2) just below the F Is edge, 3) on a F Is discrete
resonance, and 4) in the F Is ionization continuum. At these incident energies, time-of-
flight (TOF) ion mass spectra and electron-ion-ion coincidence maps were obtained by
triggering off electrons of all energies, with enhanced sensitivity to low-energy electrons.
This technique allows us to probe all fragmentation events, including those which fol'.ow
multiple-electron emission. We have improved the preliminary data set taken in 1991
with increased statistics and sensitivity to high mass fragments.

At all photon energies, overall changes in the relative peak intensities of F + ,
Cl + , C F + , and CC1+ compared to C + are consistent with the differing numbers of F
and Cl atoms in the freons. For CF3CI, excitation or ionization of the F Is electron
produces fewer CF2 ions and other 3-4 atom molecular fragments relative to C + .
Similarly, for CF2CI2 the CF2+ /CC1+ peak ratio decreases noticeably as photon
energy increases. Corresponding changes in the mass spectra for CFCI3 are less
pronounced, consistent with the smaller contribution of fragmentation related to the F Is
core electron.

Continuing data analysis will include extraction of peak areas in the mass spectra
and an investigation of the ion-ion coincidence maps; this should provide some
information on the kinetic energy imparted to the ion fragments. Such an approach has
led to mechanistic information on the fragmentation dynamics of small molecules studied
by others.

This material is based upon work supported by Carleton College, a William and Flora
Hewlett Foundation Award of Research Corporation, a BNL Faculty-Student Travel
Grant, and the National Science Foundation under Grant No. CHE-9110614.

U15

SITE-SELECTIVE EXCITATION IN CRYOGENIC FILMS

P. Hintz, M. Sowa, H. Fu, Z. Y. Chiu, Z. Wan, and S. Anderson, (SUNY @ Stony Brook)

A new experiment designed to probe site-selective core-level excitation in cryogenic films
was constructed and tested in two runs on U1S. The idea is to freeze molecules in a cryogenic
matrix, photolyzc with monochromatic x-rays tuned to absorption features, then probe the
photochemistry with in situ Fourier transform IR spectrometry, and mass spectrometry. Test
molecules were cyanobenzaldehyde and S-oxohexanenitrile, which were chosen because they have
groups (CO and CN) at opposite ends of the molecule which are both IR and x-ray chromaphorcs.

The major problem anticipated in
the experiment was low x-ray flux,
however this did not prove to be a
serious limitation, as easily measurable
photochemical changes were obtained
after one hour of irradiation. A more
serious problem was that our current
cold head is only capable of reaching
10K, which is only sufficient to freeze
matrix host species such as argon, which
have large x-ray cross sections. For this
reason, we chose to work in neat films.
This has the disadvantage that energy
transfer between neighboring molecules
is facile, and this makes interpretation of
the results quite difficult.

The figure shows changes
induced in the CO stretching region of
the S-oxohexanenitrilc 1R spectrum by
irradiation a several energies just above
and below the N and O K-cdges. The
spectra are normalized for total photon
fluence, and thus show the differences
from photolysis at x-ray energies. Similar
effects are observed for the CN stretch.

Current plans arc to refit the
instrument with a liquid helium cryostat,
which will allow us to reach temperatures
where H2 can be frozen. This will allow experiments in a matrix, where the host has a small x-ray
cross section, and where interactions between target molecules can be eliminated.

1775 1725 1675 1625
- 1

Wavenumber (cm )

This work supported by the US Office of Naval Research (NOO01492J12O2) Mechanics Division



ERAEMICO USING 4JI COLLECTION TOF
(Energy Resolved, Auger-Electron, Jjjuliiplc-lon Coincidence)

Beam line U15

C.-l. Ma, Dc Ji, K. Lee, D. Y. Kim, S. Y. Chen, and D. M. Hanson (SUNY at Stony Brook)

Monochromatic synchrotron radiation is used to excite Is electrons of the terminal
and central nitrogen of N2O to the shape resonance. Electronic decay of the core hole is
monitored by a multi-anode hemispherical energy analyzer. Fragmentation ions in
coincidence with Auger electrons are collected by a TOF spectrometer. The figure shows a
double ion coincidence map obtained for Auger electron energies in the range 326 - 344 eV.
The TOF spectrometer collects the entire 4it angular distribution of energetic fragment ions
up to 20 eV in the mass range of interest while maintaining a small potential gradient ( 50
V/cm ) at the interaction region to allow electron energy analysis. This is achieved by using
two lens systems to compensate the transverse velocity of energetic ions. The resulting
high coincidence rate facilitates the detection of multiple-ion coincidences that intrinsically
have lower signal-to-noise than single ion mass spectrum. With electron energy analysis,
the branching rations for different dissociation channels from specific molecular ion state
can be determined alone with momentum and angular distribution for the products.

first ion

220 260 300 340 3S0

This research was supported by the National Science Foundation (CHE-8703340).

BEAM LINE IH.S

ROTATIONAL DISTRIBUTIONS OF MOLECULAR IONS FOLLOWING

CORE EXCITATION AND DECAY

H. Mahallngam, K.Lee, and D. M. Hanson (SUNY at Stony Brook)

Rotationally-resolved fluorescence spectra of N2+ (B2£u+.»x^Zg+) transition were

obtained following excitation at three different energies corresponding to the it* resonance,

the shape resonance, and the continuum. In contrast to the case of valence lonizatlon, the

rotational distributions do not show a significant variation with excitation energy (Fig.). The

similarity of these distributions Is attributed to the uniformly high kinetic energy of the

emitted electron. For high KE of the ejected electron, the details of the nodal characteristics

of the continuum wave functions, that distinguish between two angular momentum states

become less discernible resulting In similar rotational distributions for different excitation

energies. This Is consistent with an Interchannel coupling mechanism for the production of

these ions which Involves a transfer of oscillator strength from core excitation to the valence

continuum. The interchannel coupling mechanism also is supported by the similarity of the

ion yield and the luminescence yield spectra.
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This research is supported by National Science Foundation Grant No. CHE-8921729



BEAM LINE U-15

VIBRATIONALLY RESOLVED LUMINESCENCE SPECTRA OF TRIATOMIC MOLECULES
FOLLOWING CORE EXCITATION AND DECAY

M. Mahallngam, K. Lt», and D. M. Hanson (SUNY at Stony Brook)

Luminescence spectra with vibrational resolution have beBn obtained for N2O and CO2 following coro

excitation and decay. Luminescence from the A2£+-» X 2 n transition of H^O* was observed following excitation

at the five different photon energies, 401.1 eV (N( resonance, (Fig. 1)), 404.7 eV (Nc resonance), 425 »V (N

shape resonance), 534.6 eV (O pre-edge resonance), 550 eV (O continuum). For CO2, luminescence spectra

corresponding to the B2ru
+-» X2rlg and the A2nu-» X2rig transitions wars obtained fallowing excitation at

535.4 oV (O pre-edge resonance, (Rg.2)). 545.4 eV, 560 eV (O continuum), and 310 eV \fi continuum). These

are the first vibrationally resolved luminescence spectra of trialomic molecules observed following core

excitation and decay. Unlike the case of valence excitation, no significant difference is observed 1or the

vibrational branching ratios obtained at different photon energies for the case of NjO. Analysis, of the observed

results is in progress.

1.01""-
(000)-*(000) hv = 401.1 tV(Nt res.)
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This research is supported by the National Science Foundation Grant No. CHF-8921729

BEAM LINE U15
LOCAL ENVIRONMENT ABOUT THE O ATOMS IN
Pr-Y-Ba-Cu-0 THIN FILMS STUDIED BY X-RAY
ABSORPTION FINE STRUCTURE ( X A F S )
SPECTROSCOPY

YX. Soo, A. Krol, S. Huang, Z. H. Ming, and Y. H. Kao (SUNY/Buffalo),

G. C. Smith (Brookhaven National Laboratory)

The local environment about O atoms in PrxY* BaoCuqO^ thin films have been investigated
by x-ray absorption fine structure (XAFS) spectroscopy at the O Is edge using bulk-sensitive
fluorescence-yield-dctcction method at 40 K. The PrjYj.jjBagCi^Oy thin films were obtained
by laser ablation. The e-crystallographic axis of the films was perpendicular to the substrate
surface. During the experiment the orientation of the x-ray electric Uvector was parallel to
the film surface i.e. to the plane defined by o- and i-crystallograpliic axis. The dominant
peak in the magnitude of Fourier transform, between 0.8 And 2.4 A is due to XAFS
interference from the three nearest Cu shells at average distance 1.94 A. In order to spectrally
isolate these first three shells the XAFS spectrum was backtraiisformed using suitable window
function. The resulting kxD(k) fu"c'ion is shown in Fig. I as open circles. A theoretical
XAFS was then fitted for the samples with different Pr content (0.0 < x < 0.4) and the result
of this procedure obtained for x=0.4 is represented by solid line in Fig. I. The obtained length
of the bonds is practically unchanged within error limits ( ~ ± 0.03A) as compared to the
crystallographic data obtained for undoped Trims at room temperature. No substitution of Cu
by Pr atoms or presence of interstitial Pr has been detected. The environment of O atoms docs
not exhibit any significant increase of disorder with increase of the Pr content. The XAFS
difference spectrum exclusively due to the distant shells of Y at 2.39 A, O at 2.72 A, Ba at
2.84 A, and Cu at 3.66 A was also obtained. The obtained k^i^k) function is shown in Fig. 2
as open circles. A theoretical XAFS was then fitted for the samples with different Pr content
(0.0 < x < 0.4) and the result of this procedure, obtained for x=0.4, is represented by solid line
in Fig. 2. One can conclude that the majority of Pr substitute for Y atoms without significant
changes in the length of bonds as compared to the undoped films.
The research at SUNY/Buffalo is supported by DOE under Grant No. DE-FG02-87EIM5283.
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Fig. 1. Isolated XAFS contribution of the
first 3 Cu shells (open circles) vs. fit
(solid line) obtained for x=0.4.

Fig. 2. Isolated XAFS contribution of the
distant Y, Ba, O, and Cu shells (open circles)
vs. fit (solid line) obtained for x=0.4.



OFF-NORMAL ELECTRONIC STRUCTURE OF PARAMAGNETIC GD.
U16A

A.B. Andrews, Bong Soo Kim, J.L. Erskine (U. of Texas).

We have investigated band structure along the T-Kbar and T-Mbar directions for

paramagnetic Gd. The figure compares our data with a relativisric band calculation. The location

of the i y point was inferred from our normal emission data1 by applying the direct transition

model. The s-like A; band is obscured in

normal emission geometry because the I"i+

critical point occurs at a minimum in the DOS

and the cross section for the d-like A2 band is

much larger, however the location of the Aj

band minimum can be inferred from the off-

normal data and is found to be consistent

with the band narrowing measured for the

upper A2 branch (-50%), which is

attributable to strong correlation effects.

EDCs taken along the T-Mbar direction (not

shown) show in addition, a prorninent non-

dispersive feature at ~2 eV binding energy

which we assign to emission from the M-L

points at the zone boundary in the bulk.

Enhancement of features associated with a

high density of states is due to momentum

averaging,2 nonetheless the bands show

significant dispersion. Analysis of the

linewidth of the ij} surface state as a

function of temperature reveals no additional

broadening beyond that expected on the basis

of Fermi statistics.

[1] B.S.Kim, A.B. Andrews, K.Kim, B.N. Harmon and J.L.Erskine, Phys. Rev Lett. 68,
1931 (1992)
[2] F.J. Himpsel and B. Reihl, Phys. Rev. B 29, 574 (1983)

Work supported by NSF/DMR-8922359

U16A
HIGH-RESOLUTION PHOTOELECTRON SPECTROSCOPY STUDY OF (V3xV3)R30° Ag
ONSi(lll)

G.S Herman (NRL), J. Woicik (NIST), A.B. Andrews (AT&T), J.L. Erskine (U. of Texas,
Austin), and M.N. Kabler (NRL)

The structure of the (V3xV3)R3O° Ag/Si(lll) interface has received considerable

attention and has been studied by nearly every surface science technique [1]. During the past

few years several studies have, with different techniques, arrived at similar models for the

atomic structure of the V3 surface. Questions still remain on the Ag coverage to form this

surface and the possible co-existance of structurally different domains. Recently, temperature

dependent studies of the V3 surface phase formation have been under investigation [2]. We

have used high-resolution surface sensitive photoemission to study the Si 2p core level of the

(V3x^3)R30° Ag/Si(lll) surface. Significant differences are observed in the spectra with

respect to the deposition temperature (T(j) and three surface components of the Si 2p levels are

found. These results indicate that different surface preparations may be the result of the

controversy over this structure.

0 1.0 -2.0 -1.0

Binding Etatgy («V nbtivi to B * )

Surface sensitive Si 2p core level spectra (•) taken with a photon energy of 130 eV for two

different preparations of the Ag/Si(lll)-(V3xV3)R30° surface. The decomposition of the

spectra into the B, Si, S2 and S3 components is shown by the various curves under the

spectrum.

1) M. Katayama, R.S. Williams, M. Kato, E. Nomura, and M. Aono, Phys. Rev. Lett 66

(1991) 2762, and references therein.

2) G. Raynerd, M. Hardiman, and J.A. Venables, Phys. Rev. B44 (1991) 13803.



U16A

Surface and Bulk Photoelectron Diffraction from W(11O) 41 Core-Levels

B. Kim, J. Chen, J.L. Ersklne (U. of Texas, Austin), W.N. Mel (U. of Nebraska),
and CM. Wei (Academla Slnlca, China)

Energy and angle-dependent photoelectron cross-sections from surface and bulk W(110)
4f7/2 core-levels are measured and compared with dynamical multiple scattering calculations.
Forward scattering enhancements along bond directions are observed under selected scattering
conditions. In all cases, final state multiple scattering accounts for the principal energy and angle-
dependent dependencies in the cross-section. The agreement between experimental and
theoretical results is found to be significantly better than corresponding previous studies1, and
the new resulls offer more hope that core-level photoelectron diffraction can be exploited as a
structural probe of the surface.

Figure Caption:
Angular dependence of
the surface-to-bulk ratio of
photoemission from the
W(11O) 4f core-levels.
Inset, description of
scattering geometry and
incident polarization. Solid
line, multiple scattering
calculations. Solid circles,
experimental data. The
agreement is good and
comparable to typical
LEED IV studies.

W(110)4l
h v . !36eV
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1 Y. Jugnel et ai, Phys. Rev. B 37,8066 (1988).

Research supported by NSF DMR89-22359.

U16B

Beam Induced Damage in a Chemisorbed Monolayer of PF3 on Ru(0001)

H.-S. Tao, U. Diebold and T. E. Madey, Laboratory for Surface Modification and
Department of Physics and Astronomy, Rutgers University

V. Chakarian, D. K. Shun and J. A. Yarmoff, Department of Physics, University of
California-Riverside

N. D. Shinn, Division 1114, Sandia National Laboratories

Radiation damage of adsorbed molecules on surfaces is a subject of current interest.
Recently, Joyce et al.(') showed that radiation damage in a monolayer of PF3 on Ru (0001)
results in a large P2p core level shift of - 6 eV between PF3(a) and P(a). They also
demonstrated that, following electron or photon bombardment, P2p core levels associated
with PF3, PF2, PF and P are well resolved in the photoemission spectrum.

We report the initial results of a quantitative soft X-ray photoemission spectroscopy
(SXPS) study of dissociation of chemisorbed PF3 on Ru(O001), induced by 550 eV
electrons. We take advantage of the large P2p core level shift induced by flourine to
monitor the concentrations of PF3, PF2, PF and P as a function of electron dose. Fig.l
shows a sequence of photoemission spectra after increasing amounts of beam damage to
the saturation coverage (0.33 ML) of PF3 at 100K, Using Gaussian peak shapes, we
decomposed and fit the P2p core level photoemission spectra to determine the concentra-
tions. The concentrations as a function of electron dose are shown in Fig.2.

Preliminary results show that the initial dissociation cross section decreases as coverage
increases (6xlO'17 cm2 at 0.09 ML, 3xlO"17 cm2 at 0.33 ML). This is believed to be a
consequence of competition between substrate and intermoleculardcexcitauon mechanisms.
The kinetics of formation and dissociation of the PF3, PF2 and PF are complicated and
cannot be fit using simple rate expressions.

OS. A. Joyce. J. A. Yarmoff and T. E. Madey, NSLS Annual Report 1989, 170

SXPS, hv= 160 eV

20 24 28
Kinetic Energy (eV)

Fig.l

Electron dose (xlO C/cnT)
Fig.2



U16A

DIFFERENTIATION BETWEEN THE Si( l l l ) V3xV3-In and V3xV3-Sb SURFACE

STRUCTURES BY HIGH RESOLUTION Si 2p CORE LEVEL SPECTROSCOPY.

J.C. Woicik (NIST), A.B. Andrews, (U. of Texas), Boong Soo Kim (U. of Texas), G.S.

Herman (NRL), T. Kendelewicz. (Stanford U.), and J.L. Erskine (U. of Texas).

Although ihe Si(l 11) V3xV3-ln and V3xV3-Sb surfaces differ in overlayer coverage (1/3

and 1 ML, respectively), they have very similar low energy electron diffraction patterns. We

have therefore investigated their bonding structures with high resolution Si 2p core level

spectroscopy in order lo differentiate between them. Using the lineshape parameters obtained

from a highly resolved single component Si( 111) 1 x 1 -Bi surface, our core level decompositions

reveal a single surface shifted component for the Sb covered surface whereas the In covered

surface exhibits two surface shifted components. This lineshape analysis is consistent with the

1/3 monolayer of In atoms occupying the T4 absorption sites where each In atom is bonded to

both first and second layer Si atoms. The Sb atoms, on the other hand, form trimers in the T4

geometry which are bonded lo only the top Si layer.

Kinetic Energy (eV)

This work was supported, in part, by Science and Technology Center program of NSF

grant number CHE-89-2()l*v.

U16B

Oxygen Fluorescence Study of Silica, Quartz, and Zeolite ZSM-5

T.N. Rhodin, H..P. Merrill, P. O'Hagan, S.C. Woronick, (Cornell University),
A.W. Chester, and G.L. Woolery (Mobil Research and Development Corporation).

Fluorescence measurements are well suited for probing surface and bull structure of insulating ma-
terials. The technique is not vulnerable to charging effects and provides information from several photon
absorption lengths deep (aiew thousand Angstroms for soft x rays in low-Z materials). Oxygen fluorescence
measurements have been performed on quartz, pressed silica powder, and the ammonium salt of ZSM-5
zeolite (pressed) powder with incident photon energies ranging from 500 to 1000 eV. The fluorescence de-
tector used in this measurement was an ultra-low-energy Ge-based solid-state detector with an aluminized
polymer window and was manufactured by Canberra. The detector was mounted on a linear translator
attached to the Cornell ultra-high vacuum measurement chamber. The Cornell chamber provides for the
rapid introduction of samples from atmospheric pressure into 10~10 torr vacuum through a port on the
preparation chamber (used in the present work for room-temperature out-gassing of samples). Figure
1 shows the near-edge region of the absorption spectrum for the three materials. The similarity of the
data suggests that the chemical environment of oxygen in the three materials is very similar. This is not
surprising, as all three structures are largely made up of SiO4 tetrahedra (with shared corners). ZSM-5 is
a zeolite (an ordered oxide of silicon and aluminum, useful as a catalyst or catalyst support) with a Si/Al
(atomic density) ratio of 25/1.

Standard EXAFS techniques have been used to extract the function k'X(k) from the fluorescence
spectrum obtained beyond the near-edge region for each of the three materials. These have been Fourier
transformed and the resulting magnitudes plotted in Figure 2. This plot has not been phase-shift corrected.
A theoretical phase-shift correction has been done using of the analysis program EXCUKV88 [1], and this
results in nearest-neighbor distances of 1.61, 1.63, and 1.60 A for quartz, silica, and ZSM-5 respectively.
These values fall into the expected range for O-Si bonds. The second largest peak in the silica and quartz
transforms represents oxygen atoms which are second-nearest neighbors to the absorber (oxygen). Beyond
the first shell, the ZSM-5 transform does not correspond closely with cither silica or quartz, but instead
displays a large peak just beyond the first neighbor peak. This distance is too short to correspond to an
0-0 distance, but may be related to the presence of the ammonium ion (e.g. O-N absorber-scattcrers).

[1] "SER.C Daresbury Laboratory EXCURV88 program," N. Binstead, S.J. Gurman, and J.W. Camp-
bell (1986).
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This work has been supported by Mobil Research and Development Corporation and the Cornell
Materials Science Center.



U16B
Oxygen Near-Edge Spectroscopic Study of the Colcinntion of Alumina Monohydratc

T.N. Rhodin, R.P. Merrill, P. O'Hngnn, S.C. Woronick, (Cornell University),
A.W. Chester, and G.L. Woolery (Mobil Research and Development Corporation).

Fluorescence measurements are well suited for probing surface and bulk properties of insulat-
ing materials such as alumina. The technique is not vulnerable to charging effects and provides
information from several photon absorption lengths deep (a few thousand Angstroms for soft x rays
in low-'/, materials), a-alumina monohydrate [chemical formula: AIO(OH)] is useful as a starting
material for producing catalyst and catalyst-support material. Calcination is one step in the pro-
cess, anil this causes dehydration anil dchydroxylation accompanied by changes in the structural
and chemical properties of the alumina material. For example, calcination will alter the concentra-
tion, type, accessability, and activity of the acid sites distributed throughout this high-surface-area
material. In this study, several equivalent samples of a-alumina monohydrate hove been calcined
at a variety of different temperature: for six hours. The samples were later pressed into a pellet
(for convenience) and introduced into a UHV chamber and their oxygen K near-edge fluorescence
spectra recorded. These data are plotted in the figure. For comparison, spectra from the uncalcined
monohydrate and a sapphire (a-alumina) single crystal have been included in the plot.

It can he observed from the figure that this spectroscopy is sensitive to the changes wliich take
place in the material during calcination. It is well known that this spectroscopy at the oxygen K
edge is sensitive to the environment of oxygen in the
sample. Note the continuous change with calcina-
tion, temperature evidenced by the data. The higher-
temperature Ueu.lin.cnt (1200°C calcination) results
in a sapphire-like spectrum, but still does not repro-
duce a spectrum identical to that of the sapphire (so
the sample is clearly not equivalent to the sapphire).
We might conclude that this calcination was not long
enough or hot enough to completely convert the sam-
ple to aalumina, contrary to reference [I], but some
of the difference might be explained by the fact that
the sapphire is a single crystal while the sample is
expected to be polycrystalline and contain defects.
In any case, it can be seen that oxygen near-edge
spectroscopy is useful as a tool for the investigation
and characterisation of oxide-based catalytic materi-
als, with the potential to correlate spectra with desir-
able physical and performance properties.

[1] A.F. Wells, Structural Inorganic Chemistry, 5th
Ed. (1986), Clarendon Press, Oxford.

This work has been supported by Mobil Research and Development Corporation and the
Cornell Materials Science Center.
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CHHCCCAL BOHDIHG AMD STRPCTtnUC IN COMPACTED UILICA POWDERS:
OXYGm X-RAY ABSORPTION FLPORtSCZMCC SPECTROSCOPE.
T.H.Rbodin*,R.P.K«rrill*,S.Woronick»,P.O'H»g«n*,R.P.L.JU3»il**and
A.W.Ch«afc«>-**.
*Cornall Material* Sciatica Cantac, Coraall Univ*rsity.
**Mobil Raaaarch and D«v«lopm«nt Corporation.

There is much important surface and bulk structural inform-
ation on insulator materials such as oxides that can be most ef-
fectively measured using fluorescence detection of x-ray absorp-
tion spectra of the low-z elements. One important feature empha-
sized in this research are small but significant differences in
surface and bulk structural and chemical behavior between films and
powders. These properties can be very effectively investigated by
surface extended x-ray absorption spectroscopy (SEXAFS] using a
windowed solid state fluorescence detector of adequate resolution
and sensitivity directly inserted into the UHV measurement chamber.

To evaluate this issue, we performed SEXAFS of the oxygen Is
absorption edge for compacted powders using a windowed solid state
germanium-base single element fluorescence detector made by
Canberra. The powders were strongly compacted sar.ples of analytical
grade silica.

Preliminary SEXAFS data (Fig.l) suggest the significance of
this approach as an effective probe to obtain useful x-ray absorp-
tion spectra for the above stated objective. An extended energy
range x-ray absorption spectrum is shown in Fig.la for a compacted
powder of high purity silica. The extracted (k')chi plot for the
powder, shown in Fig.lb by the solid line, is compared to a
comparable plot for evaporated SiO, reported by B.X.Yang et al
[Physics Letters A113(1985)283] shown by the dashed line). [ Near
edge spectrum has also been measured for the room temperature oxide
film on Si(111) in this study but discussion of the film work is
deferred pending the availability of more complete data].

These results lead us to predict that the Canberra solid state
detector in our set-up possesses sufficient resolution and sensit-
ivity to produce significant SEXAFS measurements of thin oxide
films and compacted powders.
(tSupport from Mobil Research & Development Corp. S the Cornell
Materials Science Center are acknowledaed. 1 «.
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Oxygen EXAFS Fluorescence Measurement of Silica

S.C. Woronick, P. O'Hngan, T.N. Rhodin, R.P. Merrill (Cornell University),
A.W. Chester, bnd G.L. Woolery (Mobil Research and Development Corporation).

We have used oxygen fluorescence measurements to determine the absorption coefficient of silica from about
540 to 1000 eV, observing extended i-ray absorption fine structure (EXAFS) above the oxygen A' edge. A
cryogcnically-cooled solid'State germanium detector was used to record the data. Standard EXAFS techniques
were used to extract the oscillatory function fcJX(fc). This has been plotted along with a similar curve from Yang
c( af [l] (see fig. 1). Note the good phase agreement, with some amplitude discrepancy. The vertical-axis units
in [lj however ure arbitrary (BO absolute comparison of amplitudes is unreliable). The silica in the measurement
of Yang cl at. [l] was in the form of an evaporated film supported directly on the (transmission) detector, while
that in the present measurement was in the form of a self-supporting pressed powder (obtained as a precipitate)
suspended near the detector. Also, in the former measurement, some distortion of the transmitted signal might
be expected due to the effect of fluorescence from the sample in close proximity to the transmission detector.

Fourier analysis of these curves yields the Fourier transform magnitudes plotted in fig. 2. No phase-shift
correction was done, but since the absofber and scatterer pairs ore identical, the two transforms can be compared
directly. There is good agreement, although some discrepancy exists for the second-neighbor peaks and this is
probably indicative of differences between the two samples. The essential building block of all'silica structures
is the SiO4 tetrahedron in which the ctntral Si atom is sp hybridized, with the four valence orbitab extending
toward the four vertices occupied by the four oxygen atoms. These tetrahedra are linked by shared corners,
with each comet oxygen atom forming a bridge between two silicon atoms, and with each silicon atom bonding
to four bridging oxygen atoms. The O-Si-0 bond angle has not been observed to depart significantly from the
ideal tetrahedral angle of 109.5° for any silica structure. On the other hand, the Si-O-Si bond angle has been
observed to vary widely, ranging from 120B and 180°. The consistency of the SiO4 tetrahedral angles would
seem to suggest that the oxygen-second-neighbor distance (oxygen-oxygen) also should not vary significantly if
the O-Sl bond distance remains the same. However, two oxygen atoms not bonded to the same Si atom ran
approach each other close enough to contribute to the sccond*ncighbor peak region of the Fourier transform*
and this suggests that the differences observed at the second-neighbor peak are related ID different Si-O-Si bond
angle distributions arising from structural differences.

[1] B.X. Yang, Y.H. Kao, J. Kira, C.X. Gu, R.N. Bhargava, D.A. Cammack, and R.J. Dolby, Physics Letters
A113(1985) 283.
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XIA
XANES microscopy of organic specimen

H. Ade\ X.Zhang.1, S.Cameron2, C.Costello2, J.Kiiz1, and S.Williams1

'Department of Physics, SUNY @ Stony Brook, Stony Brook, NY 11794
2EXXON Research and Engineering Route 22, Annandale, NJ 08801

We have used the Scanning Transmission X-ray Microscope at beamline XIA to record
X-ray Absorption Near Edge Structure (XANES) spectra from 0.01 /(in2 regions of organic
specimens. The spectral features observed reflect the molecular environment of the dominant
absorbing atoms, and provide the contrast mechanism for high resolution imaging with
chemical sensitivity. We used the technique with x-ray energies near the carbon K edge to
identify separate phases in various polymer blends with 55 nm spatial resolution, and to
map the protein distribution in chromosomes (1). An example of images acquired in this new
operating mode is shown in Figure 1.

Figure 1. Images of a 0.5/im thick section of a blend consisting of polypropylene and a
random styrene-acrylonitrile copolymer acquired at a photon energy of 285.5 eV (A) and
287.9 oV (B), respectively. Image A has high absorption in the styrenc containing phase,
due to a ir ' resonance at 285.5 eV, whereas polypropylene is vitually transparent at this
energy. In image B contrast is reversed for the two polymer phases. (The brightest features
in Image B are due to holes and the delainination of the two polymers).

Tins work is supported in part by NSF grant D1R 9005893. The NSLS is supported by the
Dq>. of Energy under contract DE-ACO2-76CH000H".

[1| II.Ade, X.Zhang, S.Cameron, C.Costello, J.Kirz, and S.Williams, "Chemical contrast in
X-rny Microscopy and spatially resolved XANES spectroscopy of organic specimen", Science
258, 072-!>7.r> (1(192).

XIA
EFFECTS OF THE MEMBRANE BARRIER, MASS ACTION AND INTERNAL
BINDING ON THE RELEASE OF PROTEIN FROM ZYMOGEN GRANULES
K.K. Goncz, M.M. Moronne and S. S. Rothman
UCB, Berkeley, CA 94720; LBL Berkeley, CA 94720; UCSF, San Francisco, CA 94143

We continue to use the scanning transmission X-ray microscope to acquire new informaiion
about the zymogsn granule; a sub-cellular organelle (~1 fim diameter) found in the acinar
cells of the mammalian pancreas1. Currently, we are using a 45 nm Ni phase zone plate
which gives us a working resolution of- 50 nm. The recent insertion of cylindrical focusing
mirrors in the beamline has increased the X-ray flux at least by a factor of 5 and we are able
to collect a 400 x 400 pixel image in approximately 3 minutes while detecting -1000
photons/pixel.

Using a specially designed environmental sample chamber2, granules were suspended in
isologous medium immediately after isolation and imaged over a period of up to 4 hours
without the use of stains or fixative. From the 3.64 nm X-ray absorption data, the protein
content and rate of protein efflux from individual granules were determined. On average,
granules were observed to continuously decreased in size and protein mass towards a final
protein concentration value characteristic of the preparation. From the protein efflux data we
can calculate the protein permeability coefficients (P) for individual granules using the
relationship: F=P*A*([C]in - (CJoui): (F) protein efflux, (A) granule membrane area and (C)
the protein concentration. The relatively large values of the permeability coefficient we
calculate (ave=2-6 x 106 cm/sec) suggests that a protein transport mechanism exists in the
granule membrane3. Indeed, a single aqueous channel large enough to allow single file
diffusion of protein through the granule membrane would result in a similar value.

We have found that the X-ray microscope is also useful as a micro-surgical probe. By
directing the focused spot of X-rays onto the granule membrane, we have successfully
formed 50nm holes through the membrane and then observed the subsequent rate of release
of protein from the granule. This technique should help us to better understand the
mechanisms of protein release from the granule by differentiating between the effects the
membrane barrier and internal protein binding.

Finally, we have been able to remove the periodic high frequency synchrotron beam noise
from our images exploring with a standard fast Fourier transform algorithm. Image
background noise was also removed by statistical analysis of the random noise fluctuations
in regions free of granules. Pixels having values within two standard deviations of the
background mean were set equal to the mean; pixels with fluctuations greater than two
standard deviations were left unaltered. The latter procedure largely eliminates uninteresting
background noise while preserving the integrity of the image.
1 K.K. Goncz and S.S. Roiliman, Biochim. Biophys. Acia. 1109,7-16 (1992).
2K.K. Goncz, cl. al., J, Micr. (1992) (in press).
3M.M. Moronnc, cL a). Proc. Int. Conf. Biophys. Synch, Rad. Tsukuba, Japan (1992).
Thil work is supported by the VS. Department of Energy (O.E.R., OJ).ES., Oil EM.) under Contract No. DE-AC03-
76SFOOO9S and by the U.S. Department of Defense (A.F.OSJI.) under Contract No. F4962O-87-K-0001



X1A
DIFFERENTIAL PHASE CONTRAST IMAGING WITH THE STXM

G.R. Morrison and M.T. Browne (King's College London, UK),
C. Jacobscn and S. Williams (State University of New York at Stony Brook, USA)

The scanning transmission x-ray microscope (STXM) is proving to be a versatile instrument capable of
producing image contrast by a variety of different mechanisms. Most of these rely on absorption of x-rays
by the specimen, but it is also possible to gain information on the real part of the specimen's refractive
index by generating image contrast from the redistribution of the intensity across the detector plane that
arises when the x-ray beam passes through the specimen. This can be achieved by UBing a multi-element
detector and forming appropriate difference-signal combinations from the various detector elements, and
images formed in this way are said to be in differential phase contrast (DPC).

A practical DPC system is being developed for the STXM on beamline XI A, using as the transmitted
x-ray detector a commercially available avalanche photodiode (APD) divided into four quadrants about
the beam axis. This replaces the normal single-element gas flow proportional counter. The quadrant APD
is designed for use in visible-light tracking applications, but tests have shown it to be suitable for use as
a soft x-ray detector once the usual glass window is replaced by an aluminium-coated SiaN< membrane
that is x-ray transmissive but excludes visible light. The APD is operated in 'Geiger' mode, where it is
reversed biased above the breakdown voltage, so that an incident photon initiates an avalanche breakdown
of the device that is subsequently quenched by a simple passive circuit. The voltage pulses from each
channel of the quadrant system are amplified and shaped by carefully matched sets of high performance
electronics, allowing each channel to operate in a photon-counting mode at count rate9 exceeding 1 MHi.

A series of difference signal images of simple carbon-based test objects was obtained using the
quadrant detector system. These are the first STXM images to be obtained with a multi-element solid-
state detector, and were acquired with pixel dwell times of less than 20 ms. However, the STXM was
operated at a wavelength ~ 3.6 nm, where carbon absorbs quite strongly, so there was a significant
differential absorption contribution to the image signal that complicates the image interpretation. In
principle the DPC signal and the differential absorption signal can be separated by analysing a through-
focal series of images, but this would not be desirable when examining a radiation-sensitive specimen in
view of the increased dose that would result. Future experiments will be carried out at wavelengths just
on the tronsmissive side of the carbon K edge (~ 4.4 nm), where the DPC signal should be enhanced and
the differential absorption should be greatly reduced.

The present experiments have now allowed each stage of the imaging system to be evaluated, and
a few remaining problems have been identified. The most important concern the level of dark current
associated with the operation of the quadrant APD at room temperature, and an apparent non-uniformity
of response across the active area of the device tested, as these both affect the sensitivity of the device
to small changes in the intensity distribution in the detector plane. Careful device selection and the
incorporation of thermoelectric cooling into the next version should alleviate these problems.

We nratcfully acknowledge the support of a UK Royal Society Research Grant and NATO grant
CRG9I027G for this work.

X1A

REDUCTION OF RADIATION DAMAGE IN THE X-RAY MICROSCOPE

S. Williams, C. Jacobsen, J. Kirz, 5. Lindaas V. Oehlcr, S. Wirick & X. Zhang (SUNY Stony
Brook)

The x-ray microscope routinely delivers images with a resolution superior to that obtained
using visible light. High contrast images of unstained, unsectioned, even initially live biological
specimens can be obtained by operating the x-ray microscope between the carbon and oxygen K
edges (282 - 531 eV). One problem with using ionizing radiation for microscopy is the radiation
damage incurred during the imaging process. Although the required soft x-ray dose to visualize
wet organic specimens is much less than that for electrons1, the damage caused as a function of
dose needs to be characterized to determine the dose limitations of the x-ray microscope. Using the
criterion of mass loss, we have quantitated the amount of damage caused as a function of soft x-ray
dose in both wet and dry specimens2. We have now begun to examine ways of reducing the
damage caused during a soft x-ray exposure. One possibility is the use of free-radical scavengers,
known to be effective in reducing radiation induced cell killing and DNA breakage3.

Wet, glutaraldehyde-fixcd metaphase chromosomes, isolated from the broad bean Vicia faba,
were imaged multiple times in the Scanning Transmission X-ray Microscope (STXM) at Beam
Line X1 A. The damage to the chromosomes as a function of dose was measured in 65 mM ionic
strength phosphate buffer, and in the same buffer containing the tree-radical scavengers
dithiothreitol or cthanoi. Figure 1 shows iliat the radiation damage was reduced when employing
the free-radical scavengers.

Previous studies have shown that the protection plateaus at high scavenger concentrations, and
that this plateau value is independent of the scavenger employed (although sulfhydryl reagents
differ from alchohols). We are currently comparing the scavenger concentration dependence of
radiation protection in the STXM to that observed in these studies. If our concentration
dependence and scavenger comparison results agree with the previous studies, the relative
protection afforded by a solution containing free-radical scavengers can be inferred from the vast
body of existing literature.

Figure 1 Comparison of chromosome
mass loss with no scavengers (solid), 5
mM dithiothreitol (dashed), and 1 M
ethanol (doited). The lines represent least
squares fit to the data.

'Sayre, D., Kirz, J., Feder, R., Kim, D. M. & Spiller, E. (1977) Tiansmission microscopy of unmodified
biologic*] materials: Comparative radiation dosages with electrons and ullrasoft x-ray photons. Ultramicroscopy
2:337-341.
••Williams, S., Zhang, X., Jacob™, C , Kirz, J.. Uniim. S. S., Lindaas S. mid Van't Hnf, J. (1992) Measurements
cif Wet Mrtaphase Chromosomes in the Scanning Transmission X-ray Microscope, J. Micros, (in press),
3Roots, R, & Okada, S. (1972) Protection of DNA molecules of cultured mamnialiiu) cells from radiitioD-imluccd
singlc-scraml scissions by vnioiu alcohols mill SH compounds. Int. J. Had. Bioi. 21:329-342.
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IMAGING BIOLOGICAL SAMPLI'S WITH CHEMICAL CONTRAST

X.Zhang, H.Adc, CJacobsen, J.Kirz, S.Lindaas. V.Ochlcr, S.Williams, and S.WiricIt,
Physics Dcpt., SUNY <ffl Stony Brook, Stony Brook, NY11794

The Scanning Transmission X-ray Microscope at the XIA bcamlinc has been used for imaging various wet,
unstained biological samples at 55 nm Raylcigh resolution using soft x-rays between the carbon and oxygen
absorption edges. The original imaging mode, where the x-ray energy is fixed and the sample is scanned in two
dimensions at the beam focal plane, has been enhanced by the development of a spectroscopy mode where the
beam is fixed to a specific location on Ihc sample and Ihc monochromalor is scanned. Combining the imaging
mode with the spectral mode provides us with the capability to get localized composition of the sample from
spectra and obtain the spatial distribution of the features present in Ihc spectra.

The chemical sensitivity of the X-ray Absorption Near Edge Structure (XANES) provides a new contrast
mechanism for biological imaging,1 The obvious difference between the XANES spectra of protein and DNA
near the carbon absorption edge has been observed ard applied to imaging chromosomes at different energies to
obtain Ihc absorption contrast dominated cither by DNA or by protein, as illustrated in Fig.l. Quantitative
mapping of DNA and Protein within biological samples is under development.

One important aspect for biological studies is Ihc function of different components of the sample.
Fluorescent dyes that can bind to specific functionally imponxil sites have been used for this purpose in visible
light microscopy. Many of Ihc dyes or molecules used to bind to DNA and to specific proteins arc benzene based
compounds that have large concentrations of C=C bonds. This provides the possibility to use the strong JT*
resonance from C=C bonds of Ihc dye molecules to obtain high contrast between Ihc dyes and biological
materials and thus get functional site information with higher resolution than visible light microscopy. Current
work is aimed al finding dyes or molecules whose binding characteristics to DNA or proteins are well known and
which show special strong near edge absorption features in soft x-ray region, Besides carbon absorption edge,
nitrogen and oxygen absorption edges arc also to be explored.

Fig.l(a) Fig.l(b)

Fig.l. a) lop: spectrum of DNA, center: Spectrum of bovine scrum albumin (BSA), bottom: spectrum of V.faba
chromosome, b) images of the same V.faba chromosome taken at different wavelengths corresponding to
different absorption peaks, image a is taken at above Ihc absorption edge of carbon, image b is taken at the
absorption peak of protein, image c is taken al the DNA absorption peak.

We arc grateful to J.Van'l hof and S.Lamm of Biology Dcpt. at BNL for their help with sample
preparations. Erik Anderson of Ihc Center for X-ray Optics al LBL fabricated the high resolution zone plalcs
while Mark Rivers of U. Chicago wrote Ihc software for us. This work is supported by NSF under grant DIR-

I. H.Adc, X.Zha.1;. S.Camcron, C.Coslcllo, J.Kirz, and S.Williams, Chemical contrast in x-ray microscopy and
spatially resolved XANES spectroscopy of organic specimens. Scienccdo be published).

X1B

Soft x-ray resonant inelastic scattering at the C K-edge of diamond

Y. Ma (Washington), N. Wassdahl, P. Skytt, J. Guo, J. Nordgren (Uppsala), P. D.
Johnson (BNL), J-E. Rubensson, T. Boske, W. Eberhardt (KFA), S. D. Kevan
(Oregon).

X-ray absorption and the consequent decay through x-ray emission near an absorption
edge are generally assumed to be two independent one-photon processes. However, in a
recent x-ray emission measurement performed on the X I B beamline, we found that the C
K-emission spectra of diamond are strongly dependent on the energy of the incident
photons, suggesting the presence of correlation between the absorption and emission
processes.[l] It appears that this correlation can be related to the momentum of the
photoelectron and that of the valence hole in the final state. We proposed that the ex-
citation energy dependence can be explained most straightforwardly by treating the ab-
sorption-emission process as a single inelastic scattering process with well defined mo-
mentum conservation. In this interpretation, as a result of the negligible momentum tran-
sfer from the soft x-ray photon, the final state of the solid prefers to have equal momen-
tum for the photoelectron and the valence hole. This enhances emission from region(s) of
the Brillouin zone where the photoelectron has been excited to. This discovery represents
a new understanding of the x-ray absorption and emission processes, and may lead to the
use of this type of photon-in-photon-out technique for electronic band-mapping.

The emission spectra for a selected
number of incident photon energies,
measured using a high resolution
grazing incidence multigrating
spectrometer with a two-dimensional
detector, are shown in the figure. The
features in these spectra is identified
with the critical points in the band
structure. We note that, e.g., at

photoelectron is excited to the minimum
of the conduction band, near the X
point, the emissions from around the
X4 point are enhanced. Similarly, at
hv c x =302.5 eV, the photoelectron is
excited to the bottom of the second
bandgap bordered by an X point, again
the emissions from X are enhanced.
These and other observations provided
direct evidence for the inelastic 2 5 6 2 6 2

scattering interpretation of the emission
experiment.
[1] Y. Maelal, Phys. Rev. Lett. 69, 2598 (1992).
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XIB
PHOTON ENERGY DEPENDENCE OF THE HIGH-RESOLUTION C IS PHOTO-
ELECTRON SPECTRUM OF CO IN THE THRESHOLD REGION

K. J. Randall. A. L. D. Kilcoyne, H. M. Koppe, J. Feldhaus, A. M. Bradshaw (Frii7-Haber-Insrj-
tut, Berlin), Z. Xu, P. D. Johnson (BNL Physics), Y. Ma (Pacific Northwest Lab.), J. E. Rubens-
son and W. Eberhardt (KFA Jiilich)

The high energy resolution and photon flux of XIB have made it possible to resolve vibrational
structure in the C Is photoelectron line of CO and to study its photon energy dependence in the
energy range ~2 - 25 eV above the C Is ionization threshold. In this region the photoionization
cross section is dominated by a o* shape resonance and transitions to discrete doubly excited
molecular states. These resonances give rise to dramatic changes in the relative intensities of the
individual vibrational components as demonstrated in the Figure. A preliminary analysis shows
that the intensity variations across the shape reso-
nance are caused by a shift of the resonance to
lower photon energies for states with higher
vibrational quantum number. The vibrational
energy determined from the spectra is -300 meV,
in agreement with the (Z+l) equivalent core
model. This value is considerably larger than the
269 meV measured for the neutral ground state of
CO, hence the core-ionized molecule is assumed
to be contracted. This contraction together with
the sensitivity of a shape resonance to internu-
clear distance can explain the observed intensity
variations leading to the apparent non-Franck-
Condon-like behaviour.

Such effects are well known from valence excita-
tions and can now also be employed in the core
level region in order to understand the influence
of resonances on the photoionization process in
much more detail, including electronic and geo-
metric relaxation and the coupling of discrete,
multiply excited states with the continuum.
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This work is supported by the Gentian Minister
for Research and Technology.

The C Is photoelectron line of CO above
the o* shape resonance at a photon cnergv
of 309.4 eV (lop) and on the resonance, a;
304.2 eV (bottom).

X2-B

Imaging Calcium Deposits in Human Cartilage

C.J. Buckley(King's College London), S.Y. Ali and C.A. Scotchford(U. of
London), M. Rivers(U. of Chicago), K.L. D'Amico, J.H. Dunsmuir and S.R.
Ferguson( Exxon)

Calcium deposits in human cartilage have been examined using x-rays
at medium and high spatial resolution. Scanning transmission electron
microscopy(STXM), scanning fluorescence x-ray microscopy(SFXM) and x-
ray microtomography(XMT) have been used with elemental contrast to
determine the distribution of a previously unknown type of calcium
deposit in cartilage. These deposits are thought to be iinked to arthritis,
and for this reason their distribution has been studied to investigate their
origin.

The STXM has a spatial resolution of about 50nm, and has been used on
lOOnm thick femoral head cartilage sections. The technique has been used
to map calcium and thereby determine the proximity of deposits in
relation to cartilage chondrocyte cells. In all cases the deposits were seen
to be external to the chondrocyte cells and their chondrons. The SXFM has
been used on 5|im thick cartilage sections to map calcium with a
resolution of l0|im. The technique has been useful in determining the
distribution of deposits over the I to 2mm cartilage to bone layer.

For a larger still view of the deposits, lmm by lmrn by 2mm cartilage
block has been imaged in 3D by microtomography. Together the x-ray
techniques have provided a comprehensive map of the distribution of the
deposits throughout the cartilage structure.

The authors thank NATO for support under the collaborative research
grant number GRP910493.
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DEVELOPMENT OF QUANTITATIVE X-RAY MICROTOMOGRAPHY STRUCTURE OF THE FUIXERENE FERROMAGNET TDAE-C,

X3A and X7A
'60

H. W. Deckman, J. H. Dunsmuir, K. L. D'Amico, S. R. Ferguson, B. P. Flannery
(Exxon)

We have developed several x-ray microtomography systems which
function as quantitative three dimensional x-ray microscopes. In this
paper we describe the evolutionary path followed from making the first
high resolution experimental microscopes to later generations which can be
routinely used for investigating materials. Developing the instrumentation
for reliable quantitative x-ray microscopy using synchrotron and
laboratory based x-ray sources has led to other imaging modalities for
obtaining temporal and spatial two dimensional information.

With the advent of intense high brightness synchrotron sources, the
potential existed to extend tomography technology with a plane parallel
data acquisition protocol and develop a practical x-ray tomographic system
which functions as a three dimensional x-ray microscope. X-ray flux
available from a bending magnet beamline on the synchrotron in principle
allows a millimeter sized sample to be scanned with micron resolution in
less than 5 minutes. To capture this potential required innovations in the
areas of; (1) algorithms for reconstructing 0.1-1 gigabyte data sets, (2)
computer graphics to display the enormous amount of reconstructed data,
(3) x-ray detector technology to obtain quantitative micron resolution
images, and (4) beamline x-ray optics to stably illuminate samples with a
high flux x-ray beam. Since 1984 we nave had an ongoing program which
addressed all these issues and in 1986 we obtained our first three
dimensional micron resolution images. Since that time we have been
working to evolve the prototype microscope into one which is a microscope
for experiments rather than an experimental microscope. This has
involved, (I) integrating advances in computer technology to speed up
data reconstruction and display, (2) creating an improved detector which
incorporates automatic alignment procedures, (3) constructing dedicated
laboratory and synchrotron based x-ray sources and (4) developing user
friendly menu driven software that controls data acquisition and
reconstruction. In this paper we will review the evolutionary path of our
microtomography program.

Peter W. Stephens (SUNY Stony Brook), D.E. Cox (BNL), J.W. Lauher, L. Mihaly
(SUNY Stony Brook), J.B. Wiley (UCLA), P.-M. Allemand, A. Hirsch, Q. Li, and F.
Wudl (UC Santa Barbara)

The compound TDAE-Ceo (TDAE is the strong organic donor
tetrakis(dimethylamino)ethylene, C2N4(CH3)j) has the highest Tc of any molecular organic
ferromagnet, 16.1 K. It is most interesting to observe that many fullerides based on alkali
metal donors are superconducting, while the salt derived from this organic donor is a
ferromagnet.

We have determined the lattice structure and the location of the TDAE molecule of
the title compound using high resolution powder diffraction.[l] The c-centered monoclinic
unit cell has room temperature dimensions a = 15.874(4) A, b = 12.986(2) A,
c = 9.981(3) A, 0 = 93-31(1}* (one sigma error bars in the last digit). At 11 K,
a = 15.807(1) A, b = 12.785(1) A, c = 9.859(3) A, 0 = 94.02(1)'. CH molecules are
located at (000) and (HO), TDAE at (404) and (OH), oriented as shown in the figure.
Rietveld analysis gives quality of fit factors R; = 15.7%, Rwa = 8.6%, x2 = 1.79, not up to
usual crystaliographic standards, but adequate to determine that the unit cell is correct as
specified, to exclude greatly different orientations of the TDAE molecule in the unit cell,
and to prove that the composition is 1:1 TDAE to Ceo-

In this compound, the
interfullerene separation is
9.98 A along the c-axis and
10.25 A within the a-b plane.
This suggests that the band
structure is highly anisotropic,
in contrast to the
superconducting alkali— and
alkaline earth- fullerides,
which are all cubic. This may
explain the difference in
physical properties between
these two classes of materials.

[1] P.W. Stephens et ai,
Nature 355, 331 (1992).

Fig. 1. View of the a-c plane of TDAE~C6o-

Work supported by Department of Energy grant DEFG0286ER45231 and NSF grant
DMR8922066.



Beamline X3-A2

Economical x-ray area detector for focusing and alignment purposes

Benjamin Chu, Jean Rousseau, and Tong Gao
(Chemistry Department, SUNY at Stony Brook, Stony Brook, NY 11794-3400)

We developed a two-dimensional x-ray detector for x-ray beam profile analysis. The
detector was built from commercially available parts, which included a low-cost 8-bit CCD
camera and a zoom lens coupled to a close-up lens, to which was attached a fiberoptic
faceplate coated with (Gd2O2

S:Tb) phosphor to a surface density of (10 mg/cm ). Testing
of the detector unit has shown good linearity of response to the incident x-ray intensity
(within ±4%), and good spatial linearity. The advantages of this detector lie mainly in its
compactness, its ease of maneuverability and the fact that it can be remotely controlled
by a PC/AT computer at a reasonable cost (~ $1000 without the PC/AT).

X3A2

Fig. 1. A schematic representation of the SUNY X3A2 beamlime at Brookhaven, including the Kratky block
collimation small-angle x-ray ditfractometer, the x-ray area detector and an Image of the main beam taken
after the long vacuum chamber. An amplified video of the image Is shown In the lower part of Fig. 1. (A)
monochromatof. (B) mirror. (C) Kratky block collimator, (D) first ionization chamber, (E) sample holder, (F)
second lonization chamber, (G) vacuum chamber. (H) CCD area x-ray detection system. (The schematic
is nol drawn on scale). The beam stop was removed In order to observe the main beam directly. The image
at the bottom right was taken with an attenuation of 10 Al fois and an exposure time of 20 sec. The Image
was saved in a TIFF format and converted into PCI code as shown here. The lower right corner of the
image was the readout of the pixel row 1 and column 1. At the bottom left is a three dimensional
-eprasentation of the main beam image. The Intensity unit is arbitrary. The circular shape in low intensKy
shoulder could be due to phosphor blooming. One can see that the beam profile was not symmetric,

Acknowledgement: B.C. gratefully acknowledges the support provided by the Department of Energy
(DEF60589ER75515 & DEFG0286ER45237A005)

Investigation of Polymeric Micellar Structure by SAXS

Benjamin Chu, Guangwei Wu, and Zukang Zhou

(Dept. of Chemistry, SUNY at Stony Brook)

Small angle x-ray scattering (SAXS) with synchrotron radiation source was used to

study the micellar structure of Pluronic L64 solution in o-xyiene at different water to EO

molar ratios(RJ. The results of Bonse-Hart camera were used to estimate the radius of

gyration of micelles. The form factor fitting shows that at high Rm values the micelle has an

oblate shape rather than a prolate one. The shape transition from spheres to non-spherical

particles is further confirmed by a comparison of the experimental values and theoretical

predictions of the parameter 3V/(4»Rg3). The axial ratio of the micelle increases with

increasing Rm and has a value - 3 when RB is 2.6.
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Fig. 1 Guinier plot of excess scattered intensity after correction of interparticle

interactions^). The micellar concentration was - 6 % w/v and the SAXS data was

measured by using the Bonse-Hart camera.

Fig. 2 Comparison of theoretical form factor for sphere, prolate with a long axis to short axis

ratio of 2.0 and 2.5, oblate with a long axis to short axis ratio of 3.5 and 4.0 (from left

to right) with experimental data at a water to EO molar ratio of 2.6.

Acknowledgement: This work was supported by NSF DMR 8921968 and Department

of Energy DEFG0286ER45237A005.
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A/PdMn ICOSAHEDRAL PHASE: A CENTRO-SYMMETRICAL
QUASICRYSTAL?

M. deBoissieu (SUNY; LTPCM, France), P. Stephens (SUNY), M. Boudard
(LTPCM and ILL, Grenoble), C. Janot (Lab. de Cristallographie, Grenoble)

The atomic structure of quasicrystals is best understood in 6-dimensions. The
2 icosahedral point groups: 235 and m-3-5, are centric and acentric respectively.
AH proposed models have used the centric solution, in agreement with contrast
variation results.1 Recent dynamical diffraction results, on a A/CuFe icosahedral
grain,2 were interpreted in terms of a non centric icosahedral point group. The
centric character of Che i-A/PdMn phase can be verified by measuring a series of
Bijvoet pairs above the Pd edge. In the icosahedral case3, only reflections in
general positions can show a non-centric character.

At the chosen wavelength, f'=-5.1 and f "=3.1. 22 general Bijvoet pairs were
measured at high Q where the anomalous effects are larger, using a Si[220)
double crystal monochromator. Bijvoet pairs were also measured for reflections
on symmetry elements for which centrosymmetry is imposed. Intensity
fluctuations of the order of 3-5% were found for both sets of reflections,
indicating that the icosahedral phase indeed is centric. A simulation of the
expected intensity variation, using a recently proposed model1 and a 30° phase
difference predict intensity variations as large as 40% (see table).

In conclusion, the point group of the icosahedral A/PdMn phase is
centrosymmetric or presents phase shift lower than 15°. This is in agreement
with contrast variation results, and leads to a Fm-3-5 space group.

Table: Measured intensity of selected reflections. The last column indicates the expected
variation for the 30° phase. N, M correspond to the indices in the Cahn et al. scheme.

Multiplicity Qw (A'1)
120 6.77
120 6.86
120 8.45
120 9.37

(1) M. Boudard. M. de Boissieu, C. Janot, J.M. Dubois, C. Dong, Phil. Mag. Lett. (1991)
64, 197. See also M. Boudard et al., J. Phys.: Cond. Matter, (1992), In press.

(2) H. Lee, R. Colella, L.D. Chapman, Acta Cryst. (1992), In press.
(3) B. Mozer, R. Bellissent, Y. Calvayrac, M. Cornier-Quiquandon, J.W. Cahn, D. Grantias,

J. Non-Cryst. Sol. (1992) to be published.

Research supported by the Division of Basic Energy Sciences of the Department of Energy
(DEFG0291ER45231).
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X3A2

An Economical X-Ray Area Detector Based on An
Intensified CCD Unit

Tong Gao, Yingjie Li, Jean Rousseau, Kung Linliu and Benjamin Chu
(Chemistry Department, SUNY at Stony Brook)

An economical CCD based area detector for X-ray experiments was developed and
assembled. This detector consisting of an optical fiber taper, an image intensifier, a relay
lens and a cooled CCD unit has good overall features and is comparable with other reported
CCD based X-ray area detectors. The detector is suitable for small-angle X-ray scattering
(SAXS) and wide-angle X-ray diffraction (WAXD) experiments employing either
synchrotron or conventional X-ray sources.

A SAXS experiment using the X-ray area detector was carried out at the SUNY
X3A2 beamline, NSLS, BNL. A modified Kratky camera was used as the collimator, and
a 1.35 m long vacuum chamber was mounted after the sample holder. There was a - 1 cm
x ~ 12 cm vertical slot opening in the rear end of the vacuum chamber, which was originally
constructed for use with a linear position-sensitive detector. A beam stop was located at the
lower end of the slot opening. A piece of Lupolen standard and a Braun linear position-
sensitive detector were used for calibration of the SAXS setup. The agreement demonstrated
that the intensified CCD based X-ray area detector is working properly.

073 03
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Fig.l(a) 3-D plot of the SAXS image of the standard Lupolen sample. l(b) comparison of
a SAXS profile from a standard Lupolen sample between a Braun linear position-sensitive
detector and the X-ray area detector. The solid line shows the Lupolen scattering profile
using the Braun detector. Hollow boxes show the same profile using a single column of
pixels from the X-ray area detector after the non-uniformity correction.

Acknowledgements: This research was supported by the US Dept of Energy (
DEFG0589ER75515 and DEFG0286ER45237A006 ) and the NSI" Polymers Program (
DMR8921968 ).



X3A2
Valence Contrast by Synchrotron Resonance Scattering: Application to a
Mixed Valence Manganese Compound

Y. Gao. A. Frost-Jensen, M. Pressprich, P. Coppens (Chem. Dep't, SUNY/Buffalo)

Mixed valence complexes containing di-|i-oxo bridged manganese atoms are
model compounds for an enzyme photosystem involved in the oxygen-producing
hydrolysis of water in plants. The intensities of a selected set of 24 reflections of
H-dioxo-(Mn(2,2'-bipyridyl)2)2(BF4)3-3H20 were collected at 8 different energies
around the MnK edge at 6540 eV. F values were refined in terms of the real part
( f ) of the anomalous scattering factors of the two atoms, keeping other structural
parameters fixed at the full data set values. To obtain a quantitative assessment of
the shift, 2 curve fitting methods have been tested, corresponding to the equations

f=f 'o+IE-Eol5 (1) and f = gk/x2lnlx2-ll+A (2)
where f o and Eo are respectively the f value and the energy at the minimum, 5 is
the slope, gk is the oscillator strength, x=E/Eo, and A is a vertical shift. Fig. 1
shows the fit by eq. (1). The two methods agree quite well on the magnitude of the
shift to higher energy of the Mn(IV) minimum relative to that of Mn(III),
indicating that the Mn atoms of different valency can be distinguished by a
relatively fast experiment (192 reflections were measured in addition to the
standards). This study confirms that direct, site-specific information on the valence
of atoms in molecular complexes can be obtained by resonance diffraction.

Fig. l

6530 ' 6S'4O 6550 ' 656
(eV)

Fit of the experimental data with equation (1). Circles Mn (111), squares Mn (IV).

This work was supported by NSF (CHE9021069). The SUNY X3 Beamline at NSLS is funded
by the Division of Basic Energy Sciences of the U.S. DOE (DEFG0291ER45231).

X3A2

ANOMALOUS SCATTERING CONTRAST STUDY OF THE MIXED-
VALENCE CHARGE-DENSITY WAVE CONDUCTOR NbSc3

Y. Gao, M. R. Pressprich and P. Coppens (Chemistry Dep't., SUNY/Buffalo)

The valence-contrast diffraction method has been used at the Nb-K edge in the
analysis of the mixed valence solid NbSe3, which consists of three parallel chains
of prismatically coordinated Nb atoms. Two of the chains undergo low-
temperature Peierls-transitions (at 145 and 59 K) that lead to modulated structures.

f' values of the three distinct Nb atoms have been obtained by refinement of
reflections measured at seven wavelengths in the vicinity of the Nb absorption
edge. The data have been fitted with the expression f' = §*• Inlx2-11+A

x2

in which gk is the oscillator strength, x = E/Eo and A allows for a vertical shift.
The results (Fig., Table) show the Nbn. Is electrons to have the larger binding

energy, which implies a more positively charged ion. The observed shift of about
5eV is in agreement with a depopulation of the d(z2) band on Nbn.

Table Relative binding energies (Eo)of Nb atoms determined from curve fitting.
Atoms EnexgjL('V) Atoms Energy <e\)

Nbi 18969.2(54) Nbn 18974.0(18)
Nbm 18968.3(24) En{Nbn.)-Eo(Nbi,|[|) 5.2

-3.0

-5.0

-7.0

-9.0

-11.0

-13.0

list

i

1 ii> £•
~ - ; \, - ©

•-.•&,! / ? • • '

it ,

XI f

©
* " • •

«>

18920 18935 18950 18965 18980 18995 19010

—^Energy (cV)
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This work was supported by the National Science Foundation (CHE9021069). The SUNY X3
beamline is supported by the Division of Basic Energy Sciences of DOE (DEFG0291ER4523I).



X3A2

MULTIPHASE STRUCTURE OF A SEGMENTED
POLYURETHANE: EFFECTS OF HARD SEGMENT FLEXIBILITY

Yingjie Li and Benjamin Chu (Chemistry Department, SUNY at Stony Brook)
and Alex Darovsky, William Lehnert and Yan Gao (X3 Beamline, NSLS, BNL)

Synchrotron SAXS has been used to investigate the effects of hard
segment flexibility on the multiphase structure of segmented polyurethanes.
Very different behaviors have been found from aliphatic diisocyanate based
samples when compared with aromatic diisocyanate based ones:

1) The multiphase structure was insensitive to increasing hard segment
content and thermal treatment.

2) Phase separation was very fast.

3) The degree of phase separation was nearly complete which could not be
explained from thermodynamic viewpoints.

4) The hard segment had folded chain configuration.

5) The results strongly supported our argument that hard segment mobility,
system viscosity and hard segment interactions are the three controlling
factors for the multiphase structure.

B. Chu acknowledges the financial support of this project by the U.S.
Department of Energy (DEFGO286ER45237AOO5). We thank Prof. J. Liu, Mr.
T. Gao, Drs. A Darovsky, Y. Gao and Mr. W. Lehnert for experimental
assistance, and Prof. Q. Ying and Dr. C. R. Desper for helpful discussions.
Research supported by the Division of Basic Energy Sciences of the Department
of Energy (DEFG0291ER45231).

X3A2
Multiphase Structure of a Segmented Polyurethane:

Effects of Temperature and Annealing

Y. Li, T. Gao, J. Liu, K. Linliu and B. Chu (Dept cf Chemistry, SUNY at
Stony Brook)
C.R. Desper(US Army Materials Lab., Watertown, MA)

Synchrotron SAXS has been used to investigate the effects of temperature and
annealing on the multiphase structure of segmented polyurethanes.

1, The multiphase structure remained stable up to 190°C above which phase mixing
tool place. The changes of ths SAXS profiles could be fully interpreted by thermal expansion
and should not be taken as structural chanees j

2, The structural changes were irrevex»?Te.
3, Post-annealing did not have significant effects on the structure once the system

reached equilibrium.
4, Although the phase separation process was slow, the phase mixing at high

temperature was very fast.
5, The results indicated that hard segment mobility, system viscosity and hard

segment interaction are three controlling factor for the multiphase structure.

q (nm

Figure l(a) and (b). SAXS patterns of PPO-PTMO-PU-50 as a function of temperature

Acknowledgments: B. Chu gratefully acknowledges the support by US Dcpt. of Energy (
DEFG0286ER45237A005 and DEFG0589ER75515 ).



X3A2

MICROSCOPIC STRUCTURES OF INTERFACES IN Sii_xGex/Si
HETEROSTRUCTURES AND SUPERLATTICES PROBED BY
X-RAY SCATTERING AND FLUORESCENCE

Z. H. Ming, A. Krol, Y. L. Soo and Y. H. Kao (Physics Department, SUNY at
Buffalo) and J. S. Park and K. L. Wang (Electrical Engineering Department,
UCLA)

Grazing angle X-ray scattering and fluorescence-yield were measured for
both Sii-xGex/Si and its inverted counterpart heterostructures as well as 10-
period superlattices. The two heterostructures show simialr interfacial
structures in terms of the rms interfacial roughness, height-height correlation
function and Ge profile. In the superlattices, the correlation of roughness at
different interfaces and evidence for X-ray standing waves were observed.

Research supported by the Division of Basic Energy
Department of Energy (DEFG0291ER45231).
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X3A2
Synchrotron SAXS Study of Phase-Separation
Kinetics in Poly(2-chloro-styrene)/Polystyrene Blend

Qicong Ying, Guangwei Wu, Kung Linliu, Tong Gao, Benjamin Chu
(Department of Chemistry, SUNY at Stony Brook)

Takuhei Nose, Mamoru Okada
(Dept. of Polymer Chemistry .Tokyo Institute of Technology)

The concentration fluctuations in poly(2-chlorostyrene)/polystyrene (P2CIS/PS) blend
and their changes induced by temperature jumps were studied using time-resolved
synchrotron small angle X-ray scattering (SAXS).The time-dependent scattering curves
measured at 156.87 *C were shown in Fig.1. The virtual structure factor which represents
a formal extension of the one-phase equilibrium structure factor into the two-phase region
has been obtained from the static susceptibilities measured in the one phase region which
exhibits a mean-field behavior. Three sets of measurements at different jump temperatures
(from 140'C to 156.87-C, to 166.96'C and then to 179.91 *C) were performed. In the
meta-stable region (142-167'C) the experiments indicate that the initial kinetics can be
described by the theory developed by Binder with relaxation times of chain molecules
being in a scale of minutes. In the small scattering wave vector q range the initial
relaxation rates of concentration fluctuations increased with increasing q in accordance
with theoretical predictions. However, the relaxation process did not clearly follow a simple
exponential law. The relaxation rate became slower with increasing time. In the case of
a deeper jump (at 179.91'C), the relaxation rate changed its sign from positive to
negative with the concentration fluctuations growing and eventually leading to phase
separation.

"2"
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Fig.1 Time-dependent SAXS
curves measured at T=156.87'C.
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BEAM LINE X3B1

LOCAL STRUCTURE ABOUT Mn ATOMS IN lnlxMnxAs
DILUTED MAGNETIC SEMICONDUCTORS

A. Krol, Y. L. Soo, S. Huang, Z. H. Ming, and Y. H. Kao (SUNY at Buffalo),
H. Munekata. and L. L. Chang (IBM Research Division, T. j . Watson Research
Center, Yorktown Heights)

X-ray absorption fine structure (XAFS) measurements were performed at the Mn K-ed|>e on
I'lyogMiin p>As diluted magnetic semiconductors prepared by molecular beam epitaxy. A
nonlinear least-squares fitting was applied to the filtered k-space XAFS data (see Fig. I ami *2).
It lias been found that in the high-growth-temperature .samples, Mn and As atoms form
hexagonal clusters with NiAs structure. Only a very small fraction of Mn atoms may
substitute for In in the zincblemle lnAs structure. No .significant disorder is observed. The
low-growth-temperature InMnAs film was predominantly paramagnetic and no foreign phase
was delected in XK1) as compared to that of the high-growth-temperature sample. This is
consistent with the picture emerging from the XAFS investigation where very few (if any) Mn
atoms form well ordered alloy while the rest of Mn is in very small hexagonal renters (with
radius In-low \\ A), nmst likely limited to the central Mn and six neighboring As atoms with
disordered bonds, which can not lie detected in magnetization or Xltl) measurements. These
renters introduce less strain in tin? inAs matrix due to their very small sizes. The ahwiue of
ferromagnetic ordering can be explained either by the high disorder associated with the Mn-Mn
bonds or by the altogether lark of Mn neighboring shells around the central Mn atoms.
Effective valency and coordination of Mn atoms deduced from the nc*ir-edge-structure are the
same for both the high- and low-growth-teniperature InMnAs films. The formal valency is
lower than 3. and the average coordination of the majority of Mn atoms is six-fa Id coordinated.
This result of local structure is consistent with the observed difference in magnetic behavior for
samples prepared at different substrate temperatures.
The research at .SUNY/IlufTnlo and the X3 beamline is supported by DO10.
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X6B
Simultaneous Measurement of Scattered &i Transmit-
ted X-Ray Intensities at Normal Incidence.
M. A. Baysal, T. Yuen, M. Shishkov and J. M. Bloch

Thin Diamond slabs were used to study the x-
ray back reflection from nearly perfect crystals in
the transmission geometry. Previous experiments
were done only at near normal incidence geome-
try. In order to realize an exact Normal Incidence
Geometry we measured the intensity that passed
through the crystal rather than the one that is re-
flected back along the incident beam (and thereby
is not measurable). The thickness of the crystals
measured was in the range of 8O/1 - 200/1 and thus
allowed for this experiment. The diffraction condi-
tion was achieved by scanning the energy of the in-
cident beam and by reducing the direct beam cross
section to only about 10 / r .

The simultaneous intensities of the Darwin
diffracted beam, and the directly transmitted beam
were measured for the [111], [220], and [440]
diffractions at energies at proximity to those re-
quired for normal incidence Em. For the [220]
diffraction, as the energy approached Em the
diffraction width showed abnormal angular broad-
ening. As the energy of the beam was further raised
the diffraction intensity gradually diminished until it
completely disappeared. The lineshape pattern for
the [220] diffraction roughly follows the dynamical
theory predictions for normal incidence from a thin
slab recently suggested by Catitcha [Phys. Stat.
Sol. 119, 47 (1990)] (see fig. 1). For the higher
order diffractions additional non-normal incidence
diffractions occur simultaneously with the normal
incidence diffraction. The transmitted beam carries
the signature of the phase difference between the
normal incident and the other degenerate diffracted
beams. Independent measurement of the transmit-
ted and the non-normal incident beam allows for a
self consistent determination of the phases of the
diffractions. This effect can be useful for determin-
ing the diffraction phases in complicated crystals.

id - 0 IjlHI 0 UK) I

Fig. 1
Intensity dips of the transmitted
beam through the crystal at energies
close to Ef/i as a function of the an-
gle of incidence.



X6B

SYNCHROTRON STUDIES UTILIZING A NEW POWDER DIFFRACTION
TECHNIQUE

M. A. Beno, G. S. Knapp, G. Jennings, M. Engbretson and M. Ramanathan
(Argonne National Laboratory, Argonne IL 60439)

We have developed a new powder diffraction technique* that is much more
efficient than existing methods. This method has the potential of both high count
rates and very high resolution when used at a synchrotron source. As is shown
below, the method uses a focusing diffracted beam monochromator in combination
with a multichannel detector. This combination allows us to eliminate the
background from fluorescence or other scattering and to take data over a range of 3°
to 4° instead of one angle at a time thereby providing a large improvement over
conventional powder diffraction methods. The left side of the figure shows this
method as applied on an unfocused synchrotron beamline. In preliminary tests at
the X6B beamline, mosaic crystal optics provided very high data rates but only with
poor resolution, With perfect crystal focusing optics these tests showed that the field
of view is effectively limited by the Darwin width of the focusing crystal so that only
a small portion of the incoming x-rays are detected. Nevertheless the method works,
achieving a reasonable count rate with very high resolution. The right side of the
figure shows how the method can be improved using a focused beam from the
synchrotron to bring the flux within the field of view of the diffracted beam focusing
crystal. With focusing in both the vertical and horizontal directions the count rate
should improve by about a factor of 100 with little loss in resolution. We will be
installing a focusing mirror at beamline X6B in the near future and will be testing this
concept at that time

multichannel detector multichannel detector

Focusing
crystal

diffraction lines

2-theta drcle

1. M, A, Beno, G. S. Knapp, and G. Jennings, Rev. Sci. Inslrunm. 4134,63(9), 1992.

Work ,ii Argonni; National laboratory is sponsored by the US Department of Energy, Office of Basic
Bnergy Sciences, Division of Materials Sciences, under contract W-31-109-ENG-38.

X6B
ATOMIC STRUCTURE STUDY OF AN AlPdMn SINGLE QUASICRYSTAL
USING ANOMALOUS SCATTERING.

M.Boudard(I.L.L), M. de Boissieu(L.T.P.C.M),
T.Chanopadhyay(I.L.L), C.Janot(I.L.L)

K.G.Huang(A.N.L)*, M.Sanyal(B.N.L),

The atomic strucure of icosahedral quasicrystals is best understood by mean of 6-dim (6-D)
crystallographic analysis1. The atomic structure is described by a set of 3-Dim objects .called
atomic volumes , and which decorates the periodic 6-D cube. A raw 6-D model of the
icosahedral AlPdMn phase in wich the atomic volumes are approximate by spherical shells and
balls was recently proposed2 from X-rays and neutron 4-circles diffraction data analysis. Six
different atomic volumes are located on node and body centre sites of the 6 dim lattice. The
superstructure wich leads to a face centred lattice is mainly due to a strong chemical ordering
with all Pd atomic volumes being on the even node and odd body centre of the 6-D cube.
The purpose of the present experiment was to collect anomalous scattering data near the K Pd

edge. This should allow to extract detailed information on Pd atomic sites, wich are supposed
to play a key role in stabilising the icosahedral phase. Along this line preliminary
measurements on 38 reflections were made at 4 different energies (600ev, 40ev and 5ev below
the edge and 200ev above the edge). The specimen employed for the present study was almost
a sphere of 80 urn in radius. Synchroton radiation was monochromated by a Si(220) double
crystal monochromator. The selected energies and the estimated corresponding variation due
to the anomalous effect are sumarized tn the table. The reflections were collected with the
theta-2theta scan mode using a Huber 4-circles diffractometer. The data were corrected for
lorentz absorption and lambda cube dependence. The figure shows the variation of the square
root of the corrected intensites for several reflections; this variation has to be linear with f' for
centrosymmetrical structure. The experimental variation due to the anatnalous effect is in
qualitative agreement with the proposed model wich predicts variation increasing in this
order 18/29, 20/32, 52/84, 7/ll(numbers refer to indexing of the icosahedral Bragg
reflections). More quantitative analysis is underway and a complete collection of data will be
performed.
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STUDIES OP DIBLOCK COPOLYMER FILMS
SCATTERING'

X<JB

BT X-RAT OFF-SPECULAR

BEAMUNE X6B

Z. H. Cal, K. G. Huang and P. A. Montano (Argonne National Laboratory), T. P.
RuMeUPHM). J . lLBal (Brooklyn CoUefe of CUNY), and G. W. Zajac (AMOCO).

Symmetric dlblock copolymtr. I.e. copoh/mer where the number of segments in each
block are equal, form, upon annealing, a stratified lamellar structure with the lamellae
oriented parallel to the surface of substrate. This mandates that the film thickness at any
point be given by either an Integer or a half-integer number of the thickness of the lamellar
period. For films of arbitrary thickness not satisfying these conditions, islands or holes
(domains) are formed on the surface with a step height equal to the lamellar period. The
lateral size and number of the Islands or holes can be varied by the Initial film thickness and
the extent of the annealing time. Typically the Islands or holes are on the size scale of
microns.

X-ray ofT-specular scattering measurements were made on two symmetric copolymer
films of polystyrene (PS) and porymethylmethaciylate (PMMA) on polished silicon substrates.
As shown by optical microscopy, one of the specimens had holes on the top of the film while
the other was smooth. The result obtained from rocking scan from the film with domains at
qz=O. 113A"' is shown In the figure. For the copolymer (Urn without surface domains only a
resolution limited reflection peak was observed at <bc*O. For the film with surface domains,
however, a strong and highly structured scattering was observed on both sides of the specular
reflection within a very small qx region 1+2X lO^A"1). Based on the data analysis we find
that the strong broad scattering characterizes the self correlation of single domain and
hence charatertzes the average size of the domains, while those small peaks within the
scattering hump characterize the correlations between domains. A calculation based on the
klnematical scattering theory and the domain correlation functions obtained from the
analysis of the microscopy Images of the film surface fit well to the x-ray scattering data.

* Thl9 work is supported by the U.S. Department of Energy,
contract No. #W-31-109-ENC-38.

'. BES-Materlals Sciences, under

TEMPERATURE AND ENVIRONMENT EFFECTS ON MOLECULAR STRUCTURE OF
NICKELCYCLOPENTADIENYLNITROSYL

Lin
James

X. Chen, Michael K. Bowman, Zhiyu Wang, Pedro A. Montano3, Marion C. Thurnauer,
:s R. Norris

Chemistry Division, Argonne National Laboratory, Argonne, Illinois 60439
aMaterial Science Division, Argonne National Laboratory, Argonne, Illinois 60439

In our previous studies on the photoexcited nickelcylopentadicnylnitrosyl (NiCpNO), we have
obtained the excited state molecular structure through the EXAFS spectra. It was suggested by the
EXAFS data analysis that the ground state NiCpNO has a linear -Ni-N-O configuration, whereas -Ni-N-O
bends upon photoexcitation at 365 nm. The evidence for this structural change was shown by a
significant reduction of the 0 back scattering amplitude in the excited state. The bending of -Ni-N-O
upon photoexcitatian results from a charge separated species, Cp"Ni^+NO\ which agrees with the
observation from FTIR and with the prediction by molecular orbital theory. Some differences in the
EXAFS spectra of NiCpNO in different media (e.g. hexane, 3-melhylpentane, polystyrene film) were also
observed in certain features related to O back scattering. These differences imply some structural
variation induced by the interaction of NiCpNO with the solvent molecules. In order to study tl\c
structural changes induced by photoexcitation, the solvent and temperature dependence of the structure
require investigation.

Three series of the measurements were conducted at X6B, which consist of NiCpNO in
polystyrene film, in 3-methylpentane, and in argon matrix. The first two scries were carried out at
different temperatures, ranging from 4-290K.

Figure 1 shows three different EXAFS spectra for NiCpNO in 3-methylpentane at 290K and 4K
and in argon matrix at 10K. The latter two show little difference in EXAFS, implying similarity of the
molecular structure at near liquid helium temperature
in argon matrix and in 3-methylpentane solution.
However, differences due to temperature are seen ' —
when the top two spectra are compared. The
difference could be from the temperature dependence
of internal motion, characterized by the Debye-Waller
factor. The correlation between tlie internal mobility
and the excited state structure and lifetime will be
studied in detail, when further data analysis is
completed.

We would like to thank Dr. Ke-Gang Huang
of X6B for his technical assistance in this work.

Figure I. EXAFS spectra of NiCpNO. From
the top: in 3-methylpentane solution at 2°0K,
same at 4K, and in argon matrix at 10K.



X6B
SYNCHROTRON X-RAY CHARACTERIZATION OF THIN CARBONATE
OVERGROWTHS ON A CALCITE (1014) SINGLE CRYSTAL SURFACE

R. P. Chiarello, R. A. Wogelius, N. C. Sturchio, M. Ramanathan, and P. Montano (ANL)

Carbonate mineral surfaces play an important role in many geochemical processes and can be
studied at the sub-micron scale on single crystals by using synchrotron x-ray techniques. We
employed x-ray diffraction and reflection geometry EXAFS to study the long range order and
local atomic arrangement of carbonate overgrowths on calcite. Thin (<500 A) overgrowths of
PbCO, (cerussite) and Pb.Sr^CO, were precipitated from aqueous solutions onto the (1014)
perfect cleavage surface of single crystals of natural Iceland spar calcite. Figure 1 is a 6-26 scan
of calcite reacted for 210 hours with a solution initially supersaturated (log Q/Kctt= 0.229) with
PbCOj. The PbCO, (101) reflection is labeled in the figure and the calcite (10l4) reflection at
29.58° from the same scan is shown for reference. This scan indicates that the PbCO3 grew with
the (101) plane parallel to the (10l4) substrate surface. A rocking curve (6) scan at the (101)
peak position has a full width at half maximum intensity of 2.15 ±0.15°. Figure 2 presents the
data (open circles) and the best fit curve (solid line, calculated using two Voigot functions) of
a $ scan of the PbCO, (211) reflection from the same sample. This off-specular reflection shows
the single crystal nature of the PbCO3 but the shoulder at 39.65° implies some domain structure
in the in-plane mosaic of the overgrowth. The thickness of the PbCO,, estimated from diffraction
scans recorded perpendicular to the growth plane, is approximately 350 A and is consistent with
thickness estimated from lcachate experiments.

We also performed x-ray diffraction analyses of Pb.SruCO;, solid solution overgrowths on
calcite. After an exposure time in solution of 250 hours a well-ordered PbjSr^COj single crystal
overgrowth formed. A comparison of x-ray fluorescence signals from pristine and reacted calcite
surfaces indicated higher concentrations of Sr in the calcite near-surface region for the reacted
sample. From reflection geometry EXAFS measurements we were able to determine that the
coordination enviroment of Sr in the near surface region of the Pb,Sr|.xCO3 overgrowth is
significantly different from that of pristine calcite. In addition, from the reflEXAFS measurement
of the pristine calcite we found that the calcite surface hydrates in contact with atmospheric water
vapor to depths in excess of 10 A.

Figur« 1 Figure 2
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Supported by DOE/OBES-Geosciences under contract W-3I-109-Eng-38 (ANL)

BEAM LINE X-6B

EXAFS OF FE ATOMIC LAYERS ON GRAPHITIC SURFACES

G. J. Hansen. M. Zhang, and L. Wilson (Dept. of Physics, West Virginia U.)

The gasification of carbon Is cetalytically enhanced by the presence of impurities
such as iron. In this study EXAFS and XANES are used to elucidate mechanisms by which
Iron catalyses carbon oxidation at graphitic surfaces by observing the structure and state of
Iron atoms at graphitic surfaces with varying concentrations of defect sites. A UHV
chamber has been built 1n which graphite surfaces are prepared with Iron monolayers which
ere then heated, exposed to oxygen, and cooled for x-ray absorption measurements.
Defects and steps are induced in H0PG by heating, ion bombardment, ozone exposure, or
miscutting with respect to the basal plane. Use of the chamber In these studies has been
Initiated, with full utilization planned for future cycles.

Initial fluorescence measurements of five angstrom Iron layers on basal end 90°
miscut edge planes of HOPG have been obtained in sir using a Ge detector, the surface plane
vertical. Near edge structure Indicates that the Iron on both the basal plane and 90° edge
are oxidized as compared to metallic and intercalated iron (see Fig. 1). However, the EXAFS
above 5 A"' for the 90° edge Iron appears to be dominated by metallic Iron-like structure
(Fig. 2), while the basal plane Iron EXAFS Is similar to that of Fe203. Future sample
preparation, treatment, and measurements under UHV conditions will help determine the
extent of Iron interaction with carbon and oxygen as a function of temperature, defect
density, and oxygen exposure.

Fig. 1 Near edge of iron: — F e foil;
Reduced Fe Intercalated In graphite;
5A Fe on HOPG Basal plane;
5A Fe on HOPG 90° edge.

Fig. 2 Normalize Chi:—Fe foil;
— 5A Fe on HOPG 90° edge.

Work supported under DOE Controct No. DE-EG02-01NPOOI59-AOO.



X6B
Sulfur Sensitization Studies of Xgci(1.x)Brx cubic Crystals Examined
by U S and EXAFS.

J.C Hansen and K.J. Lushington, (Eastman Kodak Company, Rochester
NV 14650-2002)

Sulfur is present, in many aspects, in the preparation of
modern high-speed photographic emulsions. Cysteine and methionine
are two sulfur-containing amino acids found in the photographic
peptizer gelatin that is used in the precipitation and
stabilization of silver halide microcrystals. It is believed that
this sulfur bonds to the silver halide surface, but the nature of
this bond is not well known. The amount of sulfur present in
gelatin is typically at low levels, -0.5 wt%, and it is believed
that only a small percentage is actually bonded to the surface.
The figure below shows preliminary results of the near-edge sulfur
K edge region (2.472 keV) using a Lytle fluorescence detector. The
sample is composed of AgCl_9Br , cubic microcrystals (0.3 /xiu edge
length) suspended in a gela'tin' matrix. The major spectral feature
(near 2.472 keV) is consistent with that observed for cysteine and
methionine, while the origin of the peaks between 2.46-2.47 keV is
not known. Future experiments are planned to investigate these
unknown features and their possible relationship to sulfur chemical
sensitization of photographic materials.
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Interface Structure of Epitaxial YBa2Cu3O7 Thin Films on SrTiO3(001): A
Grazing Incidence X-Ray Diffraction Study

E.G. Huang, P.L. Lee (MSD, ANV); M.R. Rao, J. Zegenhagen (Mat-Planch Inst.,
Germany)

YBajCu3O7 (YBC0) can be grown epitaxially on SrTiO3(001) by pulsed laser de-
position. High quality films are obtained with the YBCO c-axis normal to the substrate
surface due to the small lattice mismatches of a (-1.82%) and 6 (-0.56%) of the overlayer
with respect to the substrate lattice constant (a,). We used grazing-incidence diffrac-
tion to study the structure of the heterointerface as a function of overlayer thickness
for ultra thin films in order to understand the mechanisms of lattice relaxation in the
epitaxial overlayers.

Fig. 1 shows an in-plane diffraction pattern [near (2, 0, 0.04)a/] of a sample
with a YBCO film of 500 k thickness. It exhibits a four-fold splitting because of the
pseudotetragonality of the orthorhombic unit cell of the YBCO lattice. Detailed H
scans (Fig. 2), taken across two of the four peaks with fixed K(=0.012Oj") and various
L [corresponding to grazing incidence angles (a) larger and smaller than the critical
angle], reveal that interfacia) YBCO overlayers were under compressive strain in both
a and 6 directions while the in-plane lattice of the top layers relaxes to the respective
bulk values. A thickness dependent study of this behavior is underway.

Fig. 1
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EXAFS Study of Local Structure and Us Correlation with the Ionic Conduction in
Rb2O:(!c()2 and (Rb,Ag)2():GeO2 Glasses

W.C. Huang, H. Jain (Dept. ol Materials Scl., Lehlgh U.) and MA. Marcus (AT&T Bell Lab., Murray Hill)

The movement of monovalent cations in oxide glasses is intimately dependent on the
local organization of atoms. Structural information such as bond length, coordination number
and degree of disorder around the mobile (Rb and Ag) as well as the network forming (Ge)
cations in xRb2O:(l-x)GeO2 and 0.21yAg«(l-y)Rb)2O-0.8GeO2 glass sei.es has jeen
investigated using EXAFS at X613 beamline.

The comparison of molar volume with various Rb-O bond lengths suggests the presence
of some 'unoccupied volume' in glass, which may vary with composition without affecting
interatomic distances (Fig. 1). The maximum in activatio . energy shown in Fig. 1 is due to the
formation of GeO6 (6-fold) structural unit, which is verified by the increase of Ge-O bond
length. The (Ag.Rb) series shows classical mixed mobile ion effect in d.c. conductivity. The
replacement of Rb by Ag has the same effect on Rb-O distance and disorder around Rb as the
reduction of Rb in binary Rb-germanate system. The Ag-O distance and disorder around Ag
show trend opposite to that of the Rb-O distance and disorder around Rb when Ag and Rb
replace each other, respectively. The activation energy for d.c. conductivity does not seem to
have a simple correlation with Metal(Rb.Ag)-O distances or disorder around Rb and Ag
atoms. That is, the mobile cation's distance from oxygen and the disorder around it do not
appear to be very important for the development of MMI effect (Fig.2).

Rb2O-GeO (Rb.Ag) 2O-GeO 2

0.1 0.15
x(Rb)

Flg.1 (a) Activation ensrgy and molar volume
and (b) f>»-0 bond lengths ol xRb2O-(i-«)
GeO2 glasses.

Fig. 2 ..i) Activation energy and bond lengths
and (b) disorder of M(Rb,Ag)-Ool
0.2[yAg-(1 >y)Rb]2O>0.8GeO2 glasses.

This work is supported by (he U.S. l)i|>;irtnunt (if Knerg) under grunt No. UK-KC02-90ER454I9.
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X-RAY ABSORPTION FINE STRUCTURE OF IRON PORPHYRINS

Sunghyun Kim (Case Western Reserve University), In Tae Bae (BP Research),
Marnita Sandifer (CWRU), Donald Tryk (CWRU), Roger Carr (SSRL), Mark R.
Antonio (BP Research), and Daniel A. Scherson (CWRU)

As part of our ongoing program of in situ X-ray absorption fine structure, XAFS,
studies of transition metal macrocycles irreversibly adsorbed on carbon supports1 -2,
ex situ (electron-yield) XAFS data were obtained at X-6B for two neat,
m i c r o c r y s t a l I i ne f e r r i c p o r p h y r i n s : (1) « - o x o ( b i s ) [ i r on
rr!esf>tetrakis(methoxyphenyl)porphyrin], (FeTMPP)2O, and; (2) ji-carbido(bis)[iron
mesc-tetrakis(methoxyphenyl)porphyrin], (FeTMPP)2C. The iron K-edge XANES,
X-ray absorption near edge structure, for the JI-OXO and the u-carbido dimers is
shown in Figure A. The corresponding first differential XANES is shown in Figure B.
The double-peak structure of the 1 s-3d electronic transition observed in the XANES
for the M-narbido complex is the subject of current focus (as is the analysis of the
EXAFS). It may be due to an admixture of M-OXO and y-carbido dimers; a mixed
valence Fe^-Fe3* species; etc. 57Fe Mossbauer-effect spectroscopy and magnetic
susceptibility measurements will be brought to bear upon this program.

1. S. Kim, I. T. Bae, M. Sandifer, P. N. Ross, R. Carr, J. Woicik, M. R. Antonio, and
D. A. Scherson (1991) In situ XANES of an iron porphyrin irreversibly adsorbed
on an electrode surface. J. Am. Chem. Soc. 113,9063-9066.

2. S. Kim, I. T. Bae, M. Sandifer, D. Tryk, R. Carr, M. R. Antonio, and D. A.
Scherson (1992) In situ extended X-ray absorption fine structure of an iron
porphyrin irreversibly adsorbed on an electrode surface. J. Am. Chem. Soc.
submitted for publication.
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CHARACTERIZATION OP FRESNEL ZONE PLATES FOR HARD X-RAYS

D. G. Legnini, W. Yun, B. Lai, Y. Xiao (Advanced Photon Source, AND

IntTiallv of Transmittad

Position (mtcroni)
Ab»oluf Valua

of Dariwttw of lnt«n»Htf

We have been developing and testing
microfocusing optics for high spatial
resolution applications in the hard x-ray
region (5-20 keV). Fresnel phase zone plates
are used to demagnify the bending magnet
source by a large (25-100) factor, thereby
concentrating the flux to a small spot. One
of the parameters of particular interest when
characterizing the performance of a new
optic is the distribution of the intensity of the
beam at the focus. This distribution can
give, among other things, an effective focal
spot size. The theoretical limit to the spatial
resolution for our Fresnel phase zone plates
is approximately the linewidth of the
outermost zone. This dimension is smaller
than the effective source size after dividing
by the demagnification factor. To measure
the spatial resolution limit of our current
optics or to acquire images at the highest
spatial resolution, it is necessary to introduce
an adjustable aperture far enough upstream
so that the demagnified image of the source
is less than this intrinsic limit based on
fabrication geometry. X-6 has an aperture
which meets these criteria.

One generally accepted method of characterizing spatial resolution is the edge
test. Results are shown for transmission as a function of position for a single bar of
a Au grid. The bars are square in cross section and measure ~6[im on a side.
Measurements were made in 0.1pm steps. The simple analysis in the upper figure
looked at the relatively linear intensity change from 75% to 25% resulting in an
effective spot size of a little less than lum. Effects from the gaussian nature of the
source intensity distribution combined with the nature of the concentration of
radiation into the focal spot make this data difficult to interpret consistently. A
more useful criterion is shown in the lower figure. Here the transmission signal has
been differentiated, and the absolute value plotted vs position. The full width at
half maxima are less than 0.6(im and less than 0.7um for the two edges.

Modelling of the imaging process is underway to aid in interpretation of the
structure in these data and to understand or optimize such factors as zero order
transmission, size and position for the order sorting aperture, and depth of field.

Work supported by DOE, BESMutorials Science contract No. W-3MO9-ENG-38

Pollllon (mlctont)

X-6

STRUCTURES OF FATTY ACID MONOLAYERS TRANSFERRED TO GLASS SUB-
STRATES FROM DIFFERENT PHASES ON THE SURFACE OF WATER *

M.C. Shih (Northwestern U.), J.B. Peng (U. Queensland), K.G. Huang (Argonne)
and P. Dutta (Northwestern U.)

We transferred Langmuir-Blodgett monolayers of heneicosanoic acid to glass substrates from
three phases of monolayers on water. The structures on water are known to be (a) distorted-
hexagonal with tilted molecules ("D" phase); (b) distorted hexagonal with untilted molecules
("A'" phase); and (c) hexagonal with untilted molecules ("Rotator-II" phase). Specular reflec-
tivity data show that the three transferred films have the same thickness, and diffraction data show
that the three structures are untilted hexagonal irrespective of the 'parent' structure. However,
there are small quantitative differences that may be vestiges of the parent structure—for example,
the most expanded structure on glass (see diffraction data) is deposited from the most expanded
structure on water (D), although the two structures are quite different.

D phase
A' phase
RII phase

0.3

LEFT: Specular reflectivity data. The y-aiis is correct for the
uppermost curve; the others have been shifted down for clari-
ty. RIGHT; Diffraction intensities, plotted as contours in
iheKp-K; plane, for the three IB films described in the text. It
can be seen that the peaks are at K 2 -0 , i.e. the molecules are
vertical.

Langmuir, to be published

This work was supported by US Dept. of Energy grant no DE-FGO2-84ER45125.
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Local structure of Er and Zn of Er doped Tellurite glasses.
D.Sunil, M.H.Rafailovich, J.Sokolov Physics Dept,Queens college.
J.S.Wang, E.Vogel Bellcore New Jersey.

Erbium doped glasses have received a great deal of attention
as fiber amplifiers for the 1.55 tim telecommunications window1"*.
Fiber gains in excess of 5dB/mw of absorbed power with total
gains greater than 3 5 dB have been achieved in silicate glasses.
However, it is interesting to study the behavior of rare earths
in glass hosts other than silicates. Tellurite glasses have been
chosen because they have very high indices of refraction(-1.65-
2.32), large non linear refractive indices (25 times greater than
silica), and relatively low phonon energy. These properties make
tellurite glass fibers uniquely suited for non-linear and laser
applications. Study of local structure of doped materials and
glass formers is important to fabrication of active devices such
as fiber laser oscillators and amplifiers. In this work EXAFS
studies of Er and Zn edges was done on glass of composition
5.Na2O.20ZnO.75TeO2. Radial distribution functions of Zn in the
glass before Er doping and after Er doping is shown in figures
1 and 2 respectively. Preliminary results reveals that after Er
doping the Zn-0 distance has decreased by about 0.25 °A and the
second shell of atoms is not visible in the RDF. In the case of
Er, the Er-0 distance is same as that of pure Er^O3 but the
second shell which appears in pure Er2O3 is missing in the Er in
glass.
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Figure 1RDF of Zn in the
glass

todtol distance A

Figure 2 RDF of Zn in the
Er doped glass

l)E.Snitzer et al. Optical fiber communications conference 88,
New Orleans PD2.
2)R . J . M e a r s , L . R e e k i e , I . M . J a u n c e y and N . P a y n e
Electron.Lett .23,1026,(1987).
3)E.Dsurvire, J.R.Simpson and P.C.Becker Opt.Lett. 12,888(1987).
4)M.J.creaner et al Electron l e t t . 26,442(1990).
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STRUCTURAL ASPECTS OF THE CRYSTALLOGRAPHIC-MAGNETIC TRANSITION IN
UVO3 AROUND !40 K
P.Bordeta, C.Chaillouta, M.Marezio3-11, Q.Huangc'd, A.Santoroc, S-W.Cheongb, H.Takagib,
and B. Batloggb

a CNRS-Grenoble, b A . T. &T. Bell Labs,c NIST, <• University of Maryland

The perovskitc-like compound LaVO3
undergoes a crysiallographic-antiferromagneiic ''•"] *•• Joo K
transition at about 140 K. The structure of ] {"
L. v O3 has been determined at room
temperature and just above (ISO K) and below
(100 K) the transition. Synchrotron x-ray and
neutron powder diffraction techniques were
used. The success in determining the correct
structure is due to the use of these two
complementary techniques. The lattice
parameter variation vs. temperature and the
structural refinements revealed that above the
transition the structure of LaVOj is of GdFcO3
type, namely it is orthorhombic with lattice
parameters at room temperature :
a = 5 55548, b = 7.84868, c = 5.55349 A
and space group Pnma. The orthorhombic
distortion of the structure is very similar to that
of isostructural LaFeO3. At 100 K, below the
transformation temperature, the splitting of
peaks detected by using the synchrotron
radktion powder diffraction technique indicated
that the structure is monoclinic. The lattice
parameters are : a = 5.56490, b = 7.75951,
c = S.56490 A, y = 90.125°, space group
P2I/<L In the orthorhombic structure all V sites
are equivalent, but two independent sites arc
obsi' ved in the monoclinic structure. These
two sites form alternate layers along the b axis.
Above the transition all the V octahedra are
tita' around the three crystallographic axes and
arc elongated along the [110] direction. The
elongation increases at the transition and that of
the VI octahedra rotates of 90°. Moreover, the
tilting of the V2-octahedra around the b axis
changes sign. According to Glazer
classification, at the transition the octahedral
tilting changes from a-b*a- to a-b-a\
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Reflexion profiles measured al different temperatures
using synchrotron radiation powder diffraction
technique. The splitting of tbc (121) reflexion below
the transition temperature indicates monoclinic
symmetry of tbc low temperature phase.
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Observation of Low Temperature Phase Separation in La^NiOij.ooo

D. J. Buttrey and D. E. Rice (U. of Delaware), D. E. Cox. J. Hriljak, P. Zolliker (BNL)

The low temperature structural behavior of La2NiO4+5 is of particular interest due to its

isostructural relationship with the high-Tc superconductor La2CuO4+g. The evolution of

structure with temperature was studied in a specimen with composition La2Ni04.oon by high

resolution x-ray powder diffraction. At room temperature a single tetragonal phase is observed;

whereas on cooling phase separation sets in resulting in coexistence of orthorhombic and

tetragonal phases. Phase separation occurs slowly, requiring several hours for completion. A

series of scans of the (2OO)/(O20) reflections at selected temperatures obtained on heating is

shown in Figure 1. This behavior appears hysteretic. Based on this specimen and another with

5=0.105, we estimate that the orthorhombic phase has composition 6-0.085 and the tetragonal

phase has S~0.150. Similar results have been obtained by neutron scattering on a single crystal

with 5-0.105 (Tranquada, Buttrey, and Rice).

: i » USt 14.M 14.74 H.K I4.H
Scattering Angle (20)

figure 1, Stack plot showing the change in
(O20)/(200) reflections upon heating for o sample
with £=0.090.

Supported by DOE DE-AC02-76CH00016 (BNL) and NSF DMR-891408 (U. of Delaware)

X-7A

METAL ATOM STOICHIOMETRY IN THE ELECTRON DOPED SUPERCONDUCTOR
(Nd,Ce)2CuO4
R.J. Cavaa, H. Takagia, R.M. Flcminga, J.J. Krajewskia, W.F. Pecka, Jr., P. Bordetb, M.
Marezioab, B. Batlogga, and L.W. Rupp Jr.a
a A. T. &T. Bell Labs b CNRS-Grenoble

Through careful materials synthesis and synchrotron x-ray powder diffraction characterization it
is shown that (1) there no significant metal atom nonstoichiomeuies in the superconducting T
structure phase in the Nd-Ce-Cu-O stystem which allow it to deviate from the line composition
Nd2-xCexCuO4.a when synthesized under optima) conditions, and (2) to the upper limit of very
high-resolution synchrotron x-ray powder diffraction the Nd2-xCexCuO4.a T phase is a true
solid solution, with no composition regions of phase separation, over the range of Co doping
relevant to superconductivity 0 £ x S 0.175. Furthermore, the high-resolution synchrotron x-
ray measurements reveal a subtle distribution of average c-axis lengths for Ndi.gjCeo.isCuO^a,
which is the superconducting composition, not present for other compositions oi' the solid
solution (see fig. 4).
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Fig. 1. High resolution powder x-ray diffraction scan
of the (110) reflection for Nd2-x.CexCu04-a.
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Fig. 2. High resolution powder x-ray diffraction scan
of the (200) reflection for Nd2-xCcxCu04-fl.

Fig. 4.Pcak widths of the (006), (200), and (110)
reflections for Nd2.xCexCuO4.3 mated in air (open
symbols) and N2 (close symbols), obtained from data
of figs. 1, 2, and 3 by lorenztian fitting.
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HIGH RESOLUTION POWDER DIFFRACTION AT 0.3A

D. E. Cox and G. S. Smith (BNL*); L. W. Finger (Carnegie Knst.), and A. P. Jephcoat
(Oxford U.)

Experiments have been performed to determine the feasibility of collecting high-resolution
powder diffraction data at wavelengths in the region of 0.3A using a linear multiwire
position-sensitive detector rilled with Xe at a pressure of 4 bar. When such a detector is
operated in the escape-peak mode at energies slightly above the Xe K-edge (34.6 keV),
it is possible to obtain excellent position resolution (KS 0.1 mm), as described in an ac-
companying abstract by Smith et al. This is potentially a very attractive technique for
high-pressure diffraction studies in a diamond-anvil cell, since not only is diamond quite
transparent to X-rays in this energy range, but also a wide range of reciprocal space can
be covered within the limited angular aperture of the cell. Data were collected at a wave-
length of 0.335A (37 keV) from a CeOj disk in reflection geometry with an incident beam
8 x 0.2 mm horizontal and vertical dimensions respectively. In spite of the low flux on a
bending-magnet beam-line at this energy, the data are-of high quality, with peak widths
(FWHM) of 0.03-0.04° and good peak-to-background discrimination (Fig.l). It is'impor-
tant to note that with this diffraction geometry, the well-known peak-shape aberration due
to axial-divergence effects is very pronounced (Fig.2), and it is essential to correct for this
in the subsequent data analysis. An excellent fit is obtained with an asymmetry correction
similar to that of Van Laar and Yelon [l] which is described in an accompanying abstract
by Finger et al., as shown by the solid line in Fig.2.
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Fig.l Diffraction data from CeOj
at 0.335A. The region between 15-25"
has been magnified by a factor of 10.

- CeO, (111) 0.335A -
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Fig.2 Observed (111) peak from
CeO2 (circles) and fit to asym-
metric peak function (solid line)

\1) B. Van Laar and W. B. Yelon, J. Appl. Cryst 17, 47 (1984).
Work supported by the Div. of Materials Sciences, US Dcpt. of Energy under contract
DEAC027GCH0001G.

WAXS AND DAS ANALYSES OF COBALT AND NICKEL ACETYLACETONATES
R.C. E l d e r (U. C i n c i n n a t i )

X7A

This is a methodological study. Wide angle x-ray scattering (VAXS) data
vere collected for Ni(acac) and Co(acac) solutions in Hay 1992.
Differential anomalous scattering (DAS) analyses are performed with
scattering data at different energies, of which one is near the absorption
edge of the metal element vhere abnormal scattering develops.

The Co and Ni complexes are knovn to retain their tetrameric/trimeric
structures in noncoordinating solvents (e.g. benzene). This property is
used in this project to test the resolving ability of the WAXS method which
we have used in the study of technetium and rhenium radiopharmaceuticals.

When the photon energy is set at 11 keV, we were able to collect data up
to 10.5 X"1 in k-space. When the photon energy is 7.409 keV, the maximum k-
space data obtainable is at about 7.20 A"1. The limited data in k-space
restricted the resolution of the radial distribution function (RDF).

The benzene solutions of the acetylacetonates are about 105! by mass.
The metal amounts to ca. 2.5X of the total sample. The noise level for the
DAS analysis is many times that of the WAXS since only the anomalous
scattering from the metal atoms contributes to the DAS.

Our results (Fig. 1) shoved poor resolution at 7 keV and 8 keV energies
(Co and Ni edges). The resolution at 11 keV (Fig. 2) is better but still
not satisfactory. It seems that good resolution will only be obtained at
high photon energies, for example, 20-30 keV, and CHESS may be a better
facility for these experiments.

7

Fig. 1 DAS of Co(acac)2 at 7701 eV Fig. 2 RDF of Co(Acac)2 at 11 keV

This project is supported by a grant from Mallinckrodt Medical, Inc.
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ASYMMETRY IN POWDER DIFFRACTION PEAKS

I. W. 1'ing.M (Carnegie lust.), I). K. Cm {UNI) ami A. I1. Jcphcoat (Oxford (I.)

At low diffraction angles, the axial divergence in a powder diffraction experiment causes
the peaks to become highly asymmetric whenever the illuminated size of the sample and/or
tin- de-lector opening, perpendicular to the plane of diffraction, are large. Although this
asymmetry lias long been understood, none of the total profile (Hietveld) programs in general
list- employ a satisfactory correction for this effect. Rietveld (1) described a purely empirical
asymmetry parameter. Howard (2) lias R better treatment; however, this approach is still
seiiii-empiiic.il. Most recent programs, e.g. CiSAS by Larson and Von Dreele (3), include
I lie latter form uf asymmetry correction, which cannot handle the most extreme case.

lu the current study, we employ the technique of van Laar and Yelon (4). which describes
a convolution of tin* expected asymmetric peak shape with the resolution function of the
dilfrartometer and sample. There are no arbitrary parameters; the asymmetry is completely
described by t he sample-lo-deteclor distance L, the half-width S of the illuminated portion of
the sample, and the half-width / / of the detector, measured perpendicular to the diffraction
plane. Hesulls for an experiment described in an accompanying abstract by Cox et al. are
shown in fig. 1 for S,H. and /. values of •). 4.5 and 400 mm, respectively. Inclusion of
I lie asymmetry on the peak position increases the apparent position and the Howard model
over-corrects, a I. least in this case. In Fig. 2, the difference between the symmetric and
asymmetric positions are plotted as a function of 20. and fcr various combinations of S and
H. with /. of (>10 mm. .Such offsets are deleterious (o the chances of success in autoindexing
the powder pattern, a critical step if an ab-tnitio structural determination is to made from
the data.
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Fig. 2. Differences in apparent peak position
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(1) II M. Ilirivi'ld (IU09) J. Appl. Crysi. 2, 05-7)
Ci)C J Ho»,,ril(!ilS2)]. Appl C'rynl 15.015-020.
(3) A C Utsnu sunl !{ H Von Drwle (ISI'IU) CiSAS Program Manual, l.o» Alamos Nat. Lab.

( I ) li vmi l.niir ami \V 1). Velon (138-1) .1. Appl. Cryot. 17. -JT-!>4.
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DIFFRACTION OF F e / C r USING ANOMALOUS DISPERSION ENHANCEMENT

C. L. F o i l e s , L. K o i n e s and R. L o l o e e ; PhyBics Depar tment and
MSU-Center for Fundamental Materials Research; Michigan State Univ.

Fe/Cr multilayers are an intriguing source of unusual magnetic properties.
Antiferromagnetic coupling between the Fe layers requires large applied
fields (Hs) to saturate the magnetization. This saturation is accompanied by

large changes in electrical resistivity (Giant HagnetoResistance). Each of
*hese unusual properties has a strong dependence upon the thicknesses of the
metallic layers; in general, the effects become stronger vith decreasing
l ik f H l f i dlayer thickness.

g
A summary of H values from three independent studies shoves

systematic decreases by a factor of S to 10 as the Cr layer varies from about
10 A to 30 A [1]. Comparable decreases are expected in GMR; the sputtered
samples used in the present study had a factor of >10 decrease in GMR as the
Cr thickness varied from about 8.2 A to 30.6 A.

Reliable experimental values for Fe/Cr bilayer distances are very difficult
to obtain. An atomic number difference of 2 and bulk lattice parameters
differing by 0.6Z produce a very weak X-ray contrast between Fe and Cr. With
the exception of the study by Fullerton, et a l . [2], standard source XRD
studies have failed to produce enough harmonics (lov angle Bragg lines caused
by the bilayer distance) or enough satellites on an average <11O> Bragg line
to define the straight lines needed to determine this bilayer distance.
Using a Ge monochromator to tune the beam on line X7A at NSLS into the regime
of anomalous dispersion for Cr ve obtained an increase in the X-ray contrast
betveen Fe and Cr sufficient to produce the values shovn below:

Sample ID
[nom 10.1A Fe]

226-3
226-5
226-8
226-12
198-15

Mom.
18.3
24.4
32.5
40.7
20.2

BILAYER DISTANCE (A)
Exp.tHar.)
18.5
24.6
32.7
39.6
22.3

Exp.tSati; )
18.5
24.1
34.2
40.6
20.2

Number
Har.

2
3
t,
3
3

of peaks
Sate

2
2
2
2
3

Time limitations on this in i t ia l effort did not allow us to achieve either
the optimum tuning or a quantitative measure of the enhancement. Ve simply
note tvo experimental facts. One, the present data are fo.- a beam tuned 15
eV below the Cr K-shell edge; a Si sample was used to measure the beam
wavelength. Two, standard XRD studies using a rotating anode diffractometer
failed to produce more than one harmonic and/or sa te l l i te on any of the
present samples.
[1] H-K. Sung and C. L. Foiles, Philos. Mag. B65, 1235 (1992).
[2] Eric Fullerton, et al . , Phys. Rev. Lett. 68, 859 (1992).

Support from The Research Corp. and the MSU-CFMR is gratefully acknowledged.
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LATTICE INSTABILITIES IN Nd-DOPED La2Cu04: A REVISITATION.

R. Harlow, M. Crawford, E. McCarron and W. Farneth (Du Pont)

La2CuO4 exists in a high-temperature tetragonal form (HTT,I4/mmm) and in a low-
temperature orthorhombic form (LTOl.Bmab) in which the the copper-oxygen octahedra tilt
around one diagonal of the HTT cell by a few degrees. We noted in the last Annual Report that
partial substitution of La with Nd leads to yet another phase transition from the LTO 1 form to a
new lower temperature onhorhombic form (LTO2, Pccn). We have now discovered that the Nd-
doped compounds, when synthesized in air, contain a small amount of excess oxygen (determined
by titration) presumably located in the T oxygen site. Further studies have shown that removal of
this excess oxygen could be effected by heating the compounds in vacuum at 450° C for 30-60 hrs.
The figure below contrasts the low-temperature behavior of two La2-xN(1xCuO4 samples with x =
0.20 and 0.35 with (top) and without (bottom) excess oxygen. In both cases, the orthorhombicity
increases in a smooth manner as the temperature is decreased from room temperature. At
approximately 100K, the samples with the excess oxygen undergo a second-order phase transition
(LTO 1 to LTO2) as denoted by the sudden decrease in orthorhombicity with further decreases in
temperature. Higher concentrations of Nd have larger orthorhombicities above, but lower
orihoihornbicmes below the transition, i.e. the transition is accentuated with increasing Nd. No
further phase changes are seen for these samples. For the stoichiometrtic samples with the same
Nd concentrations, the phase transitions are much more dramatic (bottom figure). Indeed, the
sample with x = 0.35 appears to pass through the LTO2 phase into the tetragonal LTT, P42/ncm
phase which was first reported for - —
Laj 875680 125CuO4 but has since
been seen in Nd,Sr-doped-La2CuO^.
It is now clear that a small amount of
excess oxygen severely hinders the
formation of the LTO2 and LTT
structures; oxygen in the T site apparently
limits the necessary motion of the apical
oxygens required for these transformations
to occur.

0.016

O.OOI

Nd.CuO.

- j . C 2 0 , B -0.015(5) I
- « . 0.35,6 . 0.030(5) |

X7A

Discontinuous Volume Change at the Orientational Ordering Transition in Cw

P. A. Heiney, G. B. M. Vaughan (U. Pennsylvania); D. E. Cox, (BNL)

The recently discovered orientational ordering transition in solid CJQ has excited
numerous experimental and theoretical investigations. Landau theory analysis and
computer simulation have suggested a first order transition, as does the sharp endoth-
erm observed by differential scanning calorimetry. In this work we studied the struc-
tural evolution of C w in the vicinity of the face centered to simple cubic transition [1].
At Tc, a lattice jump of 0.044 ± 0.004 A was observed (fig. 1), consistent with a first
order transition. Several theoretical predictions, as well as data for TC(P) inserted into
the Clausius-CIapeyron equation, are in good quantitative agreement with our measure-
ment of the volume change at Tc. Measurements performed of the change in intensity
of simple cubic peaks in the vicinity of Tc (fig. 2) indicate that the transition is more
strongly first order than previously assumed, as evidenced by the lack of precursive
intensity loss below Tc.
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[1] P. A. Heiney, G. B. M. Vaughan, J. E. Fischer, N. Coustel, D. E. Cox, J. R. D.
Copley, D. A. Neumann, W. A. Kamitakahara, K. M. Creegan, D. M. Cox, J. P.
McCauley, Jr., A. B. Smith, HI, Phys. Rev. B., Rapid Comm., 45(8), 4544 (1992).

This work was supported by the NSF and DOE under grants DMR-89-01219 and
DMR-88-19885 (NSF), and DE-FC02-86ER45-34 and DEAC02-76CHOO0I6 (DOE).
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POWDER DIFFRACTION STUDIES OF THE K(Ta,Nb)O3 SYSTEM.

J. A. Hriljac and D. H. Chen (BNL')

The mixed perovskite system KTai_,NbIO3 is of considerable interest due to its fer-
roelectric properties and associated phase transitions. Pure KNbO3 is know to be cubic
[Pm3m) at high temperatures and upon cooling transforms to tetragonal (Pimmm,
708K), orthorhombic (Amm2, 498K), and then rhombohedral (iZ3m, 263K) systems. In
contrast, the tantalum end-member is the ideal cubic perovskitc structure at all temper-
atures studied. A great dcnl of work on the mixed system has been performed, and it is
reported that a solid solution exists across the whole composition range. Surprisingly,
few of these reports are based on diffraction experiments, and little outside of unit cell
parameters are known. Recent work1 on the lightly-doped tantalum-rich materials has
revealed intriguing structural behaviour, and in light of this we have undertaken high
resolution powder diffraction experiments to explore the full composition range.

Polycrystallinc samples were prepared via standard ceramic methods and in-house
laboratory x-ray diffraction patterns indicated the absence of detectable impurities. High
resolution data were collected at room temperature utilizing beamline X7A on flat plate
samples at nominal wavelengths of 1.15 or 1.3A, with channel-cut Si(lll) or Ge(ll l)
monochromators, a Ge(220) analyzer crystal, and a Kcvcx solid-state detector. A plot
of some of the data is shown in the figure below. This region encompasses the cubic
(110) reflection, which splits into the orthorhombic (002), (020), and (111) peaks. This
data clearly indicates that, in contrast to earlier reports, this system does not constitute
a full solid solution and phase segregation occurs. It appears that the limit of solubility
of niobium into the tantalum cud-member is ca. 35%. and that of tantalum into the
niobium end member is less than 2.5%.
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1 P. M. Gehring, II. Cliou, S. M. Shapiro, J. A. Hriljac, D. H.Chen, J. Toulouse, D. Itytz,
and L. A. Boatner, Phys. Rev. B 40, 5116 (1092).

" Work supported by the Div. of Materials Sciences. US Dcpt. of Energy under contract
DE-AC02 7CCII00016.

X-/A
Partial Structure Factor of AlJtuCu Quasicrystal

Kuzhong Hu. anil i. Egami (IJ. of I'er.nsvi vania). A. I'. Tsai, A. Inouc and T.
Masumoto (Tohoku Universitv)

Chemical order of qu.isicryr.tal Al^Cu^Ru^ has boon studied by anomalous

\-rav scattering at both Cu and Ru K absorption edges. The paltia] ytrucrurc

factors F, u and l'Ru in the single crvstal diEfracvion expression and in atomic

unit 5 wore obtained.

The- anomalous X-ray scattering experiments were carried out at !/.(> and

HiUoV below the Ku K edge (22.119KeVi and 12.3') and 100cV below tin <,u K edge

{8.'>8KeV) rospectLvelv. Each diffraction data were corrected for K^ fluorescence,

absorpt ion. Compton scattering and proper normalization. The total structure'

factor S<<J) in atomic units was derived Cram elastic scattering intc-nnitv. The

differential partial structure factors :>Cu(Q) and SRlJ(Q) were obtained from the

dlfference between the total structure factors at two energies at each absorption

c-tlge. The S(Q).S.;i(Q) and SR,J(Q) were corrected ior Debyo-Waller factor and

converted to total and parti.-11 single crvstal structure tactov i-1 .1 K ,, and V^

bv:

where ; , is the number densitv in the real space, M is the tuultip] icitv of each

bragg peak, and tile integration is over each Bragg peak. The second equation is

true onlv when the inversion symmetry exists in the structure which is a

reasonable assumption lrom the result.-, of the total structure analysis.

The ploto of Klu and l"Ku vs. <U . are shown in Fig L-2. The wiuth of the

curve veils us the si::e of the projection windows for corresponding chemical

species. Each branch of the curves gives the information about chemical or'terini-

m b-D lattice. Detailed analvsis will be published soon. The conclusion from the

analysis is that the existence of preferred local environment' of Ru surroundevt

bv M vvth long range quastcrvstal ordering has fundamental importance to trotu

a stable and phasonless quasicrystal.
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X-7A
Two-Dinonsianal P a i r D i s t r i b u t i o n Function of ALCuCo Q u a s i c r y s t a l

OR1ENTATIONAL OUDKKINC; IN C,,,, AT 2.5 C\V? and 2'Kl K X7A

kuL^hong Hu. \ . "ian, and X t.gami . lUiuversitv of Pennsylvania) Yi He. and J.S.
I'oon t l iuversirv ot Vi rgwua '

P.i i v di u t n but ion tune i ion il'DFt hns been widelv used in the study of local
at oral c st lucUirt1 in 1 -dimensional structural analysis , especial lv, in
invest 1 e,at lm; local di sorder in the atomic structure. We recently exLended PDK
to .'-til mens lonal structural anal vsi s and successful ly appl ied to a decagonal
juasi c rvst al Al^Co-^Cu^ which has a lavered structure periodical m one
direction and a ^uasi- periodical with a decagonal syramecry in 1-dimensions.

l'hu X-rav diffraction experiment was carried our with a position sensitive
detector \ I'SD l placed perpendicrlat* to the diffraction piano which covered about
'* A • in Uus direct Lon. The single crvstal AlCoCu sample was orientated with the
c axis (periodical difyenon) perpendicular to the diffraction plane. The sample
WHS rot ,i red 360 • vi r h a utu form speed at each It} anglo so that the total
mlenuuv recorded m the deiocror vs the average scattering intensity over al l
the directions within the quasi periodical planes. With the PSD. we wure able to
collect both V-o and *«L Bragf, in tensi t ies and the 19 scan reached Q (in-plane)
up to L8 k :

The ij (in- plane-) dependence of the scattering intensity for i-0 wert
obtaincd bv integrating over the range of £-0 Bragg peak, then standarc.
correct ion procedure and normalination were applied to obtain the structure
factor StO) The SCO) is related to two the dimensional PDF by a zero-th order
liense 1 transt or mat ion as .

LJ J-oi0rlcte>

The t->;penmental i n n i s p l o t t e d vs atomic s e p a r a t i o n r by a dash 1 ine in the
fifturi' iK'low, We a l s o generated pit) from a s t r u c t u r a l model by Serge i e t . a l
( s o l i d 1 iiu- in the f i g u r e ) . Wrv good agreement was ach ieved . This i s the f i r s t
example ot app ly ing 2-dimensional IW to a r ea l s t r u c t u r e a n a l y s i s . I t wi l l
btTOHK. .i vc-rv powotTtil tool j n tht- i n v e s t i g a t ion of 2 -diniensionai d i so rde red

6 8 1 0 1 2 1 4 1 6 1 8

' (A)

A. P. Jephcoat (Oxford U.), h. W. Finger (Carnegie Jnst.), D. E. Cox (BNL); H. Mertwoy, W.J. Uomanow
and J. E. Fischer (U. Pcnn)

Tlw tonipiT.iture of llni ordering transit ion in the fulliTcno (V,o is i-xpt'ctpd to iiirr<-;i.si- wah inrn<.'isiii{;

p r e s s u r e :uu\ caUirituvirtc simJic.s 'twlfcntr th.it '}'r risrs in rnoiu-u-nnivr.iiurr ;»l n pT'-ssntr n c i r O.I <ll\t

Sporlrosropir stiidtcs have also suggestwl lltat C',-l(1 may form Jin orn-iitalioii.illy fro/i'ii gla.s> on cni)i|in-s

sion atnl Ihoosact natun* of tin- pn'Kstiri'-imluci-tl transition rcinmns unrtenr Prv\i<>iis x-ray iliirractinti

stiulifs at itn'sxttfo h .nc not jijonlifipij rcUf.Mion.'i ;irfMiig from !))'• onirn-iJ plia.se '!'!)•' «iftailed plias.1

traiisit.inn behavior of t 'c)t) nmler coiiipre.ssu>ii is of interest in lip,lit of more r^t-ni siiftjfestinii*. t li.it ,i IHW

.inmrphotiK hard carbon ailotropr is foniu'd at liiftlicr pressure* with ;\ large compoii'Mit of uni.ixi.il stress

We have performed lugli-resoliihuii, hi^ii-pressiire synrhrotmn x-ray dilFracumi iiiriisurenn-iits mi (',,„

lo;ide<l into a membrane diamond-anvil cell witji nire-^Ls fluids and solids as pressure-t raiiMmttnifi uiedi;i

We li;\vr obtained dilFrartion data roiisi.stfiit on preliminary analysis with the ordered ph.xsr (sc) n! (', «j

at r'HUii liMnperatun'. The figures show two spectra over ihe rnujy '>-T.\3 '20 nhtamed by IHRII re.viliititui

powdor x-ray dilVrartiim at pressure wiili (V.o luadi-d in a fluid helium medium al P~-2.5 i',V:i KxjsuMin-

limes of the order 'MM) H at IW) mA were required m roller! a "/frame with linear l'SI.) and —t) 7A

incident wavelength The strong rellertiou near 10.8 is attributed to prprerred-nrieiilrfj Au('2O0) i^ed

as a pressure calibrant. Relleetinns markers wore calculated for >pare ftroup I'all with a=KMi-10l)A.

Hefli'rtinns corrrs]>onding in the ((i'Jl) and (271) multiple!.* are idi-ntifietl ;v, originating from the sr

phase. The difference 20 WILS better thaw 0 01'for the-,e refterlinns The inti'iihiiy of Hie superlative

rollrrtiniis varied from pUre to plar»> within the sample (diameter 0 -1 mm) when probed with a III mm

hcam ami indicates that the ordering transition under prosure may he hindered by sample .l,iVn>.

IN.ssit.fe I'fffcis ilue to inclusion of tiehmu in the latdoe wen- not amsi'lered Hie K M ; | | S eturfinii llinl.

iintlcr fully hydrostatic conditions. <Y,(1 transfonn.s to tin- ordered phaw on eoinpr'SMon

JL-44* "
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FIRST ORDER STRUCTURAL PHASE TRANSrTION IN UNi Fe^ G»2-

C. D. Jones. E. Rossen. J. R. Dahn and J. N. Reimers, S\mon Fraser U.

X7A

LiNiO2 can reversibly intercalate Li and is therefore important as an electrode
material used in advanced lithium batteries. We are currently studying a large number of
similar materials with the general formula LiMM' \-yO2, where MM' = V, Cr, Mn, Fe, Co,
Ni. We hope to tune the electrochemical proposes of LiNiC>2 through such cation
substitutions with the aim of optimizing battery capacity, cost and safety.

Many of these materials have the hexagonal LiNiO2 structure with close packed layers
of oxygen between alternating cation layers, ... O-lJ-0-Ni-O-Li-O-Ni-O ... . If the cations
in the LiNiOi structure become randomly mixed the symmetry is raised to that of cubic MO.
L1N1O2 exhibits the same Bragg reflections as NiO, plus super-lattice reflections resulting
from the cation ordering. ZjNio.5Feo.5O2 is obsei-ved to have the cubic NiO structure.
Using lab. X-rays the materials LiNiyFel-yO2 with y £ 0.4 appear hexagonal. The improved
resolution of the synchrotron X-ray data allowed observation of both cubic and hexagonal
phases in the spectra. Using Rietveld profile analysis (12° <. 28 <. 100°), the relative
fractions of the two phases were determined as a function of composition. This is consistent
with a first order phase transition from cubic to hexagonal symmetry as y is varied in
UNiFO
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Work supported by the Natural Sciences and Engineering Research Council (NSERC) of
Canada under the Strategic Grants program.

X7A
RIETVELD REFINEMENT OF THE STRUCTURE OF THE MOLECULAR
SIEVE SAPO-40 USING SYNCHROTRON POWDER DIFFRACTION DATA
Lynne B. McCusker and Christian Baerlocher (ETH, Zurich, Switzerland)

The framework structure of the siltcoaluminophosphate molecular sieve SAPO-40 was

determined in the space group Pmmn using conventional diffractometer data1. To locate the non-

framework atoms and to allow refinement of the structure in the more appropriate space group

Pl/2ln, high-resolution powder diffraction data were collected on Beamline X7A. During the

data collection, it became apparent that the lattice parameters were changing under the influence of

the X-rays, so the sample was cooled to 15K and the data recollected. The lattice parameters

continued to change, but at a slower rate.

By refining the lattice parameters for small sections of

the pattern and then fixing the 29 values of the reflections

accordingly, a Rietveld refinement of the structure was made

possible. The position of the tetrapropylammsmum ion

proved to be well-defined (Figure 1), and refinement

converged with RF = 0.098, Rwp = 0.190, and Rcxp = 0.146

(Figure 2). With 182 positional parameters, this structure is

perhaps the largest yet refined with powder data.
Figure I. Difference electron density
map showing the 1.2 electron contour.

30030 -

2G000 -

^ r

Figure 2. Observed (top), calculated (middle) and difference (lower) profiles for the Rictycld refinement of
SAPO-40. The second half of the profile has been scaled up by a factor of 5 to show mare detail.

Estermann, M.A.; McCuskcr, L.B. & Bacrlochcr, Ch. (1992). J. Appl. Crysi. 25,539-543.
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AB1N1TIO STRUCTURE SOLUTION OF Ga2(HPO3)3.4H-.O FROM POWDER DIFFRACTION
DATA1

Russell E. Moms(UC Santa Barbara), William T.A. Harrison (U of Houston). Angus P. Wilkinson
(UC Sania Barbara), Jacqueline M. Nicol (NIST) and Anlhony K. Chcelham (UC Santa Barbara).

Synchrotron X-ray diffraction powder diffraction data for Gai(HPC>3)3.4HiO were recorded on Beam
line X7A (6 < 29 < 75°. \ - 1.29915A. Si( 111) channel cut monochromator, Ge(220) analyser). The
powder pattern was indexed using the automdexing program TREOR2 to give a monoclinic unit cell,
and the space group assigned as P21 by inspection of the systemauc absences and second harmonic
generation measurements. The Lc Bail'3 profile filling technique was used to extract 532 structure
factors from the powder pattern, and these were input into the direct methods program SHELXS-864.
From the resulting E-map, five atoms in the structure could be identified and these were used as the
starting model in a Rietvcld analysis using the GSAS5 suite of programs. The remaining heavy atoms
in the model were found using difference Fourier techniques and the hydrogen atoms were located
using neutron diffraction. The final refinement against the neutron data converged to Rp = 2.91%, Rp
= 3.49Co. R l tp = 4.39'7o and •/} = 1-77. Ga2(HPO3)3.4Hi0 contains 29 atoms in the asymmetric unit
and is the most complex solved from powder diffraction data to date.

Table I. Crystal data for
Ga;(HP63)3.4H2O

Fig. 1. Synchrotron X-ray powder pattern for

Formula weight
Crystal system

a/A
b/A
c-'A

V/A3

Space croup

F(000)

Z

451.22
Monocliruc

8.0947(2)

10.0336(2)

7.6411(2)

111.392(2)

580.11(2)

P2l
444
i

20 -

This work was supported by the Materials Science Division, US Department of Encrgv, under contract
number DE-ACO2-76CH00016.

' M o m s . R t .Harmon. \V T A.. Wilkinson, A P . Nicol. JM. and Cbcclham AJC.JVaiuw (London). In press.
;Wemcr. P R . Eriksson. L. and Wcsldahl. M J . ;. Appl. Crysl. 18, 3647. (1985).
3Lc Bail. \ . D»ro\ . H and Fouiqucl. J.L.. Mai. Re;. Bull'. 23. -U7. (1988).
jSheldnck. 0 M , SHELXS-86 user guide, Universiiy of GoitiOB"!. Gtrmany. (1986)
^Larson. A C and Von Drcclc. R.B . Los Alamos Laboratory report No LA-UR-86-748. (1987),

X7A

Powder XRD Analysis of Novel Zcolilic Materials By Intrazcolilic MOCVD Synthesis

Geoffrey A. Ozin, Carol L. Bowes, Andrzcj Malek, Mark R. Stcclc (U. of Toronto)

Research in this laboratory has included the preparation and characterization of intrazcolitic
semiconductor nanoclusters. Such nanoscale objects are expected IO exhibit novel optical and electronic
properties due to quantum, spatial and dielectric confinement of excitun, electron and hole carriers,
interactions between clusters in a regular array, and interactions with Die surrounding environment.' 1J Initial
indications of local structure of tlic intrazcolitic host-guest composites arc established through mid and far-lR,
MAS-NMR and EXAI-'S speclroscopies. Low temperature, high resolution PXRD data obtained at X7A has
been invaluable to definitively pin down the location, population, structure and cryslallographic ordering of
intrazcolitic clusters and anchored precursors. Two forms of inirazcoliiic nanoclustcr synthesis arc explored:
the mctal-carbonyl, photooxidation route to tungsten oxide nanoclusicrs. and Uic orgaiinmeLtllic, anchoring
of methyl-metal moieties of cadmium, zinc and tin and subsequent treatment with hydrogen sulfidc/sclcnldc.

In the case or the chalcogcnide clusters of Sn, Cd and Zn, the goal of the MOCVD route is to create the
clusters in the larger ct-cagc of zeolite Y. |2] Rictvcld refinement ofPXRD data has shown that, for example,
when dimclhylcadmium/zinc react with the Bronstcd acid sites in 11Y, the mononicihylinctal species, which
is the precursor to the chalcogcnide nanoclustcr, is housed solely in the a-cages of zeolite Y. The
extraframework positions of the charge balancing guests arc at site II and III' where tlicy coordinate to the
zeolite lattice oxygens 0(2) and 0(4) respectively in a zeolate-lifce fashion.[31

111 a similar system, in which a*cagc anchored dimcihyltin reacts with hydrogen sulfidc, a regular array
of tin sulfidc objects is created in each of die zeolite Y a-cages. 'Hie Fourier electron density maps obtained
in the Rictvcld refinement of this low temperature I'XKD data set indeed show the absence of any
cxtraframework tin or sulfur moieties in the smaller fl-cages. Regular arraysof discrete tin sulfidenanoclustcrs
are anchored to Hie wall of the zeolite a-cagc at site II. A pscudo-adatnaiiianc cluster geometry is emerging
as the structure of this nanoclustcr in this continuing refinement

Intrazcolitc metal carbonyls arc important precursors for the synthesis of the intrazeolitc metal-oxide
supcrlalliccs.[4] The sublimation of W(C0)6 into the onc-dlinension.il channel system of Zeolite I- can be
carried out to the maximal loading level of one molecule per unit cell. As in the case nf the Zeolite Y, the
guesl hexacarbonyl molecules arc anchored by the interaction of the oxygen end of the carlwnyl ligands with
the cxlraframcwork cations.[3] A molecular modeling study indicates that to realize this loading level the
metal hcxacarbonyl species have to be oriented in such a way thai their thtcc>fold axis lies parallel to ihe
channel axi.s of zeolite L. A Hietvcld refinement of the PXRD study is in progiess.

1. Wang, Y., Herron, N., j . Phys. Chun., 95, 525 (1991); Stcigcrwald, M. C . Brus, L. 1-., Ace. Ciicm.
Res., 23,183 (1990); Wang, Y., Ace. Chcm. Res., 24, 133 (1901), and references cited therein.

2. .Stcclc. M. R., I lolmcs, A. J. and Ozin, Ci. A., Stcpwisc Symliesis of II-VI Nanocluslcts Inside Zeolite
Y Supercagcs Using MOCVD Type Precursors, Proc. 9tli Int. Zeolite Conf., (1992) (in press); Bowes,
C. L., and Ozin, G. A., (manuscript in preparation); reported in (Vin, (_!. A., Nanomatcrials: l-ndo- and
I'xoscmiconduclors, Adv. Chem. Ser. (in press), Ozin, G. A., Nanochcmistry: Synthesis in Diminishing
Dimensions, Adv. Mater., (in press).

3. Ozin, G. A., Bowes, C. L., Stccle, M. R.. Zcolates: A Coordination Chemistry View of MclaM.ir.and
Bonding ill Inirazcoliic MOCVD Type Precursors and Semiconductor Nanoclusters, in MRS Symp. Ser.
"Macromolccular Host-Ciucst Complexes", (1992) (in press).

4. Oz.in, G. A., Ozkar, S., Cliem. Mater., 4, 511-521 (1992); Ozin. (i. A., O/.k;ir, S., Prokopowicz, R.,
Ace. Chem. Res., (in press).
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X-7A AND X-3B
A HIGH RESOLUTION X-RAY POWDER DIFFRACTION AND MOLECULAR
MODELING STUDY OF THE STRUCTURAL CHANGES ACCOMPANYING
ABSORPTION OF TRANS-STILBENE INTO H-ZSM-5 ZEOLITE.

J. B. Parise (CHiPR and ESS, Stony Brook), J. Hriljac and D. E. Cox
(Physics, BNL)

The restricted pore geometry available in molecular sieves
makes them excellent candidate materials for a number of selective
chemical reactions.
These have recently
included the first >
stabilization oi the
cation radicals of the , <
/rans-polyenes1. We |
have studied stilbene ? ">0°
in H- ZSM-5 and have |
suggested the molec-
ule absorbs into the
straight channels on
the basis of NMR data.
High resolution X-ray
data collected at room
temperature have been modeled, using a commercial software
package, and are consistent with this interpretation.

Sorption of rrans-stilbene causes the monoclinic H-ZSM-5 to
transform to a pseudo tetragonal phase at room temperature with no
detectable distortion of the unit cell. Upon cooling to 20K a
pronounced orthorhombic splitting is evident. The figure above
shows scans through the (400/040) reflections from trans-
stilbene/H-ZSM-5 at selected temperatures up to 300 K collected at
a wavelength of 1.3064 A.
1. Ramamurthy etal.J. Amer. Chem Soc, 1991, 113, 594)

Acknowledgements: Work at X-7A and X-3B supported through DOE,
DMR under contract DE-AC02-76CH00016 and DE-FG02-91ER45231,
respectively; partial support for JBP DuPont and NSF DMR-9024249

X-7A
A JOINT X-RAY AND NEUTRON POWDER DIFFP * CTION STUDY OF LIMON2:
THE FIRST METALLIC LAYERED NITRIDE.

^ x-?AO3ta capitary. Sill 11), imO 7122A,GKI11)

J. B. Parise (CHiPR and ESS, Stony Brook), J. Hriljac (Physics, BNL), S.
H. Elder and F. H. DiSalvo (Chemistry, Cornell)

A novel layered ternery lithium nitride, in which the lithium
can be deintercafated and reintercalated, has been synthesized by
reaction of two different precursors, LiMo(N'Bu)4 and UM0O4, with
ammonia gas. The
structure was
refined using
combined neutron
and X-ray data;
R3, a = 2.8672(3)
and c =15.813(3)A.
The ideal
structure consists
of M0N2 layers
with Mo in
trigonal prismatic
holes and Li in
octahedral holes
between the M0N2
layers. The diff-
raction studies „ 2 •> 30
indicate the pres- 2l)

ence of cation
anti-site defects; ..— »»•
the structure is
best described as (Li0ojMo0.6)oc,(Moon4Li016)iPN2. UM0N2 is metallic and
Pauli-paramagnetic with xo =0.585 x 10-6emu g - 1 . Electrochemical
studies show a large hysteresis in charge/discharge cycles. Results
from the joint refinement are given in Table 1 and the figure above
displays the fit between calculated and observed x-ray powder
diffraction patterns.
Table 1. Refined* atomic parameters for L1M0N2.

Atom* z U,so(A2)x102
Mo(1) 0 0.6(1)
L i (1 ) 0.8290(10) 5.7(8)
N(1) 0.2520(4) 2.5(1)
N(2) 0.4141(4) 1.6(1)

# Powder statistics for joint X-N relinement : Rwp= 0.128, Rp = 0.092 X" = 2.01
•all atoms at site 3a (0,0,.z), Mo and Li-sites partially occupied

Acknowledgements: Work at X-7A supported through DOE, DMR under
contract DE-AC02-76CH00016; partial support for JBP DuPont and
NSF DMR-9024249



X-7A
INVESTIGATIONS OF THE TRANSFORMATION OF THE HIGH PRESSURE
FORM OF y-Mg2Si04 (SPINEL) TO OLIVINE.

J. B. Parise and Yue Meng (CHiPR and ESS, Stony Brook).
The y-phase of Mg2SiO4 is stable at conditions of pressure and

temperature corresponding to those in the transition zone of the
mantle. Phase transitions from the olivine form, stable at room P
and T, to structures related to spinel are invoked to explain seismic
discontinuties at =400 and =500 km depth. Therefore, the physical
properties and structure of the y-phase under pressure and at high
temperature are critical to placing constrints on the mineralogical
composition of the mantle.

ANISOTROPIC STRAIN AND CATION VACANCIES IN THE SPINEL UMn-p4- X7A

Using a position sensitive detector1 and a tube furnace, the
back-transformation from the high pressure y-phase to the olivine
phase has been followed in real time. A 1 mg sample of y-Mg2SiO4
was placed with CaF2 as an internal standard in a quartz
capillary.and heated to 600°C. The tranformation is seen to begin
above 300'C. Complete spectra, from 5 to 60° in 29 with X=0.6069A,
could be collected in 30 seconds.

Acknowledgements: Work at X-7A supported through DOE, DMR under
contract DE-AC02-76CH00016; partial support for JBP from NSF
DMR-9024249

J. N. Reimers (Simon Fraser U.).
(Bellcore).

J. R. Dahn (Simon Fraser U.) and J. M. Tarascon

flu can reversibly intercalate Li and is therefore important as an electrode material used
in advanced lithium batteries. We have learned that minor changes in the method of
preparation for these materials results in significant changes in the electrochemical properties.
The long term goal of this work is to optimize battery capacity, voltage, recharge rate, cost
and safety, through controlling structural details of the electrode materials. We have
prepared samples of LixMn20A with J; = 0.90. 0.95, 1.00 and 1.05. After firing the samples
bath slow cooled and quenched versions of each sample were made.

UMtiiPi has the cubic spinel structure with Li predominantly on the tetrahedral sites
and Mn predominantly on the octahedral sites. The improved resolution of synchrotron
X-ray data allowed us to determine, using Rietveld techniques, both strain and particle
sizes, from the observed peak widths, . In all samples the (111), (222) and (444)
reflections were narrow compared to the (004) and (008) reflections, which is consistent
with anisotropic lattice strain. This effect was most dramatic in the LIO 9MH204 quenched
sample. The average particle size was roughly 1200(100) A for all samples. The
refinements also yielded transition metal vacancies and the degree of Mn mixing between the
tetrahedral and octahedral sites. Work towards correlating these subtle structural details of
our samples with electrochemical properties is under way.
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SHORT RANGE CATION ORDERING IN U/H X7A

J. N. Reimers, W. Li and J. R. Dahn, Simon Fraser U.

NiO is a Mott-Hubbard insulator whoie electronic structure has been the subject of
intense interest for many years. Introduction of Li forming LixNi2-jP2 creates electron holes
and there is currently some controversy as to whether the holes are of Ni-3d character or
O-2p character. For i s l , Li%Ni2.%O2 is also of considerable interest because of its ability
to reversibly intercalate Li. High density energy storage can be achieved using LiNiO2 as an
electrode material in advanced lithium batteries. Due to the scientific and technological
importance of this class of materials we are pursuing a series of X-ray diffraction studies
with the aim of structurally characterizing the whole series in detail. Preliminary work was
done using lab. X-rays and the improved resolution and intensity of the synchrotron data
allowed for a quantitative analysis of the short and long-range cation ordering.

The series LiJVi2.%02 undergoes a structural phase transition from cubic to hexagonal
symmetry, which ocuures at xc = 0.62(1) as determined by the deviation of cell constants
from cubic symmetry. The transition is driven by ordering of the cations into layers of Li
and Ni, which are perpendicular to one of the cubic <111> directions. The cation ordering
results in super-lattice reflections in the X-ray pattern. From these suparlattice reflections
we were able to extract coherence lengths for the short-range order above and below xc, and
for the quasi long-range cation order above xc in the hexagonal phase. Some of the
long-range ordered phase was observed below .tc, which we believe is due to sample
inhomogeneity. The order parameter, T), for the transition was also determined from the
super-lattice peak intensities.

Work supported by the Natural Sciences and Engineering Research Council (NSERC) of
Canada under the Strategic Grants program.

X-RAY ANOMALOUS SCATTERING STUDIES OF UNiFej O2.

J. N. Reimers, E. Rossen, C. D. Jones and J. R. Dahn, Simon Fraser U.

X7A

LiNiO2 can reversibly intercalate Li and is therefore important as an electrode
material used in advanced lithium batteries. We are currently studying a large number of
similar materials with the general formula LiMJW'j_yO2, where MM' = V. Cr, Mn, Fe. Co,
Ni. We hope to tune the electrochemical properties of LiNiO2 through such cation
substitutions with the aim of optimizing battery capacity, cost and safety.

Many of these materials have the hexagonal LiNiO2 structure with close packed layers
of oxygen between alternating cation layers, ... O-Li-O-Ni-O-Li-O-Ni-O ... . In
LiNiyFe\.yO2 there is a significant degree of cation mixing where transition metals occupy
some sites in lithium layers. This has a dramatic detrimental effect on the electrochemical
properties. The question of whether it is Fe or Ni or both occupying the Li layer sites,
cannot be answered with conventional X-ray or neutron scattering, but anomalous X-ray
scattering measurements were able solve the problem

Thermal parameters, Bpj = B!o = 0.51(A*) and Bo = 1.1(A2), were determined off
resonance using Rietveld profile refinement on cubic Z.1W/0.5FC0.5O2 which has no atom
positions or occupations to refine. Then using the same material with the thermal
parameters fixed in the refinement, anomalous scattering factors f'nj = -7.0(3) e and/' fo =
-7.4(3) e were refined at their respective K edges, A^ = 1.4807A and Af0 = 1.7408A. With
the thermal parameters and the anomalous scattering factors determined, refinements of
LiNi0.sFe0.2O2 and LiNifi.iFe0.7,O2 w e r e carried out with various permutations of Fe and/or
Ni in the Li layers. At the Fe edge models with Fe and no Ni in the Li layers consistently
gave better agreement with observed Bragg intensities. These results are not surprising
because LiFeO2 has Li and Fe Coexisting in the same cation planes while LiNiO2 does not.
Results at the Ni edge were more ambiguous possibly because of the small fraction of Fe
relative to Ni. Analysis of the most difficult case LiNio,t)Feo.fi2 is still underway.
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X-7A

PHASE IDENTIFICATION IN U/Zr FUEL DIFFUSION COUPLES

J. W. Richardson, Jr., M. H. Mueller, M. C. Petri, L Leibowitz, S. Tam (Argonne National
Laboratory), D. E. Cox (BNL) and D. D. Keiser, Jr. (Purdue University)

The compatibility of metallic nuclear fuels and stainless steel cladding has been a major focus
of Argonne National Laboratory's Integral Fast Reactor (IFR) project. During reactor opera-
tion, interdiffusion of tual and cladding components can degrade the cladding over time in part by
forming brittle intermetallic phases. Moreover, phases may locally precipitate which have
relatively low melting temperatures. Detailed multi-component isothermal interdiffusion
experiments, performed at Purdue University using SEM, between a binary U-23 wt.% Zr fuel
alloy and a variety of Fe/Ni/Cr cladding alloys, have provided us with improved understanding
of fuel/ cladding chemical interactions. Still lacking, however, was crystallographic data to
reveal the exact nature of the inclusion phases. For this purpose, a Ni-Cr/U-Zr/Fe-Cr couple
was specially prepared for powder diffraction work on X-7A.

Diffraction patterns presented here are from the Ni-Cr/U-Zr interface which contains
8 diffusion zones, extending over 100 \im. A preliminary scan of the entire interface, from 26 =
25-65° (?. = 1.2938 A) using a 1 mm x 1 mm
slit and an analyzer crystal in the scattered
beam, showed the expected a-U pattern, but
mere "bumps" where the additional phases were
thought to be. All subsequent patterns were
collected using a 50 \\m wide incident beam and
the PSD (for increased data rate).

Three such scans, spanning a 20 range of 29-
35°, are shown in Figure 1. The pattern in Fig.
la, obtained from a region of pure U/Zr fuel
-300 Mm from the Ni/Cr-U/Zr interface,
shows the characteristic "triplet" and (111)
reflections of a-U, with no evidence for any
other phases. In the second pattern (Fig. 1b),
from a region very near the edge of the inter-
face, other phases are now apparent.
Identification of these new phases (indicated in
the figure) was made by comparing observed
patterns with tabulated diffraction patterns for
known phases in the U-Ni and Zr-Ni binary
systems. The third scan (Fig. lc) ~70 urn into
the interface shows complete disappearance of
ct-U, along with evidence for additional phases
beyond those observed in Fig. 1 b. Again iden-
tifications are given in the figure. All phase
identifications based on the diffraction patterns
are consistent with the proposed chemistry of
individual intermetallic inclusions as revealed
by SEM.

2.TMU

This work was supported by U.S Department of Energy, BES-Material Sciences, Under
Contract W-31-109-ENG-38.

3650 •

1800-

950-

2

I

ji

B JO

Poiiiiori i

31 32
•'•^-
33

r« la

-IV

it 3

•

3100-

i 2400-
5

1B0D-

;

J
9

\

L
30

PoUilon 3
Figure l b

—•
— O i l *

—1

—1

,\

33

r— U,»tl

34 3

X-7A

X-ray Powder Diffraction Study of A(B) Site Ordering in Pb(Mgi/3.Nb2/3)3

H. D. Rosenfeld and T. Egami (U. of Pennsylvania)

We are investigating the atomic structure of the relaxor ferroelectric
Pb(Mgi/3.Nb2/3>3 (PMN) to understand the cause of the diffusive ferroelectric phase
transition. Pair distribution function (PDF) analysis of pulsed neutron and synchrotron x-
ray powder diffraction data indicates that the local atomic structure of the room
temperature phase of PMN is not cubic as suggested by conventional crystallographic
analysts, and that a large amount of long-range static disorder Is present. Comparison of
neutron and x-ray diffraction results suggests that much of the disorder results from oxygen
being displaced from the Ideal crystallographic sites. The PDF obtained by neutron
difTractton. In which the atomic scattering lengths don't differ significantly, contains much
broader features than the x-ray PDF where the low atomic number of oxygen renders
features corresponding to O-O Interatomic distances virtually Invisible. Features observed
in the x-ray PDF are. however broader than can be accounted for by typical vibratlonal
amplitudes. To determine which features in the diffraction pattern give rise to this
anomalous broadening, the Integrated Intensities of the diffraction peaks were plotted vs.
the square of momentum transfer g. Peaks for which h+k+l is even display the linear Q2

dependence consistent with the Debye-Waller approximation of small or gausslan atomic
displacements. Within experimental uncertainty the observed Intensities agree with the
calculated structure factors for these peaks (Fig. 1). Peaks for which h+k+l Is odd show a
strong departure from the Debye-VValler approximation, and the observed Intensities are
lower than expected by approximately 30% (Fig. 2). Ignoring oxygen the structure factors are
given by F(h+k+l cvenl=fA+fB and F(h+k+I odd]=fA-fB. Random mixing of Pb on the A and B
sites will reduce F(h+ktl=odd) by the factor (l-2n) where n Is the fraction of Pb on the B site,
while F(h+k+l«even) is unaffected by such mixing. Other structural distortions which may
account for the diminished intensity of the h+k+l odd peaks would be expected to effect the
even case as well. We conclude that 8±3.5% of Pb atoms are found on the B site. The lack of
long-range order on the A site may explain the observed relaxor behavior, as well as the
large degree of oxygen disorder observed In PMN.
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POSITION RESOLUTION STUDIES IN THE X-RAY ENERGY RANGE 25-45 keV USING A XENON-FILLED
PROPORTIONAL CHAMBER

G. C. Snmh, D. E. Cox (BNL) and A. P. Japhcoot, (Oxford University)

Preliminary moasuremonta of position resolution hove been made for X-rays in tho energy ran go 25-45 k«V, using a
ono-ditnonsional proportional chamber'. One of the primary goals was to establish that, for X-ray energies abovt the Xe K-edgo
(EK = 34.6 keVi. position resolution in escape-peak mode is significantly better than for operation in photopeak mode at energies
bolow the fldgo. Batemon7 has theoretically examined the modes by which an ionized xenon atom can de-excite, and tho
resulting olfoct on position resolution; no experimental position resolution data exist above 25 keV, apart from one measurement3

at - 4 2 keV, which represented only a lower bound.
When ionized by X-rays with energy EK>EKl a xenon atom can de-excite in one of several modes. ThoBoare reflected

by The shape of the anode pulse height spectrum. For example, tig. 1 shows the spectrum from our chamber for 41.3 keV
X-rays. The escape peaks contain events in which a xenon atom emits a fluorescent photon that escapes from the chamber.
These events leave only low energy electrons in the chamber, with potential for good position information. All other de-
excitation processes contribute to events in the photopeak, comprising electrons (photo- and Auger) with significant energy and
long fongoo. Fig. 1 shows that a majority of events are contained in the escape peaks; this is primarily because the K-shell
fluorescence yield in xenon tg very large. We have measured position resolution for X-rays in the energy range 34.6-4G keV
using the escape-peak mode (sometimes called escape gated mode, because anode pulse height is used to select the required
events); the results are shown in fig. 2 for proportional chamber gas pressures of 1 aim. and 4 atm, In addition to improving
detection clficiency, increased gas pressure reduces the electron ranges and can improve resolution.

X-rays with energy below ER interact with L shell electrons (average binding energy -5keV) and yield high energy
photoelactrons, with long range and relatively poorer position information. Events in the range 25-34.6 keV occur almost only
in photopeak mode, and The resolution measurements ara again shown in fig. 2. It is very clear that there is a dramatic
improvement in position resolution for X-rays with energy above the Xe K-edgs where the detector is operated in the escape-peak
mode.

This method is similar in principle to that which has been used for some time at X7A with krypton in escape-peak
mode\ for lower energy X-rays. The current work has shown that, in xenon, position resolution of around 1O0//m FWHM can
b* achieved ov*f ihs X-ray ensrgy range 34.6-45 ksV. Incident energies in ihio region {i.e. around wavelengths of 0.3 A) will
benefit structural studies at high pressure with diamond-anvil cell techniques as s result of tha lower absorption and the wider
range of Q accessible with restricted angular aperture. Studies at high temperatures will similarly benefit. In addition, the
extended range of data collection to Q > 3 0 A ' will be useful in pair-distribution function analysis of x-ray scattering data. If some
loss of resolution is acceptable, then the detector could be operated in photopeak mode over the energy range 25-35 keV, where
systematic errors due to absorption and extinction are greatly reduced. Furthermore incident tnergie* near 40 keV would make
possible the study of encapsulated samples and residual stress measurements at depths of the order of millimetres in lighter
alloys. £ , n ,

STRUCTURE OF THE FULLERENE FERROMAGNET TDAE-Cfin

X3A and X7A

AMDDE PULSft

Figure 1
Anode pulse height spectrum tor 41.3 keV X-rays absorbed
in 1 otm. Xe/10%C0,.

XI1AY ENERGY (

Figure 2
Position resolution for 25-45 keV X-rays, with Xe/10%CO,
at chamber gai . The dashed linet show the expected
resolution outside this energy range.
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(SUNY Stony Brook), J.B. Wiley (UCLA), P.-M. AUemand, A. Hirsch, Q. Li, and F.
Wudl (UC Santa Barbara)

The compound TDAE-C60 (TDAE is the strong organic donor
tetrakis(dimethylamino)ethylene, CjN4(CH3)j) has the highest T c of any molecular organic
ferromagnet, 16.1 K. It is most interesting to observe that many fullerides based on alkali
metal donors are superconducting, while the salt derived from this organic donor is a
ferromagnet.

We have determined the lattice structure and the location of the TDAE molecule of
the title compound using high resolution powder diffraction.[1] The c—centered monoclinic
unit cell has room temperature dimensions a = 15.874(4) A, b = 12.986(2) A,
c = 9.981(3) A, /3 = 93.31(1)* (one sigma error bats in the last digit). At 11 K,
a = 15.807(1) A, b = 12.785(1) A, c = 9.859(3) k,0 = 94.02(1)". C6o molecules are
located at (000) and (HO), TDAE at (i0}) and (OH), oriented as shown in the figure.
Rietveld analysis gives quality of fit factors Ri = 15.7%, Rwfj = 8.6%, x2 = 1.79, not up to
usual crystallographic standards, but adequate to determine that the unit cell is correct as
specified, to exclude greatly different orientations of the TDAE molecule in the unit cell,
and to prove that the composition is 1:1 TDAE to Cou-

In this compound, the
interfullerene separation is
9.98 A along the c-axis and
10.25 A within the a-b plane.
This suggests that the band
structure is highly anisotropic,
in contrast to the
superconducting alkali- and
alkaline earth- fullerides,
which are all cubic. This may
explain the difference in
physical properties between
these two classes of materials.

ivi1] P.W. Stephens et aL,
fours 355, 331 (1992).

Fig. 1. View of the a-c plane of TDAE-Ce

Work supported by Department of Energy grant DEFG0286ER45231 and NSF grant
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DISAPPEARANCE OF SUPERCONDUCTIVITY IN OVERDOPED Lai.xSrxCuO4 AT THE
STRUCTURAL PHASE BOUNDARY
H. Takagi (A. T. &T. Bell Labs). R.J. Cava (A. T. &T. Bell Labs), M. Marezio (A. T. &T. Bell
Labs and CNRS-Grcnoble), B. Batlogg (A. T. &T. Bell Labs), J.J. Krajcwski (A. T. &T. Bell
Labs). W.F. Peck. Jr. (A. T. &T. Bell Labs). P. Bordet (CNRS-Grenohle), D.E. Cox
(Brookhavcn)

The electronic and structural phase diagram of
heavily doped La2-xSrxCuO4 (0.15<xS0.3)
has been rccxamined. Combining high
resolution synchrotron x-ray diffraction and
Mcissncr effect measurements on a series of
samples annealed for a month, we find that
the disappearance of superconductivity in
"overdoped" La2-xSrxCuO4 is associated with
an orthorhombic to tetragonal structural phase
transition near x = 0.20. Our results not only
indicate a much narrower range for bulk
superconductivity than previously suggested,
but also point to a close relationship between
superconductivity and a subtle structural
change. In the process of reexamining the
phase diagram , we have also addressed the
issue of chemical phase purity in the heavily
doped region. We showed that complete solid
solution of La and Sr can be formed at least
up to x = 0.3. in contrast to a report of
chemical phase separation above x = 0.2.
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Fig 1. The results of synchrotron x-ray powder
diffraction measurements (\-\2k) a-s a function of
Sr content.

Fig. 3. Toe revised electronic and structural pbase
diagram for La2-xSr*Cu(>4. The supercDnducting
transition temperature has been defined by tbc onset
of ihe Meissncr curve on a linear scale. The structural
phase boundary was determined from the splitting of
die ortborbombic (200) and (020) reflections cither as
a function of T for a fixed x (closed circles) or as a
function of x for a fixed T (open circles).
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X7A
Phase Transformations in Clathrasil Dodccasil-3C with Pyrolidine Guest
J. S. Tse', DD. King. M. Zakrzewski and JA. Ripmeesier

Sleacie Institute for Molecular Sciences, National Research Council ofCanada, Oiuma, Canada

Four different structural phases for D3C with tetrahydrofuran as guest have recently been
characterized by variable temperature synchrotron X-ray powder diffraction and 29Si nmr
studies [1,2]. In constrast, it was found that D3C with pyrolidene does not follow similar
transformations. Room temperature X-ray powder diffraction gave a complicated and
unresolvable pattern for a heated sample but a cubic pattern for an aged sample [3]. In this
investigation, synchrotron x-ray fjwder diffraction (1.148 A) was performed to examine the
structural transformations in the temperature region from 400 K to 10 K. Above 373 K, the
crystal structure of D3C pyrolidene is cubic. The crystal symmetry reduces when the
temperature is lowered. From 358 to 363 K, the powder pattern shows mixed cubic and
tetragonal phases. At room temperature, at least three phases, identified to be cubic,
tetragonal and orthrhombic, are in coexistence. At even lower temperature the sample
transforms into a monoclinic structure. The reduction in crystal symmetry and the
coexistence of several crystalline phases are clearly demonstrated through the splittings of
the cubic [040] Bragg reflection as a function of temperature as shown in the figure. Our
results suggest that the difficulties encountered in the assignment of the 29Si nmr spectra of
several D3C clathrasils may be in pan due to the presence of mixed crystalline phases.

[1] J.A. Ripmeester, M.A. Desando, Y.P. Handa and J.S. Tse, Chem. Comm., 608 (1988).
[2] J.S. Tse, M.A. Desando, J.A. Ripmeester and Y.P. Handa, J. Amer. Chem. Soc., {inpress).
[3] J.S. Tse, D.D. Klug, M. Zakrzewski and J.A. Ripmeester, Zeolite, (inpress).
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Low Temperature Structures of C70

G. B. M. Vaughan, P. A. Heiney (U. Pennsylvania); D. E. Cox, (BNL)

Above 350 K, C70 molecules are orientationally disordered on a face centered cubic
lattice. However, whereas C^ can retain cubic symmetry when it undergoes orienta-
tional ordering at low temperatures, this is disallowed in the case of C70 by the much
lower molecular symmetry. Below 350 K, C70 ceases spinning isotropically, but
remains disordered about its long axes. The solid state structural implication of this
ordering is a rhombohedral distortion of the the cubic lattice (fig. 1), in which the
molecules are partially ordered, their long axis aligning along the [111] direction.
Below approximately 250 K, complete orientational freezing occurs, resulting in a
further lowering of lattice symmetry (fig. 2), as evidenced by the splitting of rhom-
bohedral peaks, as well as the appearance of new superlattice reflections. Detailed
structural studies of these data are currently underway to determine the orientations of
the molecules at the lowest temperatures, and the precise nature of the observed transi-
tions.

J j
Q(V)

FIG. 1. Powder diffraction profile of C » n 300K FIG. 2. Powder diffraction profile o( C » u 13K

This work was supported by the NSF and DOE under grants DMR-89-01219 and
DMR-88-19885 (NSF), and DE-FC02-86ER45254 and DEAC02-76CH00016 (DOE).
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Orientational Ordering in CWO

G. B. M. Vaughan, P. A. Heiney (U. Pennsylvania); D. E. Cox, (BNL)

The recent discovery and controlled synthesis of Cyf> provide an opportunity to study
the effect of a small deviation from icosohedral symmetry on the solid state properties
of fullerene molecules. In this study, we examined the structural evolution of CgoO
over the temperature range 15K to 300K; the structures assumed by CgoO were found
[1] to be very similar to those of solid Cw.

Above 278 K, CWO molecules are orientationally disordered on a face centered cubic
lattice (fig. 1); the epoxide moieties are localized in tetrahedral and octahedral cavities.
Below 278 K (fig. 2), C^O undergoes an orientational ordering transition to a Pa3
structure, in which the the four basis molecules assume different orientations, although
the molecular centers remain in the face centered cubic positions. This transition is
driven by the same forces which determine the molecular orientations in pure C^:
attraction between electron rich double bonds and electron-poor pentagons on neigh-
boring molecules. The additional oxygen atom bonded to the carbon shell adapts to
the cubic environment by being disordered among three of the five available crystaUo-
graphically unique positions.

6000

s.4000

X
-R

ay
 I

nl
en

s
o o

0

1

, , , , 1 , 1 •

8 3 4
O C A " )

(a) .

5

S 1

1 J
i

2 3
Q (A"1)

IllT
4

(b)

U,

5

HO. I. Powte diffraction profits of C O al 300K (I) mil I5K (b). Points tie dala, llraijhl linei «rc ihe final fm.
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Strongin, M. A. Cichy, A. B. Smith, III, Chem. Phys., in press.

This work was supported by the NSF and DOE under grants DMR-89-01219 and
DMR-88-19885 (NSF), and DE-FC02-86ER45254 and DEAC02-76CH00016 (DOE).
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A PLZSnT PEROVSKITE WITH AN INCOMMENSURATE
MODULATION

A.P. Wilkinson, A.K. Cheetham, M. De Graef, D.R. Clarke and J.S. Speck
(UCSB)

A range of different composition perovskites in the Pb/La/Zr/Sn/Ti/O system
are known to show electric field induced phase transitions from tetragonal
antiferroelectric to ferroelectric'1*. The large recoverable longitudinal strain
associated with this phase transition makes these materials potentially of use
in the fabrication of actuators.

Synchrotron powder X-ray diffraction data were collected on a sample of
composition (Pbo.97Lao.02XZro.67Sno.23Tio. 10)03 over * e range 17-117° in 0.008°
steps using a wavelength of 1.2488A selected with a Ge(lll) channel cut
monochromator. A Ge(220) crystal analyzer and a Kevex solid state detector
were employed for the measurements.

The strong peaks in the resulting diffraction pattern could all be indexed on
a Ixlxl tetragonal perovskite unit cell (a = 4.11778(6)A, b » 4.08898(6)A),
however, there were also many very weak peaks present. Electron diffraction
patterns showed the presence of an incommensurate long period modulation
in either the <110> or <011> direction*2). Many of the weak peaks in the X-ray
data could be indexed on a modulation of this type (modulation vector ~
0.12,0.12,0). The observed peak widths for the satellite reflections were greater
than those from the subcell (~0.07° FWHM), suggesting a shorter coherence
length for the modulation. Neutron diffraction data showed the presence of
quite strong commensurate supercell reflections in addition to the
incommensurate modulation. While the commensurate supercell reflections
were present in the synchrotron data they were extremely weak, supporting
the view that the commensurate supercell is largely a consequence of the
tilting or distortion of the oxygen octahedra in the structure. Further data
analysis is currently in progress.

(1) W. Pan. Q. Zhang, A. Bhalla and L.E. Cross,
J. Am. Ceram. Soc, 12, 571, (1989).

(2) M. De Graof, J.S. Speck, D.R. Clarke and D. Dimos,
MRS Symposium Proc, 243, (1991), in press."

This work was in part supported by the Materials Science Division, US
Department of Energy, under contract number DE-AC02-76CH00016.
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THE DEFFECT STRUCTURE OF CONGRUENTLY MELTING
LITHIUM NIOBATE

A.P. Wilkinson, A.K. Cheetham (UCSB) and R.H. Jarman (Amoco)

Synchrotron powder diffraction data were collected at both 1.2488A (15-95°
in 0.005° steps) and O.6543A (9-60° in 0.005° steps) using a sample of
micronized congruent lithium niobate (typically (Li]/[Nb]«0.942). The
measurements employed Ge (111) and Si(lll) channel cut monochromators
respectively combined with a Ge (220) crystal analyzer and a Kevex solid state
detector. The second data set was collected in the vicinity of the Nb K-edge to
obtain a scattering contrast variation, for Nb, between the two data sets (at
0.6543A f "(No) is about -5.71 compared to -0.55 at 1.24882A). It was envisaged
that this change in contrast would aid the determination of the Nb
distribution over the two possible cation sites within the crystal structure.
Unfortunately, the 1.24882A data was difficult to analyze, apparently as a
consequence of peak position shifts due to the wavelength drifting during a fill
and immediately after reinjection.

The work of Abrahams and Marsh'1' is widely accepted as being the most
reliable crystal structure determination of both congruent and stoichiometric
lithium niobate. Their very careful study claims that in congruent (lithium
deficient) samples a considerable amount of niobium is found at the 'lithium'
site and, as a consequence of this, they proposed the formulation [Lii-
xNb5x]Nbi.4XO3. For typical stoichiometries this implies several percent of
niobium at the lithium site, which should be readily detectable even using
powder diffraction techniques.

Our analysis of the short wavelength synchrotron powder diffraction data
provides no evidence for the presence of niobium at the lithium site in contrast
to the work of Abrahams and Marsh. However, it does suggest a possible
deficiency of lithium at this site as might be expected from the stoichiometry.
An Abrahams and Marsh type anti-site defect model gave a considerably
worse fit to the data than a simple lithium deficient formulation. As the
Abrahams and Marsh study appears to have been performed with great care
we are currently investigating the possibility that nature of the defects found
in a given composition is dependent upon the sample history.

(1) Abrahams, S.C. and Marsh, P., Acta Cryst. B42, 61, (1986).

This work was in part supported by the Materials Science Division, US
Department of Energy, under contract number DE-AC02-76CHO0016.
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EVOLUTION OF STRUCTURE IN ACID-DOPED POLYANILLNE

M.J. Winokur (U. Wisconsin), Jason Moron (U. Wisconsin), Richard Kaner (UCLA) and Den
Matthis (Los Alamos Natl. Lab)

We have completed the first phase of an extensive structural study into the step-wise structural
evolution within acid-doped (UF, HBr, HC1 and HI) polyaniline (PANI) films. The primary re-
search goal of this investigation is to correlate any systematic structural changes with the dramatic
[see Kaner et al., Science 252, 1412 (1991)] and continuously tunable variations in the gas-diffusion
properties. Since PANI and its doped derivatives are primarily amorphous in nature, pair distribu-
tion function (PDF) studies (to obtain P(r)) have been undertaken in order to determine the local
interchain structure.

At present we have obtained S(Q) profiles in the range of 0.5A"1 <Q < 22A"1 for HBr- and
HCl-doped films mounted in a symmetrical transmission geometry. In addition to our studies at
0.502A, we have also initiated anomalous scattering studies of the HBr-doped PANI sampler using
the Br Ka edge (near 13.4 KeV). This should allow for an independent determination of the Br pair
distribution function. Example S(Q) spectra for a 0.1M HBr-doped sample at the various indici/.cd
photon wavelengths are shown in the figure below. At this point in our analysis we can clearly
resolve the changes in the scattering intensity of the near-edge spectra closest to the absorption edge
(A = 0.92lA) as compared to the data at 0.9377A (or at 13.17 KeV). Comprehensive quantitative
results, in the form of P(r) or i\P(r), require additional analysis and are in progress.

300-,

J5 120-

10.0 15.0 10.0
Q (A-)

Figure 1. Example S(Q) profiles of a 0.1 M HBr-doped PANI samples at the indicated wavelengths.

INTERFACIAL ROUGHNESS IN CO/PT MULTILAYERS
X7A

X. Yan and T. Egami (University of Pennsylvania)

Magnetic multilayers such as Co/Pt are promising candidates
as future magneto-optical recording medias. However, the
structures of these materials are still poorly understood. One of
the important structural issues is the interfacial roughness which
can be described by the height - height correlation function,

gU) = <[h(r)-h{0)]:'>, {1)

where h(r) stands for the vertical deviation away from the
averaged position, and <>, the assemble average. The x-ray
intensity distributions for the scattering vector Q parallel to
the film plane (q) were measured for the first few superlattice
diffraction peaks in the Co/Pt multilayers grown by molecular beam
epitaxy. The intensity is related directly to g(r) according to

~ eiqre~ dzr.
(2)

The intensity distributions in Co/Pt were found to be dominated by
the diffuse component, indicating that the interfaces are rough
and are mostly correlated. These distributions were further
Fourier transfered numerically to obtain g(r) shown below for the
<001> (•) and the
<111> (o) oriented
Co/Pt multilayers.
while the lines are
the evaluated error
(solid for the <001>
and dashed for the
<111>). The results
indicate that there
seems to have no
upper limit for the
growing function
g(r) which appears
to be distinctively
different between
the two films.
Similar analysis may
be applied to other
i m p o r t a n t
multilayers.
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CRYSTAL CHEMISTRY AND STRUCTURAL PHASE TRANSITIONS OF K^.N^ .xMgF3

PEROVSKtTES

Y. Zhao. J. B. Parise (CHiPR and ESS, Stony Brook)

We report an in-situ high temperature X-ray powder diffraction study conducted on
(K x ,Na,.K)MgF3 perovskites. The crystal structure changes from orthorhombic to
tetragonal to cubic as more K+ substitutes for Na+ in the perovskite structure. The [Mg-
F] bond length and the tilting of the MgF6 octahedron in the corner-connected framework
decrease as the value of x increases. Correspondingly, the volume of the octaheda and the
tilt angles of the octahedral framework also decrease as temperature increases.

We have monitored superlattice diffractions associated with in-phase and anti-phase
octahedral tilts in real-time using a position sensitive detector (PSD). The ^tensities of
the superlattice diffractions decrease dramatically and tend forward zero as the
temperature approachs Tc. Meanwhile, the doublet diffraction peaks (022 ,202} and
triplet diffraction peaks (020 ,112 , and 200}, which directly reflect the dimensional
difference of a-, b- and c- axes, converge continuously with increasing temperature and
finally coalesce into single peaks at the transition Tc. The crystal structure of (Kx,Na,_
x)MgF3 perovskite transforms from orthorhombic, Pbnm, to tetragonal, P4/mbm, and
eventurally to cubic, Pm3m, with increasing temperature. The phase diagram of the

~ : perovskites is thus mapped out.

The structural phase transitions in (Kx,Na,.x)MgF3 perovskites are driven by two
order parameters. They are represented by the octahedral tilts 0 and <J> which correspond
to the tilts about the (110}p and {001}p axes of the octahedron, respectively. The strong
coupling between these two order parameters drives the the NaMgF3 end-member to
transform directly from the orthorhombic to cubic phase (see Zhao et a/., E.O.S. Z2. 283;
and Z l , 283; 1991). However, with increased substitution of the larger K+ cations, the
interaction between octahedral tilts 6 and o are successively decoupled. The intermediate
tetragonal phase thus appears.

Acknowledgements; Work at X-7A supported through DOE, DMR under contract DE-AC02-
76CH00016; partial support for JBP from CHiPR (Center for High Pressure Research)
and NSF DMR-9024249
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CONTROLLED ANISOTROPIC CHANGES IN THE MICROTEXTURES OF CRYSTALS INDUCED
BY ACIDIC PROTEINS FROM MINERALIZED TISSUES.

L. Berman, L. Addadi, L. Leiserowitz, S. Weiner (Weizmann Institute, Rehovot, Israel), J Hanson
T. Koelzle (NSLS).

A wide variety of mineralized tissues contain a unique set of acidic proteins that are generally
thought to be involved in controlling crystal formation. Earlier studies, based on changes in crystal
morphology, induced by sea urchin proteins on calcite crystals, showed that these proteins could
selectively interact in vitro with certain crystal faces and not others. Fjrthermore, some ol these
proteins are occluded within the crystal, where they alter crystal texture and fracture properties.
Recent studies showed that textures of calcite crystals from a variety of mineralized tissues are also
under biological control (Fig.1). We observed significant differences in angular spread and
coherence length between taxonomic groups. In addition, dilterent anisotropic eltects on crystal
texture were detected in sea urchin, foraminifera and mollusk calcite crystals, whereas none was
found for control calcite crystals. To belter understand the phenomenon of anisotropic intercalation,
we investigated the interactions of acidic proteins from sea urchins and moliusks, with crystals of
calcium fumarate and calc'um malonale. The results did show that the coherence lengths are
reduced in the directions perpendicular to the planes onto which the proteins preferentially adsorb.
This represents one ot very few direct demonstrations that an additive that is able to selectively alter
crystal morphology, also affects crystal texture in an anisotropically specific manner. A better
understanding of these single crystal-protein composites many, in the future, improve our ability to
control crystal texture in synthetic materials.

Figure 1
Coherence lengths for diflerent dilfraction peaks obtained from the larval spine of the sea urchin,
ParauenUotus lividus, expressed as a function of the dihedral angle between the dillracting plane
and the ab plane (001). Coherence lengths were calculated from the Scherrer formula. The solid
line is the linear regression of the data points, with slope -13.81. correlation coefficient r = -0.591
and probability that the slope is S=0 based on the statistical F test, p = 0.163. The curves delimit
the 90% confidence bands for the true mean of y. A 6 circle Huber dilfractometer, incorporating a
germanium (220) crystal analyzer on the detector arm, was used to collect reflections in the ul2&
mode.
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SYNCHROTRON X-RAY STUDY OF ORIENTATIONAL ORDER IN SINGLE CRYSTAL
C60 AT ROOM TEMPERATURE

P. C. Chow, X. Jiang, G. Reiter, P. Wochner, S. C. Moss, R. L. Meng, C. W. Chu
(U. of Houston); J. D. Axe. J. C. Hanson, R. K. McMullan (BNL)

In solid Ceo crystals the Cm buckyball molecules are spinning at room
temparature and undergo an orientational ordering at -260K. This spinning has been
referred to as hindered rotation as the molecule is not a sphere but a faceted soccer
ball. Synchrotron X-ray Bragg intensities from a C«) single crystal were used to
evaluate the attendant non-uniform atomic density distribution on a Ceo sphere at
300K. Coefficients of the symmetry-adapted spherical harmonics up to 1=18 are
required with a resulting density deficiency of -16% in <111> directions and 4 lobes
of -10% excess about <110> as shown in the figure below. The results are discussed
in terms of an effective potential which a single buckyball sees in the cubic field of its
neighbors. Initial calculations give a maximum rotational potential barrier height of
about 2kT or -600K.

Research supported by the NSF on grant nos. DMR-8903339 and DMR-9208450 and
by the State of Texas at the Texas Center for Superconductivity
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Structure solution from powder diffraction data. The structure of cristobalite type aluminosilica-
tes, AgAlSiO.) and NaAISiC>4 and of CrjOs and H g C ^ .
A.N. Christensen (Aarhus University, Denmark), P. Norby (Odense University, Denmark)
J.F. Schjerven (Oslo University, Norway), J, Hanson (NSLS).

The X-ray diffraction powder patterns of the aluminosilicates with AgAlSiO* mid
NaAlSiO4 and of Cr2Os and the oxalate HgC2O4 were measured with X = 1.194 A out to
2 8 m a x = 70°. Samples housed in 0.3 mm diameter gias capillaries as well as flat plate samples
were used.

By ion exchange of zeolite Li-A(fiW) using molten salt or hydrothermal methods, a
number of aluminosilicates with ABW type framework structure have been prepared. The ther-
mal transformation properties of these materials were investigated, and hitherto unknown com-
pounds were obtained. Thermal transformation of AgAlSiO4 obtained from molten salt ion ex-
change results in the formation of a cubic fase which upon cooling transforms into a low tempe-
rature phase, probably with triclinic symmetry. Preliminary structural investigations of the high
temperature phase indicates that it has a stuffed cristobalite type structure similar to high carne-
geite, NaAlSiCM. The silver atoms seem to be disordered.

The powder diffraction pattern of the low temperature form is very complex, and in
order to solve the structure the use of synchrotron radiation is necessary. The transformation
between the cubic high temperature form and the low temperature form is reversible, and it
seems likely that the low temperature form has a distorted cristobalite type structure. This is in
accordance with the situation for carnegeite. The structure of low-carnegeite has never been
solved, and synchrotron diagrams of both the silver and the sodium low-camegeite phases,
AgAlSiOj and NaAlSiO.), respectively, were measured. CrjOs and HgC;*)* can only be made
as microcrystalline powders, and the structures of the two compounds are not known. Only
powder diffraction methods can be used to solve the structures.

The unit cell parameters determined from the synchrotron X-ray powder patterns are:
a b c a P y

AgAlSiO4 5.090 5.144 16.915 99.48 81.34 119.54
NaAlSiO4 5.074 5.128 16.896 99.24 81.34 119.66
CrjOj The powder pattern is only partly indexed. First line observed at 8.3 A.
HgC2O4 5.020 5.256 6.429 108.69

Fig. 1 shows a part of the powder diffraction diagram of NaAlSiO4 (carnegeitc). Dotted line:
Conventional X-ray powder diffraction, CuKcti. Solid line: X7B data obtained at 1.194 A and
transformed to 1.5406 A.
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DOMAIN SEPARATION IN SINGLE CRYSTAL (ND4) 2Cu(SOJ 2. 6D-0

STUDIED BY X-RAY DIFFRACTION AT HIGH RESOLUTION
Brian N.Figgis and Philip A. Reynolds (Univ. of Western Australia),
Jonathan Hanson (BNL) and Ilpo Mutikainen (University of Helsinki)

A single crystal of ca.. 85% deuterated copper ammonium Tutton
salt, (ND4),Cu(ODj)6(so4)2, was mounted in a Be can on a Displex
cryostat and measurements were made at 13 temperatures, starting at
295, dropping to 12 , stepping up to 320 and then back to 12 K. At
each temperature 23 to 30 reflections, initially selected at random
from a set of strong reflections (excluding the strongest), were
centered and then measured in the <-» scan mode. Figure 1 shows peak
profiles typical of reflections with and without asymmetric
splitting at 12 K. The corresponding profiles are sharpest at 180
K and are broad but symmetrical at 320 K.

320 K

12 K

180 K

We interpret the asymmetric lineshapes as resulting from
regions of two monoclinic phases segregated on a scale of 100-200
unit cells in fixed relative orientation. The separation and
orientation can be understood as the best epitactic fit between
crystal domains differing very slightly in Jahn-Teller distortion
at the Cu site. At 180 K more perfect order is regained, and the
process is reversible. This indicates that the phase separation is
a property of the macroscopically uniform single crystal, and is
not caused by the crystal existing in two large as-grown parts
differing in deuteration. At higher temperatures, to 320 K,
linewidths again increase, but then with no asymmetry. This
increase may result of the fact that the Jahn-Teller distortion of
the cu(OH2)6 octahedra moves from a static to a dynamic regime at
temperatures above ca. 150 K.

The work ot BNL was supported under contract DE-AC02-76CH00016 with the U.S. Dept. of Energy by i ts
Division of Chemical Sciences Office of 8.E.S. P.A.R is supported by an Australian Research CouncfI fellowship.
B.N.F thanks BNL for support while on a study leave program. KM. was supported by the Acad«y of Finland.

DEPENDENCE OF FLUORESCENCE LIFETIMES OF HYDROCARBONS ON X-RAY ENERGY

R. A. H o l r o y d . J . H. P r e s e s & J . C. Hanson

E x p o s u r e o f l i q u i d a l k a n e s to X - r a y s of 2 - 1 4 keV e n e r g y r e s u l t s i n
fluorescence from the first excited singlet state. S; * . These states arc
formed in the ionizotion track of the photoelectron that ie- released on
absorption of an X-ray in the liquid. Each photoelectron produces many
ionisations. as well as direct excitations and dissociations, along ito track
as it slows down. Excited states are the consequence of fast (subnanosocond)
ion-electron recombination in tĥ e track. The purpose of thio study is to
measure the lifetime of these S\ states as a function of X-ray energy, and
thus as a function of the energy of the photoelectron. Low energy electrons
are more densely ionizing than high energy electrons: that i s . the rate of
energy loss. dE/dx. of an electron increases as the energy of the electron
decL-eases. Excited states formed in an ionization track are apt to be
quenched by species like radicals that are also formed in the track. The
probability of such quenching will increase for low energy electrons, that i s .
as dE/dx increases.

.o-a*
Our r e s u l t s for two alkanes . 055

c i s -deca l in and dcdecane. are shown
in the f igure. The X-ray energy was
var ied from 5 to 14 keV using the 0.50
monochromatic beam of X7B at NSLS.
The open p o i n t s show how the £***
r e c i p r o c a l l i f e t i m e v a r i e s with i
dE/dx. The l a t t e r parameter was £
c a l c u l a t e d for each energy from >—• D 4 0
known r anges of low energy _̂
e l ec t rons ' and the dens i t ies of each \
a l k a n e . The pho toe l ec t ron was *~ 0.35
assumed to have an energy equal to
the photon energy less the binding
energy of a Is e lectron in C (284 0.30
eV). We also measured the l i fet ime
of these s t a t e s in the same samples
exci ted by UV rad ia t ion at Ull on ° "
the VUV r ing and the r e s u l t i n g 0.0 0 i 0.2 03 0.* 0.5 0 6
l i fe t imes (T,JV) are indicated by the . . . .
f i l l ed points in the figure. dE/dx (eV/A)

The l i f e t imes (t) a re s i g n i f i c a n t l y less for X-rays than for UV
radia t ion and the lifetime becomes shorter ar» the average rate of energy Iocs
of the electron increases . The resu l t s a re consis tent with a t rack nodol of
Miller and West which suggests that for short timos the 1 if <?t imo wil l bo giv*?n
by:

1/T 1/T..V k;t Gv'100
where r -> i s the i n i t i a l t r a c k r a d i u s , G;; i s thy yio Id c I rarf l >~a 1 s p^t
abso rbed . and k^ i s tlu> i a t e cons tan t for quenching ot vxc IT od s t a t
r a d i c a l s . The i n t e r r u p t of th^ dot t*d l i n o s in the I i^ur •? : r. m
agreement wi th t h e observed va lues of 1 ' r J v . Th is equa t ion ol . ie pr
s i m i l a r s lopes for both a Ikanes as is obsorvod. From rhv r,l opfs ct the-
and assumed v a l u e s of k:j = 10 • ° M s • and G;j " * p-:-r 100 t-V. t ho \\i luo
t r a c k r a d i i a re found to be = •*. -i nm.

The r e s u l t s arc c o n s i s t e n t with a t r a c k qu*?nchin£ nod*jl . Wo in t
extend the da ta to lover photon ene rg ie s (2 5 koV > a;; an add: t i en a 1 to
to fu r the r de f ine the va lues of the t rack ra«ii l and quonchin^ ;cn;:M:i* ;.*.
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ANOMALOUS DISPERSION SINGLE
NICKELALUMINOPHOSPHATE.

CRYSTAL DATA
X7B

COLLECTION FROM

A. Kvick, T. Ericksson (Experiments Div., ESRF, BP 220, F-38043)
H. Helliwell (Chem. Dept., Univ. of Manchester, M13 9PL, England)
V. Kaucic (Inst. of Chem., Univ of Ljubljana, 61000 Ljubljana,
Slovenia) J. Hanson (Chera. Dept., BNL, Upton, NV 11793)

Metals can be introduced into molecular sieve materials like
zeolites and aluminophosphates as a possible way to enhance their
catalytic power. For example, metal ions(Mn, Co) have been
introduced into otherwise neutral aluminophosphate framework to
change the acidic properties and thus widen its potential catalytic
use. The nickel substituted aluminophosphate NiAl3P4O,8C4H21N4
recently reported by Rajic et. al. (1991) was used in this study.
The structure has been solved previously by M. Helliwell et al.
(1992) using CuKa and MoKa radiation. The objective of this work
is to pinpoint and verify the nicKel position by performing single
crystal data collection where the effects of the anomalous
dispersion are at a maximum.

The data were collected from the 16x56x240 Jim3, blue crystal
used in the pervious study. The space group is P2,/c with cell
dimensions a = 10.02, b = 15.66 c = 14.09 A, 0 = 101.2°. The
wavelength for this study (X = 1.488) was selected from the
absorption edge determined by an EXAFS scan of powder from the same
sample.

The two standards for this study were chosen in such a way
that beam intensity and wavelength could be monitored. This was
attained by choosing one reflection with intensity sensitive to
wavelength and one which was not. By looking at the ratio between
two reflections we could see a drift in wavelength over the beam
lifetime by some thousandths of an Angstrom. We therefore included
a tuning of the wavelength every 2 hours by minimizing the
intensity of the one reflection known to be sensitive to the
dispersion effects. This allowed us to remain with 0.0005 A of
the wavelength with maximum anomalous dispersion effect for all
reflections.

560 reflections were collected up to sin(Q/X) = 0.44&"1 using
u-scans. of .003° step width. The analysis of the data is
presently under way.

References
N. Rajic, D. Stojakovic and V.Kaucic (1991), Zeolites, 11, 612-616.
M. Helliwell, B. Gallois, B.M. Kariuki, V. Kaucic, J. R. Helliwell
(1992) Acta cryst. B in press

The work at Brookhaven National Laboratory was supported under
contract DE-AC02-76CH00016 with the US DOE by its Div. of Chemical
Sciences, office of B.E.S. and the Swedish Natural Sciences
Research Council.

X7B
REAL-TIME POWDER DIFFRACTION STUDIES OF THE DEHYDRATION OF ZEOLITES (I)

Kenny Stahl, Inorganic Chemistry 2, Univ. of Lund, POB 124, S221 00
Lund, Sweden and Jonathan Hanson, Chemistry Department, BNL

The dehydration of zeolites
has been studied at beam line
X7B using a curved position
sensitive detector covering
120°in 2fl(CPS120 by IHEL). The
PSD allows the collection,
within a few minutes, of
complete powder patterns
suitable for structure
refinements with the Rietveld
method. The dehydration process
was studied during intermittent
heating (approx. 5°K./step) with
each pattern accumulated for 5
minutes. The data for scolecite,CaAl2Si3010.3H20, show a gradual loss
of 1/6 of the water content up to 483 K.,where a phase transition
occurs. Figure l shows changes in the powder pattern for a limited
range of channels near the phase transition.

Refinement of the low temperature phase resulted in: R(p) =
5.57, R(wp) = 7.62%, GOF = 4.89 and R(B) = 2.79 % using 78
parameters, X=1.512 A, spacegroup Fldl, Z=8, n(H-,O)=2.5
a=18.4615(5), b=18.8703(5), c=6.5374(2)) k, 0=91.053(1)". Figure 2
shows the entire pattern on left and a detail of the high 20 region
to show the measurement of f. igh order data on the right at 489 K.
The high temperature phase has been refined with the following
results: R(p) = 5.99%, R(wp) = 7.96%, GOF = 5.33, R(B) = 2.96%
using 81 parameters, spacegroup Fdll, Z = 8, n(H-,0) = 2.0, a =
18.1503(5), b = 18.8669(5), c = 6.5412(2), a = 88.976(1)°.

The work at Brookhaven National Laboratory was supported under
contract DE-AC02-76CH00016 with us DOE by its Div. of chemical
Sciences, Office of B.E.S. and Swedish Natural Science Research
council.



X7B
REAL-TIME POWDER DIFFRACTION STUDIES OF THE DEHYDRATION OF ZEOLITES (II)

X7B

Kenny Stahl, Inorganic Chemistry 2, Univ. of Lund, POB 124, S221 00
Lund, Sweden and Jonathan Hanson, Chemistry Department, BNL

The dehydration of zeolites
has been studied at beam line
X7B using a curved position
sensitive detector covering
120°in 28(CPS120 by INEL). The
PSD allows the collection,
within a few minutes, of
complete powder patterns
suitable for structure
refinements with the Rietveld
method. The dehydration process
was studied during intermittent
heating (approx. 5°K./step) with
each pattern accumulated for 5
minutes. The data for scolecite,CaAl,SijO10.3H2O, show a gradual loss
of 1/6 of the water content up to 483°K.,where a phase transition
occurs. Figure 1 shows changes in the powder pattern for a limited
range of channels near the phase transition.

Refinement of the low temperature phase resulted in R(p) =
4.93%, R(wp) = 6.91%, GOF = 9.25 and R(B) = 2.27% using 75
parameters(X=1.512 A, spacegroup Cc, Z=4, a=6.5152(1),
b=18.9462(4), C=9.7664(2) A, 0=108.880(1)°). Figure 2 shows the
entire pattern on left and a detail of the high 26 region to show
the measurement of high order data on the right.
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The work at Brookhaven National Laboratory was supported under
contract DE-AC02-76CH00016 with US DOE by its Div. of Chemical
Sciences, office of B.E.S. and Swedish Research council.

Temperature Dependent X-ray Study of Rb^C^o

Q. Zhu, 0. Zhou, G. B. Vaughan, J. E. Fischer
(U. of Pennsylvania)

Synchrotron X-ray powder diffraction profiles on RbxCeo with nominal x=0.7,
1.3, 3.0, 5.0, 6.0 were taken over range of 10K-673K. The face centered-cubic (fee)
superconducting RbiCeo and the body centered-tetragonal (bet) Rb^Ceo are found
to be line compounds in all the temperature range of our study, while the body
centered-cubic (bcc) saturation doped phase forms a range of solid solution in which
the solubility of metal vacancy increases with temperature [1],

With nominal stoichiometry 1 < I < 3, phase sepcration is observed between
RfoCeo and a dilute doped phase H61C60. At temperature above ~ 350K, the Rb\Cea
is refined to be the rocksalt structure, ie. Rb+ is in the octahedral site only [2). The
figure below shows the Rietvcld fit (ft; = 5.5%). A low temperature structural dis-
tortion is observed for the dilute doped phase which is currently under investigation.

Both fee RbjCm and RbiCeo show no sign of orientationai ordering phase transi-
tion which was observed in the pristine CM at low temperature.

TWO THETA

[1] O. Zhou, Q. Zhu et a/. Preceedings of MRS, Spring 1992 (in print).
[2] Q. Zhu et al. (in preparation).
This work is supported by DOE and NSF MRL program.



X8.A
DOUBLE PHOTOIONIZATION STUDIES OF He FROM 2.B keV TO 5.S keV

R. Bartlett (LAND, M. Sagurton (LANL) and J. Samson (U.of Neb.)

Double photoloniaatlon of atoms by a single photon is of
considerable interest beoause it exemplifies the effeots of
eleotron-eleotron correlation particularly when the ionlzation
takes place in the outer shell of the atom. In He the double
ionization prooess is totally due to correlation effeots and
shake off processes. Also, beoause of its slmplioity accurate
calculations oan be performed on He. Past measurements have been
litnited to only about 150 eV above the threshold except for a
recent single data point at 2.8 keV . Also, Samson has reoently
hypothesized that the double ionization or ionization with
excitation processes can be considered as two step prooesses
where the absorbed photon interacts with a single eleotron which
in turn can cause a seoondary ionization or ezoitation. Thus, to
test these ideas and to provide further data in the higher energy
range we have measured the double to single ioniz&tion ratio for
He. The results are shown in the table blow along with several
other experimental and theoretioal points , and the value
obtained from the electron impaot ionization data for He using
the model of Samson. Of particular interest is the comparison
between the eleotron impaot based point and the photoionization
data, indicating that the two-step double lonization process is
important at these energies but that shake prooesses may becoming
move dominant. This is in contrast to our results at lower photon
energy where the two step prooess acoounted for most of the
double ionization.

Table 1. Data and theoretical predictions of the He++/He+ ratio.

Photon energy He++/He+ ratio Reference/Type of data
keV %

present data
Ref 1
Ref 2, Samson model
present data
present data
Ref 3

2.8
2 .8
2 .8
4 .2
5.5
Asymptotlo

1.7+8%
1.6+0.3
1.2~
1.5+14%
1.7+20%
2.3~

J.C. Levin e t . a l . Phys. Rev. Lett . 67, 968 (199:
J.A.R. Samson. Ph^s. Rev. Le t t . 66, 1234 (1990).
M. Ya Amueia e t . a l . J . Phye. 3 6, 1248 (1975).
B. Peart e t . a l . J . Phys. B 2, 1347 (1969).

OPTICAL CONSTANTS AND SCATTERING FACTORS FROM REFLECT!VITY MEASUREMENTS

D.E. Gmessle, T.H. Burbinc (SAO), R.L. UUkt (LANL), E.M. Guililaon(LBL)

Improved mirror reflectivity measurement techniques have beer, introduced to permit more accurate deunnir,*1Joas of optic*] consunu fi and ft in

the indc, of refraction n •=- I - 6 - >p over the energy range 25 to 5000 eV. When the (lenity has been determined, one can calculate the momic

scattering facton j ' and f from S and p, both of which arc determined by fitting the Frcsntl equations to mciturtd reflectivity versa angle of

incidence dau. This reflectivity technique allow, determination of both 6 and p in regions of "norm*!" and "inacnolout* dispersion.

Results obtained on Au mirrors are presented in Table 1 for the energy region from just below ihc MV edge to well above the MI edge. The beo

available compiled values of [J are listed as p H , from which the values of fi|| are calculated v» KrameivKrocig dispersion integrals. Our meaairod 6,

p agree very well with the compiled values above the MI (3423 cV) edge, u expected Below the MI edge the newly meawred p values, although

preliminary, are considered more accurate than the semi-empirical tabulated values. To our knowledge no other experimcnul dderminaiioni of 6

hive been made for Au in this energy range. We have al&o done Pi and Ir simples.

Table 1

Scattering factors in the Au M region and higher

ENERGY

(eV)

2150 'Below MV edge

2220 Begin increasing MV p

1241 MVedge

2294 XAFS between MV and M1V

2316 Before [inuMo MIV edge

2330 MIV edge

23SO Above MIV edge prising

2370 Mix MIV p

2400 InMlVXAKS

2480 In MIV XAFS

2600 •SmooUire.btMi.MIV&MIII

2720 Before rueofMmp

3000 'Smooth te. Hun. MI1I&MM

JI25 Before rise oFMlip

5000 'Away from edges

6400 "Sensitive loCr binding later

6/6,,"

(IE-4)

3.64 / 2.5

2.7J/0.S4

2.52'J.33

2.73 / 2.80

2.46' 2.88

2.47 < 2.98

272 '3 .12

2.78 / 3.26

2.88' 3.34

2.9-8 < 3.42

2.86/3.32

2.64*3.04

2.47'2.86

2.33 2 68

1 15 122

0 72 0.75

P'HH*
(1E-5)

7.54 / 8.99

7.27'12 63

14.4'19.2

16.36/25.8

15.66'28.4

17.3/27.8

17.4/27.0

IS4 26 2

17.4/25.1

16.8/22.5

14.8/19.2

12 7/166

IU'13.6

10.3/12 0

2.58 2.61

1 13- 109

J(Z/DOF

1.45/30

2.6/24

1.2/21

8.5/22

4.0/20

3.4/19

3.25/21

3.6/21

18.4/22

12.6/22

4.0/25

0,35/21

0.61 ,'20

0.27/20

0.73/8

0.125/5

" values ilioulj agree wiih tabulations for p,] in llcnke « al. Aiorruc Dita ami Nudcsr DaU Tables, 27(1982)and unpubl. updau

'o||nalUECtul2150lo~3500cV;P||nol useful near edges

Work supported by the US Dept. of Energy.
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Optical Constants and Scattering Factors from Reflectivity Measurements:
50eVtol0keV

R L Blake, J C Davis, (Los Alamos National Laboratory) D E Graessle, T H Burbine,
(Smithsonian Astropliysical Observatory) and E M Gullikson (Lawrence Berkeley
Laboratory)

An improved reflection technique has been introduced to permit more accurate
measurements of f and f' over the range of 25 to 2500 eV Application steps include
preparation of samples on identical superpolished substrates, measurements of R versus angle
at energies above 5 keV where scattering factors are known well enough to permit extraction
of sample density and the surface roughness parameter, and finally measurement of R versus
angle and energy in the desired energy range to permit determination o f f and f" from fitting
to the Fresnel equations Regions of anomalous and normal dispersion can be measured with
resolving power 1000 or more The method applies to any element or compound that can be
deposited as a smooth layer on a Hat substrate, while it requires and accurate reflectrometer
and access to suitable xray sources and monochrometers Sources available to us include
beamlines XSA, C and U3A. C at NSLS and several beamlines at CHESS. We have
convened a precision single crystal xray spectrometer into a reflectometer with two arc sec
angular accuracy Alignment to the synchrotron beam is accomplished by optical and xray
meihods Silicon PIN diodes arc used as xray beam monitor and reflected beam detector.
After a preliminary calibration of the ratio detector/monitor versus energy with sample
removed, it is possible to measure the reflectivity versus angle or energy in real time. Beam
polarization is measured simultaneously by a He scattering cell and two proportional counters
at right angles to the beam Alignment accuracy of the detector slit, sample, and beam-
defining slit upstream of sample and monitor can all be verified at any time by an alignment
telescope coupled to the rctlectometer Preliminary results are given for Ni, Mo, Ir, I't, and
An Of particular emphasis are the M5 edges of Ir, Pt and An, which are much suppressed
compaied to tabulated values Tabulated values for Mo need about ten percent correction for
sample density

This, work was supported by Depaiiment of Energy contract No W-7405-ENG-36
NASA contract No NAS S-30123

and

XSC
Calibration Techniques for High Flux X-ray Detectors

G. C Idzorek, R. G Hockaday (Los Alamos National Laboratory)

A system is described for calibrating high flux ( 1 0 ' ' ) x-ray detectors using moderate flux
(10"1* W) synchrotron and low flux (10"'\V) conventional x-ray producing machines. The
detectors have been designed for output currents of one milliampcre to 100 amperes which
results in output currents during calibration of approximately 10""' to 10"'2 amperes The
small calibration output currents led to the development of statistical methods to reduce the
calibration measurement errors to acceptable levels. A personal computer is used to acquire,
analyze, store and display the calibration data in real time to allow the scientist to explore and
correct the calibration technique or eliminate external noise sources. A sample of typical real
time results from the calibration of a beryllium windowed aluminum photocathode x-ray
detector plotted with the model is shown in Fig 2. With the expected response curve plotted
along with the data error bars even the most weary scientist can easily spot potential problems
in the measurement.
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Fig.2. Calibration Data with Expected Curve Overlay

Research supported by the Department of Energy contract No W-7405-ENG-36



X9-A

CHANGES IN THE PROFILE STRUCTURE OF THE SARCOPLASMIC
RETICULUM MEMBRANE INDUCED BY PHOSPHORYLATION OF THE
CA+2ATPASE ENZYME IN THE PRESENCE OF TERBIUM: A TIME-
RESOLVED X-RAY DIFFRACTION STUDY

Francisco J. Asturias, Robert F. Fischettit and J. Kent Blasie (Dcpt. of Chemistry, U.
of Pennsylvania, Phila., PA 19104 and tBiostructures Institute, University City
Science Center, Phila., PA 19104)

Time-resolved x-ray diffraction experiments have identified the nature and magnitude

of changes in the profile structure of the sarcoplasmic reticulum (SR) membrane induced

by terbium-activated phosphorylation of the Ca+-ATPase enzyme. The design of the time-

rcsolved x-ray experiments was based on direct measurements of enzyme phosphorylation

using |g-32P)ATP, that were used to determine the extent to which lanthanides activate

phosphorylation of the Ca+2ATPase and their effect on the kinetics of phosphoenzyme

formation and decay, We found that, under the conditions of our experiments, lanthanides

are capable of activating phosphorylation of the ATPase resulting in substantial levels of

phosphoenzymc. and that they slow the formation and greatly extend the lifetime of the

phosphorylated enzyme conformation. The results from the x-ray diffraction work indicate

that the nature of the changes in the profile structure of the SR membrane induced by

terbium-activated phosphorylation the ATPase enzyme are qualitatively similar to the

changes induced by calcium-activated phosphorylation, but smaller in magnitude. In an

accompanying abstract we report the results from lime-resolved, terbium resonance x-ray

diffraction studies, concerning the location of high-affinity metal binding sites in the SR

membrane profile, and the redistribution of metal density among those sites upon

phosphorylation of the Ca*2ATPase protein.

Research was sponsored by NIH grants HL18708 and RRO1633.

X9-A

CHANGES IN THE RELATIVE OCCUPANCY OF METAL-BINDING SITES IN
THE PROFILE STRUCTURE OF THE SARCOPLASMIC RETICULUM
MEMBRANE INDUCED BY PHOSPHORYLATION OF THE Ca+2ATPase
ENZYME IN THE PRESENCE OF TERBIUM: A TIME-RESOLVED,
RESONANCE X-RAY DIFFRACTION STUDY

Francisco J. Asturias, Robert F. Fischettit and J. Kent Blasie (Dept. or Chemistry, U.
of Pennsylvania, Phila., PA 19104 and ̂ Biostructures Institute, University City
Science Center, Phila., PA 19104)

Time-resolved, terbium resonance x-ray diffraction experiments have provided the

locations of three different high-affinity metal-binding/transport sites on the Ca*2ATPase

enzyme in the profile structure of the sarcoplasmic reticulum (SR) membrane. By

considering these results in conjunction with the known, moderate-resolution profile

structure of the SR membrane (derived from non-resonance x-ray and neutron diffraction

studies), it was determined that the three metal-binding sites are located at the

"headpiece/stalk" junction in the Ca+2ATPase profile structure, in the "transbilayer"

portion of the enzyme profile near the center the membrane phospholipid bilayer, and at

the intravesicular surface of the membrane profile. Alt three metal-binding sites so-

identified are simultaneously occupied in the unphosphorylated enzyme conformation.

Phosphorylation of the ATPase causes a redistribution of metal density among the sites

resulting a net movement of metal density toward the intravesicular side of the membrane,

i.e., in the direction of calcium active transport. We propose that this redistribution of

metal density is caused by changes in the relative binding affinities of the three sites,

mediated by local structural changes at the sites resulting from large-scale (i.e., long-range)

changes in the profile structure of the Ca+2ATPasc induced by phosphorylation. These

results have significant implications for the mechanism of calcium active transport by the

SR Ca+2ATPase.

Research was sponsored by NIH grants HL187O8 and RRO1633.



X9-A

AN X-RAY ABSORPTION SPECTROSCOPIC STUDY OF NICKEL REDOX
CHEMISTRY IN HYDROGENASE
C. Bagyinka, J. P. Whitehead, and M. J. Maroney Contribution from the Dept. of
Chemistry and Program in Molecular and Cellular Biology, U. of Massachusetts.

Hydrogenases are enzymes that catalyze the reversible oxidation of
dihydrogen in bacteria. All hydrogenases contain Fe in the form of FeS clusters,
however, there are additional classes of this enzyme that also contain Ni as a part of
the inorganic cofactor. The nickel site in hydrogenase has been implicated as the site
of redox chemistry, based on the changing epr signals during the reductive
activation of the enzyme that have been associated with Ni. Various redox schemes
have been proposed that involve Ni redox chemistry that range from the oxidized
form of the enzyme containing Ni in the +3 state, and reducing to Ni(0), the Ni
oxidation state altering between Ni(IIl) and Ni(II), to the enzyme containing a static
Ni(II) site with a ligand environment that is capable of performing ligand-centered
redox chemistry.

X-ray absorption spectroscopic studies of Thiocapsa roseopersicina
hydrogenase poised in three forms exhibiting epr signals due to the Ni center (A, B,
and C), and two states that are epr silent with respect to the Ni center, have been
completed. These spectra are used to examine the structural changes that occur
during the reduction of the enzyme. Analysis of Ni K-edge spectra reveal the
presence of weak features at ca. 8332 eV in the spectra obtained from forms A and B
and the silent intermediate (SI) that are assigned to Is -> 3d transitions. The lack of a
significant pre-edge peak in the active form of the enzyme (form C) and low peak
areas in other forms, coupled with the absence of edge features associated with
planar four-coordinate Ni complexes, indicate that the Ni site in all of states of the
enzyme is five - or six-coordinate. No observable shift in edge energy occurs upon
reduction of the enzyme to any level. This demonstrates that no significant change
in the electron density of the Ni site occurs during reduction.

Analysis of the EXAFS spectra obtained from scattering atoms in the first
coordination sphere of Ni in all five states of the enzyme that are defined by Ni epr
signals (or lack thereoO are consistent with a Ni site composed of 3 ± 1 N(0)-donors
at 2.00 ± 0.06 A and 2 ± 1 S - donors at 2.23 + 0.03 A. These data reveal an obvious
lack of a change in the bond lengths over the entire range of rcdox potentials for Ni,
supporting the XANES data that there does not appear to be a significant change in
the electron density around Ni. No evidence to support a redox role for Ni in
hydrogenase is found in the XAS data.

Funding for this work was provided by a grant from the NIH (GM-38829, MJM). We
thank the National Biostructures PRT, which is supported by a grant from the NIH
(RR-01633), for beam-time allocations and access to equipment.

X9A
XAFS STUDIES OF METALLOPROTEINS
Grant Bunker
Physics Department
Illinois Institute of Technology

One of the difficulties in analyzing typical biological XAFS data is the relatively low
symmetry of the metal site. Normally it is straightforward to determine the first shell
coordination in a relatively model-independent way, but analyzing higher shell data
usually requires some sort of modeling. This is fine provided that, given a
hypothetical structure, the EXAFS spectrum can be computed accurately, and
confidence limits (parameter errors) are estimated to prevent over-fitting of the data.
However, .to accurately model the data, multiple scattering effects must be included,
particularly for coordinated rings such as porphyrins and histidine imidazoles. Only
recently has this been possible without the use of some sort of fudge factors,
calculating spectra using the program FEFF5 of Zabinsky, Rehr, and Albers.

Even with these recent advances in theoretical calculation of EXAFS spectra, the job
isn't quite done. It is well known that thermal vibrations have a strong effect on
single scattering spectra, and the same is true of multiple scattering. This is especially
so because of the very anisotropic interactions in biological molecules. Our most
recent experiments have involved studies of the temperature dependence of the
multiple scattering in model compounds of biological relevance. If we can accurately
model the data in these simple cases it should be possible to extend the method to fit
metalloprotein data.



X9A

liXAFS INVESTIGATIONS OF DNA / CIS-PLATINUM / PROTEIN INTERACTIONS.

"B. Chance, "Paul Billing and *K. S. Reddy., *Dept. of Biochem. & Biophys. and "Dept. of
Radiation Oncology; Univ. of Penn. Philadelphia PA 19104.

Cis-dinmmine dichloro plntinumdl) (CDDP) is a widely used chemotherapeutic agent in the
treatment of several human enncors. The anti-tumor activity of CDDP is believed to be the
result of its co-ordination bonding to chromosomal DNA but the mechanisms of cell killing
liy CDDP arc not fully understood. The primary adducts formed by CDDP are intrastrand
>.ross links between adjacent purines. While many tumors are highly responsive to CDDP,
certain tumors are resistant to CDDP toxicity or develop resistance to this drug during the
course of chemotherapy. Changes in tumor cell sensitivity to CDDP may result from
alterations in the levels of proteins which specifically recognize CDDP-DNA f protein(s) and
CDDP-damugcdDNA. Recently Billing etaKD identified several proteins which
specifically bind to CDDP-damaged DNA. Two of these proteins have been identified as
high mobility group proteins (HMG) 1 and 2 having binding constants 3.27 x 10"'"for HMG1
and 1.87 x 10-I° for HMG2. Here we report the preliminary EXAFS results on CDDP
interaction with DNA. The XANES region of the spectra clearly indicate that the oxidation
slate of Pt changes from(+2) to (+4) during cis platinum binding to the DNA. EXAFS
experiments arc in progress to verify the redox state and also the structural perturbation of
CDDP-DNA complex with HMG1 and IIMG2 proteins.
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l-'ii:. 1. HXAF-S spectra of Cis-platinum complex (solid) and Cis-platinum with DNA.fdashed )

I) i;. N. I lughes, B. N. Engclsbcrg and P. C. Bi l l ing. , J . B io l . Chem., 287, 13520 (1992).

Tins wnrk was suppuncd by NIH grams (B. C. & K. S. K.) RROI633 ; (P. C. B.JCA-45734.

X-9A
COMPARISON OF THE X-RAY ABSORPTION SPECTRA OF MBOj AND MBCO
REBINDING INTERMEDIATES

H. P. Chance, L. M. Miller, H. D. Wirt, E. Scheuring
Albert EinBtein College of Medicine, Department of Physiology and Btophyoicc

Recent studies have Bhown that Mbc-2 and MbCO have significantly
different rebinding intermediates (M. Chance, e t . a l . . Biochemistry, 29, 1990,
p. 5537). For example, the quantum yield of MbÔ  photolysis i s 0.4 whereas
that of MbCO is 1.0. X-ray absorption spectrcscopy (XAS) can be used to study
the differences between these two rebinding proceseeB.

XAS iB especially sensitive to iron dioplacement from the heme plane and
charge density on the iron atom. When a ligand ie photolyzed from hemoglobin
and myoglobin, the displacement and charge density of the iron change,
resulting in changes in the x-ray edge position and the XANES region of bound
versus photolyzed hemoglobin or myoglobin.

The x-ray absorption spectrum of bound Mbô  was obtained at high
resolution using 0.5 eV steps across the x-ray edge. First derivatives of the
edge opectra are used to accurately define the charge denoity on the central
metal. The position of the MbÔ  edge can now be well defined at 7125.4 eV
(Fig. l ) . In comparison, we find the x-ray edge position of MbCO to be at
7123.9 eV, indicating a significant difference in iron environmentn between
the bound MbCO and MbOj. This result is consistent with studies thet have
shown a hydrogen bond between oxygen (but not CO) and the distal hiistidine of
myoglobin. This hydrogen bond is stabilized by charge reorganization from the
iron to the oxygen, resulting in a loss of charge density on the iron. The
loss of charge density makes the removal of an electron from the iron more
diff icult , thUB shifting the x-ray edge position to higher energy.

Due to the low photolysis quantum yield of Mbc-2, x-ray absorption
spectra of the Hbô  photoproduct have been difficult to obtain. However, we
have collected x-ray edge and EXAFS spectra of photolyzed MbOj; both the x-ray
edge and the XANES region show differences between the photolyzed »nd
unphotolyzed MbOj.
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XSA
HALOCYANIN : A CUPREDOXIN FROM ARCHAEBACTERIA

H.R, Chance, D.E. Sidelinger, M. D. Wirt, H. Engelhard

Albert Einstein college of Medicine, Department of Physiology and Biophysics
and "Max-Planck Institute fur Ernahrungsphysiologie.

Type I copper proteins have a blue color due to an absorption maximum
at 600 nm. Their epr spectra have unusually small hyperfine coupling
constants. Typical examples of type I proteinB are azurin and plastocyanin.
Such type I proteinB very often have only one copper, are single domain
proteins of 20 kD or less, and mediate important electron transfer reactions.
It has been therefore proposed to name them cupredoxins by analogy to
ferrodoxins (Adman, E.T. Advances in Protein Cheaistry, 42, p. 145-197.). Type
I proteins have been found in vascular plants, eukaryotic green algae and
cyanobacteria (eg. plastocyanin). Azurin is found in eubacteria. The copper
environment of all the cupredoxins is similar, fj-barrel secondary structure
with variations in the loop regions. The tertiary structure is well preserved
while the primary sequences are only homologous in the copper binding regions.
Strikingly, a c-terminal sequence with the general feature cy.S-aaN-HIS-aaH-MET
has been observed in all documented cases except stellacyanin (lacking met).

The tertiary structure homology along with the partial sequence homology
of cupredoxins poses questions of convergent versus divergent evolution for
this protein class. A proposed common ancestor is an ancestral purple
photosynthetic chlorobium-like bacterium. An answer to the problem of
evolution can be addressed by identifying new cupredoxin like molecules from
other species, we report the first identification of a blue copper protein
from archaebacteria {Satronobacterium pharaonis) and its analysis by UV, epr,
CD, and EXAFS techniques.

The epr spectrum of oxidized halocyanin shows a profile typical for
unpaired electrons with g = 2.024 and 2.209. The epr signal and the blue color
disappear upon reduction. CD spectra of the protein are consistent with the
presence of individual copper to histidine, cysteine, and methionine
transitions. EXAFS analysis of the reduced protein has been completed and
demonstrates several good solutions seen in Table 1 below. The protein data
was Fourier filtered (k'-weighted) r backtransformed and fit to model compounds
treated identically (CuTPP and CuS).

TABLE 1

t S:N ligands

2:3

3:2

Model

Cu-N
Cu-S

Cu-N
Cu-S

r (A)

2.04
2.46

2.04
2. 45

Ac2 (A2)

.0006

.007

.002

.005

AE0

0.3

-0.8

0.3

0.2

o2

3.1

1.7

Thio work hag been supported by PRF (administered by the ACS).
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EXAFS ANALYSIS OF CARBONIC ANHYDRASE FROM SPINACH

M. R. Chance, D. E. sidelinger, M. D. Wirt, Ft. Bowlett*

Albert Einstein College of Medicine, Department of Physiology and Biophysics
and "Colgate University, Department of Chemistry.

The carbonic anhydrase (CA) enzyme from spinach has kinetics similar to
those from the well known human and bovine enzymes but, has a sequence (based
on c-DNA analysis) that 1B not homologous with any other known protein.

We have carried out EXAFS spectroacopy on human CA types I (HZNCAI) and
II (HZNCAII), bovine type III (BZNCAIII) and the spinach enzyme (PZNCA). Our
results on HZNCAI and HZNCAII are consistent with crystal structure data as
well an the previous EXAFS results of Yachandra et al. [J. Amer. Chem. S e c ,
105. p.6596). A one atom fit of Fourier filtered (k'-weighted) and
backtransformed HZNCAI data to a Zn-TPP model (4 nitrogen Uganda at 2.037 A)
treated identically gives a minimum solution of 4.3 + 1.0 N (or oxygen)
ligands at 2.025 ± 0.011 A (Ao2 and AE0 with respect to ZnTPP = -.002 A

2 and -
4 ev respectively). The results for HZNCAII are virtually identical.

The bovine III data is distinguishable from that of human I and II. An
all nitrogen fit is still reasonable but a resolved distance is clearly
observed. Three or four ligands are observed at an average of 2.00 ± 0.01 A
but, a resolved contribution is 3een at 2.13 + 0.02 A.

The plant enzyme is the most interesting of all, as it requires sulfur
ligation in the coordination sphere for a reasonable fit. Unfortunately, the
exact ratio of S/N contributors can not be resolved in such a ca«e but, the
plant enzyme is clearly a unique CA by this analysis. Although small amounts
of chloride are present in the preparation to stabilize the protein, chloride
can be ruled out ao a possible ligand of the enzyme based on affinity studies.
The figure below defines the range of reasonable solutions (shaded areas)

based on EXAFS ̂ jlone.
tematic Representation ol Plant Carbonic Anhydrase Results

5 =

Diagonal lines icpinsant total coortf/naoon number \

Uiimbct ol H/0 Uflanils

This work has been supported by PRF (administered by ACS) and the NSF.
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TIME-RESOLVED X-RAY ABSORPTION SPECTROSCOPY ONAS/is TIMESCALE

H.R. Chance, M.W. Wirt, L.M. Miller, E. Scheuring, A. Xie, D.E. Sidelinger
Albert Einstein College of Medicine, Department of Physiology and Biophysics.

X-ray absorption spectroscopy (XAS) is unmatched in measuring metal-
ligand distances in solution while the dynamics of evolving systems is a
subject of intense interest in biophysics currently. We report the design and
successful testing of a system for collecting time-resolved XAS data on a 5
/is timeBcale. The system is based on the use of a germanium energy resolving
detector and a fast multichannel scaling (FMS) board, both from Canberra Ind.
The general configuration iB shown in Figure 1, The output of a single Ge
channel is amplified and connected to the FMS board. The data acquisition
sequence is controlled by a digital delay generator, which also controls the
firing of a (doubled) Nd-VAG laser (output 100 mw, 532 nm, 10 Hz). Software
control allows the windowing of the x-ray fluorescence peak of interest, which
is then laid down in directly accessed memory with specified time widths. A
typical experiment laid down 8192 channels of data, each counting a 5 /is
interval. For testing of the system, we used a well characterized chemical
system, that of rebinding of carbon monoxide with myoglobin after a laser
flash at low-temperature. To date, we are aware of only one previous attempt
to perform XAS in a time-resolved fashion on (300) us timescales (D. Mills,
et. al.. Science, 223, 1984, p. 811).

In Figure 2 we show the signal-noise of a 5 /is data acquisition interval
for bound MbCO, with no laser flash. The sample concentration is 4 mM, data
is collected every 4 eV, and 5000 sweeps are accumulated at each energy.
Immediate improvements could increase the signal-noise of this spectrum over
eight fold. These include use of all thirteen channels on the Ge detector,
doubling the number of sweeps at each data point, and focussing of the x-ray
beam so that the Ge detector could be run at its maximum count rate. In a
second experiment, we demonstrated that with a 1 mM sample and 20 /is time
resolution we could sit at a single x-ray wavelength, where the difference
between the photolyzed and ligand bound spectra is the largest (kinetic
spectrophotometry), and observe the photolysis and recombination of the sample
at early and late times after the flash. This work is supported by NIH.

FIGURE 1

X9-A
AN EXAFS INVESTIGATION OF THE STRUCTURE OF THE ACTIVE SITE
OF LACTOPEROXIDASE

C.-S. Chang, NCDMF, R. Sinclair, NCDMF, S. Khalid, UCSC, I. Yamazaki,
NCDMF, S. Nakamura, Hirosaki U., and L. Powers, NCDMF

Native lactoperoxidase, compound III, and the reduced forms (at pH 6 and 9) were
studied using X-ray absorption spectroscopy (XAS). Native lactoperoxidase has
four pyrrole nitrogen ligands at an average distance of 2.04±O.0lA, a proximal
ligand at 1.91±0.02A, and a sixth (distal) ligand at 2.16±0.03A. Lactoperoxidase
native enzyme and compound III have first coordination shell structures that are
similar to those of lignin peroxidase [Sinclair, R.; Yamazaki, I.; Bumpus, J.; Brock,
B.; Chtng, C.-S.; Albo, A.; and Powers, L. (1992) Biochemistry 31, 4892-4900] and
different from those of horseradish peroxidase [Chance, B.; Powers, L-; Ching, Y.;
Poulos, T.; Schonbaum, G.; Yamazaki, I.; and Paul, K. (1984) Arch. Biodtcm. Biophys.
235, 596-611]. The five-coordinated ferrous form was stable at pH 9, but at pH6
was rapidly converted to the six-coordinated form with a distal ligand at
2.18±0.03A. No evidence typical of changes in spin state was obtained at the
different pH values.

UCSC: University City Science Center, Biostructures Institute/PRT, 3401 Markset
Street, Suite 320, Philadelphia, Pennsyylvania 19104.
NCDMF: National Center for the Design of Molecular Function, Utah State
University, Logan, Utah 84322-4630.

This has been submitted for publication in Biochemistry.

Supported in part by NIEHS Superfund Grant ES 04<)22 and by the Savannah
River Laboratory Contract #W 89329-BA. Beamline X9 is supported by NIH RR
01633.
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pH DEPENDENCE OF THE ACTIVE SITE OF HORSERAD1SH FEROXIDASE
COMPOUND II

C.-S. Chang, NCDMF, I. Yamazaki, NCDMF, R. Sinclair, NCDMF, S. Khalid,
UCSC, and L. Powers, NCDMF

Using X-ray absorption spectroscopy, we investigated the active site of
horseradish peroxidase (HRP) compound II at two different pH values. The
results indicate that the bond length of the sixth coordinated ligand of the active
site was 1.90+0.02A at pH 7 decreasing to 1.72+0.02A at pH 10. The average iron-
to-pyrrole nitrogen and the proximal ligand bond lengths showed no significant
changes. The position of higher coordination shells around the iron center
changed, implying that some movement or deformation of nearby amino acid
residues and/or of the heme occurred. Results of this study suggest that the
decrease of the Fe-=O bond length of HRP compound II at the higher pH might be
attributed to the loss of a hydrogen bond which is present between the oxygen
ligand and an amino acid residue in the heme pocket at pH 7.

UCSC: University City Science Center, Biostructures Institute/PRT, 3401 Markset
Street, Suite 320, Philadelphia, Pennsyylvania 19104.
NCDMF: National Center for the Design of Molecular Function, Utah State
University, Logan, Utah 84322-4630.

This lias been submitted for publication in Biochemistry.

Supported in part by NIEHS Superfund Grant ES 04922 and by the Savannah
River Laboratory Contract #W 89329-BA. Beamline X9 is supported by NIH RR
01633.

XAFS OF THE MER-R METALLOREGULATORY PROTEIN

Kimber Clark and James E. Penner-Hahn (University of Michigan)
Lisa Utschig, Jeffrey Wright, Thomas V. O'Halloran (Northwestern University)

X9-A

The MerR Metalloregulatory protein is a metal-responsive genetic switch plays a
central role in bacterial mercury detoxification. In the presence of Hg(II), MerR
activates transcription of the genes responsible for production of the proteins which
transport and reduce mercury; in the absence of Hg(Il) MerR inhibits DNA
transcription. MerR is ultra sensitive to mercuric ions and is activated by binding of
Hg(II) at concentrations as low as 1.0 x 10'8M. MerR activation also occurs in
response to various other ions, including Cdfll) and Zn(II), although at significantly
higher concentrations than those required for Hg(Il), and with much lower levels of
DNA transcription [1]. Previous results on the binding site of Hg-MerR showed that
this protein has an unusual three coordinate cysteine environment [2]. This binding
site provides an explanation both for the high affinity and for (he high selectivity of
Hg(II) binding by MerR, since Cd(II) and Zn(II) tend to prefer tetrahedral geometries.

We have used XAFS to characterize the metal binding sites in both Cd-MerR and Zn-
MerR. In both cases we find that the metal has a four coordinate sulfur environment.
Although EXAFS amplitudes alone cannot distinguish between 3 and 4 coordinate
metal sites, the observed bond-lengths support the 4-coordinate assignment. Three
coordinate Cd-thiolate complexes have a longer average Cd-S length of 2.52-2.53 A.
Cd-MerR has a Cd-S distance of 2.53 A, which is clearly consistent with a four
coordinate site. Similarly, Zn-thiolate model complexes which are three coordinate
have an average Zn-S distance of 2.23 A and those which are four coordinate have an
average Zn-S distance of 2.33 A. The EXAFS bond length for Zn-MerR is 2.32 A,
again consistent with a four coordinate environment. These observed differences in
metal binding environment for Hg-MerR relative to Cd- and Zn-MerR suggests a
structural rationale for the observed selectivity for Hg.

1. J.G. Wright, M.J. Nalan, F.M. MacDonnell, D.M. Ralston, T.V. O'Halloran:
Progress in Inarg. Chem.: Biommgank Client. 38, (1990) 323-412.

2. J.G. Wright, H.T. Tsang, J.E. Penner-Hahn, T.V. O'Halloran: /. -4m. Chem. Sec.
112 (1990) 2434-2435.

Supported in part by NIH GM-38047. Beamline X9-A is supported by NIH RR01633.
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Fe EXAFS MEASUREMENTS OF A CYTOCHROME P450 ENZYME
RESPONSIBLE FOR BOTH GLUCOCORTICOID AND
MINERALOCORTICOID HORMONE BIOSYNTHESIS

Normand J. Cloutier, Subhendu Joardar, Jeremy D. Selengut, David h. Coufal, and
William H. Orn\e-Jonnson, Massachusetts Institute of Technology, Cambridge,
MA 02139

Steroid hormones play essential regulatory functions in the body. In
mammals, these hormones are synthesized in the kidney, adrenal cortex, and in
the sex organs. Cytochrome P450 enzymes play an essential role in the synthesis
of these steroids. We have previously examined the local active site structure of
one of these enzymes (the cholesterol side chain cleavage enzyme from bovine
adrenal cortical mitochondria (P450scc); Kolodziej, A. et.al. NSLS Annual Report
1990 and Miao, E. et al. NSLS Annual Report 1990), using the techniques of
UXAFS and ESEEM. We now report the completion of a series of Fe EXAFS
measurements on another adrenal cortical initochondrial P450 enzyme -11-
deoxycorticosterone 11-beta hydroxylase (P450-ll-beta), in hopes of revealing
similar structural information.

Two samples of concentrated P450-ll-beta were prepared - one with the
substrate 11-deoxycorticosterone and another with the inhibitor metyrapone,
completed to the enzyme. Repeated scans of each were acquired to have the same
signal to noise ratio as that for P4S0scc measurements. This data was acquired
with a 13 element Germanium fluorescence detector with non-negligible dead time
factors for each detector. These dead time factors cause an attenuation of the
signal at high fluorescent count rates. Data for P450-ll-beta was acquired under
relatively high internal count rates, necessitating the determination of the dead
time factors for each detector element. These dead time factors have now been
calculated (using calibration data acquired during the experiment) and will be
used to correct the data for attenuations incurred from saturation effects. From
EXAFS distances determined from well characterized model compounds, the
EXAFS data for the P450-ll-beta samples will be analyzed to determine distances
from the iron to its ligands,

Research supported by: NIH:GM28358 and NIH:RR01633.

X9-A
CHARACTERIZATION OF THE dnaj PROTEIN FROM E, coli:
ZINC BINDING PROPERTIES

John M. Flanagan*}:, Joseph E. Coleman*, Z. Richard Korszunt

From the "Department of Molecular Biophysics and Biochemistry, Yale University, New Haven, CT
06511 and tDepartment of Chemistry, University of Wisconsin-Parfcside, Kcnosha, WI 53141.

JTo whom reprint requests should be addressed.

Dnaj is an essential component of the Escherichia coli DNA replication complex as
well as being an important factor in the chaperone-mediated protein folding
complex. In order to begin biochemical/biophysical studies of the protein we
have overexpressed dnaj to high levels (30-40 mg/L) behind the bacteriophage <j>
10 promoter of pETlld. The protein was purified to homogeneity and was soluble
in the absence of urea or detergents in at least 0.5mM. The protein exhibits an
significant amounts of (result from CD) as determined by circular dichroism
spectroscopy. We have also demonstrated that dnaj binds tightly 2 moles of Zn2+

per mole of monomer. The protein ligands for both Zn ions are 4 sulfur atoms
presumably from 8 of the 9 cysteine residues in the molecule. The coordination
state of both Zn2+ atoms are identical and tetrahedral with a Zn2+ sulfur distance
of 2.25A. The 8 cysteine ligands are most probably located in the region of
sequence composed of 5 tandemly duplicated amino acid sequences between
residues 123 and 207 that contains a Zn finger like motif
(CX2CX23CX2CXI8CX2CX20CX2C). At present the functions of the bound Zn ions
is not known. They could potentially be structural or may account for the
previously observed affinity of dnaj for single and double stranded DNA.

Beamline X9-A is supported by NIH RR01633.



X9A

TIME-RESOLVED l'RESSURE-JUMP STUDIES ON MEMBRANE
LIPID SYSTEMS.

M. Kriechbaum, F. Osterberg, M.W. Tate, E. Shyamsunder, S.M. Gruner (Princeton
U.), P.T.C. So (U. Illinois) and V. Skita (U. Connecticut).

The pressure induced structural phase transitions of various biomembrane lipid-water
suspensions were investigated by time-resolved X-ray diffraction at NSLS on beamline
X9A. The samples (50 nig lipid each) were contained within a temperature controlled
(0°-80°C) high-pressure X-ray cell capable of holding pressures up to 4 kbar using
water as the pressurizing medium. Fast pressure jumps (<10 ms) were achieved by
quickly opening a high pressure valve connected to a pneumatic piston. By varying the
initial pressures in the sample cell and a large secondary reservoir, it was possible to
systematically control the initial and final pressures of the jumps. Two separate
intensified detector systems constructed at Princeton were used alternatively in this
experiment: a 2-dimensional video CCD imager running in non interlaced mode (frame
time: 16ms) was used to record the intensified output of a phosphor screen, and a 2-
dimensional slow scan CCD detector modified to continuously digitize a masked 1-
dimensional strip giving an effective time resolution of 9 ms.

We have investigated the ;;hase transition kinetics of some phosphatidylethanolamine
(PR) lipids (dioleoyi-Pt, dielaidoyl-PE, palmitoyl-oleoyl-PE) and the glycerolipid
moiiuclaidin as a function of p-jump amplitude at various temperatures. These systems
undergo a variety of phase transformations between lamellar, inverted hexagonal and
cubic phases. We observed that the transition kinetics, i.e. the transformation and
relaxation into the new equilibrium phase after a sudden disequilibralion induced by the
p-jump depended on the magnitude of the jump applied. When using jump amplitudes
> 1 kbar, the phase changes occur within the time resolution of our system (-10 ins).
Transition rates from 100 ms to several seconds were observed for smaller jump
amplitudes. The lamellar lattice responds quickly (<30 ms) to pressure change,
whereas the hexagonal lattice changes size with several hundred milliseond time
constant. Initial analysis of the data shows the transition proceeds via a complex power
law type of conversion.

We acknowledge the support of DOE (contract DE-FG02~o7ER60522), NIH (grant
GM32614) and the National Biostructures PRT and M.K. the support by a fellowship
from the Max-Kacle Foundation.

X9A

XAS STUDY OF THE COPPER-SITE SUBSTITUTED n-TYPE
SUPERCONDUCTORS (Nd,Ce)2Cu,_,MrO4.*

G. Liang, T. Gindrup, D. Badresingh, C. Limbaugh, (Sam Houston State U.), M. Croft(
Rutgers U.), B. Jayaiani (U. Nebraska)

The recent finding that the substitution ol the alrnost divalent Cu by trivalent element M
in the (Nd,Ce)2Ciii_,Mi04_s (z < 0.05) can enhance the superconducting properties might
imply that electrons are doped from the M-clements to the Cu-sites in a same manner as that
occurred in the Ce—»Nd substitution. To clarify if the trivalent M-atoms really occupy the Cu-
site positions in the CuOj layers and the nature of the charge carriers created by such M—>Cu
in-plane substitution, we have carried out Cu /(-, Ga A'-, Ni /(-, and Zn /C-edge EXAFS
and XANES measurements Oil the (Nd,Ce)2Cui_>MIO4.( compounds with M=In, Ga, Ni, ZII.
It appears from the preliminary rlata analysis that the trivalent indium atoms indeed donate
electrons into the Cu bands. But we also observed in some of the In-doped samples, the In
substitution for Cu produces a almost-rigid like downward shift ol the edge, which is slightly
different from the Ce-doj)ing induced edge change3. Thus, this may indicate that substantial
fraction of the electrons donated from the In atoms might not be injected into the localized Cu
3d orbitals. T!:e substitution of the Cu by the divalent element Zu does not have effects on
the Cn /C-edge spectra. Detailed EXAFS analyses arc underway to reveal the location of the
M-atom in the unit cell of these T -structure materials.

(1) I. Feluer ct a!., Phys. Rev. B 40, 1136G (1989).
[2] N. Y. Ayoub ct at., PhysicaC 170, 211(1990).
(3] J. M. Tranquada et al, Nature (London) 337, 720(1989).

'This work was supported by Research Corporation, the Faculty Research Funds of S.tiii
Houston State University, and NSLS.
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On A'-<vlK<- XANES S T U D Y OF T H E l a i O C T R O N UOP1NC IN l i , / i h . C i i O , „
(K--I ' r , N.I, Sm, anil C:d)

(i l.iatiK, Vaiii", Clio, \V. Xu (Sain lluiislini Stale U ) . M. Croft, I Chen. .1. Peng (It 11 r }̂< •• •>
i;.). Itenato K. I.udii.i , K. A. K.nly. M. 13. Maple (U. C. at San Die,;,.)

To t larify w-hether the dramatic difference of 7',. and its chanj;!1 with tin1 variation of It1

helwceu tin' A - T h ami A = CV lij ,A,C'u().| j .series ( with R I'r, Nil. ami Sin) is associated
with tlii' charge carrier concentration or not, we have carried out XANES measurements at the
CM A'-edf;e on the A=Th compound series prepared under systematic lomlitions.

The C'u A'-edge spectra of the A--Th series shown in Fij>. 1 shows that, similar to the
A= (V series"', while the intensity of the C'u1"* '\pn feature A' incieases with the increase of the
Th di)|mi(vhvel s, tlie intensities of tin- Cu i + 4pw features (labeled liy A, B) and the CV-f '!;)„
features (Inlieled hv C, D) decrease. This clearly indicates the electrons doped liy I lie Til atoms
are injected into the local C'u 3i/orbitals. The normalized C'u1 f '\pn intensity data shown in
Fi{;.2 further indicate that the- C'u1 f concent ration in compound series with different K-eleiiients
is linearly proportional to the Th dopin^devel x. The data also su^ests t.]ltl( ]>o(h C'e ami Tli
donate the same fraction of elei (runs into C'u sites.

[1] .1. T. Markerl ct. nl., l'liys. Hev. Lett. (H. 8ll(l!iyil).

[-'] G. Lianj; el al., un])iiMished.

' Siipportr-il IJV the Faculty Research Funds of Sam Houston State University, FAl'ESP
(Dr.izil) fellowship, and U. S. Department of Energy under Grant No. DE-FG03-86E1M5230.
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Migh Resolution Structure of Muscle Thin Filaments
Beamline X9-A

M. Lorenz, D. Popp, G. Rosenbaum*, and K.C. Holmes
MPI for Med. Research, Jahnstrasse 29,6900 Heidelberg, Germany
* Biostructures Institute, Biostructures PRT, University City Science Center, 3401
Market Street, Suite 320, Philadelphia, PA 19104, USA.

We have collected several high resolution (out to 0.5 nm) data sets of extremely well
oriented gels of actin-tropomyosin. For data collection we have used Fuji Imaging
Plates, a CCD detector (courtesy of Ed Wcstbrook, Argonne National Laboratory) or
Kodak X-ray Film.

The excellent signal to noise ratio of the camera set-up as well as the stability of the
sample in the beam allowed us to average over several 3 second exposures on Fuji
Plate thus further improving the signal to noise ratio.

The averaged data sets have been analyzed and modeling of tropomyosin on f-actin
was undertaken using the f-actin model derived from oriented gels of f-actin
filaments (Holmes et al., Nature, 1990). The radial and azimuthal position of
tropomyosin on f-actin was determined by a linear least-squares algorithm until the
calculated diffraction pattern corresponded best with observed diffraction data of
actin-tropomyosin. We find that tropomyosin binds at a radius of 3.9 nm and that
the contacts on actin involve two highly charged regions. A helix from residue 309 to
320 as well as the fi-sheet region 328 to 331.

Furthermore, we have taken high resolution data sets of various muscles (frog,
rabbit, lobster and ABRM) in order to compare the thin filament structure of muscle
with that derived from oriented gels of reconstituted thin filaments (the complex of
actin, tropomyosin and troponin).

Additionally, by comparing data sets taken with the different detection systems (film,
Fuji Plate and CCD camera) we are able to get an idea of the various limits of each of
these systems.

Beamline X9 is supported by NIH grant number RR01633.
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TIME DEPENDENT X-RAY DIFFRACTION STUDIES OF MUSCLES
FOLLOWING LASER TEMPERATURE JUMPS

James A. McCray, Zhiqui Cao, Jose Carlos Pichardo (Drexel University), and
Gcrold Kosenbaum (University City Science Center)

Elucidation of the chemical-physical mechanism of muscle contraction has been a long sought after
goal. This research combines laser induced temperature junips of muscle fibers and time-rcsolvcd
low angle X-ray diffraction in order to determine which steps in the muscle cross-bridge cycle are
temperature-sensitive and thus to be able to study their properties.

The evperiment is in the initial development phase and the February run was used to try out the
mcthnj of mounting the muscle fibers, transferring them to the beam and aligning the specimen of
0.3mm diameter in i's solution-filled cell to the beam which has about the same dimensions.

During the June run a new type of narrow muscle chamber was used so that diffraction patterns
were obtained from muscle fibers in solution. New methods of optical alignment of the fiber to the
beam were tried, but it turned out that only the low exposure dose (=low radiation damage) and
the immediate read-out and feed-back of a CCD-detector allowed us to precisely align the fiber by
a series of short exposures. The use of a CCD-detcctor (on loan from beamline X8, courtesy of Ed
VVestbrook and Randy Alkyre) enabled us to obtain two-dimensional X-ray patterns of both
relaxed and rigor rabbit psoas muscle fiber bundles (12 fibers) which showed equatorial reflections
and layer linos. X-ray patterns were obtained at both 14°C and 24°C. The X-ray intensities at
various steady temperatures must be determined first before time-dependent low angle X-ray
diffraction following laser temperature jumps can be attempted. Tension transients following laser
temperature jumps have been found but correlation with transient X-ray intensity changes is
needed to determine if the changes are associated with cross-bridge binding on conformational
changes.

1. Goldman, Y.E., McCray, J. A., and Ranatunga, K.W., 'Transient Tension Changes Initiated by
Laser Temperature-jump Perturbations in Glycerol-oxtracted Rabbit Psoas Muscle Fibres",
Journal of Physiology, 222,71-95 (1987).

2. J.J. Smith. J.A. McCray, M.G. Hibberd and Y.E. Goldman, "Holmium Laser Temperature-
jump apparatus for kinetic studies of muscle contraction", Rev. Sci. Instr. 6Q, 231-236 (1989).

X G. Rapp, K.J.V. Poole, Y. Maeda, J.H. Kaplan, J. McCray and R. Goody, "Laser and
Flashlamps in Research on the Mechanism of Muscle Contraction", Berichte dcr
Bunsengesellschaft 22,410-415 (1989).

Supported in part by Drexel University. Beamline X9-A is supported by NIH
RR01633.

Copper and Iron EXAFS/XANES of the Cytochrome c Containing
Nitrous Oxide Reductase from Wolinella succinogenes

X9A

William H. Orme-Johnson*, Thomas C. Hollocher", David Wright*, Normand
Cloutier*, Alison Jones', and C.-Q. Zhang*
* Department of Chemistry, Massachusetts Institute of Technology, Cambridge,

Massachusetts 02138
• Department of Chemistry, Brandeis University, Waltham, Massachusetts 02154

K-edge copper EXAFS and XANES data at 110°-120° K were collected in November
1991 on nitrous oxide reductase from W. succinogenes (1,2). This enzyme contains
about 4 Cu atoms per subunit of 88 kD and was prepared in phosphate buffer at a
copper concentration of about lmM. A total of 61 EXAFS and 5 XANES were
collected for the oxidized (as prepared) state and 62 EXAFS and 2 XANES scans for
the dithionate-reduced state (5 X dithionate used) using a 13 element Ge detector.
The data sets for the standards (azurin, Cu-diethylthiocarbamate, and Cu-
tetraphenylporphyrin) were collected with a ZnS detector. Signal strength and the
quality of all data sets appeared to be good.

The enzyme was virtually free of zinc, as indicated by the near absence of an edge at
9.66 keV. Reduction of the enzyme brought about a down shift in energy of about 2.4
eV in the edge position (see fig.), but otherwise little change was observed in the
edge or EXAFS shape. This shift is consistent with reduction of cupric ion to cuprous
but without major changes in ligand types or electron delocalization. The EXAFS
spectra closely resemble those reported previously for the all copper (heme-less)
enzyme from Pseudomonas stutzeri (3) and Pseudomonas aeruginosa (4) and implies
mixed S,N/O ligands and a common active site.

B e a m l i n e X 9 - A i s s u p p o r t e d b y N I H R R O 1 6 3 3 .



X9-A
EXAJ;S STUDIES OF ISOPENICILLIN N SYNTHASE

L. Quo, Jr., C.R. Randall, A.E. True (University of Minnesota)

Our EXAFS analysis provides evidence for carboxylate ligation in native
isopenicillin N synthase, that appears to be retained in the enzyme-substrate and
enzyme-substrate-nitric oxide complexes. The ACV sulfur atom coordinates to the
iron center in both the enzyme-substrate and enzyme-substrate-nitric oxide
complexes at a distance of -2.3A, a value typical of He(II)-SR bonds. The structural
information derived from this study confirms features of the proposed mechanism
for 1PNS action and provides a foundation for further insights into the
bioinorganic chemistry of this fascinating enzyme.

Figurel: A) %k3 Fourier-filtered and D) Fouricr-trnasfoimed %k3 EXAFS data (x)
and simulations (-) of IPNS samples.
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and characterization of protein samples, and Drs. Richrd Holz and Timothy Elgren
for assistance with data collection. We would especially like to thank Dr. Syed
Khalid of the Bioslructures PRT at beamline X9-A of she NSLS and the operators of
CHESS for their help. This work was supported by the NIH (GM 33162). CRR is
grateful for a Trodoctoral Traineeship from the U.S. Public Health Service (T32 GM
07323-18). Beamline X9-A is supported by NIH RR 01633.

X9A

PIN DIODE DETECTOR MODULE FOR FLUORESCENCE EXAFS STUDIES
K. S. Roddy, S. Khalid, C. Kumar and B. Chance: Bio-Structures Institute & Dept. of
Biochcm./Biophys., Univ. of Penn: Philadelphia PA 19104.

We have been developing proper detection scheme for time resolved KXAFS studies
in stopped flow and flash photolysis experiments. Though the Photomulliplier/Scintillalor
(ZnS(l'MS) is an excellent alternative to the ion chamber in static EXAFS studies, the time
resolution of the ZnS/PMS detector limits its use in time resolved experiments. This is due
to lone; intrinsic X-ray to visible photon conversion timesCmillisec.) of the ZnS phosphor.
We are presently testing the utility of the doped lead carbonate scintillalor for PMS &
silicon PIN diodes, for better time resolution and possible use in EXAFS experiments. Wo
have performed series of tests with silicon PIN diode module for direct fluorescence X-ray
detection. The detector was constructed using six lem2 pin diodes (UI)T P/N 398-1) and
was cooled to -30C0 with a thermoelectric cooler. The complete module was 7 X 7 X 0.5 cm
and was mounted on to n cryostat window. The EXAFS spectrum of iVrricyanide (lOmM)
using PIN diode detector in comparison with ZnS/PMS detector is shown in fig.]. It can be
seen that the PINdiode detector S/N ratio is comparable to that of ZnS/PM.S detectors, which
are commonly used us EXAS detector at X-9A beam line. It lias also been observed that the
detector performance dramatically deteriorated after the changing the sample in the
cryostat. This is possibly due to radiation damage or the detector because of water vapor
adsorbed on the detector (sec fig.2 5&<>).
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These studies indicate that the PINdiode detectors are suitable X-ray detection ami
their performance is comparable to that of ZnS/PMS detector. The time response of
semiconductor detector has also been found be an order of magnitude belter than ZnS/PMS
detector. The radiation damage and long term stability of the detector for use in EXAFS
need to be cvalunted.

This work was supported by NIH grants KK01(i:i.'i and SBIR phase 1 (SK).



X9A

RECENT DEVELOPMENTS IN TIME RESOLVED EXAFS

K. S. Reddy, *C. Kumar *L. Powers and B. Chance,: Dept. of Biochem./ Biophys. Univ. of
Penn; New York Coll. of Osteo. Med. and Utah Stale Univ.

With the availability of high intensity X-rays from the wigglers and focusing mirrors, now it
is possible to determine the active site structures of enzyme intermediates using time resolved
X-ray absorption spectroscopy. Our objectives for this project are to develop the
instrumentation for, a). Stopped flow-EXAFS; b). Removable sample Freeze quench system
for F.XAI'S and c). Flash photoIysis-EXAFS apparatus. With the expectation that the NSLS
X-9A beam line could be focused to 1 mm diameter, we have developed appropriate stopped
How device for interfacing with EXAFS technique. The stopped flow unit is capable of
operating between -10 to +3I)°C and has dead time of 2-5 millisec. We have tested the kinetic
and mixing capability of this apparatus using the prc-edge feature of Cr6* at(i.H3 koVfor
the reaction of oxidation of primary and secondary alcohols with pyridinirm chlorocnromate.
Because of detector limitations, the EXAFS studies were conducted with the reactions having
M/2 °1 SO" millisec or highcr(fig.l). The design of the freezc-quench apparatus is an
extension of our Mopped flow-EXAFS system. Necessary modification on the mixer and
sample holder is under construction. We have used temperature dependent ligand exchange
reactions of Co2+ in the freeze quenched sample holder.(see fig. 2). We have also developed
large area low temperature Cryostat-Flash Photolysis system for conducting the Heme-CO
photolysis ir ing F.XAFS. We are expecting to test this system in early 1993 with mutant
imoalobins and Cvlochrome Oxidase.
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This work was supported by NIH RROI633

X9A

HEME STRUCTURE IN E7 MUTANT MYOGLOBINS

K. S. Rcddy, L. Powers# and B. Chance, : Bio-structure Inst. & Dept. of Biochem./Biophys.
Univ. of Penn; and Utah State Univ.

we have been investigating the effect of E7 histidine substitution on structural and
functional aheraiion of heme in myoglobin using X-ray absorption spectroscopy in combination
with ligand binding and redox measurements. So far we have studied four mutants inwhich
E7his is replaced by tyrosine, phenyl alanine, valine and leucine. The results indicate that the
replacement of distal histidine with different amino acids directly affect the heme structure of
mctmyoglobins, where as the deoxyMb and MbCO structures were not affected. The EXAFS
data also show that all the met myoglobins so far studied are six coordinated with oxygen atom
being the sixth ligand. Significant changes were found in XANES region for tyrosinc mutant
possibly due to in second coordination shell of lyrosine. EXAFS together with kinetic
measurements conclusively prove a direct bond between tyrosine 'O' and Fe. These results point
out clearly that the E7 substitution perturbs the local structure of heme and controls the liiiand
binding and electron transfer processes.

Table. 1. Results of EXAFS studies on mutant myoglobins

E7 mutant

llis(nalivc)pll<l

pi 17

dcoxy

CO

Val (met)

dcoxy

CO

I'hi'imcO

dcoxy

CO

Tyr (mei)pH4

pH7

demy

CO

LFIR

1.28

1.61

1.40

0.81

1.48

1.46

0.87

1.31

1.33

0.87

1.30

1.40

1.44

0.80

Fc-Np

2.04

2,(M5

2.(16

2.01

2.W

2.05

2.02

2.05

2.05

2.02

2.02

2.03

2.035

2.(X)

Kc-Ne

2.14

2.14

2.17

2.17

2.18

2.14

2 22

2.13

2.14

2.17

2.14

2.17

2.17

2.12

Fe.X(O,C)
1.92

1.94

1.91

l.'J3(2OCi)

1.90

1.992

1.91

1.90

1.8S

Experiments to determine the effect of F.7 mutation on the structure of photoproduct ami
the dynamics of E7 amino acid during the ligand binding process are currently under active
investigation.

This work was supported by NIH gram HL 18708 and RRO1633



X9-A
THE STRUCTURE OF THE ACTIVE SITE OF LIGNIN PEROXIDASE
ISOZYME H2: NATIVE ENZYME, COMPOUND III AND REDUCED FORM

R. Sinclair, NCDMF, I. Yamazaki, NCDMF, J. Bumpus, U. Notre Dame, B. Brock,
Oregon Graduate Inst. Sci. and Tech., C.-S. Chang, NCDMF, A. Albo, Utah State
U., and L. Powers, NCDMF

The wood degrading fungus Plmnerochaetc chrysosporium secretes a number of
extracellular enzymes called lignin peroxidases which as involved in the
degradation of both lignin and a number of persistent environmental pollutants.
Lignin peroxidase isozyme H2, a glycosylated protein of approximately 40 Kd,
contains a single home. X-ray absorption spectroscopy (XAS) has been used to
probe the local environment of the iron in the active site of resting enzyme,
reduced enzyme and compound III. For the native and reduced forms
respectively, the average Fe-pyrrole nitrogen distances are 2.055 A and2.02 A
(+0.015A); the Fe-proximal nitrogen distance is 1.93A and 1.9lA (+0.02A) while the
Fe-distal ligand distance is 2.17A and 2.10A (+0.03A). Although the results are not
as well defined, the active site structure of compound HI is largely 2.02±0.015 for
the average Fe-pyrrole nitrogen distance, 1.90±0.02A for the Fe-proximal nitrogen
and 1.74+0.03A for the Fe-distal ligand distance. The heme iron pyrrole nitrogen
distance is more expanded in ligninase H2 than in other peroxidases. The possible
significance of this is discussed in relation to other heme proteins.

NCDMF: National Center for the Design of Molecular Function, Utah State
University, Logan, Utah 84322-4630.

This paper was. published in Biochemistry (1992) 31,4892-4900.

Supported in pan by N1EHS Superfund Grant ES 04922 and by the Savannah
River Laboratory #W 89329. Beamline X9 is supported by NIH RR 01633.

X 9 - A
X-RAY DIFFRACTION OF AMPIIIPHILIC LIPIDS AND MODFX SURFACTANTS ON A UNGMUIK
SURFACE.

V. Skita1, U.S. Young1. R.A. Butler1, D.W. Chester1. R.J. Kclley1 and R.F. Fischctti2. 'Univ. a . Health
Center, j-armlngton. CT 06030 and 2Biostructures inst.. Philadelphia. PA 19104.

Pulmonary surfactant is a complex mixture of phospholipids. neutral lipids, glycolipids. and protein at the air-
liquid interface of the alveoli. It is composed primarily of phaspholipid of which dipalmitoylphosphatidylclioline
(DPPC) is the largest constituent. The surfactant monolaver significantly reduces the surface tension at the air-
liquid interface at functional residual capacity (FRC). thus reducing the amount of work required to inflate tlie
lungs. Structural information as to the conformation and interaction of the various components of the snifactant
monolayer may lead to the development of better replacement compounds, as well as improve our basic
understanding of how phospholipids and proteins behove at an air-liquid interface. Respiratory distress syndrome
(in premature newborns) and adult respiratory distress syndrome result form alterations or absence of pulmonary
surfactant. We report the observation of meridional (O.O.s,) scatter from a DPPC monolaycr spread .11 a
Langmuir surface (z axis x to the liquid surface). An optical flat was oriented in Hie experimental hutch to deflect
a monochromatic (11.3 keV) x-ray beam and provide control of the grazing a n g l e , « . of the incident beam with
the Langmuir surface. The x-rays were focused vertically (280nm) at the center of a KSV mini-trough and
horizontally (670|im) at the detector (373mm from trough center). The trough was mounted on a vibration
isolation table which could be translated vertically to track the beam. Real time observation of the specular
reflection of the incident x-ray beam (u = 1.4 mrad) from the air liquid interface was used to verify and
optimize the interception of the x-ray beam with the surface. Two-dimensional data was integrated and
background corrected. At surface pressures ranging from 20 -40mN/m we observed three broad maxima along
the meridian corresponding to the structure factor modulus squared of a single monolayer (Figure I). The
observed intensity function is qualitatively very similar to the scattering observed from a hexadccyltrichlorosilanc
monolayer covalently bound to a solid substrate (personal communication, R.F. Fischctti). In addition, we
observed that with increasing x-ray dosage, both the intensity of the scattered x-rays and the monolaycr surface
area (at contant H) decreased, presumably due to radiation damage.

Figure I Bnckground corrected meridional
intensity function Tor DPPC at n = 30mN/m

The authors would like to thank Mr. Greg Wills of KSV Instruments (Riverside. CT) lor the use of their mini-
trough and the X-ray Scattering Group (NSLS. X22) fur the use of the vibration isolation table.(Supported by
Ni l ) HL45284. NIH RR01633. and the ALA National Research Award]



X9-A
STRUCTURAL CHARACTERIZATION OF ORGANO-CUPRATE REAGENTS

Timothy Stemmler and James Penner-Hahn (University of Michigan); Paul Knochel
(Philipps-Universitat)

Organocopper compounds are among the most versatile organometallic reagents for
forming new carbon-carbon bonds. Although the synthetic utility of these reagents is
well established, their reaction mechanisms and their structures remain controversial.
Several recent crystal structures have shown that both "lower-order" (2-coordinate)
and "higher-order" (3-coordinate) organocuprate anions can exist in the solid state.
Despite extensive study, the structures of cyano-substituted copper reagents,
prepared by the reaction of RLi with CuCN, remain particularly unclear, with
significant controversy regarding the existence of "higher-order" cuprates [1,2].

Extended x-ray absorption fine structure spectra have been recorded for frozen THF
solutions of the cyano-complexed copper reagents CuCN+2 LiCl, 1, BuLi+CuCN, 2,
and 2 BuLi+CuCN,3. The immediate coordination environments of all of the
compounds are very similar and are most consistent with coordination by two to
three C/N ligands. Outer shell scattering indicative of coordinated cyanide is found
for 1 and 2, however no Cu* • »N scattering could be detected for the "higher-order"
cuprate reagent 3. This suggests that the higher order cuprate 3 in THF is better
represented by the formula Bu2CuLi»LiCN than by Bu2Cu(CN)Li2 since the latter
implies coordination of the cyano ligand to copper. Complex 1 shows Cu* • *Cu
scattering at ca. 5A, indicating an oligometric structure. No evidence for
oligomerization was detected for the other complexes. The present data show
unambiguously that most of the Cu atoms (>90%) in solution 3 do not contain
coordinated cyanide, consistent with recent NMR studies [2]. The absence of EXAFS
detectable Cu» • *N scattering does not, of course, exclude the possibility that a
species such as Bu2Cu(CN)Li2 may be present in 3 in catalytic amounts and be
responsible for the higher reactivity of R^CuLi'LiCN compared to R2CuU*LiX (X =
halide).

1. Lipshutz, B.H.; Sharma, 5.; Ellsworth, EX.; /. Am. Chem. Soc. 1990,112,4032.
2. Bertz, S.H.; /. Am. Chem. Soc. 1990,1J2,4031.

Beamline X9-A is supported by NIH RR01633.

X-RAY ABSORPTION SPECTROSCOPV OF THE CORRINOID IRON/SULFUR
PROTEIN INVOLVED IN ACETYL COENZYME A SYNTHESIS

M. D. Wlrt1, M. Kumar2, S. «. Ragsdale2 and H. R. Chance1.

l-Albert Einstein college of Medicine, Dept. of Physiology and Biophysics
2-University of Nebraska, Dept. of Biochemistry

The corrinoid/iron-sulfur protein (C/Fe-SP) from clostridium
thermotceticum is an 88 kDa oB-dimer that cycles between a Co(l) and methyl-
Co) III) form a* it transfers a methyl group from methyl-tetrahydrofolate to
carbon monoxide dehydrogenise (CDDH) as an intermediate step of acetyl-Co»
synthesis. Extended X-ray Absorption Fine Structure (EXMS) and x-ray edge
spectroscopy of the as-isolated inactive Co(II) state of the C/Fe-SP indicates
a four-coordinate (distorted) square-planar structure. Co(II) c/Fe-sp EXAFS
data was analysis using a one-atom fit in which distance(r), coordination
number (N), Debye-Waller factor shift (&02), and edge energy (6Eo) (the later
two with respect to the model compound) were treated as variables. The best
fit gave a solution of r =1.88 ±O.0lA, N = 3.8 ± 0.4 ligands, ao2 = -2 x 10'3

± 0.0006 A"2, AEQ = -2.0 eV, and x2(sum of the residuals squared) « 0.8.

Integration of pre-edge features of X-ray edge spectra, followed by
comparison to model compounds of known structure, provides another basis for
predicting coordination numbers and geometry (Wirt et al. J. Am. Chem. See.
1991, 113, 5299). The edge spectrum of Co(II) C/Fe-SP contains a moderate
intensity lfl-4p + shake-down transition and no ls-3d peak. Shake-down (SD)
transitions, which are indicative of transfer of charge from the ligand to the
metal, occur in compounds with square-planar geometries. To our knowledge,
this is the first report of a four-coordinate Co(II) corrinoid. Generally,
Co(II) corrinoids are five- or six-coordinate. That the C/Fe-SP has imposed
a (distorted) square-planar geometry on the Co(II) cobamide constitutes a
destabilization which facilitates the important one-electron reductive
activation to form the active Co(I) state. X-ray edge results for the methyl-
cs(lll) form are consistent with a base-off methylcobamide structure which is
five-coordinate at physiological temperatures and nix-coordinate with a water
ligand In place of the benzimidazole ligand at low temperature. The absence
of a ligated benzimidazole base in the methyl-Co(HI) state ie important since
the base-off form is expected to predispose the Co-C band toward heterolyttc
cleavage to form four-coordinate Co(I). It would also be expected to protect
methyl-Co(III) from homolytic cleavage which would form two disadvantageous
products, a methyl radical and Co(II). Additionally, first derivative x-ray
tdge spectra for both the Co(li) and methyl-Co(ni) c/Fe-SP forms indicate
edge positions at lower energies than their respective free Btj analogues.
Reduction of the electron donating strength of the co-c bond in the base-off
methyl-Co)III) c/Fe-SP species and/or charge distribution to the corrin ring
nay account for this surprising result.

Our results provide strong evidence for the critical role of the C/Fo-SP
in removal of the benzimidasole base to facilitate hcterolysia of the Co-C
bond by CDDH forming the four-coordinate Co(I) spocieo.
Tills work has been supported by Grants from the NIH, USD A, and Sigma Xi.



X9-A
IRON EXAFS OF THE Fe-Mo COFACTOK OF NITROGENASE

David W. Wright, Patricia Humiston, Normand J. Cloutier, and William H. Orme-
Johnson, Dept. of Chemistry, Massachusetts Institute of Technology, Cambridge,
MA 02138

Using newly refined extraction and purification techniques for the iron-
molybdenum cofactor (FeMoco) of nitrogenase, we prepared a series of samples
for EXAFS experimentation. With these new methods, we can extract large
quantities of highly active samples of FeMoco from Azotobacter vinelandii, largely
free of contaminants. One of the unresolved questions with regard to the Fe
environment of FeMoco is whether or not there is any O(N) coordination to the Fe
when the cofactor is extracted from the protein. In view of the possible binding of
the tricarboxylic acid homocitrate to one or more of the metals and our previously
published results of oxygen coordination /solvation through the oxygen of the
C=O group in NMF (as seen by IK), we believe there is.

Two samples and several model compounds were prepared for this
experiment. The first FeMoco sample was as isolated from the protein, while the
second sample had been derivitized with selenophenylate. Prior to exposure to
the beam, both samples had a specific activity of 187 nmole ethylene
produced/min.nmole Mo with a Mo:Fe ratio of 1:6. During the experiment, it was
noticed that both samples underwent severe bleaching; changing from the typical
brown-green color to colorless. After the experiment at Brookhaven, the samples
were reassayed and the activity was determined to be 60 nmole ethylene
produced/min.nmole Mo with a Mo:Fe ratio of 1:6. In light of such reduced
activity, further analysis of the data collected was discontinued.

This research was supported by NIH: GM 30943-09 and NIH: RR01633

BEAMLINE X9A

X-RAY ABSORPTION FINE STRUCTURE STUDIES OF CARBOXYPEPTODASE-A
Ke Zhang and David S. Auld. Biostructures Institute, University City Science Center, and
Center for Biochemical and Biophysical Sciences and Medicine, Harvard Medical School.

Systematic X-ray Absorption Fine Structure (XAFS) experiments have been performed
to probe detailed structural changes in the metal environment of the mctalloprotcase,
carboxypeptidase-A (ZnCPD) in its solution and crystalline forms, inhibitor complexes and as
a function of pH. The first coordination sphere of Zn for ZnCPD in its solution state is found
to consist of two distributions of atoms, with 4 atoms (N or O) located at an average distance
of 2.03±0.01 A, and one atom (N or O) located at 2.57±0.04 A. The 4 atom
distribution remains the same for ZnCPD in its crystalline slate, but the
fifth atom is found at 2.36+0.04 A indicating a change in the metal
coordination sphere occurs upon crystallization. Examination of the higher
coordination shell, between 2.7 and 4.2 A, reveals the presence of two
imidazoles. Combined with X-ray crystallographic results, a structural model is proposed.
The four atoms at an average distance of 2.03 A are assigned to the two 5, nitrogens of His-69
and His-196, one e, oxygen of Glu-72 and the oxygen of a coordinated water molecule. The
atom at 2.57 A for ZnCPD in solution is assigned to the e* oxygen of Glu-72. The XAFS
spectrum of the ternary inhibitor complex, ZnCPD-L-phe-azide, indicates the zinc bound
water is displaced by the azide and zinc is now 4-coordinate. Examination of the effect of pH
on the XAFS spectra as reflected in the near edge region reveal catalysis related structural
changes. The XAFS studies provide the necessary background for measurement of substrate
promoted structural changes in the metal coordination sphere of metal substituted
wrboxypeptidases in the solution state. Supported by NIH grants HL-18708, RR-01633 &



X9-A
XAFS Studies on H-ras p21 Protein

K. Zhang, G. Rosenbaum, (BioRtructures Inst./UCSC), and R. Goody (Max-Plank
Inst.)

One of the intriguing question relative to the intrinsic GTPase activity of the
ras p21 oncogene protein is how the hydrolysis of GTP occurs. X-ray diffraction
work on crystals of p21 has indicated the structural changes at the Mg2+ site are
associated with the GTP to GDI' transition in this system. To reveal the detailed
structural changes, XAFS was used to probe the active site of the protein.

XAFS measurements were performed on the protein with
replacing Mg2+ ion, which retained the activity. Both p21-GDP and p21-GPPNP
complexes, in which GPPNP is a non-hydrolysable GTP analogue, were measured
at beam line X9-A using a Si(220) double crystal monochromater. The initial data
analysis on p21-GDP determined 6 oxygen atoms located at 2.20A from the metal
ion, which is consistent with X-ray crystallographic results. Direct comparison on
the near edge spectra of p21-GDP and p21-GPPNP (Fig. 1) showed significant
spectral differences, indicating structural changes of the two complexes.
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Figure 1. X-ray absorption near edge spectra of P21-GPPNP (solid) and P21-GDP
(dash).

This work is supported by Nil 1 grant RR0I633.

X9-A
The Correction of (he Dead Time Loss of the Ge Detector in X-ray
Absorption Spectroscopy

K. Zhang, G. Rosenbaum, S. Khalid (Biostructures Inst.), and G. Bunker (Physics, ITT)

We have examined the effects of dead time loss of the 13 element Ce detector (Canberra, GL0110).
which result from the associated electronics. The dead time loss can introduce two types of non-linear
problems into the X-ray Absorption Fine Structure (XAFS) data collection. First, the 10 noise cannot be fully
divided out: second, XAFS spectra for concentrated samples can be subslamially reduced. The dead time
loss calibration showed that ihe response of the system can be better approximated by the first order
approximation of the paralysabie and the non-paralysable models. The dead lime correction using this
algorithm produces satisfactory results with the correction error generally within the statistical error of
photon counting. This will insure XAFS data collection at high Incident Count Rate to greatly increase the
counting efficiency.

The dead time observed is a combined effect originated from ilic electronic components of Uic
detector system. Tie major contribution of the dead time is from the shaping amplifier. The relations between
dead time and shaping time on the shaping amplifier was examined, which is shown in Figure I. The change
of shaping lime from 0.25 to 4 (iscc on channel 3 resulted in an increase of dead time t from 3.0 to 14.8 (iscc
The relation between the shaping tune and the dead time is almost linear with a slope of 3.1 and an intercept
of 11 usec. Shown in the same figure is the relation between the shaping time and the energy resolution of
t!-e detector as measured as the fuU-width-half-maximum (FWHM) of tile pulses after Gaussian-shaping.
Change of shaping time from 0.25 to 2 (isec resulted in a decrease of the FWHM from 310 eV to 5S5 cV.
Since 300eV energy resolution is sufficient for most XAFS applications, settings of shorter shaping time are
preferred in order to improve the detection efficiency. Thus, optimal setting of Uic shaping time is to meet the
energy resolution requirement and to keep the dead time short.
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Figure 1. Change of dead time and energy resolution (FW11M) with change of sliaping time on Gunnel 3.
The dead time was fitted with a straight line with slope equals to 3.1.

This work is supported by NIH grant RRO1633.



MELTING OF POLYETHYLENE PROPYLENE)-POLYETHYLENE DIBLOCK
COPOLYMERS XIOA.B

Szu-Li Chang, K.S. Liang, J.S. Huang, and L.J. Fetters (Exxon Corporate Research)

Diblock copolymers, polyethylene propylene)-polyethylene (PEP-PE), form a crystalline
PE/amorphous PEP lamellar structure. X-ray scattering measurements have been performed to
study these semi-crystalline/amorphous copolymers with different molecule weights of amorphous
PEP block. Both neat samples and solutions in decane were investigated. All the samples studied
show that the PE chain crystallizes in an orthorhombic phase as that of PE homopolymer (a=7.479
A and b=4.956 A). At room temperature, the crystalline PE phase was observed down to the
lowest copolymer concentration (2%) studied. The melting of the PE block was studied using
wide-angle X-ray diffraction. Small-angle X-ray scattering study of the melting of the lamellar
structure is still in progress.

The typical data from the measurements of in-plane melting of the PE block are shown in
the Figure for neat samples A (neat PE, 24.IK), B (PEP/PE, 1 OK/1 OK), and C (PEP/PE,
100K/I0K). and solution sample D (20% B in decane). Normalized peak intensities of the (110)
Bragg peak vs. temperature are displayed. Within our experimental accuracy, the measured peak
width was found to be constant with temperature, indicating that the melting is first order. From
these results, it is interesting to note that the in-plane melting temperature of the PE block in these
dibloek copolymers (— 110 °C) is independent of the molecular weight of the amorphous block,
although it is substantially reduced in solution. Based on both X-ray and DSC results, we find that
the melting temperature of the PE block decreases linearly with increased concentration of decane.
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THE NEMATIC TO SMECTIC A TRANSITION OF 8CB CONFINED

WITHIN SILICA AEROGELS

N. A. CLARKd), AARON. G. RAPPAPORTd), RAINER MALZBENDER<», CHRIS
D. MUZNY('), BRITT N. THOMAS<'-2), D. W. SCHAEFFERtf), TOMMASO G.
BELLINlW

(1) University of Colorado, Department of Physics, Boulder, CO 80309
(2) Exxon Research and Engineering Company, Annandale, N.J. 08801
(3) Sandia National Laboratory, Albuquerque, N. M. 87185
(4) Dipartimento di Eleitronica, Unversita di Pavia, 27100 Pavia, Italy

We have probed the onset of smeciic order in 8CB infused into four silica aerogels having
different average pore sizes. In the bulk 8CB has a second order nematic-smectic A
transition. The smectic correlation length and ordering in the aerogel grows slowly over a
broad temperature range, and this temperature range increase as the average pore size of the
aerogel decreases. Our results demonstrate that the correlation length is limited to the
aerogel pore size.

FIGURE 1. I(Q) vs. Q for an 8CB-infused aerogel of 175 Angstrom mean pore size at the
indicated temperatures. The bottom curve shows the sample after the 8CB has crystallized.
The sharp peak near the origin is the resolution function of ihe diffractometer. The fits are
to an algebraic decay of the aerogel plus a Lorentzian layering peak;
I(Q) = a + b Q K + c [ \ { \~r + (Q - Qo)2 }]'" where * « fixed at 3.7 and a, b, c.% and
Qo are adjustable parameters INSET: The same data with the fit aerogel background
subtracted.



X10A.B

X-Ray Diffraction Studies of CH3(CH2)n-lSH Self-Assembled on Au(lll)

P. Fenter* and P. Eisenberger (Princeton Univ.), K. S. Liang (Exxon)

We have used grazing incidence x-ray diffraction to study the self-assembled
monolayers of CH3(CH2)n-lSH (Cn) on a Au(lll) surface1. In figure 1, we show a
radial scan through the primary diffraction peak of the V3xV3R30° structure for
Ci2/Au(lll), both as deposited and after annealing the sample to 90°C. The peak
width (AQ//-0.07A"1) of the as-deposited sample (circles) indicates that the room
temperature deposition process results in a defect dominated state, while the
annealed monolayer (triangles) has a peak which is resolution limited. In addition,
the shift in the as-deposited peak position away from the V3 position is part of a
modulation of the as-deposited structure due to a limited reorganization of defects in
the deposition process.

In figure 2, we show the 1st and 2nd order "J3 diffraction peak intensities as a
function of temperature for the annealed sample. At 50°C there is a distinct change
in slope for both the 1st and 2nd order peaks indicating that a phase transition is
taking place. From measurements of the in-plane and out-of-plane structure factors,
we know that the monolayer structure factor is not changing in this temperature
range, and consequently, the transition we observe at S0°C is a simple melting
transition. We have found that at longer chain lengths the phase behavior is more
complicated. In general, the structure and melting properties depend strongly upon
both the chain length and temperature, resulting in a rich phase diagram.

Figure 1 Figure 2
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1 P. Fenter, P. Eisenberger, and K S. Liang, submitted to Phys. Rev. Lett.
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A SYNCHROTRON X-RAY SCATTERING STUDY OF THE ROTATOR

PHASES OF THE NORMAL ALKANES

H.E. King Jr., E.B. Sirota, D.M Singer, and H.H. Shao.

Corporate Research Science Laboratories

Exxon Research and Engineering Company

Route 22 East, Annandale, NJ 08801

Unlike conventional crystals, normal alkancs do not directly enter a fully-ordered

crystal stole upon cooling from the melt. Rather, they order into a series of plastic-crystal

phases commonly referred to as rotator phases. Using an oriented film technique, we

have studied the detailed structural variation of these rotator phases for normal alkancs:

CH3-(CH2)n-CH3 (20 £ n £ 33). We have characterized a new tilted rotator phase and

measured the distortion, tilt and azimuthal order parameters in all five rotator phases.

These data have allowed us to construct a complete temperature-carbon number phase

diagram for these materials. There is no strong even-odd chain effect in this phase

diagram within the rotator phases, but as one goes through the C26-C27 region there is an

important change in phase sequence. The lower carbon numbers typically show the

sequence upon cooling L-Rn-Ri-Rv-Crysial where RJI is a trigonal phase, Ri an

onhorhombic one and Rv a monoclinic one. The sequence for longer chains is L-Rry

Rm-Crystal, where Riv is a monoclinic phase and Rm is a triclinic one In the transition

region, i.e. C26, one obtains an unusual reentrance behavior where one goes from

monoclinic Ri v to trigonal Rn and back to monoclinic Rv.

70

65-

ALKANE PHASE DIAGRAM
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A Synchrotron SAXS study of the human red blood cell skeleton
N. Lei (Exxon), C. F. Schmidt (Rowland Institute for Sciences), K. Svoboda (Rowland
Institute for Sciences) and C. R. Safinya (Exxon & U. of California at Santa Barbara)

A red blood cell skeleton is a tethered 2-d network attached to the inner side of the biological
cell bilayer membrane. Its function is to maintain the cell's integrity while allowing for large
deformation. Is a tethered membrane flat or crumpled1'2? A crumpled membrane looks like a
3-d object with its mass scaling with its radius of gyration as M~=RDf and results in a

scattering structure factor S(q)« l/tDf for l/R<q<l/a, where q is the value of the momentum
transfer of the scattered photon and a is the mesh size of the membrane (network). A flat self-
affine membrane has an average out of plane undulation height h=AL? with 0.5<£<l where
L2 is the area of the membrane. Randomly oriented self-affine membranes produce: S(q) «
l/q2 for l/L<q<qo=A-'/<l-Q and S(q)« q-<K> forq0<q< I/a.

The SAXS data collected at X10A on the human red blood cell skeletons in a IM NaCl
buffer at a temperature T£10°C is plotted in the figure which is logarithmically scaled on
both axes and can be fitted to the form (convoluted with resolution): S(q) = C/qa +
background. The solid line in the x-ray region is the result of the fit to the data. From the
fitting we obtain o = 2.40±0.05. We also know that the light scattering data gives S (q )« 1/q2

at smaller q. Thus we conclude that the red blood cell skeleton which is an example of a
tethered membrane is a flat self-affine membrane with roughness exponent £ = 0.6O ± 0.05.3-4

(1) F. F. Abraham and D. R. Nelson, Science 249.393 (1990).
(2) M. Goulian, N. Lei. J. Miller and S. K. Sinha, Phys. Rev. A, (in press) (1992).
(3) C. F. Schmidt, K. Svoboda, N. Lei. Ircna B. Peischc, L. E. Bcrman, C. R. Safinya and G. S. Grest,

Science, (submitted).
(4) C. F. Schmidt, K. Svoboda, N. Lei, C. R. Safinya, S. M. Block and D. Bramon. (Amphipliilic Membranes:

Their Structure and Conformation, eds. R. Lipowsky and D. Richicr, Vol 66.128,1992, Springer Verlag).
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Synchrotron X-Ray Diffraction Study of the Self-Assembled Monolayer
of Long Chain Alkane Thiols on Au(100)

Jun Li1-2, Keng S. Liang1, and Giacinto Scoles2

(1) Exxon Research & Engineering Co., Annandale, NJ 08801
(2) Dept. of Chemistry, Princeton University, Princeton, NJ 08544

The self-assembled monolayer of alkane thiol CH3(CH2)i7SH on Au(100) has
been studied by grazing incidence X-ray diffraction and reflectivity measurements, both
in a UHV chamber and in an electrochemical cell. The monolayer was prepared in
solution using an UHV cleaned Au(100) substrate. In the UHV study, an ordered phase
which is incommensurate with the Au substrate was found to be formed by the thiols.
The thiol lattice rotates about 2° and 5° respectively from the square Au lattice. The two
dimension Bragg reflections of the thiol monolayer can be explained by two monoclinic
models with lattice a=4.5l9A, b=4.452A, a=94.0±0.5° and a=4.S42A, b=4.474A,

«=83.O±O.5°, respectively. From the measured Bragg rods, the hydrocarbon chains were
found to be close to the normal of the crystal surface.

In situ electrochemical experiments are being carried out to study the monolayer
formation under different electropotential control. In-situ X-ray reflectivity
measurements show that the thiol film is stable under a rather wide potential range.
Figure 1 shows the corrected reflectivity vs. qx normalized to Fresnel reflectivity
obtained in an electrochemical cell. From the oscillation of the reflectivity curve, the
thickness of the self-assembled monolayer is L=23.2±1.4A, which is consistent with our
model that the hydrocarbon chains are fully extended and normal to the surface.
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Specular and Diffuse Scattering From Epitaxial Layers X1OA,!

P.F. Miccli (U. Missouri-Columbia), Y.P. Feng, S.K. Sinha (Exxon), and C.J. Palmstrom (Bellcore)

There is considerable current interest in exploring the morphological properties of hctcrocpitaxial systems using

x-ray scattering methods1. For example, the occurrence of faceting, islanding, and interface roughness can be

investigated by reflectivity measured along the surface normal2-3. These morphological features possess both

macroscopic and microscopic length scales in the plane of the Him and generally give two component line shape

(specular and diffuse, respectively) when measured along the surface direction. Such boundary scattering effects

have been nicely demonstrated for liquids4, however , similar quantitative work is more difficult to achieve for

solids. Besides these boundary effects, epitaxial layers commonly exhibit disorder within the bulk of the film, as for

example, misfit dislocations which relieve strain. This disorder will also contribute to the diffuse scattering.

Therefore, any attempt to model the diffuse scattering in epitaxial systems must consider bulk as well as interface

disorder.

In this work we arc exploring both the specular and diffuse scattering obtained along the reflectivity measured at

low angles as well as that measured at higher angles near the Bragg reflections. The ErAs/GaAs epitaxial system is

ideally suited for these studies as the dislocation density varies with fllm thickness5 and fitms from just a few

monolaycrs to much thicker films have been investigated. From a simple model, one expects oricntational disorder

associated with the dislocations to contribute at larger momentum transfers, Qz, whereas, the interface disorder

should appear at smaller, Qt. Work is in progress.

The diffuse scattering measurements

require a very low background. We have

found the best results when the sample is

placed in a He filled Be can and a solid

state detector is used. The extended range

specular reflectivity for 72A of ErAs is

shown in the figure using this

arrangement where nearly 9 decades of

data have been obtained.

1 Surface X-ray and Neutron Scattering, cd. H. Zabcl and I.K. Robinson, Vol. 61(Springcr, 1992).

2 P.F. Miccli, CJ. Palmslrom and K.W. Moycrs, Appl. Phys. Lett. 61 (1992), in press.

3 P.F. Miccli in Semiconductor Interfaces, Mkroslructwes and Devices: Properties and Applications, cd.

Z.C. Feng (IOP Publishing, Bristol, 1992). in press.

* M. Sanyal, S.K. Sinha, K.G. Huang, and B.M. Ocko, Phys. Rev. Lett 66,628 (1991).

s P.F. Miccli. C J. Palmstrom and K.W. Moycrs, Appl. Phys. Lett. 58 1602 (1991).
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High Resolution Powder Diffraction of Synthetic Paulingite, A Complex
Zeolite
Ingrid J. Pickering*, David E. W. Vaughan and Karl G. Strohmaier
Exxon Research and Engineering Company, Route 22 East, Annandale, N] 08801

*Presenl Address: Stanford Synchrotron Radiation Laboratory, SLAC PO Box 4349
Bin 69, Stanford, CA 94309.

Zeolites are a family of aluminosilicale framework structures which have pores of
molecular dimensions. They are important in a number of different applications, for
example as sorbents and catalysis for hydrocarbon conversions. The aluminosilicale
framework can adopt many different arrangements, forming a variety of cage and channel
structures of different shapes and dimensions, and the properties of the zeolite are
intimately dependent on these variations. Whereas many zeolite structure types are known
as both the mineral form and the synthetic analogue, or in the synthesized form alone, there
are also some minerals for which no synthetic route has hitherto been discovered.

High resolution powder diffraction data has been collected on a new synthetic
zeolite, revealing it to have a similar structure to that of the mineral Paultngite which hits a
complex cubic unit cell consisting of some 2016 framework atoms, and three distinct types
of cage structures. The synchrotron data, collected at a wavelength of 1.3787 A, reveal the
zeolite to have a cubic unit cell with a = 34.%8(4)A. compared with that of a mineral
sample (a=35.O93(2)A). The intensities of the Bragg reflections are similar lo those of the
mineral, and Rietveld profile refinement of the synthetic zeolite structure is in progress.
Due to the large number of aloms in the unit cell, it is necessary to supplement the
diffraction observations hy the addition of constraints on the framework bond distances.

3 » Cfegrcu)

High resolution powder diffraction pattern of synthetic Paulingite.
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FLUID SMECTIC LIQUID CRYSTALLINE PHASE TRANSITIONS
WITHIN SILICA AEROGELS

HEXATIC AND CRYSTALLINE SMECTIC PHASES OF LIQUID
CRYSTALLINE MATERIALS CONFINED WITHIN AEROGELS

A.G.Rappaport (a), B.N.Thomas (b), T.G.Bellini (c), N.A.Clark (a), C.Muzny (a),
D.W.Shaefer (d), B.J.Oliver (d)

(a) University of Colorado, Department of Physics, Boulder, CO 80309
(b) Exxon Research and Engineering, Route 22 East, Annandale, NJ 08801
(c) Dipartimento di Elettronica, Universita di Pavia, 27100 Pavia, Italy
(d) Sandia National Laboratories, Albuqurque, NM 87185

In addition to our work on the nematic - smectic A phase transition of the
aerogel-confined liquid crystal material 8CB, ( reported elsewhere in this
volume ), we have performed X-ray scattering measurements to probe a
variety of other fluid smectic phase transitions in similar systems:

1) The isotropic - smectic A transition of 65OBC and the nematic - smectic
C transition of MDW74: In the bulk these transitions are both first order.
Our results demonstrate first order phase coexistence in the aerogel-
confined systems, with each pore being completely in one of the two
phases involved at any given temperature. Additionally, we see no
shrinkage of the smectic C layer spacing with decreasing temperature in
the MDW74-in-aerogel system, in contrast to the behaviour of the bulk.

2) The smectic A - smectic C transitions of 10O5* and 8SI: This transition,
which is second order in bulk samples of both of these materials, appears
to be completely absent when they are confined within an aerogel. A final
conclusion to this effect will depend on the outcome of careful data
analysis.

This work was partially supported on NSF grants DMR9107 and
DMR8901657 and ARO contract DAAL03-90-G-002

A.G.Rappaport (a), B.N.Thomas (b), T.G.Bellini (c). N.A.Clark (a), C.Muzny (a),
D.W.Shaefer (d), B.J.Oliver (d)

(a) University of Colorado, Department of Physics, Boulder, CO 80309
(b) Exxon Research and Engineering, Route 22 East, Annandale. NJ 0880 1
(c) Dipartimento di Elettronica, Universita di Pavia, 27100 Pavia, Italy
(d) Sandia National Laboratories, Albuqurque, NM 87185

We have used X-ray diffraction to probe high-order smectic phase
transitions of liquid crystal materials confined within the =200 A diameter
pores of a silica aerogel:

The smectic A - hexatic smectic B transition in 65OBC: We observed the
growth of a hexatic, in-layer, ordering peak from the disordered smectic A
phase that exists within the aerogel. The hexatic ordering persists for 10 'C
lower in this system than in the bulk. Moreover, within the aerogel we find
a hexatic B - hexatic E transition, in contrast to the bulk's hexatic B -
crystalline E transition. The layer disorder apparently suppresses
crystallization.

The high order smectic transitions of 8SI: In the bulk this material's phase
sequence is : fluid A* -> fluid C -> hexatic I* -> crystalline J* -> crystalline
G* -> Cryst. . There appears to be no C* phase in the aerogel-confined
material. We have also observed hexatic ordering in this system in the
60"C >T > 48"C range, when the bulk is already in the crystalline phase.

This work was partially supported on NSF grants DMR9I07 and
DMR8901657 and ARO contract DAAL03-90-G-O02
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SMECTIC A* ELECTROCLINIC LAYER CONSTRICTION AND
REORIENTATION IN W317

A.G.Rappaport (a), P.A.Williams (a.b), B.N.Thomas (c), N.A.Clark (a), G.W.Day
(b)

(a) University of Colorado, Department of Physics, Boulder, CO 80309
(b) National Institute of Standards and Technology, Boulder, CO 80303-
3328
(c) Exxon Research and Engineering, Route 22 East, Annandale, NJ 08801

The new liquid crystalline material W317 has previously been
demonstrated by optical measurements to have a large smectic A*
electroclinic effect over a 20 degree C temperature range (1). We have
recently completed an X-ray scattering investigation on thin surface-
stabilized cells filled with this material, which probed the layer
constriction and reorientation that may be expected to accompany the
observed electroclinic director tilts. Our results indicate that the director
tilt angle inferred from layer constriction obeys the same functional form
as when measured optically, and that this constriction is accompanied by
the formation of layer undulations in order to conserve layer number. The
loss of director and layer allignment resulting from these undulations may
have important consequences for devices that exploit the electroclinic
effect.
This work was supported in part by NSF grants DMR8901657 and
DMR9107, and by ARO contract DAAL03-90-G-002

(1) P.A. Williams, N.A. Clark, M.B. Ross, D.M. Walba, M.D.Wand,
Ferroelectrics, 1991, Vol. 121, pp. 143-146

X-RAY DIFFRACTION INVESTIGATION OF THE HIGHER
ORDER SMECTIC PHASES OF W317

A.G.Rappaport(a). P.A.Williams(a,b), B.N.Thomas(c), N.AClark(a), G.W.Day(b)

(a) University of Colorado. Department of Physics, Boulder, CO 80309
(b) National Institute of Standards and Technology, Boulder, CO 80303-
3328
(c) Exxon Research and Engineering, Route 22 East, Annandale, NJ 0880 1

We have performed X-ray diffraction in order to determine the structure
of the higher order smectic phases of the large electroclinic effect material,
W317 (1). These are obtained by quenching from the smectic A* phase, at
23°C, to -5*C. We have obtained both powder scans and partial scans and
photographs of a sample with alligned layers. The powder data indicates a
sequence of hexatic smectic phases and a final crystal phase as the sample
warms to room temperature after the quench. The photograph
demonstrates the presence of out-of-layer correlation in the crystalline
phase. The use of a synchrotron X-ray source was essential in this
investigation for obtaining data from the layer-alligned sample, which is
both very thin, ( 13l»m ), and bounded by glass walls that strongly absorb
the incident and scattered X-ray beams.

This work was supported in part by NSF grants DMR8901657 and
DMR9107, and by ARO contract DAAL03-90-G-002

(1) P.A. Williams, N.A. Clark, M.B. Ross,
Ferroelectrics, 1991, Vol. 121, pp. 143-146

D.M. Walba, M.D.Wand,



Synchrotron x-ray Scattering Study of the Phase Behavior of the
Membrane Protein Bacteriorhodopsin

X 1 0 A . l l

Yi Shen (1). C. R. Safinya (1,2), K. J. Rothschild (3), B. Thomas (1)
(1) Exxon Research & Engineering Co., Annandalc NJ 08801. (2) Univ. of Cal. at Santa Barbara,
Mat. Sci. and Phys. Depts., Santa Barbara, CA 'W106, (3) Boston Univ., Boston MA 02215

We report the 2D lattice melting transition of the photosynthetic membrane protein
bacteriorhodopsin (bR)111. The 2D hexagonal lattice constant is 62 A. Each unit cell consists of a
triplet of macromolecuies of bR. The linear dimension of the membrane sheet is about 0.5 nm and
a thickness of one bR-molecule (46.5 A). The multilayer system is supported and oriented by
either silicon or quartz wafers. Our study is concentrated on the nature of the melting and
reassembling transitions of the membrane protein lattice in the multilayer system. This system is a
prototype of a 2D lattice embedded in a 3-dimensional space.

The phase diagram of the protein membrane system is explored as a function of the relative
humidity (RH), which corresponds to the water chemical potential, and temperature. Controlling
the relative humidity provides a way of continuously varying the inter-layer spacing d. Figure I is
a typical plot of the inter-layer distance d vs the relative humidity at a constant temperature. This is
a direct measurement of the free energy of the layer-layer interaction. The preliminary phase
diagram of the purple membrane is shown in Fig. 2. It clearly shows that at temperatures higher
than 70 (C), the 2D melting transition is induced as dw, the thickness of water between membrane
layers, is increased. Fig. 3a and 3b respectively show the melting of the 2D lattice with increasing
temperature at a constant RH, and increasing R1I at a constant temperature. Fig, 3b leads to the
conclusion thai the spatial constraint imposed upon each membrane by its neighbors has a strong
effect on its in-plane 2D melting. This latter observation of the 2D melting transition at constant T,
but as a function of increasing inter-layer spacing d. may be indicative of a new type of melting
mediated via the buckling of dislocations |21.
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The Rotator Phases or Normal Alkancs Under High Pressure

E. B. Sirota, D. M. Singer, H. E. King and Henry Shao

Corporate Research Science Laboratories
Exxon Research and Engineering Company

Route 22 East, Annandale, NJ 08801
We have previously shown that the rotator phases of normal

alkancs are more complicated and interesting then previously
believed.* We have mapped out the phase diagram and structural
parameters of the 5 rotator phases: The Ru which is hexagonal; the
Rl which is orthorhombically distorted and stacked as a bilaycr; the
Ry which is similar to the Rj but tilted; the Riv which is tilted with
single layer stacking and the Rut which is triclinic.

Because throughout the temperature range of the rotator
phases there is an anomalously large change in volume (5% over
10°C) one can expect a large susceptibility to pressure. We are trying
to understand the effect of pressure on the structure of each phase
and on the relative stability of each phase with respect to the others.

We have carried out preliminary high resolution powder
diffraction studies on C21 and have measured the anisotropic
isothermal compressibility as well as the thermal expansion. The
experiment was carried out with Ge monochomator and analyzer
with simultaneous measurement at lower resolution with a Braun
Position Sensitive Detector to give us a rough idea of the peak
positions before doing the high resolution scans.

* E. B. Sirota, II. E. King Jr., G. J. Hughes, and W. K. Wan. Phys. Rev.
Lett. 68, 492 (1992).

E. B. Sirota, H. E. King Jr., D. M. Singer, and H. Shao, in Complex
Fluids, edited by E. B. Sirota, D. Weitz, T. Widen, and J. Israelaclivili
(Materials Research Society, Vol. 248, Pittsburg, 1992), p. 77.

WJIIIIIT Siiicckiwiius. Scientific American, June l')7f>.
iTI 1) K NVI.OH ami 1.. I'olin. J. Pliys. France 48. KISS (l'»7); J. A. Aronuvilz anil T. C. Lubcnsky, 1'liys. Rev.
1 i'ti All. :<>U 11'ISSl J. Toiwt, I'hys. Rev. Leu., «i4. 1741 (WO)
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HIGH RESOLUTION X-RAY DIFFRACTION STUDIES OF THE
VESICLE-TUBULE PHASE TRANSITION OF A DIACETYLENIC

PHOSPHOCHOLINE LIPID

B. TIIOMASd-2), C. R. SAFINYAO), N. A. CLARK<2), B.R. RATNA(4) and R.
SHASHIDAR<4>

(1) Exxon Research and Engineering Company, Annandale, N.J. 08801
(2) University of Colorado, Department of Physics, Boulder, CO 80309
(3) University of California at Santa Barbara, Material Science and Physics Departments,
Santa Barbara. CA 93106
(4) Naval Research Laboratory, Washington, D.C. 20375

A heated solution of vesicles composed of the diacetylenic phosphocholine lipid 1,2-
bis(10,12-lncosadiyono!)-sn-gljccrol-3-phosphocholine forms, upon cooling,
hollow cylindrical siructures known as 'tubules' approximately one micron in diameter and
tens of microns in length. Small angle x-ray scattering from this highly unusual
phospholipid morphology as it cycles reversibly between the tubular and vesicular phases
reveals profound annealing effects upon its return to the tubular phase: We observe up to a
40% increase in the lamellar correlation length; furthermore, we observe that the magnitude
of this increase is highly sensitive to the rate the system is forced through the transition.
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Figure I. I ligh resolution x-ray diffraction arising from the lamellar spacing of the low
temperature (tubular) and the high temperautre (vesicular) phases of the phospholipid 1,2-
hist 10.12-iricosadiyonol)-sn-glycerol-3-phosphocholine The sequence of scans for this
s.miple was the 36.0° C scan, followed by the 36.9° C scan and finally the 31.1° C scan.
The scaled instrument resolution function is shown within the 36.0° C peak.

SAXS Study of an Oil/Water Emulsion X10A.B

X. Z. Wu, S. K. Sinha, J. Biberte and D. Weitz
Exxon Research and Engineering Company

Emulsions are three components mixtures of oil, water and surfactant. Their

structures can be described as spherical droplets covered with surfactant and dispersed in a

continuous phase. Thermodynamically speaking, the emulsions are metastable systems,

which eventually phase separate in iwo phases: a water plus surfactant phase and an oil

phase. To study the energy barrier separating the metastable state from the stable one, we

have conducted SAXS experiment at Exxon beam line X10 A of NSLS to measure the

structure factor of emulsions of different volume fractions. Figure 1 show the scattering

intensity as a function of wavevector, for a volume fraction of 90%. It displays a power

law q"3. The one with lower volume fraction has a similar power law weaker intensity. A

detailed analysis is on the way and will be compared with SANS data. Large angle

scattering has also been carried out to study the surfactant structures on the water-oil

interface (Fig. 2). The stronger peak at q=0.8 A-1 is probably due to the oil structure

factor, and the weaker peak at q = 1.5 A"1 probably arises from the surfactant structures at

the emulsion interface.

\

fn. m

Figure 1. Small angle scattering Figure 2. Large angle scattering
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INCIP1KNT OXIDATION OF PT( 111) srHFACKS-

II. You. Z. N;igy. and D..I. Ziirawski (ANL)

Tin- iiinM f111nlaniiMit.1I uinler.<l.-\in!iiij; of oxidr film gnnvtli r«qiiiros an fxainination during the incipient
strips of the pro.csj. at suluiKMiolaytT oxygen coverages In a series of investigations [1] ii was found that
tlu-re ih ;i phase transformation near sulwmmolayiT coverage of oxygen. Al lower coverages, an oxidation and
reduction cycle complete!} restores the original fiat surface and at higher coverages the surface roughens
irreversibly Two x-ray refievtmu scans are presented below; one measured from an irreversibly roughened
surfiwr alu*t i\ cycle :vtit\ llie other measured From a surface with silbinonolayer oxygen coverage.

Th< flnnfmr u / / r ra cycle to 900 m\'followed -~.
by rrdui'tton The reduced clean surface strue- E
lure can be nuuleled with an approximation of j>;
occupational disorder [1]. Within ilns iippiox-
imation surface-srauerisig intensity can be iso-
lated b> iinrmaliziiij; iho mensureJ scnttrring
iulensit\ against that of a ilai surface Then
the surface.scattering term becom<-

where -V is the total number of allowed step
heights./;, is I ho coverage at the i"1 slop height
and V]j 0, — I by definition. N=il represents
the Hat-surface. X=S the two-step model. X=.l
three-stop model, and N = v the mllltipleslep --MO3

model The >.-".>..'I,x cases are coiuparod with ^
the data m Tig. 1 (a), indicating that the re-
duced surface can best he modeled by a throe-
stop surface satisfying mass conservation [Ij
The fit results indicate little migration of I't
atoms to the step edges and near zero solubil-
ity of platinum oxide They also suggests that
tile oxidation insuKe.s predominantIv tin- first
layer and t he roughening of t ho surface occurs

Three-step Model
Two-step Mode
Multiple-step Model

o Data
P t - 0 flip only

— Surface DW only
Double layer only

Hit *trtirhirr tnlh n f-'if>motit>luijt r pliiltinim .»j(i/i At Mlhmonolayor oxidation covorago, tho specular N-ray
relief I IMI> |o|>m nrrles shown m 1;IR 1 (b)] signilicantly changes from that of the initial flat surface. A few
|iossihiliin-> wen- inn.leled using tlie rellectivity i<i|iiali»n Tho only model fining the data woll is the one

where a frac i »1 ."•—HO'.'I) of I lie ! ' ! ( I l l ) top layer rises up hy 70~8()% of tho interplanar spacing. The
results indicate ili.il OXVROII atoms denuasorhe die I'l atoms via Hipping of P t - 0 dipoles. The possibility of
UMIIK i stepped surface to lit the nieasured reflectivity can be excluded because the reflectivity completely
recovers Us menia l form for a Hal surface upon reduction at thisoxygten coverage.

;•• Sui.porio.l In I S Deparlineni .>l Kiiergy under Cnniraci No W-.Hl-lOilOlCng-HS.
i ui |.re|.:iriiiun

DEWETTING OF THIN PEP FILMS
X10A.B

W. Zhao, M. Rafailovich, J. Sokolov, Queens College; R. Piano, Milan Sanyal, Sunil Sinha,
Exxon Research and Engineering, Annandale, NJ.

Thin Polyethylene propylene) PEP films spun-cast on silicon (111) wafers with native oxide

undergo deweuing when the film thickness is thinner than the polymer radius of gyration R .

Materials with three different molecular weights were studied by X-ray specular and off-specular

reflectivity and AFM. Since the system satisfies the macroscopic liquid wetting condition based

on surface and interracial energies, we predict an entropy term in the free energy,

Af=kTN(Ro/d)2 where k=Boltzmann's constant, T=temperature, N=polymerizalion index,

R(,=average end-to-end distance of polymer and d=film tHickness, should be considered in the

polymer system. The wetting condition1 Sa0,S=T,-[7i+75 i+P(d)+ ' if l , is not fulfiiledat room

temperature but is fulfilled at high temperature since the surface tension of PEP decreases as the

temperature increases. This is in agreement with the experiments. We see Ihe rough film

(dewetted film) become much smoother at approximately 110°C. Also we observed that PEP

wets stripped silicon surfaces even at room tempeiature, because stripping increases the solid-

vapor surface energy. The diffuse X-ray scattering spectrum is shown in Figure I.

11]. de Gennes, Reviews of modern physics, Vol. 57, No. 3, Part I, July 1985.
Work Supported by DOE, NSF, and the PRF
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Compressibility of A/3C60 fulleride superconductors

0 . Zhou, Q. Zhu, G. B. Vaughan, J. E. Fischer

(U. of Pennsylvania)

Synchrotron X-ray powder diffraction and diamond anvil technique were used to
measure the isothermal compressiblity of K3C&J and Rb3C&), the superconducting,
binary alkali-Ceo intercalation compounds. The pressure vs. lattice parameter data,
combined with the pressure dependence of the superconducting onset temperature
Tc measured by Spam et. a/, establish a universal first-order relation between Tc

and lattice parameter a over a broad range, between 13.9 and 14.5 A as illustrated
in Figure 2 (reprinted from [1]). A small second-order intercalate-specific effect was
observed which shows KsCeo >s less compressible than Rb3C$o and both of the doped
samples are less compressible than the pristine Cm , shown in Figure 1 (reprinted from
[1])- These results interpreted in the context of weak-coupling BCS theory appears to
rule out the possible participation of intercalate-fullerene optic modes in the pairing
interaction [1].

0.39

i f 098

097V

Fig. 1. Fractional reduction of lattice parameter
.1A1, venas pr&siire P iC ), KJC^Q, (*J, Rb jC M ,
and ( +) , pure C w {W). The experimental errors
in J and P ire ±0 002 A and - 0 3 kbir, respec-
nvelv Solid lines are linear fits to the data points
up rn 13 kbar.

Fig. 2. Superconducting transition temperature
versus lattice parameter The <J(P) data from Fig.
1 was converted to Tjii) by using the raw TS{P)
data of (2) and (•*): (Q>, K j C ^ ; {*), RbjCjoi and
( + ) , directly measured points from a number of
M i - . M . C i o compounds at 300 K and 1 b u < I).
Solid curve is a quadratic St.

[1] O. Zhou, G. B. M. Vaughan, Q. Zhu, J. E. Fischer, P. A. Heiney, N. Coustel, J.
P. McCauley Jr. and A. B. Smith HI Science 255,P833 (1991)
This work is supported by DOE and NSF MRL program.

X10A,D

Powder Diffraction Study of Iodine Intercalated

Q. Zhu, 0. Zhou, J. E. Fischer (U. of Pennsylvania)
D. E. Cox (BNL)

The high resolution X-ray powder diffraction played a key role in identifying the
crystal symmetry of the iodine intercalated C«j compound, which is trigonal and
has almost equal (differ only by ~ 0.02 A) lattice parameters for a and c. This led
to the subsequent structural determination of the ItCm intercalation compound [1].
Figure.l shows the result of Rietveld fit and the refined crystal structure is illustrated
in Figure 2 (a) (projection along c-axis) and Figure 2 (b) (3-D perspectives). The
refinement excluded the possibility of forming ionized iodine cluster such as I3 in the
crystal, suggesting the neutral Ceo and iodine molecules in this compound.

In our continuing effort of studying this unique neutral molecular intercalation
compound, we investigated the nature of the C$o orientation at various temperature.
Similar to the pristine Ceo, we observed a phase transition at ~ 250K, correlating
to an endothermic transition from DSC analysis. However, the transition appears
to be much more "sluggish" than that of the pristine CM which is the well known
first-order orientationa! ordering transition first studied by Heiney et al. What is
more intriguing is that the transition in UCeo compound is also accompanied by
the broadening of certain Bragg peaks. The analysis of the low-T structure and the
nature of the transition are currently under way.

0 5 10 IS
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[1] Q. Zhu, D. E. Cox, J.E. Fischer, K. Kniaz, A. R. McGhie and O. Zhou Nature
355, P712. (1992)
This work is supported by DOE and NSF MRL program.
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CU K-EDGE STUDY OF SILICA SURFACE ION EXCHANGED BY VARIOUS
COPPER COMPLEXES

L. Bunnevtoi3,1. Bouchard3, J. Bradley0 and G. Viab

aDCpancmeni de chimie. University Laval, Qc, Canada

''Exxon Research and Engineering Company, Annandale, NJ, LISA

The conventional preparation of a supported metal catalyst involves wet chemistry followed by
subsequent activation. The activation consists of generating a supported metal oxide or metallic phase by
treatment in oxidizing or reducing atmosphere. The nature of the interaction of the metal precursors with
the support is a key parameter in generating supported phases. The metal precursors are mostly ionic
complexes and the support, most often an oxide, reacts via its surface hydroxyl groups. Poor control at this
level might generate large particle size distributions and metal segregation in the case of bimetallic systems
(see report on RuCu catalysts). Copper is an interesting metal because of its intrinsic catalytic properties
and in bimetallic systems (NiCu, PdCu, PtCu.,.) as a solvent to break ensembles of the more catalytically
active metal (Ni, Pd, Pi...). Controll of pH, concentration and temperature allows one to specifically
exchange silica surface protons (hydroxyls) by copper complexes. Copper modified silica can be obtained
1'rom various copper complexes. The copper-silica interaction might be of a purely electrostatic nature or
might tie stronger, involving covalent bonds in the formation of Cu-O-Si bridges or eventually aggregation
characterized by Cu-O-Cu bridges'1".

Copper K-edgc measurements at RT and 10K were performed on the hcxa-coordinatcd
|Cu(NH3)j(H2O)2]2+, |Cu(cn)2(H2O)2l2+ * and, on the pema-coordinatcd jCu(tren)(H2O)]2+ *
complexes adsorbed on silica. The comparison of the EXAFS oscillation and Fourier transform of the
complexes simulation shows that double Cu-O-Si bridges are formed for adsorbed [Cu(NH3)4(H2O)2]^+

complexes in the wet conditions of preparation. To the contrary, the Fourier transforms do not show clear
evidence of grafting for the other complexes unless a calcination in pure oxygen up to 400°C is performed
lie-fore the measurements. Furthermore, in accordance with EPR investigations, a small fraction of the
copper's are paired by the formation of a single Cu-O-Cu bridge. More data analysis is required to
simulated the EXAFS signal taking into account the difficulty due to multiple scattering effects from the
Cu-O-Si, Cu-C-N and Cu-O-Cu bridges in the adsorbed stale of Cu^+ ions. A detailed Edge analysis is also
in progress.

'O. Clause, I- Bonncviot, M. Che, M. Vcrdaguer, D. Bazinct H. Dcxpcrt, J. Chim. Phys., 86,
1767,1989.

-M. Che and L. Bonneviot, Pure Appl. Chem., 60,1369,1988; O. Clause, M. Kcrmarec,
1.. fionneviot, F. Villain and M. Che, J. Am. Soc, 1J4,4709,1992.

en=cihylcncdiaminc (bideniate Itgand) and uen= triaminocthylamine, tctradenlatc ligand.

CU AND RU K-EDGE STUDY OF COPPER ION ANCHORING SITES IN
SUPPORTED BIMETALLIC RU-CU CATALYSTS

X10C

L. Bonneviot3, J. Bradley6 and G. Viab

aDi!partcment dc chimic, Universit6 Laval, Qc, Canada
bExxon Research and Engineering Company, Annandale, NJ, USA

The primary steps of metal supported catalyst preparation involves metal deposition by wet
chemistry on an oxide support. The particles are then produced by subsequent (calcination and) reduction
of the deposited ions. For supported bimctallics, the metal segregation already occurs during these steps.
In the case the Ru-Cu bimetallic catalysts catalytic reaction proves that despite the non-miscibility of the
metals, the surface is partly covered with copper. A TEM study of model catalysts prepared from the
deposition and decomposition of the [Ru6C(CO)j6]Z- or [RugCujl/jCfCO)]^] , L=MeCN, clusters
demonstrated that, in the presence of copper, panicles of smaller size can be stabilized on silica. Tin's
result indicates that copper might play the role of an anchor for the Ru panicles.

To investigate the ruthenium-copper-silica interface, a catalyst was designed lo force the copper to
be located in this interface. A silica support was first modified by copper (+2) ion exchange (0.36 Cu-wt%)
and, subsequently, impregnated with an aqueous solution of a reduced Ru precursor, i.e., |Ru6C(CO)i5p-
(1.58 Ru-wt%). The molar ratio was close to 3 as in the [Ru6Cu2L2(CO)16] precursor. Near edge
measurements during the reduction process between RT and 500°C were performed on [Ru6C(CO)]6]2-
adsorbed on a non porous 200m^/g silica as such or modified by copper grafted from
[Cu(NH3)4(H2O)2]2+ complexes. The carbonyl was found lo be intact after impregnation and transfer
into the EXAFS cells in nitrogen atmosphere. Its decomposition and coalescence lo form ruthenium
particles starts al about 280°C in absence of copper. In absence of ruthenium, Cu^+ reduction starts at
about 170°C to produce mainly Cu+ ions at 240°C. At the latter temperature, metallic copper appears and
reduction proceeds to reach completion at 500fC At the Ru edge, it appears that, in presence of copper,
the Ru carbonyl decomposition starts simultaneously with the reduction of copper to be almost completed
at 2S0°C. The Cu edge study reveals that, in presence of ruthenium carbonyls, the copper reduction
bypasses the +1 valence state to produce directly Cu°. Nevertheless, only 50% of the copper reaches the
metallic state at 290'C. The other 50% starts then to be reduced into Cu+ ions up to 340°G No further
reduction was observed up to 500°C. The Fourier transform after reduction clearly shows the presence of
Cu-O and Cu-Ru contributions consistent with the dual behavior of copper.

The retarded reduction of copper is a signature for its location at the mclal-suppori interface. To
the contrary, the easily reduced copper is believed to be incorporated in the metal particle. Further detail
analysis of the EXAFS signal are in progress. More data on the Ru/Cu ratio effect and on the intermediate
stage of the reduction are necessary to clarify the anchoring effect on the nuclcation mechanism.
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Polarized EXAFS of Single Crystal Nitrogenase

J, Christiansen, i. Chen, S. J. George and S.P. Cramer (Univ. Calif. Davis)
N. Campobasso and J. Bolin (Purdue U.)
M. Sansone and G. N. George (EXXON Res. and Eng. Co.)

The enzyme nitrogenase is responsible for the conversion of atmospheric dinitrogen
to ammonia. This enzyme system is made up from two proteins: a larger MoFe protein and
a smaller Fe protein. The MoFe protein contains an active site that consists of an iron-
sulfur cluster that contains one molybdenum atom (other forms containing V and Fe have
also been purified). Since nitrogen fixation is such an essential process and industrial
methods are much more painstaking than the enzymatic pathway, precise structural
information about this enzyme is necessary for both scientific and industrial reasons.

We have measured the first Fe K-edge EXAFS of single crystals of Clostridium
Pasteurianum nitrogenase. The X10C beamline's beam position feedback system, coupled
with small spot size and high flux, has allowed us to measure high resolution EXAFS of a
sample that is only 0.5mm x 0.25 mm. In
the figure shown, we compare solution
EXAFS of reduced MoFe protein
(dashed) to a sum of several crystal
orientations (solid), notice the correlation
even at longer (3-5 A) distances. The
large amplitude, short distance features
are assigned to Fe-S and Fe-Fe distances
of 2.2 and 2.6 A, a Fe-Mo component is
also included at 2.7 A. We can also
resolve peaks in the 3-5 A range: Long
Fe-Fe interactions at 3.8 and 4.7 A as well
as long Fe-Mo distances of 4.9 A. In
comparisons of spectra from different
orientations, we can see the clear
orientation dependence on the EXAFS.

Much has been happening recently in the structural studies of this enzyme.
Plausible models are now being presented, but there is still disagreement in proposed
crystallographic models. This EXAFS data not only gives interatomic distances to high
resolution, the polarized x-ray light and ordered crystal samples allow us to extract angular
orientation information as well. These results may help relieve some of the ambiguity in the
search for a structural model of the nitrogenase active site.

Work was supported by the DOA under grant no. DOA-91-37305-6514.

SITE SPECIFIC X-RAY ABSORPTION SPECTROSCOPY USING
DIFFRACTION ANOMALOUS FINE STRUCTURE.

X10C

Dist

Ingrid J. Pickering'~. Michael Sansone ', James Marsch ' and Graham N. George1-

1. Exxon Research & Engineering Co., Route 22E, Annandale, NJ 08801
2. Present address: SSRL/SLAC, P.O. Box 4349, Bin 69, Stanford, CA 94309

The technique of diffraction anomalous fine structure, or DAFS (previously referred to as
DIFFRAX AFS) probes the energy-dependent intensity fluctuations of a diffraction peak at
energies close to an X-ray absorption edge. The DAFS will have contributions from both
the real and the imaginary part of the anomalous scattering factor, called / '(£) and /"(£),
respectively. The absorption cross-section a(E) is related to /"(£) as below, and / '(£) to
/"(£) by the Kramers-KriSnig relationship

[2]

Previous work •-has demonstrated that structural information analogous to EXAFS can be
extracted from DAFS, and thai, with judicious choice of diffraction peak, site specific
spectra can also be obtained'.

We have developed a computer algorithm2,
based on equations 1 and 2, and on iterative
numerical solution of a generalized structure
factor equation, which allows the functions
of /" (£) and / ' (£) U) be calculated from a
DAFS spectrum. Knowledge of the crystal
structure is not required. This provides a
.simple but effective method for converting
DAFS in XAFS, allowing all the standard
analysis tools and software that currently
exist for XAFS to be used without
modification. Additionally, the DAFS -
derived near-edge spectra can be directly
compared with X-ray absorption dala.
Figure 1 shows the DAFS derived near-edge
spectra of CojC)4 to octahedral and letraliedral
sites. We expect our method to become Figure I. Co K-edge X-ray absorption spectra of Co3Oj.
widely adopted in the analysis of DAFS The lower two traces arc DAFS- derived site-specific spec-
spectra, tra extracted from the (422) and (222) DAPS. The top, solid

trace, is the bulk absorbancc, with the dotted trace being the
sum of the loner traces (2/iCo^+i/iCo^),

1. Stmgicr. 11., Cross. J.O.. Rchr. J.J.. Son-usim. 1..B., Douldin. (Mi., anil Wiiicik. ].('., (I'M!) Itiys. Rev.
Lett, submitted for publication.

2. Pickering. I J.. Sansoni.1, M.. Marscli. J.. and (ii-orgc. Ci.N. manuscript ill iircparaiion.

.1. Allfield, J.I'. (IWl) J. Phys. ("hem. Solids 52. 124V
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Coordination Environment of Transition Metal Cations in surface
s i t e s of Polyoxometalate c lus te r Anions. Metalloporphyrin Analogs
Michael T. Pope, Xiaoyan Zhang, Ulrich Kort2, and Feibo xin,
Department of Chemistry, Georgetown University, Washington DC
20057-2222

Measurements were directed towards the determination of the

coordination environment, and subsequent modification during

oxidation catalyt ic act ivi ty, of high-valent manganese centers in

surface locations of heteropolytungstate anions. The i n i t i a l

question is the identity of the terminal ligand (L) of six-

coordinate Mn'v (HjO, Off, or 0:' ?) in Keggin-type anior.s

[XO4WuMn(L)O,5]"- which cannot be completely characterized

s t ruc tura l ly by x-ray diffraction on account of crystallographic

disorder.

Manganese EXAFS (10 scans each, to 80.0 ev above the edge)

and absorption edge data were collected, in fluorescence mode and

on polycrystal l ine samples, for the model compounds

K6Na2[MnIVW6O:4].xH3O (1) and Na7[Hnn(niOs)2(H2lO6) ] .18H2O (2), and the

Keggin derivatives K f̂ZnOjWnMn̂ COJOjj] .17HiO (3),
Cs3.3SK0.6sH[BO4W11MnIVOM].llH:O ( 4 ) , and Cs4.,K0.!H2[SiO4W,,MnlvOM].6.5K,O

(S) . I n a d d i t i o n , edge X-ray f l uo re scence da ta were c o l l e c t e d f o r

the lower-valence manganese polytungstates,

( K , H ) s [ Z n 0 4 W , , M n n ( H 3 0 ) 0 3 5 ] . x H : 0 ( 6 ) , (K ,H) , [BO 4 W u Mn I I (H;O)Q353 . x H , 0 ( 7 ) ,

( K , H ) 6 [ S i O 4 W 1 , M n n ( H 2 O ) 0 . i ] . x H 2 0 ( 8 ) , ( K , H ) 5 [ P O 4 W , , M n n ( H : O ) O3S] .xH2O ( 9 ) ,

a n d ( K , H ) J [ S i o 4 W 1 1 M n m ( H j O ) 0 3 j ] . x H : o ( 1 0 ) i n o r d e r t o b e a b l e t o

i d e n t i f y i n t e r m e d i a t e s in redox p roce s se s involv ing 3, 4, o r S,

and t o c l a r i f y t h e e f f e c t s of t h e t u n g s t a t e environment on Mn

edge p o s i t i o n s , which had been noted for 1 , 3, 4 and 5.

P r e l i m i n a r y a t t emp t s t o record EXAFS da ta on s o l u t i o n s of 3-5

were v i t i a t e d by t h e presence of Mn in t h e sample h o l d e r s . New

h o l d e r s a r e being f a b r i c a t e d .

Anomalous Scattering Microcrystallography X10C
M. Sansone1, G. Harlow2and H. King1

1. Exxon Research & Engineering Co., Route 22E, Annandale. NJ 08801
2. American Museum of Natural History. New York, NY 10024-5192

Many times crystal structures can not be directly solved by single crystal diffraction
techniques because of the lack of adequate sample size. Even with acceptable counting
statistics, positional instabilities of focussed x-ray beams introduce unnormalizable long
term variations in data sets. Various slits and monitor configurations can minimize the
problem but does not always reduce it to acceptable levels.

Polychromatic Laue techniques which simultaneous record a number of reflections
measure relative structure factors and is therefore less sensitive to beam fluctuations. But
this precludes the use of monochromatic anomalous scattering to investigate microcrystal
structures, one of the most challenging methologies. This required the development of an
x-ray beam position control system which dynamically minimizes vertical beam motion.
The system functions by monitoring the beam near the sample location with a position
sensitive ion chamber coupled through a feedback loop to a piezoelectric transducer
controlling the mirror tilt angle. The technique will reduce ±0.5mm beam deviations ±0.5
microns from DC to 10H?.. The final experimental setup consists of a beam position
monitor, adjustable sample slits, Io monitor and the sample.

A preliminary test of the technique utilized a 200jim manganese silicate single
crystal and data were obtained at 50 eV and 0 eV below the Mn K-edge. Below the edge
we obtained consistent long term data seis. Figure 1 is a plot of the normalized peak
intensity of the 420 reflection as a function of time in seconds.

i l4fi<W^.«;i|»»*j0«$W{«wS^

References
1. P. Coppens, Synchrotron Radiation Crystallography, Academic Press (1992)
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THE ELECTROCHEMICAL INSERTION OF LITHIUM INTO FeS 2 FROM NON-AQUEOUS
ELECTROLYTES AT ROOH TEMPERATURE:

AN IK SITU Fe K-EDGE X-RAY ABSORPTION FINE STRUCTURE STUDY

Donald A. Tryk, Sunghyun Kim and Daniel A. Scherson*

Chemistry Department, Case Western Reserve University, Cleveland, OH 44106
Violeta Z. Leger and George E. Blomgren
Technology Laboratory, Eveready Battery Company, Inc. Hestlake, OH 44145

The effects of lithium ion insertion on the structural and electronic
properties of FeS2 were examined in situ using Fe K-.-dge X-ray
Absorption Fine Structure (XAFS). For these measurements, a special
spectroelectrochemical cell consisting of a thin lithium anode, a separator
and a thin FeS2 cast electrode in a sandwich-type arrangement was
designed and constructed. This geometry provides optimal conditions for
achieving a highly uniform current distribution so that the lithium
incorporation vill occur homogeneously over the entire FeS2 electrode.
In addition, the thickness of the complete assembly, which included a
heat-sealed aluminized polymer-based casing to Isolate the cell components
from air, was sufficiently small so as not to attenuate the X-ray flux
appreciably. This made It possible to acquire in situ XAFS spectra in the
transmission mode in a rather straightforward fashion. In situ XAFS spectra
were collected for cells which had been discharged to depths equivalent to
the insertion of one and two moles of lithium per mole of FeS2. The
discharge was effected at constant current density using a Pine
potentiostat working in the galvanostatic mode while monitoring the cell
potential.

The in situ X-Ray Absorption Near Edge Fine Structure (XANES), obtained
before and after the insertion of one and two electron discharge steps, are
shown in curves a through c in Fig. 1, respectively. The shift of the
absorption edge towards lower binding energies is consistent with a partial
reduction of the iron sites. This indicates that the charge transfer
associated with lithium insertion involves orbitals with some iron

Also noteworthy, is the change in the shape of the pre-edge
an effect often ascribed to »odificitions in the electronic
derived from structural rearrangements surrounding the metal

character.
features,
structure
site

Preliminary analysis of the EXAFS
data has shown that the phase-
unconnected FT of the k^-weighted
EXAFS for the undischarged cell
is characteristic of the FeS2
structure. After the insertion of
1 and 2 equivalents of Lt, the
intensities of the shells with
r' > 2.5 A decreased monotonically
compared to the major Fe-S peak.
This effect is consistent with the
formation of Li2FeS2 probably in
amorphous form.

Figure 1. In situ XANES obtained

before (Curve a) and after the

insertion of one (Curve b) and
two (Curve c) equivalents of
lithium in

X10C
STRUCTURAL STUDIES OF BIMETALLIC COLLOIDS

G. Viat, J. Bradley^ and L. Bonneviot*

*Exxon Research and Engineering Company, Annandale, NJ, USA,
•Department de chimie, University Laval, Qc, Canada

We have recently extended our program concerning the study of highly dispersed metal
particles synthesized undermild conditions from monometallic metal clusters to bimetallic systems.
Mixtures of palladium acetate and copper acetate were reduced in refluxing 2-ethoxyethanol in the
presence of polyvinylpyrrolidone to give monodispersed 40A nanoclusters by TEM stabilized by
the polymer matrix. EDAX analysis showed that within the limits of the method the particles were
homogeneously bimetallic with a composition determined by the ratio of the acetates used.
Adsorption of carbon monoxide on the surface of the bimetallic panicles followed by infrared
spectroscopy showed an apparent deficiency of copper in the surface layer. This is in contradiction
to the expected enrichment of the surface in copper (the more volatile metal) in PdCu bulk alloys.

XAS measurements have been carried out on a number of polymer stabilized palladium-
copper colloids at 10K to investigate the structure and surface composition of the clusters. In one
series of experiments a palladium rich colloid (Pd<X)Cuio) was prepared from a 65A palladium
colloid by plating 10 aiomic % copper on the surface of the palladium particles by reduction of
copper(II) acetate at the palladium surface in alcohol solution under hydrogen. A detailed analysis
of the near-neighbor environment of each component in these clusters (the fits of the copper and
palladium EXAFS are shown in the figure below) shows that copper is coordinated primarily to
palladium in a bulk typeenvironment. Palladium is also coordinated primarily to palladium, but the
total palladium coordination number is slightly less than that of copper. These results demonstrate
that copper is preferentially excluded from the surface of these clusters despite the bulk thermody-
namic preference for copper surface enrichment.

0 2 4 6 8 10 12 14 16
WAVE VECTOR

0 2 4 6 8 10 12 14 16
WAVE VECTOR



X10C
STRUCTURAL STUDIES OF METAL COLLOIDS

G. Viat, J. Bradleyt. K- Liang^ and L. Bonncviott

"fExxon Research and Engineering Company, Annandale, NJ, USA,
^Department dc chimie, University Laval, Qc, Canada

The preparation under mild conditions of highly dispersed metal particles in the nanoscalc size
range (10-100 A) is a rapidly expanding area of chemistry with implications for solid state physics,
chemistry, catalysis and materials science. Methods have been developed in our laboratory for the size
selective synthesis of transiiion metal particles in organic solution, stabilized in the colloidal state by
polymers such as poly(vinylpyrrolidonc), PVP. One important question which we have addressed at the
outset of this research is whether the metal particles, prepared by mild chemical methods from
organonietallic precursors in solution, attain during their growth die same lattice structure as that found for
the bulk metal.

We report here the results of X-ray diffraction and XAFS studies of the structure of colloidal
palladium prepared in solution by mild reduction of molecular complex precursors in the presence ofPVP.
Palladium acetate was heated to 80°C in a mclhanol solution of PVP under nitrogen for two hours. The
resulting stable colloidal solution contained particles of 65 A mean diameter, apparently well faceted.

Figure 1 shows the room temperature X-ray diffraction pattern of the metal - PVP polymer system
following evaporation of the mcthanol solvent to produce a polymer film containing the colloidal metal
panicles, The pattern consists of two broad maxima at low angles which ari.sc from the polymer and a scries
of sharper reflections at higher angles due to the palladium colloid. These reflections can be inticxed as an
fee system indicating that the palladium colloid has the same crystallographic structure as palladium metal.

Figure 2 compares the radial structure functions derived from XAS measurements r.i !0K for a
palladium foil and the solid metal - PVP polymer film. Except for magnitude, these functions arc very
similar to a radial distance in excess of 5 A, indicating that the basic lattice structure of the iwo materials
is similar. An analysis of these data show that the average first near-neighbor coordination number for the
colloid is about 9.5 (vs. 12 forthe foil) due to the small size of the colloid particles. The first near-neighbor
interatomic distance of the colloid, 2.76 A, is the same as that of the foil, and the static structural disorder
for the colloid is very similar to the foil. With regard to structural disorder, these clusters appear to differ
from clusters supported on high surface area oxide supports where the support induces significant disorder
in the clusters.

Figure 1 Figure 2
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XAFS Study of Some Titanium Silicon and Germanium Compounds X-11A

D.B. Aldrich, R.J. Nemanich, and D.E. Sayers
Department of Physics, North Carolina State University, Raleigh, NC 27695-8202

Titanium reacts with pure Si in two stages: C49 TiSi2 forms at low
temperatures and transforms to C54 TiSi2 at high temperature. Titanium also
reacts with Ge in two stages: at low temperatures TigGes forms and at high
temperatures C54 TiGe2 forms which is isomorphic with C54 TiSi2. Silicon and
Germanium occupy equivalent positions in C54 TiSi'2 and C54 TiGe2 respectively
and differ in atomic size less than 6%. It is anticipated the high temperature
reaction of Ti with SixGei.x alloy will result in the formation of C54 Ti(SixGei-x)2
which is isomorphic with C54 TiSi2-

To examine the effect of deposited SixGei-x composition on the composition
and microstructure of the reacted Ti-SixGei-x, a series of samples annealed at
750°C for 10 minutes was produced. Deposited SixGei.x compositions of x= 0.69,
0.63, 0.45, 0.40, 0.30, and 0.21 were studied. EXAFS and XANES data were
obtained from the Ti K-edge using a total electron yield detection configuration.
The sample was mounted at low angle to reduce Bragg refections in the data. The
first three inseparable shells of the C54 structure were considered in the fitting (4
Si/Ge, 6 Si/Ge, 4 Ti).

Si/Ge Segregation

0.J5 0 « 0.55 0.65

Deposited Si-Gc Alloy Composition

^ • — Confum Si-Gt Conpotilion (fof companion)
—Auger Microprobe Compositional Amlyiis
-liXAFS Firfl Shell Occupancy
—KXAKS Secmd Shell Occupancy

Auger compositional analysis
indicated that upon annealing the Ti
was consumed to form Ti(SiyGei-y)2.
EXAFS fitting revealed that the
material was of the C54 structure with
shell occupancies consistent with
those found in T1S12 and TiGe2
standards. The EXAFS fitting also
revealed a Si-Ge segregation. Ratios
of the Si to Ge occupancies of the C54
Si/Ge shells were increased over the
Si/Ge ratios of the pre-annealing
SixGe-|.x layers. Auger microprobe
compositional examination of the
remaining SizGei.z revealed that it
was germanium rich (i.e., y>x>z).

We would like to express our gratitude to K. Kemner for the use of the detector he
developed. This work was supported in part by the Division of Materials Science of
the Department of Energy under contract DE-FG05-89ER45384 and by the
National Science Foundation through grant DMR 8717816.



Site Selectivity in Fe Doped P Phase N1A1

Patrick Chartier, Laboratoire de Metallurgie Physique, Poitiers. France
X-11A

Dale Brewe. Mali Balasubramanian, Tarig Manzur, Douglas Pease, Joseph
Budnick. and L. Huang, Physics Department and Institute of materials Science,
The University of Connecticut, Storrs. Connecticut

Chi Law and Scott Russell. United Technologies Research Center, East Hartford,
Connecticut

Clyde Kimball. Physics Department. Northern Illinois University

We have investigated site selectivity in iron doped p phase ternary alloys of the
composition Ni, Fey Alnoo.,.,,. where the Ni concentration is within a few atomic percent
of stoichiometry. Recently. Darolia et al. demonstrated significant enhanced ductility
due to additions of small amounts (< 0.25 atomic percent) of iron for certain
compositions of this system (1). We have used extended X-ray absorption edge fine
structure (EXAFS) and Mossbauer spectroscopy to investigate the site selectivity. We
find that transition metal atoms in excess of 50 atomic percent which occupy
"aluminum type of sites." i.e.. have transition metal near neighbors in alloys such as
Nia, Fe, Al49. are not chosen randomly among Fe and Ni but are completely Fe. This
result requires a reanalysis of previous magnetic susceptibility measurements, carried
out by others on this system (2), which were based on an erroneous model of site
occupation. As reanalyzed by us. more reasonable values are obtained for the moment
values associated with Fe dopants.

One shell fit of Fe K edge EXAFS
in Nia, Al4!) Fe,, assuming Fe is in
Al type sites. The data cannot be
fit at all if one assumes Fe goes to
TM type sites. For Ni^FezAl.,,,, all
Fe must go to TM type sites and
the EXAFS is fit well by such a
model.

(1) R Darolia. D. Lahrman. and R. Field, Scripta Met.. April 1992 (in press).
(2) K. Ikeda. J. Phys. Soc. Japan 42. 91 (1977).

This work is supported by the U.S. Department of Energy under contractsDE-AS05-80-ER10742
and DE-FG02-90-ER45424.
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GLANCING-ANGLE X-RAY REFLECTIVITY AND XAFS STUDIES OF SPUTTERED Co/Pd
AND Co/Pt BILAYERS'

M.Choi(CUMC), J.G.Lee, C.-S.Yang(SKC), C.-Y.You, S.-C.Shin(KAIST), S.M.Heald(BNL)

X-ray reflectivity and XAFS measurements were made on sputtered Co/Pd and Co/Pt bilayers
by using the glancing angle method. The mechanism for the perpendicular magnetic anisotropy is
considered to be different between Co/Pd and Co/Pt multilayers. Since the magnetic anisotropy is
attributed to the interface anisotropy, the characteristics of the Co/Pd and Co/Pt interfaces are of
great interest. It was previously suggested that there is more intermixing at the Co/Pt interface than
at the Co/Pd interface, which also needs to be investigated since the magnetic and magnetooptical
properties of these multilayers depend on the degree of intermixing at the interfaces. To study the
Co/Pd and Co/Pt interfaces, Co/Pd(500A/1000A) and Co/Pl(400A/400A) bilayers were prepared by
sputtering onto float-glass substrates. The effect of the Ar pressure during the sputtering process on
the interface structure was also studied, and the Ar pressures used were 5 mTorr and 10 mTorr for
the Co/Pd bilayers studied and 5 mTorr and 30 mTorr for the Co/Pt bilayers. The reflectivity
measurements were made on the Co/Pd and Co/Pt samples at energies 300 eV below and above the
Co K-edge and the Pd K-edge or the Pt L3-edge. The XAFS measuremenls were made at each edge
for the angle of the first oscillation peak in the reflectivity in order to probe the interface region.
The reflectivity results show that these sputtered samples have very rough interfaces and that the
degree of interface mixing is different between Co/Pd and Co/Pt and also varies with the Ar
pressure. Further analyses and fitting of these reflectivity data and the XAFS data are in progress.
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Fig. 1 X-ray reflectivity data measured at energies 300 eV below and above Ihe three edges.
Supported by KOSEF, PLS, and USDOE under contract no. DE-AC02-76CH00016.



X-ray Absorption Study of the Reaction of Zirconium Thin Films
on Silicon(lll)

Y. DAO, A.M. EDWARDS, R.J. NEMAN1CU and D.E. SAYERS
Physics Department, North Carolina Stale University, Raleigh, North Carolina 27695-8202

X-11A

1(X)A Zr films were deposited on atomically
cleaned Si(ll l) substrates by electron beam
evaporation in UHV at room temperature. The
samples were subsequently annealed al temperatures
from 200°C to 95OCC for 20 minutes in silu. In situ
LEED patterns and AES spectra were taken after
sample annealing.

X-ray absorption data of the 100A Zr/Si
samples were collected by using die low angle total
electron yield technique at the Zr K-cdge (17998
eV). A rotatabtc sample holder was used to
minimize the Bragg peaks from the Si substrate.
The angle between the sample surface and the
incident x ray beam was also reduced to obtain a
large footprint of the incident beam on the sample
surface in order to enhance the signal to noise ratio.

Auger experiments indicate that the as-deposited
film is almost pure Zr metal, and the reaction
between Zr metal and Si substrate takes place at
annealing temperatures between 351FC and 375°C.
In-situ post-annealing LEED experiments showed
no LEED pattern until after 85O°C anneal. The
return of the LEED pattern indicates exposure of the
Si substrate following nucleation and island
formation in the Zr/Si layer.

X-ray absorption near edge structures of the
films annealed at different temperatures show two
distinct steps of the reaction. The first slep of
reaction takes place at about 375°C annealing

temperature. The other structural change occurs at
about 700°C. EXAPS data of Die films annealed at
55O°C, 650-C, 800°C and 900°C were fitted using
the FEFF simulation program. The results arc
listed in Table 1. The as-deposited Zr film,
although cxibiling a reduction in coordination
number and larger Dcbyc- Waller factor, is basically
Zr metal, if compared will) the fitting parameters of
Zr foil. The composition of the films annealed
above 55O°C is mainly ZrSi2- The coordination
numbers of the Zr-Si shells of the SSCC and 650°C
annealed films arc slightly lower than 6.0 and 4.0
respectively, and the D ;bye-Waller factors are much
higher than those of the higher annealing
temperature (800°C and 900°C) films. The
coordination numbers at 3.7 A in 550°C and 650°C
samples arc obviously higher than those of the
higher annealing temperature films, and there is an
additional Zr-Zr shell at a distance of about 3.3 A,
with the coordination number of 1.4 and 0.2
respectively. The 55O"C and 650°C annealed films
seem to contain some residual Zr metal or different
form of Zr silicidc odier than Zr disilicide. As the
temperature becomes higher than 800°C, the small
shell at 3.3 A disappears, and the Dcbye-Waller
factors of the Zr-Si shells becomes very small. The
coordination numbers and distances are very close to
those of ZrSi2 crystal structure above 800°C.
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This work is supported by the Division of Materials Science of the Department of Energy under contract
DE-ASO5-8OER10742.

Xll-A
X-Ray Absorption Fine Structure Strain Determination In Thin Films, G. A. DeRosc and
R. W. Hoffman, Department of Physics, Case Western Reserve U., Cleveland, OH 44106-7079

X-ray Absorption Fine Structure (XAFS) spectroscopy was examined, for the first time,

as a technique for the determination of elastic strain in thin evaporated films and thin foils. The

electron yield and fluorescence yield detection techniques were used to collect the XAFS data.

For sensitivity reasons, back-reflection X-Ray Diffraction (XRD) was also carried out.

Continuum mechanics was used to model the deformation of the first shell and was compared

to experimental observations. A local, non-linear elastic strain was observed by XAFS and is

the same quantity measured by XRD. In some cases, the measured magnitude of the XAFS

strain was found to be less than the model predicts, and relaxation of the stress in the substrate

or the foil is suggested as the responsible mechanism. This work supported in part by the

Office of Naval Research under contract # N0014-89-5-1555 and the Air Force Office of

Scientific Research under contract # F04611-91-K-0148.
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XAFS-determined strain vs sample elongation for (0) 25 A Au on 25 A Ti on Kapton, (O) 125
A Au on 25 A Cr on Kapton, (*) 25 A Au on 25 A Cr on LDPE, and (v) model (calculated)
deformation.
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Osmium Subcarbonjls on y-Alumina: Characterization of the Metal-
Support Bonding by Infrared, Nuclear Magnetic Resonance, and X-Ray
Absorption Spectroscopies

S. E. Deutsch, J.-R. Chang, and B. C. Gates
Center for Catalytic Science and Technology, Department of Chemical
Engineering, University of Delaware, Newark, DE 19716

[Os3(CO)i2] reacted with the surface of 7-AI2O3 to give a supported osmium carbonyl
cluster, which was fragmented under He at 150 °C to give osmium subcarbonyls. These
surface species were characterized by infrared, 13C NMR, and extended X-ray absorption fine
structure (EXAFS) spectroscopies and by X-ray absorption near edge spectroscopy (XANES).
They are formulated as [Os(CO)x(HOAl)y(OAl)z], where the braces represent groups at the
Y-AI2O3 surface and x is 2 or 3, and y + z = 6 - x. When the osmium tricarbonyl (x = 3) was
treated under vacuum at 300 °C, it lost one CO ligand and gained one surface oxygen ligand.
The surface species are both coordinatively saturated and characterized by an Os-OSuppon
bonding distance of 2.17A; in these respects, they are close analogues of organometallic
compounds. The surface chemistry is summarized schematically below:

0*
* 0 C N

C /CO*
CO*

2 3

Supported by the Depannient of Energy, Office of Energy Research, Office of Basic Energy
Sciences, and Beamline X-l 1A at the NSLS.

from the disorder as a precursor to the stable
disilicidc phase. This is consistent with the results
of Cheng 2> who reported small (50A) grains of ZrSi
by TEM, after annealing 300A films of Zron Si at
500°C.

XHA
EXAFS STUDY OF THE INTERFACE REGION FORMED BY THIN ZIRCONIUM FILMS ON SI (111)
A.M. Edwards, Y. Dao, RJ. Ncmanich and D.E. Saycrs
Physics Dept., North Carolina State University, Bon 8202, Raleigh, NC 27695-8202

Thin films (lOOA) of Zr were e-bcam evaporated in UHV conditions onto atomically clean, single
crystal Si (111) wafers at ambient temperatures and annealed in situ at fine temperature intervals between 300 and
425°C, over which range Auger spcclroscopy had indicated Si diffusion to die surface.

X-ray absorption experiments were performed at the Zr K-cdge (17998 eV) and data were collected using
low-angle total electron yield detection "at room temperature.. The samples could be tilled or rotated with respect
to the beam to try to minimize Bragg reflections and edge jumps of 0.2 to 1.6 were typical.

The k2-weighted Zr K-cdge EXAFS spectra are shown in the figure. Major diffraction peaks from the
crystalline substrate have been removed, but the usable data range is short, especially for the lower annealing
temperature samples. However, even by eye one can see that the as-deposited sample bears close agreement to
the metallic foil (also taken in e-yield). After the annealing temperature of 300°C, the data has a lower amplitude
and a different phase, indicating some initial reaction. The amplitude of the data is increased in the 3S0°C
annealed sample, but after 400°C it takes on a significantly different form which is further enhanced in the 425°C
data. It should be noted that this is the same temperature region where some major structural rearrangement was
indicated by AES. Also, even at the highest temperature, the EXAFS data does not yet indicate a ZrSi2-likc
structure.

The fitting results indicate a first shell (Zr-
Si) distance similar to that Tor ZrSi2 (2.81 A) for all
annealing temperatures above and including 35O°C,
but the sample annealed at 300°C shows a slightly
larger distance (though this may be due to an
increased error resulting from the low signal to
noise ratio of this data) and a large Dcbye-Waller
factor indicative of significant disorder. All samples
show a reduced coordination with respect to ZrSi2

where the first shell coordination number is 10.
Ordering is induced with progressively higher
annealing temperatures, but even at 425°C, a ZrSi2

like structure has not formed. Indeed, for the higher
annealing temperature samples, the second peak (Zr-
Zr) seems to be split into two approximately equal
subshells (at distances around 3.4 and 3.8 A) with a
total coordination of around 13 for the highest
annealing temperature, whereas ZrSi2has a second
shell of 6 Zr atoms at 3.64A and a third shell of 12
Si atoms at 4.68A. Neither arc these filling
distances consistent with the first Zr-Zr distances in
metallic Zr (around 3.20A) indicating that no
unreactcd metal is being seen. The filling results
were compared to the atomic distributions of oihcr
known Zr:Si crystalline structures (ZrSi, Zr,SU,
Zr,Si3 and Zr2Si) generated using the ISTRUC
program and the higher temperature data was found

to be in close agreement with that of ZrSi. This u <j- ' )
suggests that the ZrSi crystalline phase evolves

1) K. M. Kemner, Z. Wang, R.A. Mayanovic and B.A. Bunker. Nuclear lnstr. and Mclh. (to be published).
2) H.C. Cheng and LJ. Chen. Appl. Phys. Leu. 46 ,(6). 562-564, (1985).
This work is supported by the US Department of Energy, Division of Materials Science under contract
DE-FG05-89ER45384.
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Re-HEDP Anticancer Therapeutic Agents: an EXAFS Study

R.C. Elder (U. Cincinnati)

EXAFS data were collected at room temperature for 2 solutions: aqueous and

clinical. The former is the tin reduced Re-HEDP (HEDP • hydroxyethylidenedi-

phosphonate) in water while the latter is the same compound in saline solution

with an antioxident gentisic acid, identical to the injected solution used in

clinics except a higher concentration in Re-HEDP. We also obtained data on a

hydroxyapatite absorbed sample, which is used to model the interactions

between the Re-HEDP complex and human bone tissue.

Fig. 1 shows the EXAFS spectra of the solutions. Fig. 2 shows the Fourier

transform of these data. The first shell structure around Re atom is deter-

mined by EXAFS curve fitting with a Re-0 model on the back transformed data

from the highest peak in the FT spectra. There are 6 oxygen atoms in this

shell at 2.0 % for both solutions. The limited data in k-space does not

allow us to further identify outer shells in the structure with confidence.

The results for hydroxyapatite sample are similar to the those of the

solutions.

The results from these measurements led us to a trip to SSRL to measure

data up to 16.5 A~* at low temperature (10 K) and the identification o£ a Re-

Re metal bond in the structure. Further investigations are under way to

determine the oxidation state of Re, the outer shell structures, and possible

Re-Sn interactions in the structure.

I U F I e' •«KCPI
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Fig. 1 EXAFS of Re(Sn)-HEDP solutions Fig. FT of Re(Sn)-HEDP solutions

This project is supported by a grant from Mallinckrodt Medical, Inc.
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EFFECTS OF H2 PRE-TREATMENT WHEN SULFIDING NiMo HDT CATALYSTS: AN IN-SITU
EXAFS STUDY

M. D. Farnos. G. L. Woolery, G. H. Kuehl, R. E. Holland, and M. S. Sarli (Mobil Research and Development
Corporation)

The effect of hydrogen pre-treatment when sulfiding "first" and "third" generation commercial NiMo HDT
catalysis has been examined using in-situ EXAFS. CoMo and NiMo supported on A12O3 are used extensively for
hydrotreating petroleum feedstocks. The need for more efficient removal of sulfur, nitrogen and metal
contaminants has fueled studies relating metal strucuture to catalytic activity in these complex catalyst systems. It
has been widely accepted that "first" generation NiMo/Al2O3 catalysts, such as American Cyanimid HDS-3. suffer
significant HDT activity loss if exposed to H, at moderate temperatures prior to sulfiding/ It was speculated that
this was due to reduction of Ni*2 to Ni metal, thus inhibiting formation of Ni sulfide.3 Consistent with this
hypothesis was the observation that CoMo catalyst activity did not decline if sulfiding was preceded by H2

treatment.
In contrast, recent pilot unit data indicated that the activity of the newer, "third" generation NiMo HDT

catalysts, such as Akzo's KF-843, or Criterion HDN-60 are not deleteriously affected by H2 treatment prior to
sulfiding (vide infra). These results have implications on commercial start-up as well as reactivation procedures for
spent catalyst. Thus, this characterization study was initiated to see if any structural differences between the two
catalyst types could explain the observed activity differences.

Both "first" and "third" generation NiMo catalysts were examined by EXAFS to determine the Ni and Mo local
structure in as-received, H2-treated and sulflded catalysts. We show that the activity loss frequently observed with
"first" generation catalysts following hydrogen treatment prior to sulfiding is due to inhibition of MoS2 formation
and not formation of metallic Ni, as previously proposed. This inhibition does not occur on third generation HDT
catalysts consistent with pilot plant results demonstrating the insensitivity of activity to H, treatment. Figure 1.

FIGURE 1. Fourier transformation of Mo EXAFS
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Brewer, M.B. and Cheavens. T.H. Oil & Gas Journal 64,176,1966.
Galas, B.C., Katzer, J.R. Schuit, G.C.A. Chemistry of Catalytic Processes McGraw-Hill, New York 1979.

We would like to acknowledge D.C. Calabro for his help during the EXAFS data collection, and D. N. Lissy, M. E.
Landis and S. J. McGovem for helpful discussions. This work is supported by the Division of Materials Science of
DOE under contract No. AS05 80ER10742.
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Surface Structural Analysis of Cr(III) on Silica with X-ray Absorption Fine
Structure Spectroscopy

S.E. Fendorf, M.G. Stapleton, D.L. Sparks (U. of Delaware), M.J. Kelley (E.I. DuPont),
and CM. Lamble (NSLS, BNL)

Determining the behavior of metal pollutants is of great importance due to the
increasing levels of these contaminants in the environment arising directly or indirectly
from anthropogenic effects. It is essential to understand environmental reactions involving
metal ions on a molecular level so as to allow one to predict and control their fate. Metal
ion retention on naturally occurring sorbents is one of primary means in which their
mobility and hence toxicity is controlled. The surface complexation structure determines
the strength of retention and the associated modifications of the sorbent's properties.
Therefore, a knowledge of the sorbed metal structure must be ascertained to assess metal
ion behavior in soil and water systems.

Silica (amorphous SiOi) is an important surficial sorbent which often exerts and
strong influence on metal behavior. We investigated the surface structure of Cr(III) on
silica to ascertain the stability of the surface entity and the physio-chemical sorbent
modifications.

Metal sorption reactions on oxide surfaces have traditionally been modeled as
isolated site complexation reactions (Fig. 1). Utilizing a focusing beam, we have obtained
direct evidence with EXAFS spectroscopy for Cr(III) surface structures at a few percent
surface coverage up to and exceeding monolayer coverage. Furthermore, the effects of pH,
metal concentration, and surface coverage, on the Cr(III) surface structure were evaluated.
Multinuclear Cr-hydroxide surface species were discerned (Fig. 2), having the y-CrOOH
local structure, even at fractional surface coverage, under solution concentrations and pH
values exceeding 100 uM and pH 5. At lower pH values and Cr solution concentrations a
bidentate surface complex was apparent (Fig. 1). Based on our results, mechanistic models
of solid/solution metal reactions must consider hydroxide nucleation; the primary factors
influencing the sorbed structure are the solution metal concentration and pH rather than
simply the degree of surface coverage. Under condition conducive for the formation of
metal hydroxides one must consider post reaction modeling of a conglomerated SiO2~
CrOOH colloid.
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.Si

Cr \ i

Si

Figure 1. Bidentate surface complexation
of Cr(III) on silica
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Figure 2. Surface nucleation of CrOOH.

X-IIA
EXAFS STUDIES STERICALLV CROWDED Ni(II)PORPHYRINS

Lars R. Furenlida, Mark W. Rennerb, and Jack Fajerb

(a) NSLS and (b) Department of Applied Science, BNL

The physical and chemical properties (optical, redox, basicity, reactivity, and EPR) of
porphyrins are very sensitive to the macrocycles conformation. Recent crystailographic
studies of porphyrins substituted at the p and meso positions reveal that the macrocycle
ruffles from steric repulsion between the [J and meso groups.1

(3 position

meso position

R R
We have investigated the solution structure for a series of nickel(Il) porphyrins* with various

alkyl groups at the (3 position. The XANES data reveals that all of the nickel compounds are

four coordinate in solution. The EXAFS results for solid and solution samples demonstrate

that the conformation of the macrocycle is extremely sensitive to the size of the (3 group. The

Ni-N distances vary as follows: cydopemyl (1.97A) > ethyl (1.90A) - propyl (1.9lA) -

cyclohexyl (1.9lA) > phenyl (1.88A). Agreement between the solution EXAFS and the

crystallographic data for these nickel complexes clearly demonstrates that the ruffling is not

due to crystal packing forces, but results from steric repulsion.

*Ni(U)porphyrins were generously provided by K.M. Smith.

1) K.M. Barkigia, M.D. Berber, J. Fajcr, C.J. Mcdforth, M.W. Rcnner, K.M. Smith J. Am. Chcm. Soc.
1990,712, 8851.

This work was supported by the Division of Chemical Sciences, U.S. Department of Energy, Washington,
D.C., under contract No. DE-AC02-76CH00016. X-11A is supported by the Division of Materials
Sciences, U.S. Department of Energy, under Contract DE-FG05-89ER45384.



X-ll
EXAFS STUDY OF METAL-COATED PARTICLES PRODUCED BY BALL MILLING*

S. M. llcald, J. K. D. S. Jayanctti, and K. I. Handya
Brookhavcn National Laboratory, Upton, NY, 11973 USA

HXAFS measurements have been made on mixtures of Sn with Ge and Si, and Pt with SiO2
which have been ball milled for extended periods. In all of these systems the brittle component
(Gc, Si, or SiOi) is ground to nanocrystalline dimensions with panicle sizes ranging from a few
lens to a few hundred nanometers. The ductile metal is found to coat the outer surface of the
particles. For Sn-Oe this results in significant alloying on the surface of the Ge particles forming a
cubic SnGe alloy several layers thick. For a Sn concentration of less than 20 at. % complete
incorporation of the Sn into the alloy phase is found (see Fig. 1). The EXAFS indicates that the
Sn-Ge bond lengih is 2.60 A, intermediate between the values for cubic Sn and Ge, and consistent
with the film growth observation that the 50:50 composition is preferred. The measurements on the
Sn-Si system indicates that similar alloying is occurring on the surface of the Si particles, although
the amount is smaller. 'This probably results from ihe larger lattice mismatch between cubic Sn and
Si which has also prevented the epitaxial growth of SnSi alloys.

For I't-SKH no mixing is observed, but both TEM and EXAFS indicates that the Pt is highly
dispersed on the surface of the SiOi particles. The reduction in the EXAFS amplitude (Fig. 2)
gives an average fust neighbor coordination of 7+ 1. This gives an average particle .i/.e of about
30 atoms. Thus, ball milling seems to be a promising approach for producing highly dispersed
metals. While highly dispersed Pt can be produced by a variety of methods, ball milling may allow
the production of highly-dispersed alloys difficult to produce by chemical methods.

•I AV
i'i ft

so . . . . ,.„_„-,_„, ,_,..

Rmli.il Uislnnrp (A)

Fig. 1 I-XAFS (a) and first shell fit (b) for
ball milled 20C!-Sn-Ge.

Fig. 2 Transform of EXAFS for Pt metal (dotted)
and Pt-SiOj (solid line).

•Work supported by US DOE, Basic Energy Sciences under contracts DE-ACO2-76CHOOO16 and
DE-AS05-.S0 F.R 10742.

X-l 1
INTERFACIAL REACTION IN a-SI/AU AND a-SI/CU THIN FILM BILAYERS*

Steve M. Heald and Zhcngquan Tan
Brookhaven National Laboratory, Upton, NY 11973, USA

When amorphous semiconductors are in contact with a metal their crystallization temperatures
can be dramatically reduced. It is generally known that the metal contact facilitates diffusion of the
semiconductor through the formation of metal-semiconductor bonds, but atomic scale
understanding of the process is lacking. To study this effect the interdiffusion and compound
formation at the a-Si/Au and a-Si/Cu thin film interfaces have been studied using x-ray diffraction,
x-ray reflectivity and grazing incidence EXAFS techniques. Au does not form equilibrium
compounds with Si, while Cu does. Figure 1 compares the interface EXAFS signals for the two
cases. In the 0 °C as-deposited samples, reaction between Si and Au is minimal, but reaction
between Si and Cu is significant. Normally a-Si crystallizes at about 600 °C, but upon annealing
for ten minutes in argon, the a-Si crystallized and reacted quite extensively with Au at 160 °C.
Further reaction between Si and Cu proceeded at 130 °C to form crystalline silicides. Independent
crystallization of the Si could not be observed in the Cu sample, and it is likely that any crystallized
Si is rapidly converted to a Cu silicidc. The compounds formed appear to be metal-rich silicides in
both the Si/Au and Si/Cu systems. For Au/Si the silicide is likely stabilized on the surface of the
newly formed crystallites.

k(A')
h ( A ' )

Fig. 1 EXAFS data for the a-Si/Au and a-Si/Cu samples. The dashed lines are large angle
measurements which give the EXAFS for pure Au and Cu. 'The small angle measurements are the
EXAFS from metal/Si interlace. Note that the as-deposited Au signal shows no reaction while the
Cu signal is substantially different from the pure metal.

•Work supported by the US DOE, Basic Energy Sciences, Materials Sciences Division under
contracts DE-AC02-76CH00016 and DH-ASO5-8O-ER1O742.
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THE CHEMICAL POTENTIAL OF EXTRINSIC IONS
IN OXIDE FILMS ON ALUMINUM

Hugh S. Isaacs and Alison J. Davenport
Brookhaven National Laboratory, Upton, NY 11973.

The chemical properties of oxide films formed on aluminum upwards of 15A, play an
important role in many applications of the metal and its alloys. Near edge x-ray absorption
techniques enable the determination of the oxidation state of elements incorporated in the
oxide making it possible to determine distribution of the oxidation potential within the
surface film. Extrinsic elements can be introduced into the oxide either from solutions or by
alloying the metal. Previous x-ray studies of the valency of Cr in aluminum oxide films have
shown that 3- and 6-valent Cr species form after anodizing in chromate solutions with the
high 6-valent species at the surface. Al, 300 nm thick, was vapor deposited on float glass.
The deposits were anodized, cathodized or simply exposed to 0.1 M KjCr(CN),, 0.1 or 1.0
M NaMoO,, 0.1 A/ KMnO, or 0.1 M NaVO, solutions. Cathodized surfaces were
subsequently anodized in a pH S.5 0.5 M borate solution. All anodizing was at 5 mA/cnr.
The x ray absorption edge measurements of species incorporated in the oxide surface were
made using glancing angle and fluorescence detection techniques to increase the sensitivity.
The near edge absorption characteristics were compared with standard compounds measured
in a conventional transmission geometry. Following all treatments in the K,Cr(CNX solution
(where the Cr was in the 3- rather than the 6-valent state of eliminate solutions), the shapes
of the near edge spectra w r e all similar to Cr(OH), standards. No edge contribution of the
distinct white line of the cyano-complex could be discerned indicating there was no
significant adsorption of the complex and it had broken down when incorporated into the
oxide. The was also no 6-valent Cr pre-edge peak, demonstrating that the potential at the
surface of the oxide was insufficiently high to form eliminates. Treatments in permanganate
and vanndate solutions gave only 4-vaIcnt Mn and 5-valent V. Molybdenum did show
differences. Cathodic treatment in the moly'odate solutions produced 4-valent Mo.
Subsequent anodic oxidation in boratc led to only partial oxidation of the Mo, whereas
oxidation of a fresh sample only in the molybdate, solution gave predominantly 6-valent Mo.
The change in valency of the elements based on the thermodynamie data and equilibria in
aqueous solutions, did not lead to clearly defined electrochemical potentials. Calculations
based free energies of formation of the oxides (neglecting any heats of solution within the
aluminum oxide) gave more defined limits of chemical potentials within the oxide.

This work was performed under the auspices of the U.S. Department of Energy, Division
of Materials Sciences, Office of Basic Energy Sciences under Contract No. DE-AC02-
76CMO0OI6.

X-11A
XAFS Studies of Metal-Contaminated Soils

Michael J. Kelley (Du Pont), Geraldine H. Lamble (BNL)

Metals (Pb, Cr, As, Hg) exceed action levels at many
Superfund, industrial and governmental sites. A key issue is
learning what species are present in real soils, with minimal
risk of corrupting the result by the analytical method employed.
Fluorescence XAFS proves effective to levels below which the
surface-adsorbed species are expected to predominate over
precipitates, e.g., about 2000 wt. ppm for Pb.

The goal of the first phase of work is to establish what are
the major patterns in whole soils so as to know what aspects
to study in depth with well-defined laboratory-prepared
materials. Tentative findings include:

o Sulfur dominates Pb speciation when present in sufficient
concentration: sulfide under anaerobic conditions, basic
sulfate under aerobic conditions.

o Below about 1500 wt.ppm, the Pb species do not correspond
to any of the bulk phases, suggesting the expected surface
phase.

o At higher Pb levels, when the structures can be associated
with a single bulk compound rather than a mixture, the
particle sizes inferred from coordination numbers are
less than a few nanometers, consistent with the failure of
x-ray diffraction to detect them.

Responses to remediation treatments are also visible.



X11A, X15A
EXAFS Study of Transition-Metal Impurities in Amorphous Si

M. A. Marcus, D. Jacobson (ATT Bell Labs, Murray Hill), S. Coffa (U. of Catania,
Italy), A. Polman (FOM Institute, Netherlands), G. M. Lamble (NSLS, BtML)

We have studied the siting of Co, Ni, Cu, Au, and Pt impurities in amorphous Si by
EXAFS. The impurities were incorporated by ion implantation into crystalline Si, which
also caused amorphization of the Si. The concentration profiles were flat-topped,
peaking at O.I and l.O atomic percent (a/o). Samples were examined in the as-prepared
state and after annealing at 550°C for 1 hour.

The environment of the impurity has little relation to that for the metals in the
corresponding silicide. For instance, Pt and Au have different equilibrium silicide
phases, but their surroundings in a-Si are the same: 5-6 Si at 2.43-2.45A (unannealed,
0.1 and 1.0 a/o). This coordination is unlike that in any crystalline (Pt.Au) compound,
thus suggesting a distinct (Pt.Au) site with no crystalline analog.

Annealing of the Pt, Au. and 0.1 a/o Cu samples makes little or no difference to the
structure. However, even O.la/o Ni and Co samples show precipitation of disordered
silicides, as shown by the appearance of higher-
neighbor peaks (see Fig. 1.).

The unannealed Co and Ni samples had 5.5-7 Si
neighbors at 2.33A (Ni) and 2.31 A (Co). In the
crystalline (Co,Ni)Si2 compounds, the metal has
8 Si neighbors at 2.34A (Ni) and 2.3lA (Co).
We thus speculate that the Si atoms form a cube
around the metal atom as in the crystalline
compounds.

The data for Cu can be fit with 3-5 Si at 2.40A,
with a weak Si shell at 2.65A.

We see that the siting of TM impurities in a-3i
shows trends not obviously related to the
equilibrium phases.

We acknowledge tramline support from the DOE Office
of Basic Research, coniracis DE-AC0;-?6CH000l6 and
DE-FG03-89ER45384.

——Crystalline NiSi2
Annealed
Unannealed

Figure 1. FT magnitudes for O.la/o
Ni in Si, before and after annealing
(i'-multiplied).

XI1A
TRHPERATURE DEPENDENT EXAFS OP PdCx (x-0.13) AMD Pd POWDERS

James A, McCaulley (Hoechst Celanese)

Pd K-edge EXAFS measurements vere performed on Pd carbide, PdC (vlth

x~0.13), and metallic Pd powders at temperatures between 40 and 423 K. The

measured lattice expansion of the interstitial carbide phase, 2.7+0.1%,

agrees with x-ray and neutron diffraction results. The temperature
n

dependence of the mean-squared relative displacement (o ) of the Pd-Pd

nearest neighbor yields a Debye temperature, €L=295 R for Pd powder with a

stat ic disorder contribution, relative to bulk Pd, of 0.0011 A . The Debye

temperature of PdCQ 1 3 powder is also 295 K with an additional static

disorder contribution, relative to Pd powder, of 0.0012 A . This static

disorder is likely the result of local distortion of the Pd lattice by

interst i t ial C atoms. Tile Pd-C coordination is not directly observed in a

Fourier transform of X(k). The location of C in octahedral interstices is,

however, revealed by a multiple scattering-induced decrease of the

amplitude of the second Pd-Pd coordination shell peak in a Fourier
transform of the PdC EXAFS.

200 300

T(K)
400 500

Figure 1. Mean-squared relative displacement as a function of temperature.
Solid lines are calculated with the correlated Debye model using &..295K
with an added static disorder of 0.0011 and 0.0023 A"1 for Pd and M C Q J J .

Supported by the U. S. Dept. of Energy under Contract OE-FG05-89ER45384.



An Improved Background Removal Method for XAFS

M. Newville, 1>. Ltvjiis , Y. Yacoby, ) . J. llehr, and E. A. Stern

Department of Physics FM-15, University of Washington. Seattle, \VA 98195.

"Racach Institute of Physics, Hebrew University, Jerusalem, Israel

A new technique for separating the background. /io. from the XAFS, \ , has been developed1,

and is an improvement over standard background removal methods, especially in the near-edge

region. The technique chooses the spline which optimizes the low-/?components of the resulting

\(R) to go through the absorption data. By using only the low-/? components of the absorption,

the XAFS. which has no significant signal below some R value, will not be affected hy this

background removal. We use pure Pb as a test case because it is a system for which the background

has been determined hy an independent tor.hnioue ivhicli uses th'j temperature dependence of the

full absorption spectrum3. As seen in figure 1, the /io extracted by the presented method is nearly

identical to the measured background starting at an energy in the absorption edge, where the

background is at only 70% of the edge step. The reliability of the background from the new

method .it low-A- values allows more information from the XAFS spectra to be used. W!IKK. is

especially important in highly disordered systems, and provides an opportunity for sensitive tests

of theoretical calculations in the near-edge region.

This work has been supported by D.O.K. grant #DE-r"G0r>-°l)EIMM25.

1. M. Newville, l\ l.ivins. Y. Yacoby, J. J. Hchr. and K. A. Stern, submitted to Phya. Rev. l>

2. K. A Stern. P. l.ivins. and Z. Zhang, Phys. Rev. H, 43, 8S50 (19D1)

X11A

Figure I Measured I,in absorption spectrum for pure I'll at SOUK, relative to /;>• Shown are
I he measured full absorption (dashes), the background measured hy the temperature dependence
of XAFS (solid), and the background as found by the presented method (dots). The inset shows
the \[lt) resulting from the measured background (solid) and the background of the presented
method (dots) The Fourier transforms were done on il*2\(Jt), between k — 0 5 and 7.2 A"1

L, to Lj-Intensity Ratios In Soft X-ray Valence-Band Emission Spectra of 3d
Transition Metals X-IIA

Douglas M. Pease

Department of Physics and Institute of Materials Science, The University of
Connecticut

Leapman and Grunes have previously measured the "white line" Lj to Lj intensttv
ratio equivalent to X-ray absorption in 3d transition metals (1) (TMs). Pronounced
deviations from the "statistical" weighting of 2:1 is found, which is correlated with the
presence of magnetic moments in the TMs (2). The valence band soft x-ray emission
(SXS) L<, to L, ratio, analogous to the observed white line absorption ratio, has
previously been masked by a very large L, to i^ enhancement due to Coster-Kronlg
transitions. In the present study, the Coster-Kronlg effects are corrected for. pnd a ratio
R|.; deduced from the data, which is the emission analog to the white lirte ratio in
absorption. The ratio R̂  is given by /

where T^ and r^f are the contribution to the total width of the La and Lt core holes of
x-ray emission events associated with 2pw - 3dand2p,/2 - 3d transitions. The values
of R,.; obtained do not show evidence for a dependence on magnetic moment as observed
in the corresponding absorption ratios (3). The R̂  values agree with "empty band"
absorption calculations of Zaanan et al. for light TMs (4), but approach the statistical
2:1 value as the 3d band becomes filled for copper.

RE values, compared to an "empty
band" calculation of absorption
ratios.

R A Empty bond c

(1) R. D. Leapman and L. A. Grunes, Phys. Rev. Lett. 45. 397/(1980).
(2) B. T. Thole and G. van der Laan. Phys. Rev. B38, 3158 (1J988).
(3) D. M. Pease, Phys. Rev. B. 1992 (in press).
(4) J . Zaanen. G. A. Sawatsky, J . Fink. W. Speler, and J . C. Sfugglc. Phys. Rev. B32,

4905 (19851.

This work lssupported by the U.S. Department olEncrgyundercontnlctsDE-ASO5-8O-ERlO7J2
and DE-FG02-90-ER45424.



NaY Zeolite-Supported Re-Pt Catalysts Prepared from Organometallic x " ' ' A

Precursors: Evidence of the Re-Pt Interaction from Infrared and X-Ray
Absorption Spectroscopics

S. K. Purnell, J.-R. Chang, and B. C. Gates
Center for Catalytic Science and Technology, Department of Chemical
Engineering, University of Delaware, Newark, DE 19716

Model zeolite Y-supported Rc-Pt catalysts were prepared from zeolite-supported Pt that
was prepared from platinum carbonyl clusters. [HRe(CO)s] was added to this zeolite, and the
sample was treated in H2 at different temperatures. The samples were characterized by
infrared and X-ray absorption spectroscopies. Re-Pt interactions were significant, as indicated
by (1) infrared and EXAFS spectra identified with Re subcarbonyls interacting with Pt clusters
following treatment of the sample in H2 at 185 °C and (2) development of a cluster
morphology with Re surrounding Pt clusters in the supercages and present in the Pt-zeolite
interface. EXAFS (tables) data show that the first-shell Pt-Pt coordination number
characterizing the sample treated in H2 for 0.5 h at 285 °C was 8.2 when the sample contained
no Re and was 5.1 when Re was present. Re significantly inhibits Pt cluster agglomeration
during the treatment in H2-

Table 1. EXAFS Results Characterizing the Supported Pt Species Formed
after Re-Containing Sample had been Treated at 185 °C in H2 for 0.5 \\a'b

Shell R,k Aa2, A2 A£p, eV EXAFS reference
Pt-Pt

Pi-Re

4.7

0.8
1.0

2.79

2.18
2.68

O.O039

0.0085
0.0015

-5.17

-8.80
9.57

Pt-Pt

Pt-0
Pt-Re

"Notation: N, coordination number for absorber-backscatterer pair; R, radial distance; Aa2,
Debye-Waller factor, difference with reference compound; A£b, inner potential (correction on
the edge position). ^Estimated precision: N, ±20% (Pt-OSUnnori. ±30%); R, ±2%; Ac2, ±30%;
A£o,±lO%.

Table 2. EXAFS Results Characterizing the Supported Re Species Formed
after Re-Containing Sample had been Treated at 185 °C in H-> for 0.5 ha

Shell N y?,A A£Q. eV EXAFS reference
Re-Ft

Re-Os
Re-Carbonyl

Re-C
Rc-CO*

2.1

2.1

1.9
0.7

2.67

2.12

1.86
3.09

0.0034

0.0050

0.0020
0.0040

^ 3 7

-6.00

-1.00
0.88

Re-Pt

Re-0

Os-C
Os-CO*

"Estimated precision: N, ±20% (Re-Osuppori, ±30%); R, ±2% ; Aa2, ±30%; A£n. ±10%; O* is
carbonyl oxygen.
Supported by the Department of Energy, Office of Energy Research, Office of Basic Energy
Sciences (contract no. FG02-87ER13790) and Beamline X-l 1A at the NSLS.

X11A
PbTiO3 IS NOT A CLASSIC CASE OF A DISPLACIVE
FERROELECTRIC PHASE TRANSITION

Bruce Ravel, E.A. Stern, Y.Yacoby', Fatih Dogen"

Dept. of Physics. University of Washington. Seattle. WA 98195 USA
'Racah Institute of Physics, Hebrew University of Jerusalem. Israel
"Dept. of Material Science and Engineering, University of Washington, Seattle WA 98195
USA

Recent titanium K edge XAFS results show that the ferroelectric to paraelectric phase tran-

sition at the Curie Temperature (Tc), 760K. in lead titanatc is an order-disorder transition.

This contradicts the classic displacive model used to describe this transition. The tetragonal

distortion of the perovskite unit cell introduces distinctive structure into the near-edge. This

structure shows a weak, monotonically decreasing temperature dependence in the range 10K

to 9G0K. and remains in the near-edge even above Tr where the displacive model would pre-

dict it to vanish. The Ti EXAFS also indicates that the tetragonal distortion measured by

crystallographic techniques below ™. changes smoothly as the material is heated above 7"c.

This continuous variation in the local structure about the titanium atom across Tc shows

that the ferroelectric transition is order-disorder and not the classic displacive model.

Research supported by DOE grant DE-FG06-90ER-15425
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EXAFS Spectroelectrochenistry
XI1A

R. Rigney, Y. Deng, W. Heineman, R.C. Elder (Department of Chemistry, U. of
Cincinnati)

The X-ray spectrum of iron has been studied on vapor-deposited gold/
mylar electrodes coated with polymeric films of Ruthenium-purple (RP),
Fe»[Ru(CN)s]3- Under potential control, th i s polymer exhibits an
interesting electrochromic behavior:

Feiti t[Ru(CN)t h + 4 M» + U e- <——> M» Pen, [RU(CN)<. b .
(Purple) {Colorless)

where M* = K*, Na», NVU*. e t c . . . Figure 1 displays a cyclic voltammogram of
an electrode modified with RP. At an oxidizing potential (0.6 Volt versus a
Ag/'AgCl reference electrode), the RP film appears purple! however, a t a
reducing potential (-0.1 Volt vs. Ag/AgCl), the film bleaches translucent.

The electrode was held at a constant potential to maintain the desired
oxidation state of the RP film in the X-ray beam. Figure 2 displays the
iron XANES spectra of the RP film at 0.6 Volt vs. .Ag/AgCl and at -0.1 Volts
vs. Ag/AgCl. A 4 eV shift accompanies the switch o£ potent ials .
Subsequent analysis of the ruthenium X-ray spectra at CHESS exhibited no
apparent differences in the XANES. This effect indicates iron as the
electroactive couple involved in the color change. I t is also worthwhile to
note that the ruthenium peak in the Fourier transform of the iron P.XAFS
region can be seen around 5 A due to the l ineari ty of the Fe-N=C-Ru array.
Likewise, analysis of the ruthenium EXAFS region shows an iron peak in the
Fourier transform around 5 A at 0.6 Volt vs. Ag/AgCl; however, the iron peak
has not been resolved in the ruthenium EXAFS of (.he Fourier transform at
-0.1 Volt vs. Ag/AgCl.

Po ten t i a l , E
( m i l l i v o l t s vs . Ag/AgCl)

Pigure 1. A cyclic vo1tammogram of
in e lec t rode with RP, scan r a t e
is 25 mV/s, in 1 molar KC1.

7.10 7.16
keV

Figure 2. Iron XANES spectra of RP
at 0.6 Volt vs. Ag/AgCl (solid

line) and at -0.1 Volt vs.
Ag/AgCl (dashed line).

Research funded by ths Air Porce (APOSR 88-0089).

Unusual Copper Environment in Y B»2 C113 O7-5
Superconductors as Found by XAFS

Edward A. Stem, M. Qjan, Y. Yacoby*, S. M. Heald" H. Maeda"*
Physics Dept., FM-1S. University of Washington, Seanle.WA 98195.
'Racach Inst. of Physics. Hebrew University, Jerusalem. Israel.
**DopL of Applied Science, Bldg. 480, Brookhaven National Laboratory, Upton, NY 11973.
""Chemistry Dcpu Okayama University, Okayama. Japan.

Careful X-ray absorption fine structure (XAFS) measurements on
oriented powders of Y Ba2 Cu3 O7.S were made as a function of
temperature and for 5-0,0.35,0.82. In agreement with other
measurements, we find the Cu)l)=O(4) apical oxygen bond
distribution is anomalous and is fitted as a double well distribution
with a splitting of about O.lA. The occupancy of the two wells is
found to be equal within uncertainties for the three values of s
investigated. An unphysicai negative mean squared vibrarional
amplitude a* within the walls is found which partially is caused by
thickness effect distortion and the remaining possibly by inaccuracy
of XAFS theory. Near Tc the splitting decreases with a concomitant
increase of o2. This change near Tc is larger for the higher Tc value.
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Support for research by DOE cram ODE-PG06-90ER45425 and DOE contract »DE-AC02-
76CHOOO16.

S.D. Conradson. et al.: Science 248 (1990) 1394J. Mustre de Uon, el al.: Phys. Rev. lilt
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X11A
EXAFS STUDIES OF SPONTANEOUS ORDERING IN Ga^In^P THIN FILMS
DEPOSITED ON GaAs
A. E. Tabor-Morris, K. M. Kemner, B. A. Bunker,
Physics Dept., U. of Noire Dame

Certain thin-film alloys deposited using epitaxial growth techniques have shown
spontaneous long-range ordering and band-gap reduction under particular growth conditions.
One film is Ga^In^P grown by MOCVD on single-crystal GaAs aligned 2° from the (100) axis
to achieve lattice match. The short-range ordering in these samples is explored by EXAFS
obtained using a liquid nitrogen cooled total-electron-yield detector to minimize thermal
Debye-Waller factor effects and maximize the contribution of higher order atomic shells in the
crystal structure.

Gallium nearest neighbor and second nearest neighbor contributions reveal that in an
ordered sample there is a notable difference in the second shell at two perpendicular orientations
of the sample. The two orientations highlight atoms in the plane of growth indicating that atoms
of different species and distances are probably present along the two directions. The first shell
around Gallium, which contains only the Group III atom Phosphorus, shows a subtle distance
shift of about 0.04 A between the two orientations, indicating the presence of two different
distances of the Phosphorus atoms from the central Gallium atom. These results support the
TEM evidence of (lll)B Superlattice ordering and verify theoretical predictions of distance
shifts in the first shell due to this ordering.

A sample thought to be disordered by a Zn flux during growth displays no first shell
distance shift and identical peaks (within statistical error) for the second shell in the Four»r
transform in scans taken in the plane of growth at two perpendicular orientations. However, the
sample may not have a disordered alloy overlayer since the configuration resembles one
orientation of the ordered sample, indicating that the second nearest neighbors of Gallium may
be ordering in a chalcopyrite-like structure in the plane of the growth.

Figure 1: Total Electron Yield Dala
Fourier Transform Magnitudes, k3 weighted.

Solid Line: Sample oriented along (1,-1,0) axis,
Dashed Line: Sample rotated 90 degrees with respect
to the x-ray beam, polarization along (1,1,0),

Main Plot: Ordered sample (G130),
Inset: Zn-diffused Sample (OK-680)

RtJialDutiiliulion(A)

Supported by the Office of Naval Research (ONR) under contract N0O014-89-J-1108.
Samples provided by K. Bertness, National Renewable Energy Laboratory, Golden, CO.
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X1IA
EXAFS STUDIES OF TITANIUM DIOXIDE
A. E. Tabor-Morris, A. J. Kropf, B. A. Bunker
Physics Dept., U. of Notre Dame
K. Gray
Civil Engr. Dept., U. of Notre Dame

Powder TiO2 is being investigated for use as a water-purifying agent. The
photo-stimulated catalyst adsorbs n-butyl in solution. The mechanism for adsorption is
electronically activated by the formation of an exciton at the surface of the crystal. We are
investigating whether the rate and yield of adsorption is limited by the surface area available or
the structural state at the surface of the powder.

The anatase crystal structure, the more chemically active powder form of TiO2, is actually
a metastable structure. It degrades to the rutile crystal structure after heat-induced reduction,
which is notably less active as a catalyst. XANES of TiO2 displays different near-edge structure
for the pure rutile and pure anatase states and EXAFS information shows different Titanium
second nearest neighbor contributions, as expected.

Interestingly, one of the most chemically active TiO2 catalysts is a commercial powder
that contains anatase with rutile contamination, as revealed by x-ray diffraction results.
According to these results, the particle size of the TiO2 is on the same order of magnitude as
other forms. We are investigating whether the second nearest neighbor disparity is due to the
mixing of states or a change in the character of the nearest neighbors that would contribute to
the activity of this powder (Figure 1). The XAFS data is taken in transmission mode with the
samples cooled in a liquid nitrogen dewar. Other powder catalysts are also being studied.

0.6 •

0-0

- • • • Anatase

Itutile
~ " » Mixed state

2 4 6 8
Radial Distribution (A)

Figure 1:TiO2 Data: Fourier Transform Magnitudes
Supported by the Office of Naval Research (ONR) under contract NOO014-89-J-1108.



X11A
EXAFS STUDY OF THE ROLE OF THE PROTEIN COAT IN FERRITIN IRON CORE FORMATION
G.S. Waldo, A.M. Edwards, E. Wright, D.E. Sayers, and E.C. Theil
Departments of Physics and Biochemistry, North Carolina State University, Raleigh, NC 27695

Ferritin is a family of highly conserved, multisubunit proteins expressed cell-specifically, which
stores and detoxifies iron for imponant cellular processes. The ferritin molecule is a spherical
protein shell which surrounds a core of Fe atoms as Fe2O3.(H2O)n. At low iron loadings (ca. 10
Fe/molecule) 8-12 iron binding sites/molecule have been indicated by EXAFS (extended x-ray
absorption fine structure) spectroscopy; this iron-protein interaction is characterized by a shell of
scattereis at ca. 2.7 A, suggesting carboxylate ligation. At high iron loadings (>450 Fe/ferritin)
this Fe-protein interaction is replaced by Fe-Fe scattering in the bulk phase at ca. 3.05 A. To
determine where the essential carboxylate ligands are located, an amphibian red-cell specific
ferritin L-type subunit was cloned and expressed in E. coli. A quadruple Glu—»Ala mutation was
introduced at sites conserved in all ferritins — thus replacing the metal-binding R-COO" functional
groups with inert R-CH3. We examined the EXAFS of these ferritins with both intermediate and
high Fe/protein loadings to better understand the role of the protein coat in Fe core formation.

The Fourier transforms of the k^-weighted
EXAFS of the various ferritins are shown in
the figure. The quadruple Glu->Ala mutant
with 48 Fe/protein shares features with the
fully mineralized native horse spleen ferritin
(top pair). The wildtype bullfrog red ceil
ferritin with 48 Fe/protein resembles the
reconstituted horse spleen ferritin with 100
Fe/protein (lower pair). The FT data from 3.0
to 4.3 A comprise a fingerprint region for
distinguishing the two pairs of samples.

Low iron loadings (48 - 100 Fe/protein)
lead to Fe cores with similar structure in both
wildtype bullfrog and horse spleen ferritins,
with ca. 4 Fe scatterers at 3.07 A. High iron
loadings (2000 Fe/protein) lead to Fe cores
with an apparent increase in Fe-Fe scattering at
3.07 A. This "fully mineralized form" is
distinct from that which results from low iron
loadings, especially in the "fingerprint region"
— the 4.0 A scattering seen for low iron
loadings is replaced by scattering at 3.5 and
4.3 A. The average environment of Fe in the
quadruple Glu->Ala mutant with only 48
Fe/protein closely resembles that of fully
mineralized horse spleen ferritin (ca. 2000
Fe/protein), with ca. 5 Fe scatterers at 3.07 A.
Taken together, these results suggest that the

Glu residues (-COOH) which were replaced by
Ala (-CH3) influence the core structure by
providing multiple nucleation sites during core
development in L-type subunit ferritins.
Reducing the number of nucleation sites would
result in fewer, larger domains. Alternatively,
ihe Glu residues could serve to direct the
development of specific phases of

HSF 2000

Wildlype 48 Fe/prol.
N—V-N—-~->^^-

HSF 100 Fe/prol.

This work supported in pan by NIH DK20253.
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XAFS Research on Myoglobin Shows pH
Dependence Affects Crystal Structure

YanJun Zhang, E.A. Stern

Dept. of Physics. University of Washington, Seattle, WA 98195 USA

X-ray diffraction provides protein's three-dimensional structure information to under-
stand protein functions. However, there is always a question if the protein structure is the
same in solution as in the crystal. It is also interesting to see how the protein structure
depends on the pH value. Here we measured XAFS of metmyoglobin at pH6,2 and pH8.5 in
both crystal and solution as a function 01 temperature from 10K to room temperature. Such
samples had cryoprotectant added. Samples measured only at room temperature did not
rontain cryoprotectant. Comparision between the samples with and without cryoprotectant
m room temperature showed the cryoprotectant had no effect on the protein structure.

Our results showed that the protein structure does depend on pH value. We found that
the average first shell distance from the center atom Fe is about 0.04A longer in the protein
it pH6.2 than 111 the protein at pH8.5. At pH6.2. the met-myoglobin local structure around
Fe ion in crystal is the same as in solution, but there is a decrease in first neighbor distance
of 0.015A for the crystal at pH8.5. On the other hand, deoxymyoglobin's structure does
not show pH dependence. We find normal temperature dependence of the first neighbor
environment metmyoglobin in both crystal form and solution form.

Research supported by D.O.E. grant #DE-FG06-90ER45425.
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Beamline X12-B

Small Angle X-Ray Scattering of 90 bp DNA Fragments and Sulfonated
Polystyrene in Agarose Gel

Malcolm Capel1, Jean Rousseau2 and Benjamin Chu2

(1. Biology Department, Brookhaven National Laboratory; 2. Chemistry Department,
SUNY at Stony Brook)

We are attempting to observe transient orientation effects of DNA fragments and
sulfonated polystyrene undergoing electrophoresis in agarose gels by using small angle
X-ray scattering (SAXS). We will then compare the measured structure factors with
different gel electrophoresis models for polyelectrolytes. Strong scattering from the gel
matrix makes the observation of DNA and sulfonated polystyrene structures difficult and
necessitates the use of synchrotron radiation.

We confirmed that it is possible to obtain SAXS patterns of an electrophoresed
particle of a charged molecule such as myoglobin (see Fig. 1.) in a 1.5% low-melt
agarose gel. The measured radius of gyration of myoglobin is 1.78 nm, and corresponds
closely to the expected value of 1.70 nm. The migration of myoglobin through the gel
could be followed by SAXS.

This preliminary study also showed that even a short time exposure of the x-ray
beam upon the gel is sufficient to induce damages. The "deep" observed at low q range
in Fig. 1 is related to damages to the gel fibers. Further measurements are being made
to determine to which extent the gel are damaged, and evaluate if the decrease in
intensity related to these damages stabilizes after a given period. Different gels are also
tested to evaluate if better system are available.

Figure 1. Excess scattering
intensity (arbitrary units) ol 1.5%
agarose gel containing
myoglobin (10 mg/ml) as a
lunction of the scattering vector
q (nm''). The radius of gyration
of myoglobin was determined
using a Guiniei plot and has a
value ol 1.78 nm.

Conformmional Changes in GroEL Upon Ugand Binding. X12B

John Flanagan. Mikio Kataoka, Malcom Cape].
Dept. Mol. Biophys. and Biochem., YalB U.. New Haven CT, Dept. Biot. Faculty of Set. Osaka Univ. Osaka Japan, and Biology Dept.
BiooMiaven National Laboratory.

GroEL is the HSP60 class chaperonin in E. coli. The functional molecule is composed of 14 identical 55 kDa subunits. GroEL
facilitates the correct folding of nascent polypeptides in vivo. Electron micrographs of GroEL show it to be a hollow cylinder
composed of two stacked toroidal rings each ring having seven-fold symmetry. In addition, side views of the particle
suggest that each monomer adopts a dumbbell-like structure. GroEL is know to form complexes with a large number of ligands
including ATP, ADP, groES (a single toroid composed of seven 10.5 kDa subunits). and unfolded polypeptide. Binding of these
ligands are thought to produce conformational changes in groEL which may bB important in the folding process.

We have examined the small angle X-ray scattering curve of groEL both in the presence and absence of ATP, ADP, groES. and
unfolded poiypeptide (we have used WT (137.149) S. nuclease a denatured polypeptide). The radius of gyration of groEL in the
absence of any additional ligands was 71 i0 .2v Surprisingly, we observed little or no change in the Rg of groEL upon addition of
ATP. ADP. groES, unfolded polypeptide or with various combinations of these ligands. The absence o! changes in fig suggest that
either the binding ot these ligands does not alter the conformation of groEL or, tlio conformational changes are relatively symmetric
about the center of mass.

Examination of the scattering curve of groEL collected to higher angles shows the presence of several subsidiary maxima at 92,
49 and 38 '. These features are due, in part, to the cylindrical nature of the particle as well as the arrangement of individual subunits
in the molecule. Addition of groES and, to a lesser extent, the unfolded polypeptidB to groEL alters the position and shape of these
maxima and minima in the scattering curve. These results support the idea that the conformation of grcEL is altered by the binding
ol these ligands. Binding ot groES by groEL was observed only in the presence of either ATP or ADP and the stoichiometry of the
complex was one groEL 14 mer per groES 7 mer. In contrast the changes in the scattering curvs of groEL upon binding of the
unfolded polypeptide were occured in the presence and absence of nucleotide, the stoichiometry of this complex was approximately
1-1.5 moles of unfolded polypeptide per mole of groEL 14 mer. ThB scattering curve of a 1:1:1 complex of
groEL:groES:untoldod polypeptide was significantly different from that observed for the groEL/ES or groEL/unfoldod poiypeptide
alone complexes.

We are currently attempting to model the scattering curve of groEL, groEL/ES groEL/unfolded polypeptide and
groEL/ES/unfolded polypeptide complexes to help in understanding the conformations accessible to groEL.

I .—̂__
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REAL-TIME MONITORING OF POLYURETHANE MICROPHASE SEPARATION BY SAXS

M.D. Hcancy, W.R. Willkomm, IV. McCIusky, and RE. O'Neill ^ )ow U.S.A.), and M. Capel (NSLS)

PolyurcthanD slabstock foams are made from toluene diisocyanatc (™D1), water, and glycerine based
cthylcnc oxidc/propylenc oxide hctcrofced polyol. Real-time small angle X-ray scattering (SAXS)
experiments were run on foam reactions with 2, 4, 5, and 6 parts per liundrcd parts (pphp) of water in the
formulation. Static SAXS scans of slabstock foams have indicated microstnictural features, but cannot
give information about the microstructurc formation. In all cases a low angle upturn was seen in the first
observed SAXS patterns of the foam mixture (approximately 45 s after reaction initiation). This upturn
indicates an initial random particle-like structure rather than a well ordered lamella-like structure.
Figure 1 shows SAXS scans versus time for the slabslock foam made with 4 pphp water. These scans
show no distinct maximum, but rather a shoulder in the reciprocal space vector (h = (4n/X) sin8) range of
0.4-1.0 nm"1 beginning approximately 100 seconds after reaction initiation. The foam with 2 pphp water
had a less intense shoulder than the foam with 4 pphp water. The shoulder intensity increased with
increasing water content. Also, the onset of the shoulder formation occurred sooner with higher water
content. Time resolved Fourier transform infrared (FT1R) experiments on reacting foams correlated the
shoulder intensity increase with the formation of bidentate urea (hence the hard domain structure).
Estimates of domain spacing from the one-dimensional correlation function y(x) showed no distinct
spacing for the foam with 2 pphp water, whereas a trend of increasing domain spacing with water content
was observed with the other samples. Evaluating the radial correlation function y(r) and related first
distance distribution function f(r) = ry(r) from the SAXS scans revealed additional information about the
hard domain formation. Figure 2 shows fir) function plots for the 2 pphp water slabstock foam at selected
time intervals. Tnc plots at 66 s and 102 s have the appearance of simulated f(r) plots for oblate (disk-
shaped) ellipsoid regions. Based on this simplified model, the f(r) plot shape change implies further
flattening of the ellipsoid shape between 102 s and 138 s, the same time period that bidentate urea is
formed. Further microstructural ordering or rearrangement occurs from 138 s on to the end of the run.
Similar ftr) plots were observed for slabstock foams with higher water content, but with definite
intcrparticlc interference due to increased hard domain formation.

fir) I

X12B
REAL-TIME SAXS STUDIES OF POLY(BUTYLENE TEREPHTHALATEy
POLYARYLATE BLENDS

Peter Pengtao Huo (MIT), Peggy Cebe (MIT), and Malcolm Capel (NSLS)

Blends of poly(butylene terephthalate) with polyarylate, PBT/PAr, have been shown
to be miscible at all compositions in the melt or in the amorphous state. Here, we report our
real time synchrotron small angle x-ray scattering study of PBT/PAr blends. Real time small
angle x-ray scattering (SAXS) experiments were performed on both amorphous PBT and
blends. The sample to detector distance is about 120 cm, the x-ray wavelength was 1.28 A.
The SAXS data were taken in real time as the temperature is increased from 35°C to 235°C at
10°O'minute. Each SAXS scan is collected for 30 seconds. Circular integration was used to
increase the signal/noise ratio. SAXS intensity has been corrected by subtracting the
intensity from the background and from thermal density fluctuations, the latter of which can
be obtained from the Is* vs. s'* plot. The long period is obtained by one dimensional
electron density correlation function analysis.

Figure la shows the long period (open circles) and lamellar thickness (solid circles)
as a function of measurement temperature. Both long period and lamellar thickness increase
as temperature increases. From 68°C to 218°C, long period increases from 60A to 2OoA,
while lamellar thickness increases from 10A to 50A. The increase in long period and
lamellar thickness can be viewed in the following way. For amorphous PBT, as temperature
increases above 50°C, crystallization takes place. Because of the dense nucleation and rapid
crystal growth at low temperature, the crystals can be reorganized to form larger size and
•nore perfect crystals as temperature increases. Therefore, both long period and lamellar
thickness increase as a consequence of increasing temperature. This can also be seen from
Figure lb, which is a plot of the crystallinity as a function of temperature. As seen from
Figure lb, the volume degree of crystallinity is 0.21 at a temperature of 68°C, and then
increases up to 0.27 at 203-208°C. The crystal partial melting is evidenced by the sudden
drop of crystallinity from 0.27 to 0.21 between 200°C and 218°C. All crystals will
eventually be melted as the temperature was raised to 230°C or above.

Figure 1. SAXS scans versus time for slabstock Figure 2. The f(r) function plots for selected time
foam with 4 pphp water. slices on slabstock foam with 2 pphp water.

Research supported by U.S. Army Contract DAALO3-91-G-O132.



X12B

REAL-TIME X-RAY STUDIES OF POLY(BUTYLENE TEREPHTHALATEV
POLYARYLATE BLENDS

Peter Pengtao Huo (MIT), Peggy Cebe (MIT), and Malcolm Capel (NSLS)

Poly(butylene terephthalate), PBT, is one member of the family of polyesters used for
such engineering applications as the matrix polymer in glass fiber reinforced composites. In
this work we consider the temperature dependence of the structure of semicrystalline PBT
homopolymer. We use the high intensity source of x-radiation to perform real time x-ray
scattering at elevated temperatures. One purpose is to demonstrate that WAXS and SAXS
can be used as in-situ methods ;o determine the thermal expansion characteristics of PBT
during processing. Here, WAXS is used to examine the crystal lattice thermal expansion
coefficient. SAXS is used to characterize the thermal expansion of the bulk sample from
changes in the long spacing. From the one dimensional electron density correlation function
analysis, we obtain the temperature dependent long spacing, lamellar thickness, and degree
of crystallinity, all of which increase as the temperature increases. We find that the bulk
linear thermal expansion coefficient ofPBT is 5.0xl(H "C1.

The lattice parameter at elevated temperature, p(T) can be related to its value, pg at 0°C,
according to the following relationship:

p(T)=po(I+a*T) (I)
where a is the linear thermal expansion coefficient, and T is the temperature in °C. We find
the following relationship for the three unit cell axes, a, b, c (in Angstroms), and angles,
a,P,y (in degrees):

a-4.80 (1+2.03 x I0"4T)
b = 5.98 (1 + 1.22 x 10"4T)
c= ll.55(l+2.13xlO-4T)

(2a)

(2b)

(2c)

a

P
Y

= 100.26(1+3.96 x 10-5 T) (2d)

= 114.82 (1+8.13 x 10-5T) (2e)

111.43 (1-3.92 x 10-5 T) (2f)

We observed increases in a, b, c as a consequence of increasing temperature. The
thermal expansion coefficients are 2.03 xIO"4 °C<, 1.22 xlO"4 ° C ' and 2.13 xl(H °C> fora,
b, and c-axes, respectively. The volume of the PBT unit cell, Vc , can be calculated from the
six lattice parameters. Again, a linear relation can be found in the following way:

Vc = 258.0 (1+4.36 xlO"4T) (3)

The unexpectedly large thermal expansion coefficient of the c-axis is related to the unusually
small clastic modulus in c-axis direction, which originates from the main chain conformation.

Research supported by U.S. Army Contracl DAALO3-9I-G-OI32.
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SHAPES OF HUMAN TISSUE FACTOR, FACTOR Vila, & THEIR COMPLEX

J.B.A. Ross, E. Waxman, W.R. Laws, Y. Nemcrson (Mt. Sinai Schl. Med.)

X-Ray scattering is being used to evaluate the asymmetry and conformational dynamics of
human blood clotting enzyme Vila (Vila) and the complex it forms with a soluble truncation
mutant of human tissue factor (sTF) which acts as an essential cofactor for Vila.
Sedimentation velocity experiments showed that sTF, Vila and the sTF:VIIa complex are
highly asymmetric. In each case, the friction ratio, (l!Sp),nc, is consistent with a family of
general ellipsoids ranging from prolate to oblate. Fluorescence anisotropy decay experiments
were used to limit the family of ellipsoids which can describe the hydrodynamic behavior of
Vila and sTF:VIIa. For both Vila and the sTF:VIIa complex, the oblate ellipsoid of
revolution was eliminated. Fluorescence anisotropy decay measurements on sTF arc in
progress. X-Ray scattering is being used in conjunction with the ultraccntrifuge and
fluorescence anisotropy decay measurements to set further limits on the family of ellipsoids.

This work is supported by National Institutes of Health grants HL-29019 and GM-39750.
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EFFECTS OF PRESSURE AND IRON OXIDATION STATE ON THE
M1CROSTRUCTURE OF CLAY GELS

J. W. Stucki (U. Illinois), M. Capel (NSLS), A. Fitch (Loyola U. Chicago), and J. Du
(Loyola U. Chicago)

Two-dimensional X-ray patterns of spin-dried Na-smectite were obtained. The
performance of clay-modified electrodes depends on the conductivity of ions through the
clay film when submerged in electrolyte solution, which in turn depends on the interlayer
spacing, porosity, parallel orientation, and electrostatic properties of the clay. The purpose
of this study was to determine the interlayer spacings and parallel orientation of clay films
prepared by a spin-drying technique. A synchrotron X-ray source with a two-dimensional,
position-sensitive detector was used. Angle calibrations were obtained from mica and
cholesterol myristate. The smectite film contained a distribution of interlayer spacings and
superimposed layers were reasonably well oriented compared to air- or oven-dried samples.
Exposure of the clay film to electrolyte solutions of varying concentration had little effect
on the orientation, but, as expected; inversely altered the interlayer spacings.

Attempts were made to determine the interlayer spacings present in oxidized and
reduced smectite gels. Results were inconclusive because the required angle of incidence
of the X-ray beam was so low that the diffraction pattern was obscured by specular
reflectance from the clay-water surface. To succeed with these experiments, a lower X-ray
energy (X>2 A) will be necessary. Also needed is an auto drive for the omega axis on the
goniometer so the complete set of true Bragg reflections in the 001 plane can be obtained.

Support of this study by the NSLS General User Program, the National Science
Foundation, and the Illinois Agricultural Experiment Station is gratefully acknowledged.

X12B

SMALL-ANGLE X-RAY SCATTERING FROM HETEROSTRUCTURE IN HYDROGENATED AMORPHOUS
SEMICONDUCTORS
D. L. Williamson, S.J. Jones, Y. Chen (Colorado School of Mines) and M. Capel (NSLS)

The correlation of microstructure in amorphous silicon
based semiconductors with the photoeleclronic properties has
been demonstrated in several studies (1). However, evidence
proving the hypothesis that heterostructure is the root cause of
deteriorating electronic properties in several alloy systems has
yet to be obtained. By using small-angle x-ray scattering
(S AXS) to probe the 3 to 30 nm scale microstructure of a number
of films with known photoelectronic properties produced in
various laboratories that are expert in preparation of device-
quality material, we strive to obtain information which gives
credence to or discredits this hypothesis.

In particular, a systematic series of a-SiGe:H films of
various germanium contents produced at Stuttgart University
were analyzed. The films were produced by the rf glow
discharge technique and variation of the germanium content was
done by altering Ihe G e l t flow while all other deposition
parameters were fixed. As is displayed in figure 1, a sharp
increase in S AXS was noted as the germanium content changed
from 20 to 30 7c, correlating with a decrease in the
photoconductivity by an order of magnitude. When the larger
germanium content alloys were measured at a tilt angle of 30
degrees, the two dimensional intensity versus angle plot was
elliptical in shape suggesting the scattering centers were
ellipsoidal and probably low density regions associated with
columnar micrcstructure commonly observed in high germanium
content material (1).

Figure 2 displays S AXS data fora-Ge:H films produced
at Harvard University on the different electrodes of the rf glow
discharge reactor and using different electrode spacings. The
films prepared on the powered electrode at the smaller electrode
spacings have the best phoioelectronic properties (2,3) and the
smallest amount of SAXS. Again, two dimensional scattering
intensity versus angle plots were elliptical in shape for the strong
scattering samples.
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1. For example, K.D. Mackenzie, J.R. Eggert, D.J. Leopold, Y.-M. Li, S. Linand W. Paul.Phys. Rev. B 31 (1985) 2198.
2. W.A. Turner, S.J. Jones, D. Pang, B.F. Bateman, J.H. Chen, Y.-M. Li, F.C. Marques, A.E. Wetsel, P. Wickboldt, W.
Paul, J. Bodart, R.E. Norberg, I. El Zawawi and M.L. Theye, J. Appl. Phys. 67 (1990) 7430.

3. P. Wickboldt, S J . Jones, F.C. Marques, D.Pang, W.A. Turner, A.E. Wetsel. W. Paul and J.H. Chen, Phil. Mag. B 64

(1991)655

Acknowledgement: This work was supported by the National Renewable Energy Laboratory (Contract No. XG-1-
10063-3) and by the Electric Power Research Institute CPechnical Agreement No. RP2824-05).



X-ray Diffraction Analysis of M-Hlial Methylase

X. Cheng, S. Klimasauskas, S. Kumar, and R. J. Roberts
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724

MUkal methylase, from the bacterium Haemophilus itaemolyticus, catalyzes the transfer
of a methyl group from S-adenosyl-L-methionine (AdoMet) to C-5 of the internal cytosine
in the tetranucleotide DNA sequence GCGC (i.e., S'-GCGC-3' to 5''-G"*CGC-2'). It
contains 327 amino acids with a molecular weight of 37,000 and is one of the smallest
of the conserved cytosine methylase family.

Single, well-formed crystals of MJihal were grown in the presence of its cofactor
AdoMet. Crystals were of monoclinic space group P2, and had unit-cell dimensions of
a=55.3 A, b=72.7 A, c=91-0 A, and B=102.5'5. X-ray diffraction data were collected at
beamline X12-C with valuable assistance of P. Lee and R. M. Sweet. The following
parameters were used for data collection: the wavelength was 1.10 A; the collimator
aperture was 0.2 mm; the rotational increments were 0.1°; the exposure times were S or
10 sec.; the specimen-to-detector distance was 120 mm; the detector inclination angle was
12 to 19°: and, the detector was run at a gain setting of SETDET 7 1. Strong diffraction
was observed to 2.5 A resolution. The crystals were stable in the beam on the
synchrotron source for about 100 minutes at 2.5 Gev, -200 - 110 mA. Derivative data
sets were collected from pCMBS-soaked crystals and HgCk-soaked crystals with 1.10 A
wavelength and 1.0042 A wavelength (Figure 1). The MJRAS map at 3.0 A was used
for chain tracing and model building.

Co-crystals have been observed at 16°C from the complex of Mfilial and 13-mer
oligonucleotide containing the recognition sequence (GCGC). A native data set has been
collected to 2.5 A resolution.

Figure 1. Isomorphous difference Patterson maps calculated from 3 A data at Harker
section of v=l/2, (left) Two sites of pCMBS and (right) four sites of HgCl2.
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DETERMINATION OF THE STRUCTURE OF THE REGULATORY DOMAIN OF
SCALLOP MYOSIN. C. Cohen, I. Schlichting, X. Xie (Brandeis U.), R. Sweet (BNL).

The regulatory domain of scallop myosin, the protein switch that turns on the myosin
motor in response to Ca2+ binding, is a three-chain complex (MW~ 45kD) consisting of a 10
kD portion of the myosin head, together with two light chains. The crystals have the symmetry
of the monoclinic space group P2, with unit cell dimensions a=52.8A, b=87.8A, c=55.6A and
0=114.5°. There is one molecule per asymmetric unit, with a solvent content of about 54%.

Native data collection has been completed to 2.8A at 4"C using the FAST detector. The
structure is being solved by multiple isomorphous replacement combined with anomalous
scattering. After fluorescence measurements were taken and anomalous Patterson calculations
were carried out, six potential derivatives were selected for further processing: mercury, lead,
platinum, uranyl, osmium and gadolinium. Isomorphous difference Patterson maps were
calculated for all derivatives. The platinum one was readily interpretable in terms of two sites,
a major and a less occupied one. In addition, an anomalous difference Patterson map calculated
for this derivative was as clean and easy to interpret as the isomorphous difference Patterson
map. Platinum phases were then used to locate lead heavy atom sites. Simultaneously, the hand
of the platinum heavy atom constellation was determined from lead difference Fourier maps
using platinum phases with different hands assumed.

Combined phases with lead and platinum, including anomalous data for both derivatives,
were calculated and a protein Fourier map was computed which showed clear molecular
boundaries. To remove bias from these phases, solvent flattening was performed. A subsequent
protein map showed regions of polypeptide chain with well-defined secondary structure. To
improve the map, both mercury and uranyl data were included. We then calculated combined
phases using all derivatives, repeated the bias removal procedure and refined the derivative
parameters against solvent-flattened phases. We then calculated a solvent-flattened map to 3.3A
resolution (Fig. 1), and have now extended the resolution to 2.8A.

At this resolution, the regulatory domain appears as a "lumpy" extended cylinder. Nearly
continuous density is seen for the backbone of each of the three chains: at least 50% of the
electron density can be fit immediately with a polyalanine chain.

Fig. 1 Initial 3.3A map of scallop
regulatory domain. This view shows
9 stacked sections (~9A) through a
solvent-flattened electron density
map. It is a section of the density
showing the C-terminal part of the
long helix of the heavy chain. The
dimensions of the map are 84Ax89A.

This work supported by NSF & OHCK ol the DOE (RMS), the NIH and MDA (CC).
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TANDEM BINDING IN CRYSTALS OF A TRP REPRESSOR-OPERATOR
HALF-SITE COMPLEX. C. L. Lawson , R. M. Sweet, N. Combatti (Biology,
BNL), J. Carey, D. Lewis (Chemistry, Princeton U.).

We have obtained a preliminary molecular replacement (M.R.) model for the
crystal structure of the E. coli trp repressor tandemly bound in a 2:1 complex to
a 16 base-pair palindromic DNA centered about a single trp operator half-site (Fig.
1). Monochromatic data (X= 1.10 A) were collected from three crystals (space
group C2 with unit cell dimensions a= 112.34 A, Z>=90.16 A, c=58.65 A, and
/3= 113.92°) at the Brookhaven NSLS Biology Beamline X12C on the FAST area
detector (Enraf-Nonius). The reduced data set had 90 % coverage to 2.4 A
resolution, and R merge of 4.9 % (based on lobs). The previously determined
2.4 A trp repressor-operator complex structure' proved to be a successful search
model in M.R. rotation and translation functions. The M.R. model features a
superhelix of trp repressor dimers winding around a B-DNA strand of overlapping
duplexes, with a superhelical rise per dimer of 8 base-pairs, and rotation per dimer
of 270 degrees. Tandemly related helix-turn-helix motifs of two repressor dimers
are accommodated in a two-fold symmetric manner within a single turn of major
groove, verifying predicted tandem binding models.

T]AGCGTACT|AGTA

TCGCATGAiTCAT

CGCT] *

•CGAIT

Figure 1. Schematic of trp repressor bound in a 2:1 complex to the self-complementary 16 b.p.
operator half-site fragment. Two moon-slivers connected by an ellipse represent the two
symmetrical halves of the rtpressor dimer.

1. Otwinowski, Z., Schevitz, R.W., Zhang, R.-G., Lawson, C.L., Joachimiak, A.,
Marmorstein, R.Q., Luisi, B.F., & Sigler, P.B. Nature 335, 321-329 (1988).

This work is supported by the Office of Health and Environmental Research of the D.O.E.

Multiwavelength anomalous diffraction data from
selenomethionine-containing gene 5 protein

X-12C

M. Skinner (LANL), H. Zhang (Univ. of Illinois), R. M. Sweet (BNL), A. H. J.
Wang (Univ. of Illinois), T. Terwilliger (LANL)

The x-ray structure of the gene V protein of bacteriophage f 1 has been reported at 2.3
A resolution but recent 2-D NMR studies have indicated that there are substantial errors in the
structure. For example, NMR observations of main chain NOE's have convincingly shown that
the side chains of residues 14 and 30 are adjacent, while the x-ray structure shows them to be 17
A apart.

We are using the recently-developed MAD technique to determine the structure of the
gene V protein. The protein contains 87 ainino acids in each of two identical subunits, including
2 methionine residues. We have grown E. coli and expressed both the wild-type gene V protein
and a mutant (I47M) with an additional methionine residue in them in the presence of
selenomethionine. The purified wild-type protein has 80% of the methionine substituted by
selenomethionine according to an amino acid analysis, while the I47M protein has 100%
substitution. The selenomethionine-containing gene V proteins crystallize isomorphously with
the wild-type protein in space group C2 with a=76 b=28 c=42 and p=103°. The largest
selenomethionine-containing gene V protein crystals have dimensions 0.15 x 0.2 x 0.5 mm, with
the long dimension of the crystal parallel to the b* (unique) axis.

We collected intensity data on the wild-type and I47M mutant gene V protein selenium-
containing crystals using beam line X12C. Bijvoet pairs were collected with b* parallel to the
rotation axis. A dataset that was approximately 65% complete to 2.5 A was collected from a
single large wild-type crystal, anil a second dataset with similar completeness was collecled from
6 small I47M crystals. The diffraction from all the crystals decayed substantially during data
collection.

The locations of the selenium atoms in the I47M crystals were identified using difference
Patterson maps based on the anomalous differences measured at 0.9794 A. This analysis
showed that there were two sites of approximately equal occupancy. The I47M protein contains
3 methionines, so this result indicates that one of the methionines is disordered in the crystals.
Using phases obtained from the I47M crystals, a difference Fourier analysis was performed on
the data from the wild-type crystals. This showed that just one of ihe two sites in the 147M
crystals was present in the wild-type crystals. A native fourier map was calculated using the
information from the wild-type and I47M crystals. This map showed that the overall fold of the
gene V protein as determined in previous work was essentially correct. The map was not,
however, of sufficiently high quality to rebuild incorrect sections with confidence. Additional
MAD data on the wild-type gene V protein crystals was recently collected at SSRL. In
combination with the data from X12C, an excellent fourier map has been obtained and model
building is in progress.

Research supported by the National Institutes of Health and the Los Alamos National Laboratory
Laboratory Directed Research and Development program.
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Crystal Structure Determination Of A Bacterial Cell Wall Hydrolase:
The Soluble Lytic Transglycosylase From E. Coli.

A.M.W.H. Thunnissen, H.J. Rozeboom, K.H. Kalk, B.W. Dijkstra (U. of Groningen, the
Netherlands) & R.M. Sweet (NSLS, BNL)

The soluble lytic transglycosylase (SIT) from E coli is a monomeric enzyme of
618 amino acids that is located in the periplasmic space of the bacterium. The
enzyme is involved in the metabolism of murein, the structural component of the
bacterial cell wall. In vitro, SLT is able to totally degrade intact murein to low-
molecular weight muropeptides, much the same as the lysozymes do. However, in
addition to cleavage of the B-1,4-giycosidic bonds, SLT carries out a
transglycosylation reaction forming an internal 1,6-anhydro bond in the muramic acid
residue. Lytic transglycosylases are of important medical interest. They form a
potential target for the design of a new class of antibiotics.

The 3D structure of SLT has been determined by X-ray crystallography. The
enzyme crystallizes in spacegroup P2i2j2i with a=80.8, b=88.4 and c=132.1 A.
Diffraction data used for isomorpous replacement studies were collected on a FAST
area detector connected to a rotating anode X-ray generator system. Native data
extended to 3.1 A (RSym=5.2 %). Two different derivatives, containing KAuCU and
Pt(en)(NH3)2Cl2, were collected to G.3 A. For the KAuCU-derivative extra data was
collected on the FAST area detector at the NSLS-X12C beamline of the BNL.
Although the useful resolution of this synchrotron derivative data set did not extend
beyond 3.5 A, it added extra information to the isomorphous replacement calculations
due to the strong anomalous signal recorded (Xx-ray=1036 A, Rsym=10.8 %,
Rano=i6.O %). All three derivative data sets were included in the calculations and
refinement of MIRAS phases. The MIRAS phases were improved further by solvent
flattening.

A protein model of SLT was constructed from the electron density using
computer graphics and refined by simulated annealing. In the refinement new native
data was used, collected on the image plate system at the X31 beam-line of the
DESY synchrotron in Hamburg (Rsym=7.2 % for 32225 unique reflections to 2.7 A).
The current crystallographic R-factor of the protein model is 24.2 % for 25115
reflections from 8.0 to 2.7 A with F > 2o.

The protein model of SLT shows a unique non-globular fold. )n a large,
separate N-terminal domain, 22 n-helices form a super-helical structure with a "horse-
shoe" like shape. The ends of this "horse shoe" are connected to a smaller, globular
domain. The arrangement of the domains is such that a large hole is formed with a
diameter of over 20 A. The smaller domain has a fold which resembles that of the
lysozyme from the T4 bacteriophage, although there is no sequence homology.
Nevertheless, the active site of the transglycosylase is at the same location as in the
T4 lysozyme, as we could show by inhibitor binding studies.

Research supported by the Netherlands Organisation tor Scientific Research (NWO).

AT TEMPERATURE MEASUREMENT OF SRO IN A Cu8!,2Al148

SINGLE CRYSTAL.
X14

IL Chen, M. Nelson (U. of Illinois), E. Epperson (Argonne Nat Lab.), G. Ice (Oak Ridge
Nat Lab.), Paul Zschack (Oak Uidgc Associated II.)

At room temperature the diffusion rate for atoms in metal alloys is typically small. This
makes it possible, in principle, to measure the atomic arrangement at an elevated
temperature, with a sample which has been rapidly cooled (quenched) from that elevated
temperature. Measurements at room or at low temperature are often preferred because
the temperature diffuse scattering (TDS) component decreases with temperature anil does
not mask the short range order (SRO) scattering. In some cases however, the high
temperature equilibrium configuration may not be maintained during quenching due to
diffusion during the quenching process. Equilibrium is required to extract the pair
interaction jKitential using inverse montecarlo methods. Ideally, measurements should then
be made on samples at temperature. We have measured the diffuse x-ray scattering from
a ('U8.UA1|4,B s'ngle crystal at equilibrium with the temperature between 196 C and 556
C (fig 1). The single crystal sample was mounted on a healer stage and enclosed with a
hemispherical Re dome. The TDS scattering from a single Cu crystal has also been
measured. This intensity will be used to experimentally estimate the TDS contribution
to the diffuse x-ray scattering from the CuAl crystal. Analysis of the data will detect
changes in the equilibrium atomic arrangement during the quenching process.

This research sponsored in part by the Division of Materials Sciences. I "A Department
of Energy, under contract no. DE-AC(>5.84OR2140(l . contract W-3M09-ENG.38 and
contract MRLDOE.DEFG02-91EH-45439. Research also sponsored by National Scienre
Foundation under contract DMU-i!7-2179f).
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ISOTHERMAL THICKENING AND THINNING PROCESSES IN LOW MOLECULAR

WEIGHT POLYETHYLENE OXIDE) FRACTIONS*

Stephen Z.D. Cheng', Scott S. Wu, Jianhua Chen, Qizhuo Zhuo and
Roderic P. Quirk, Institute and Department of Polymer Science, The University

of Akron, Akron, OH 44325-3903 USA

The existence of nonintegral folding chain (NIF) crystals in a series of poly(ethylene
oxide) (PEO) fractions with different molecular weights and different end groups has
been observed through time-resolved synchrotron small angle X-ray scattering (SAXS),
different scanning calorimetry (DSC), and transmission electron microscopy (TEM)
experiments. The integral folding chain (IF) crystals are formed through thickening and
thinning processes during and/or after the NIF crystallization. The end group effect on
diffusional motion in the melt of the PEO fractions have been characterized by the self-
diffusional coefficient measurements through nuclear magnetic resonance (NMR). It is
fou,.iJ that with increasing the molecular weight and the size of end group the thickening
and thinning processes are increasingly hampered. Of additional interest, the fold length
of initial NIF crystals not only increases with crystallization temperature (or decrea-
sing supercooling) for each PEO fraction as commonly observed in polymer lamellar
crystals, but also changes with the size of end group. The kinetics of transformations of
the NIF to IF crystals in these fractions can be microscopically understood through the
chain sliding diffusional motion along the c-axis of the crystals which is end group size
dependent.

* This work was carried out (in part) at X-14 of the National Synchrotron Light Source
(NSLS), Brookhaven National Laboratory, which is supported by the U.S. Department of
Energy, Division of Materials Sciences and Division of Chemical Science.

X14
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Figure 1. Set of synchrotron SAXS data
for PEO (MW=3000) at 41 »C.

Figure 2. Synchrotron SAXS data for
MPEO (MW=3000) at 41°C.

Pre-transitional Behavior in Cubic Potassium Niobate

M.Hohna,H.Hong,M.Nelson and H.Chen(U. of Illinois-Urbana-Cbampaign)

Pre-transitiona) behavior prior to the onset of the cubic to tetragonal phase transtion
in potassium niobate has been studied with synchrotron x-ray scattering. Measurements of
the Thermal Diffuse Scattering (TDS), Grazing Incidence Scattering (GIS) and precursor
Bragg scattering ^ave been performed at a series of seven different temperatures of single
crystal potassium niobate in the cubic phase. (Tc = 418°C). The sample was heated by a
resistance heater controllable to +l"C with the [022] axis normal to the surface. The TDS
was measured in the (001), (Oil) and (111) cubic planes. The GIS was measured above, at
and below the critical scattering angle of potassium niobate.

Based on localized soft mode theory, dynamic tetragonal fluctuations may be expected
prior to the onset of the cubic to tetragonal phase transition initiated by defects or surfaces.
The experimental data of the grazing incidence scattering indicates that the tetragonal phase
is apparent prior to the phase transition. The lattice parameters obtained from surface and
bulk scattering are shown in Table 1 as a function of temperature. The thermal diffuse
scattering is shown in Figure 1 for the (001) plane around the 004 Bragg point. The TDS
is disk shaped in intensity arising from a low energy transverse phonon mode in the [100]
directions extending to the Brillouin zone. Scans made in the (011) configuration show strong
TDS extending out to a reduced wave vector q=0.2. Preliminary analysis indicates that a
low energy transverse phonon extends in the [011] direction. The intensity of the localized
sheets cf diffuse scattering decreases as the transition is approached.

Figure 1. TDS of Potassium Niobate
Table 1. Lattice parameters loo(JI

a(A) c(A)
Bulkt 4.0233 !

Surfacef 4.0230 4.0680 •*>••
TetragonalJ 4.0206 4.0592

t Sample temperature 408°C
J Sample temperature 395°C

c c TT~~*--

Research was supported by the Dept. of Energy /Materials Research Lab, the Air Force
Office of Scientific Research-URI, Oak Ridge Natl.Lab/UIUC-PRT. Acknowledgements to
Dr. Pcndi Han (UIUC) for providing the single crystal.

•To whom correspondence should be addressed.
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Interaction of (2xl)-Reconstructed Si(100) and Ag(110):Cs with Cm Overlayers

Hawoong Hong, R. D. Aburano, E. S. Hirschorn, Haydn Chen, T.-C. Chiang (U. of
Illinois-Urbana Champaign) P. Zschack (Oak Ridge Ins. for Science and Education)

Due to its chemical inertness, it has been proposed that Ceo might be a nearly ideal
encapsulation material for surfaces; one might be able to preserve surface atomic
structures under an overlayer of Cm. This idea was recently tested on the Si(l 1 l)-(7x7)
surface, and indeed the (7x7) reconstruction was preserved. The present study is an
investigation of the generality of this idea, using two other reconstructed surfaces; the
Si(100)-(2xl) surface and the (2x1) surface of Cs-doped Ag(llO). Using grazing
incidence synchrotron x-ray diffraction, fractional-order diffraction intensities were
measured. The Si(100)-(2xl) surface reconstruction was found to be well preserved
under the C^ overlayer. The fractional-order diffraction intensities (fig.) are similar to
the clean Si(I00)-(2xl) surface and can be analyzed in terms of a dimer mode. In the
case of a Cs-doped Ag(llO) surface, the (2x1) reconstruction is suppressed by the
deposition of CM.

Copped Si(100)-(2x1) Si(100)-(2x1) in UHV

(0.1) -- (0.1) --

Encapsulation of the Si(lll)-(7x7) Surface by a Cm film

Hawoong Hong, W. E. McMahon D.-S. Lin, R. D. Aburano, Haydn Chen, T.-C.
Chiang (U. of Illinois-Urbana Champaign) P. Zschack (Oak Ridge Ins. for Science and
Education)

The recent discovery of Qo (Buckminsterfullerene) has caused considerable
excitement and interest in the. physical properties and possible applications of this unique
form of carbon. Due to its chemical inertness, C«, is a good candidate as a material for
encapsulation of delicate surface atomic structures that can be generated and kept clean
only in UHV. We tested this idea on the Si(l 1 l)-(7x7) surface. C ^ was evaporated onto
the Si(l 1 l)-(7x7) sample at room temperature by sublimation. The total thickness of the
film was 200 A. The sample was removed from the vacuum chamber and shipped to
NSLS forgrazing-incidence x-ray diffraction studies. The fractional diffraction intensities
(fig.) from the (7x7) structure are quite close to the measurements on clean Si(l I l)-(7x7)
in UHV. The existence of adatoms was confirmed by the "difference Fourier map"
method. This result demonstrates that Cm can be used as an inert cap for surfaces, and
suggests potentially interesting applications in surface science research and electronic
device engineering.
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This work was supported by the DOE Grant 0DEFGO2-91ER45439 and 0DE-ACO5-
84OR21400. Acknowledgment is also made to the NSF Grant #DMR-89-19056 and
0DMR-89-2O538.

This work was supported by the DOE Grant 0DEFGO2-91ER45439 and 0DE-ACO5-
84OR21400. Acknowledgment is also made to the NSF Grant 0DMR-89-19O56 and
0DMR-89-2O538.



MEASUREMENT OF ATOMIC SIZE AND SHORT RANGE
ORDER IN A Ni65Fe35 SINGLE CRYSTAL

£ E Ice, CJ. Sparks (Oak Ridge National Laboratory)
P. Zschack (Oak Ridge Associated Universities) M. Nelson (U. Illinois)

X14

The diffuse x-ray scattering from a N i ^ e ^ single crystal has been measured at three
wavelengths to allow the determination of pair correlation functions in the solid solution
alloy.' This alloy is one of a scries of allovs being studied between NigoFca) (near the
permalloy composition) and Fe^sNiss (the Invar composition). The Fe-Ni alloys show a
remarkable increase in the average lattice constant as the Fc concentration is increased
up to the Invar composition. Measurements of the "atomic sue" of Fc and Ni in these
alloys may help to explain this phenomena. In this experiment a displex refrigerator
was mounted on the Hubcr 6 circle diffractomctcr. This allowed the measurements to
be made at low temperature (00 K) where the thermal diffuse scattering (TDS) was
small but before the crystal could undergo a martensitic phase transformation. A
diffuse x-ray scattering map from the Ni65Fe35 single crystal is shown in Fig. 1. This
data was collected at the high contrast x-ray energy of 7.092 keV. At 60 K, TDS is
small and the short range order diffuse scattering dominates the diffuse scattering from
the quenched sample. This data will have a much smaller TDS background than
previous measurements on similar alloys, which will allow a more reliable measurement
of the quenched-in correlation functions.

Fig. 1. Diffuse x-ray scattering
niap in the h3<0 plane from a
rVi(5Fr35 single crystal The
short range order peaks are
ohvrved at integer points with
Bragg peaks at (200!. (220), (020),
MOW and (00-1).
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1 G.E In-, CJ. Sparks. A. Ilabenschuss & LB. Shafer. Phys. Her. Lett. 6 8 , 863, (1992).

This research sponsored by the Division of Materials Sciences VS. Dept. of Energy,
under contract no. DE-AC0S84OR21400 willi Martin Marietta Energy Systems Inc.

X14/XZS
CHARGE CORRELATIONS IN La 2 - xSr»Ni0 4

E. D. Isaacs, G. Aeppli, S-W. Cheong, H. Williams (AT&T), P. Zschack (ORISE) and H. A
Mook (ORNL).

We observe strong diffuse x-ray scattering from the N1O2 planes in La18Sro.2Ni04. The
scattering is peaked at the four-fold symmetric satellite positions ± 5 (1,1,/) and ± 8 (-1.1,0 where
8 = 0.21 = x, as seen by the four bright regions in the figure, with evidence for higher harmonics
(square background in figure). The x-ray scattering pattern reveals charge correlations which,
when compared with neutron data in samples with the same Sr concentration,1 are consistent with
charged domain wall formation in an antiferromagnetic background.

Oak Ridge bcamline X14 is supported in pan by the U.S. DOE under contract No. DE-AC05-
84OR 21400.

0.0 0 .5

FIGURE Intensity map of the diffuse
x-ray scattering in La 1 8Sr 0 2NiO 4 at
T=30O K in the (h,k,7.6) plane (i.e.,
NiOj plane). The pattern can be fit with
two sets of four Gaussians with the inner
peaks at position defined in the text and
the outer peaks appearing as the square
background at ±8 ' (1,0,1) and
±8 ' (0 ,1 , / ) .where6 '=V26.

1 S. M. Hayden, C. H. Lander, J. Zaretsky, P. J. Brown, C. Stassis, P. Meicalf and } . M. Honig,
Phys. Rev. Lett. 68,1061 (1992).
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INKI.ASTIC X-RAY SCATTERING IN SINGLE CRYSTAL C60

E. D. Isaacs. P. M. Plalzman, A. R. Korlan (AT&T), P. Zscliack (ORISE) and K. Hamalaincn (NSLS)

An understanding of the electronic structure in undoped Cm crystals is essential for an understanding of the
effects of electron doping and the nature of complex suites such as superconductivity and magnetism. Recently,
there have been a number of measurements of the electronic excitation spectrum in undoped C60. However,
techniques like photoionization are limited to surfaces or gases of Cm molecules, and arc difficult to interpret.1 High
energy electron energy loss speciroscopy experiments are limited to small momentum transfers or very thin samples
because of multiple scattering and are sensitive to surface effects.2"5 The most suitable technique currently available
10 probe electronic structure in the 1 cV energy resolution region is inelastic x-ray scattering spcciroscopy (1XSS)."1

The weak interaction between x-rays and the electronic system greatly reduces multiple scattering which allows
IXSS to probe die bulk system over a broad range of momentum transfers. Hie availability of bright synchrotron x-
ray sources makes such IXSS experiments possible.

We have measured the energy-loss spectra of electrons in a single crystal of Cg, for momentum transfers
.,1 -- ()b-) A"' and q - 1.15 A'1 with a.: energy resolution of 1.5 cV. Two featured dominate the spectra (see
Figure); an interband transition at an energy-loss of 5 eV and a plasmon mode peaked near an energy-loss of 27 eV.
The 5 eV mode is similar to the mode observed in a gas of CM molecules demonstrating the local nature of this
interbi'.nd transition. This so-called fi-lransilion is observed in graphite at 8 cV. The plasmon mode at 27 cV is at a
higher energy-loss (5 eV) than in the isolated molecule owing to botli higher electron density in Uie solid and band
structure effects on the plasmon (i.e., non-RPA effects). Both the 5 cV and 27 eV modes show dispersion that is
isotropic with respect to the crystal axes. The amount of dispersion observed is consistent with a simple RI'A
model.

Finally, it will be interesting to determine the effects on S (<?,&)) of doping. In general, the effects are expected
to lie at energies below the interband transition at 5 cV, since the plasmon energy for Ihc low doping concentration is
in the 1 cV range. Since we have demonstrated the isotropy of the IXSS h should now be possible to study a powder
where doping is possible.
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X14/X25
AN X-RAY DETERMINATION OF THE DYNAMIC STRUCTURE OF Al METAL

E. D. Isaacs, P. M. Platzman, H. Williams (AT&T), P. Zschack (ORISE) and G. E, Ice (ORN'L)

Perhaps the most extensively studied true many-body system is the interacting electron gas in tlie presence of a
uniform positive background (jcllium). For low temperatures, the electronic coulomb energy is larger than the
kinetic energy (i.e., r, = (3/4 n n ) " 3 mc2 /»2 s<V>IKE>>\)ait& there is no systematic way (or
quantitatively computing the properties of this system. This is particularly true for the finite wave vector
(i ~ qt-.tmi) and finite frequency (a) - istf.mi) response functions. Despite an enormous amount of theoretical work
there have been surprisingly few experimental results on appropriate model systems. Transport and light-scattering
experiments probe q e 0, while high-energy c-beam experiments are effectively limited to q < qf. The only
practical technique currently available for studying finite q is inelastic x-ray scattering.

We have measured the dynamic structure factor S(q,(o) of conduction electrons in single-crystal Al at tire
bending magnet beamline X14 and at the wigglcr beamline X25 at me National Synchrotron Light Source. For
momentum transfer qlqp = 0.5(<7p = 1,75 A - 1), shown in Figure la, the spectrum shows the plasmon peak at
1\ 0i / It <i)/.- = 1.5 (/) G>F = 17 eV), the single particle continuum al lower energies arid is in reasonable agreement
with RPA calcinations. In contrast, at the intermediate momentum transfer atqlqp = 1.1 the spectrum (Figure lb)
is in sharp disagreement with RPA results. The entire spectrum is shifted to lower energies with a broail peak
around 1} to / ll % = 2.6. In addition, there is a shoulder in the
neighborhood of h (o I h % = 3.44. In figure )c we show two sets of
daui taken at qUjF = 1.4 along two different crystal directions. The
curves are identical to within statistical uncertainty, i.e., there is no
evidence for band structure effects, in contrast, for example, to Be.
Aluminum unlike Be is uuly jellium-like and therefore an ideal system
for studying electron correlations. Continuing to a higher momentum *; \

transfer of qlqF = 1.7 Uie intensity of the high energy shoulder [ \\ \*
increases into a distinct peak and begins to dominate the spectrum. At
still higher momentum transfers we expect that the high energy peak
will evolve smoothly into Uie Compton peak.

We believe that damping (broadening) of Uie plasmon at lower
momentum transfers and tlic double bump structure at intermediate
momentum transfers is best described by the theories of Green, el, at.' i
and Mukhopadhyay, el. al.2. These theories include mulli panicle-hole -
pair excitations into the RPA framework. Ilie prcscence of even iwo
pairs and the associated expanded phase space, allows for momentum
conservation and permits many more low lying excitations to be
accessed. For example, if one of the pairs has low momentum, while
the oilier pair picks up the large q, then that lower q pair can look like a
plasmon giving a broad peak in the region of the zero momentum
plasmon.

'F, Green, D. Ncilson and !. Szymansky, Phys. Rev. B 31, 2779
(1985); 31,2796 (1985), 31,5837 (1985).
2G. Mukhopadhyay, R. K. Kalia and K. S. Singwi, Phys. Rev. Leu. 34,
950(1975).
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3-BEAM DIFFRACTION WITH ELECTRIC FIELD, FOCUSED INCI-
DENT BEAM, AND CCD IMAGING DETECTOR.

M. C. Nelson (M.R.I., U. of IL), Pendi Hahn, Haydn Chen (M.S.& E., U. of
1L).

The sagittal and vertical focusing optics at X-14 combined with an imag-
ing detector, provide a potentially large reduction in the time required to
measure 3-beam interactions. In previous work, 3-beam interactions were
proposed as a method of following the small changes in atomic positions
within a ferroelectric unit celt accompanying the application of an electric
field. An initial study1 showed easily discernable variations in the 3-beam
i/i profile with the applied field. However, the conventional measurement
procedure is quite expensive in time.

Figure 1., shows a V profile in the vicinity of a 3-beam interaction. The
data was collected ^at X-14) as a set of rocking curves over a series of finely
spaced V*'s. The incident radiation is focused on the sample at a convergence
of 5 mrad. The focus is provided by a ribbed sagittally bent monochromator
crystal. Figure 2. is obtained by selecting the radiation from one segment
of the ribbed crystal. Figure 1. seems to represent multiple versions of the
interaction arising from multiple convergent beams.

In the present study, the incident radiation was focused on the sample
with a convergence of between 0 and 5 mrad, and the outgoing beams were
imaged with a CCD. The CCD data has only just recently been collected
and is still being processed.

1. Electric Field Dependent 3-Beam Diffraction in UNbO.v M.C.Nclson, A. Kvick, In
preparation.

This work is supported by the University of Illinois Materials Research Laboratory
which is jointly funded by the U.S. Department of Energy and the National Science
Foundation.

X14
STRUCTURE OF AQUEOUS SRBR2 SOLUTIONS BY ANOMALOUS SCATTERING
D.L. Price, M.-L. Saboungi, M. Blander, P.R. Jemian (ANL), J.E. Enderby (ANL/ U.
Bristol), and P. Zschack (ORNL).

Anomalous X-ray scattering measurements of concentrated aqueous solutions of SrBri were
conducted on the X14 beam line. Solutions of 1 and 2 moles SrBr2 per 1000 grams H2O were
studied. Measurements were made at five photon energies to extraci the differential distribution
functions associated with S r " and Br ions. The five photon energies chosen for the anomalous
scattering were -20 eV and -200 eV from the Sr K edge, -20 eV and -200 eV from the Br K
edge, and a photon energy that was far from either absorption edge (10000 eV). Diffraction
patterns were obtained over the Q-range 0.5 A"1 to 10.0 A-1 in steps of 0.05 A-'. Data analysis
at Argonne National Laboratory is in progress at this lime.

The anomalous scattering measurements made use of a focussing graphite diffracted-beam
analyzer crystal and linear position-sensitive detector to energy-analyze the diffracted beam.
Thus removal of resonant Raman scattering and fluorescence from the measurements was
possible as well as removal of Common scattering in the high Q region.

Transmission spectra were also measured near the Er K absorption edge (13474 eV) and the Sr
K absorption edge (16105 eV). From these measurements, it is possible to directly determine the
imaginary part of the anomalous dispersion correction to the atomic scattering factor,/", and
calculate, via the Kramers-Kronig integral, the real pan of the anomalous scattering factor,/.

(W
Fig. 1. Scattered intensity vs. Q and MCA bin (scattered photon energy) for the 2
molal aq-SrBr2 sample at (a) 13274 eV and (b) 13454 eV. These energies arc
near the Br K edge.

This work was supported by the U.S. Department of Energy, Basic Energy Sciences, Materials
Sciences, under contract number W-31-1O9-ENG-38.



Beam Line X-14

Observation of diffuse scattering from La2.,Sr,Cu0, sinqle crystal.

Tomasz Sendyka, Takeshi Egami, David Rosenfeld.
Pennsylvania )

( U. of

Local displacements in oxygen atom positions and its changes with
temperature were studied in a La3.,Sr^Cu0, single crystal material.
The motion of oxygen atoms associated with tilting of the copper-
oxygen octahedra Cuoe is believed to be crucial in creating and
destroying superconductivity. The pair distributior function (PDF)
- Fourier transformation of the normalized structure factor of this
material - has shown temperature dependence indicating such oxygen
motion. Based on PDF analysis we expect to see some changes in the
diffuse scattering from a single crystal. Since the anplitude of
displacement is small (0.1-0.2 A) we expect the diffuse scattering
to be observed at high Q, range 5 - 10 A or more.

X-ray single crystal diffraction experiment was carried out with
a position sensitive detector in the 10 - 30 K temperature range.
High quality single crystals of Lâ .Sr.Cu,, x=.18 were used, and the
data was taken around (1/2,1/2,12) and (1/2,1/2,16).

Preliminary results seem very promising, small changes - possibly
due to real changes in the diffuse scattering were seen. A sample
plot of scattering intensities for different temperatures in the
(1/2,1/2,12) region is presented in the figure below. In the
follow-up experiment we plan on using a low background germanium
detector.
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X-14

STUDIES OF MONOLAYERS OF LIPID MIXTURES ON THE SURFACE OF WATER*

M.C. Shih, M. K. Durbin and A. Malik (Northwestern U.); P. Zschack (ORNL); and
P. Dutta (Northwestern U.)

Lipid mixtures are of interest because 'real' systems such as membranes are usually mixtures, and
there is evidence that their composition is important in determining their properties; also, these
studies give us a handle on the origin of differences in behavior of different systems. Our studies
of pure acid and alcohol monolaytrs, for example, show that the highest-pressure structures are
identical (and, in fact, very similar to those seen in paraffins), but the lower-pressure structures
depend on the head group. Specifically, structures with near-neighbor tilt arc seen in acid mono-
layers but not in alcohol monolayers.

In an attempt to obtain more information on why these differences occur, and to throw light on
the competing roles of head and tail groups, we have studied monolayers of mixtures of licne-
icosanoic acid and heneicosanol, using X-ray diffraction. We know they are miscible because we
see only one set of diffraction peaks, with no appreciable change in peak width. We find that the
phase with near-neighbor tilt direction ('D') is seen up to a 30% concentration of alcohol, with
the swivelling transition between ' C and 'D' phases moving to lower pressures as the alcohol
concentration increases. At higher alcohol concentrations there is no D phase. The tilt angle at
any specific pressure also goes down as a function of alcohol concentration; the swivelling transi-
tion takes place at approximately 20° over the entire concentration range in which it is seen.
However, not only are the high-pressure untilted structures the same for all mixtures, as might be
expected, but the tilting transition remains at the same pressure. In other words, the compressi-
bility of the tilted phase is a strong function of the acid/alcohol ratio.

350 •100

chan /'

Fig. 1: Zero-pressure structure as a
function of alcohol concentration, at
15°C. When one peak is in the plane
| K ; - 0 ) while the other is off the
plane, the tilt is towards a near neigh'
bor; when both ere off the plane, the
till is towards a next-nearest neigh-
bor. It can be seen (hot the zero-
pressure phase is D (near neighbor
tilt) only for alcohol concentration
30% or less. Moreover, K2 for the
off-plane peak in the D phase goes
down es the alcohol concentration is
increased, which means that the zero-
pressure tilt angle goes down.
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ATOMIC SIZE OF FE AND NI ATOMS CHANGE WITH X14
TEMPERATURE IN A Fe65Ni,5 INVAR SINGLE CRYSTAL

G J. Sparks and G. E. Ice (Oak Ridge National Laboratory)
P. Zschack (Oak Ridee Associated Universities)
M. Nelson (U. of Illinois)
S. Lefchvrc. M. Bessiere (CECM France)
F. Blcy (Institut National Polytechnique dc Grenoble)
J. Simon (European Synchrotron Radiation Facility)

Fe^Ni,, is the well known Invar composition, which demonstrates a remarkably small thermal
expansion coefficient over a wide range of temperatures. The origin of the "Invar effect" has been
the subject of much speculation and is believed to be related to magnetostricture. The displacements
associated with atomic sizes can be measured with anomalous diffuse x-ray scattering methods.' The
diffuse x-ray diffraction from a single crystal of Invar has been measured at T-300 K and at T-62
K. The diffuse scattering was collected throughout a volume of reciprocal space needed to satisfy
cubic symmetry. Diffuse scattering was measured below the Fe edge (7.092 keV) where the Fe-Ni
scattering contrast is greatest. Qualitative comparison of the data shows a change as a function of
temperature in the diffuse scattering. As shown in Fig. 1. line scans through the 200 and 400 Bragg
reflections at SIX) K and 62 K show an overall decrease with temperature in the diffusely scattered
intensity due to reduced thermal diffuse scattering (TDS). However the diffuse scattering'is changed
asymmetrically and is actually greater at low temperatures nears (2.4.0.0). Complete analysis of the
data will reveal how much the interatomic distances between atom pairs change with temperature.

I 0 O O O - , . , , r , ,^-r

Fig. I Line scan through the 200 and 400 Bragg peaks at T=300K and at T=62 K. The asymmetric
redistribution of scattered intensity between the Bragg peaks is indicative of a change in the relative
si/.e of Fe and Ni in the Invar crystal.

1. G.E. Ice. C.J. Sparks.A. Habenschuss. L.B. Shaffer. Phys. Rev. Leu. 68. HfiX (1992).

This research sponsored in part by the Division of Materials Sciences. U.S. Department of Energy,
under contract no. DE-AC05-84OR21400 with Martin Marietta energy Systems Inc.

OXIDATION STATE OF A BURIED INTERP.XE:
STRUCTURE OF A CRYSTAL TRUNCATION ROD

X I 4

NEAR-EDGE X-RAY FINE

E. D. Specht (Oak Ridge National Lab.) and F. J. Walker (U. of Tennessee)

X-ray absorption spectroscopy is used to obtain information concerning the oxidation state,
coordination, and near-neighbor distances of the various elements in a sample. We have
demonstrated that measurements of the energy dependence of the scattering power of crystal
truncation rods (CTR's) provides similar information concerning atoms at a buried interface.
We measure diffracted power due to the CTR's of an AI,O3 substrate covered with a 142 nm
Cr,O3 film. By examining the energy dependence at the Cr K edge of scattering with the
periodicity of the substrate, we isolate the first two Cr layers, which are partially coherent
with the substrate. Comparison of the energy dependence of the CTR scattering with the
energy dependence observed for Cr and CrjO, standard samples (Fig. 1) demonstrates that
Cr is in the Cr*' oxidation state at the interface. The energy dependence tell us the
amplitude and phase of the interface scattering; we combine this phase information with
measurements of CTR intensity as a function of reciprocal lattice vector to determine that
Cr2O3 is largely pseudomorphic at the interface, with some Cr atoms at sites unoccupied in
the bulk structure.
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Fig. 1. The energy dependence of the diffracted power from the A1;O, CTR at (1 1 -

This research was sponsored jointly by the U.S. Air Force Office of Scientific Research
under interagency agreement DOE No.'l854-A077-Al. ASAF No. AFOSR-ISSA-92-3 and
by the Division of Materials Sciences. U.S. Department of Energy, under Contract DE-
AC05-84OR21400 with Martin Marietta Energy Systems, Inc.
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SINGLE CRYSTAL DIFFUSE-SCATTERING STUDY OF ORIENTATIONAL CORRELATIONS IN Ceo
ABOVE ITS PHASE TRANSITION

P. Wochner. P. C. Chow. A. Vigliante, Q. J. Wang, M. Meents, G. Reiter, S. C. Moss (U. of Houston);
J. D. Axe (BNL); P. Zschack (ORNL); M. C. Nelson (U. of Illinois); J. Z. Uu, J. W. Dykes and R. N. Shelton
(U. of California, Davis)

Solid Ceo shows an orientational phase transition at 260K from fee (Fm3m) to simple cubic (Pa3) in
which the four C60 molecules in the fee cell choose preferred orientations about separate <111> axes of
the molecule. Knowledge of the interaction potentials between C60 molecules is essential for the
understanding of this orientational ordering transition. These potentials can be, in principle, extracted
from X-ray scattering experiments.

Diffuse X-ray scattering enables us to determine the orientational pair potentials between Ceo
molecules. This diffuse scattering is, even in this case of a first-order transition, caused by premonitory
orientational fluctuations. For orientatlonally disordered molecules the diffuse scattering can be written as

I(Q) - N (<F(Q) > - <F(Q)>2] + £ £ <AF2(Q)> exp (IQ(Rn-Rm» (1)
n'm

where F(Q) is the structure factor of the molecule (Cm) and AF the deviation from the average molecule
structure factor <F>.

We show below a radial (0-20) scan in a single crystal through the (236) superlattice position of the
low temperature phase at 265K, which is 5K above Tc. All structural features besides the marked peak at
the (236) position can be attributed to the first term In Eq.1, which describes diffuse scattering of
uncorrelated randomly oriented molecules of Cgo H )• The presence of additional intensity centered at
the superlattice position of the low temperature phase proves that these molecules are correlated, even
above Tc, and verifies that they are not freely rotating [2]. The anisotropy of the Odependence of this
short range order diffuse intensity will be an important test of the model potentials proposed so far.
Detailed analysis is ongoing.
(11 J. R. D. Copley, et al., Physica B 1808.181. 706 (1992): [2) P. C. Chow et al. (to be published).
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X-RAY DIFFRACTION MEASUREMENT OF TIIE ANGULAR DEPENDENCE xl4
OF TIIE ANOMALOUS SCATTERING FACTORS /'AND /"AT THE
Ga K EDGE OF GaAs.

P. Zschack (Oak Ridge Institute for Science and Education)
CJ. Sparks (Oak Ridge National Lab).

The dependence of the x-ray anomalous dispesion terms f and / " on scattering angle
has been the subject of debate for years. Experimental determinatioas of f anil f
which use techniques such as intcrferomctry, reflection angle measurements, and
Kramcrs-Kronig transformation of absorption spectra provide values for f and / "
appropriate only for the forward scattering direction. Further, theoretical computations
and applications of anomalous scattering nearly always neglect (juadrupolc and higher
order terms. This assumes no angular variations in the anomalous correction terms. No
precision measurements arc available to demonstrate the detailed form of the angular
dependence. In this study, we report measurements of Bragg peak integrated intensities
at energies near an absorption edge that provide ' /* and /", including sensitivity to
angular dependence. Here, a structurally well understood 2000 A GaAs thin film was
used to minimize extinction and absorbtion effects, and 10 Dragg reflection intensities
were measured at energies between 8.0 and 11.5 KcV. The intensities of the
superstructure reflections arc particularly sensitive to the anomalous dispersion terms.
Correction of the measured intensities for absorption, diffraction volume, polarization,
and incident Irani normalization provides Fuji from which / ' and I" were obtained.
By sampling reflections accessible in the entire reciprocal space, we obtain measurements
for various scattering angles. \Fc find that both / ' and f display only a weak angular
dependence, not unexpected for energies near the k-shell in Ga.

E = 10.360 KeV-

-0.00 0.00 0.50
Coa(28)

Figure L Variation of f with sraltcrinfl eV Wow lie G« Iwnlge.

Research supported by the NSF on grant nos. DMR-8903339 and DMR-9208450 and by the State of
Texas at the Texas Center for Superconductivity

Research was qwnsorol by the Division of Materials Sciences and the Division of
Chemical Sciences, US DOE and under contract No. DE-AC05-840R21400 with the Martin
Marietta Energy Systems Inc.



X15A
X-ray Standing Wave Study of the Ga/Si(100) Surface

M. J. Bcd/.yk, Y. Qian (Argonne National Lab and Northwestern U ) , G. E. Franklin
(Harvard U') . and J. R. Patcl (AT&T Bell Labs)

We have carried out a preliminary study of Ga submonolayer deposition on a Si( 100)
surface by using X-ray standing wave (XSW) technique to determine the Ga atom
position relative to Si diffraction plane. In the XSW measurement the Si reflectivity and

Ga Ka flourcscence were measured for the (400) Bragg reflection as a function of
incident angle 0 at an incident energy of 16.5 kcV. By fitting Ihe reflectivity and
flourcscence yield to dynamical diffraction theory, we determined that the Ga distribution
had a coherent fraction f = 0.63 and a coherent position p = 0.77 for the case of a 0.3ML
Ga coverage. According to the model by B. Bourguignon ct al. [Surf. Sci. 204,
455( 1988)], at zero or very low Ga coverage the Si surface is reconstructed to a 2x 1
structure by forming Si dimer rows. When Ga is deposited on the Si(100) surface, Si
dangling bonds are saturated, but the 2x1 reconstruction persists until a 0.5ML coverage
is reached. Ga atoms also form dimcr rows above the Si surface with a direction
perpendicular to that of the underlying Si dimcrs. All of the Si dangling bonds are
saturated at 0.5ML. Above this coverage, the Si dimcrs start breaking-up and the Si

surface becomes l x l . The coherent position of p = 0.77 means that the average height of
Ga atoms above bulk-like Si(400) plane is 1.04A. Since the coherent fraction f = 0.63 is
less than the expected room temperature Debye-Waller factor (approximately 0.9), there
could be following possibilities: 1) roughly 709! of the Ga are in the preferred position of
p = 0.77 with the remaining randomly distributed, 2) there is more than one preferred
position, 3) both of cbove. In order to get more complete information about this surface,
such as Ga dimcr bond length,
XSW measurements for (022)
and (111) reflections need to be
done in (he future. This will
give us the precise positions for
Ga relative to the Si bulk unit
cell. By combining these XSW
measurements with Ga K-edge
SF.XAFS measurements (also
to be done at X15A), we will
also be able to precisely
determine the position of the
top Si layers relative to the
bulk unit cell.
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X-15A

The structure of the Incommensurate Pb monolayer on a Si(lll) surface

E. FONTES, K. EVANS-LUTTERODT, E. VLIEG, J. R. PATEL and I. X. ROBINSON
AT&T Bell Laboratories, Murray Hill, NJ 07974.

The structure of an incommensurate (IC) two-dimensional Pb monolayer adsorbed
on a Si(ll 1) surface has been determined by X-ray standing wave (XSW) fluorescence and
surface X-ray diffraction measurements. The lattice constant mismatch between the
triangular Pb lattice and the substrate induces i periodic compression of the Pb monolayer,
resulting in a corrugation of the heights of the overlayer atoms as well as an in-plane
modulation of the Pb density, The coherent fraction of 91S for the (111) standing-wave
Pb fluorescence measurement (figure a, top) demonstrates that to a high degree of
accuracy the Pb monolayer is perfectly planar (3.1 Angstrom above the middle of the
topmost Si bilayer), and places an upper limit on the height corrugation of 0.1 Angstrom.
The (11-1) XSW measurement (figure a, bottom) shows a coherent friction of 3755, which
is much higher than the value of OSS that is expected of a perfectly IC 2D distribution of Pb.
The coherence of Pb to the substrate is forced by the local bonding of Pb atoms to the
unsaturated "dangling bond" sites of the topmost Si atoms.

Since the strain of the Pb lattice by the substrate is commensurate with the
substrate, its effect is to produce a scattered x-ray signal from the Pb that interferes with
the bulk Si crystal diffraction. Due to the strong scattering power of Pb, we have measured
in some cases forty-fold variations in the intensity of integer-order Si crystal truncation
rods. To fit the rod data, XSW data and other in-plane diffraction peak intensities, a triple-
q model of the Pb modulation was constructed and refined with a non-linear least-squares
fitting algorithm. Parts of the Pb monolayer are forced to be commensurate with the
substrate, as shown by the Pb density contours shown in figure b (top; shaded regions
represent Pb atoms). These compressed Pb regions have short-range order and registry
similar to the fully commensurate 4/3 monolayer Pb phase on the Ge( 111) surface (figure
b, bottom; open circles represent Pb).
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X15-A

DIRECT MEASUREMENT OF THE ASYMMETRIC DIMER
BUCKLING OF GE ON Si(OOl)

E. Fonies", 1. R. Patcl" and F. Comin*

* AT&T Bell Laboratories, Murray Hill, W 07974
* ESRF, Grenoble, France

We describe a direc: quantitative measurement of the surface dimer asymmetry on the well
known Si(001)/Gc (2x1) reconstructed surface at room temperature. With suitable preparation, a
monclaycr of Ge atoms deposited onto a clean UHV Si(OOl) surface substitute for the topmost Si
adatoms. forming Ge dimers. The x-ray standing wave excited Ge fluorescence signal provides
unambiguous proof that the dimers cannot be symmetric at room temperature. Further, using symmetry
inequivalcnt x-ray reflections, we obtain direc: information abQut the positions and relative
displacements of the dimer atoms.

Figure 1 shows the x-ray reflectivity and Gc fluorescence yields for the (004 and (022)
reflections for samples with less than 1ML coverage at room temperature. The solid lines are fits to
standard dynamical diffraction theory which yields F and P values. The inset in Fig. l(a) shows the
[ n o ] projection of the (001) planes. The position value of POM =0.98 implies that the center of mass of
the Gc dimcrs is 2% below the lattice spacing of the bulk extrapolated (004) lattice planes. To obtain
lateral registry we have examined the (022) reflection (Fig. l(b)) with planes inclined 45° to the (001)
surface. The inset in Fig. Kb) shows the intersection of the (004) and (022) P values slightly below the
bulk positions of the two planes. Thus the dimer atoms arc almost equally displaced above and below
OK bulk (001) plane position. From this result we iijfcr directly that total subsurface relaxation normal
to the surface is a small 0.02 * doo4=0.03A. The two values of Fool =0.''.6± 0.01 and
Fn22=0.36.t0.01 can be used to refine a simple two parameter model fora planar dimcr. Shown on the
inset in figure 1 (a), the dimer can be parameterized by rjie bond length L between the Gc atoms, and the
angle 9 between that bond and the surface. A chi-squared minimization procedure yields a best fit for
8=12. l±0.2 and L = 2.60+I0.04A. These parameters determine the dimcr height displacement
Az=0.55±0.02A.

A study of the (004) reflection at elevated temperatures shows a 20% increase in F at 500C. In
terms of the static dimer model above, for F to increase the displacement Az must decrease significantly.
We Snd that Az = 0.44A at 500C versus 0.55A at room temperature. From our observations and
runelling microscopy results we conclude that dimers are in rapid oscillation at room temperature. At
elevated temperatures the coherent fraction increases which implies that the average dimer displacement
is reduced. A simple symmetric double-well model of the dimer oscillator energy describes
qualitatively the observed experimental behavior of an increase in F with temperature. The latter
finding raises the exciting possibility that there is an asymmetric to symmetric dimcr phase transition at
elevated temperatures. Although this transition may be precluded by Ge desorprion for the hybrid
Gc/Si(001) system in this study, by all reasonable estimates this prediction should be applicable to the
intrinsic Si(00!) and GciOOl) surfaces.
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X15A
Phase Transition Study of Pb on Ge( l l l )

G. E. Franklin0', J. C. Woicik0', P. L. Cowano), J. A. Golovchenko*", and J. R. Patel*4*

(1) Physics Department, Harvard University, Cambridge, MA 02138
p ) National Institute of Standards and Technology, Gailhersburg, MD 20899
<3> Argonne National Laboratory, Argonne, IL 60439
m AT&T Bell Laboratories, Murray Hill, NJ 07974

We have performed a structural study of the different phases of Pb on the Ge(l 11) surface
using Uie x-ray standing wave technique. The structural information is obtained by fitting the
fluorescence yield and the reflectivity to dynamical diffraction theory. The position, P ^ , and
coherent fraction, Fhy, are determined for each diffracting plane (hid), Forjthis experiment we used
16.9 keV light to measure the Pb La fluorescence within the (111) and (111) reflections.

The surface preparation and the x-ray measurement were performed in an ultra-high vacuum
chamber on the X1SA beamline. Low-energy electron diffraction (LEED) showed the sputtered and
annealed Ge( l l l ) surface to have a sharp c(2x8) diffraction pattern. After depositing from 1 to 4/3
monolayers of Pb on a hot (1O0X < Tg < 300'C) Ge substrate, LEED showed a sharp t'3x/3R3O'
diffraction pattern. Previous work [i.e. F. Grey, thesis] has determined this to be the "dense-packed"
/S-phase. This surface goes through a reversible phase transition to a lxl which is thought to be a 2d
liquid above 200'C.

Figure 1 presents standing wave results for the (111) reflection at room temperature. We
obtained similar results for the different growth coverages and substrate temperatures mentioned
above. Wedetermined P , , ,= 0.97 + 0.01, F n l = 0.85 + 0.08, Pnj= 1.07, and F,,7= 0.20. Our
preliminary results for temperatures at 120'C and 250'C during the x-ray measurement were identical
to the room temperature results.

The two main high-
symmetry sites on the Ge(ll l)
surface are the H3 (three-fold
hollow) and T4 (three-fold filled).
Analysis is in progress to
determine in which site or sites the
Pb atoms reside. The high-
coherent fraction of the (111)
result and the low-coherent
fraction for the (111) reflection
indicates that the Pb occupies
multiple sites. Future experiments
on this system include looking at
the low-coverage "a-phase" as a
function of substrate temperature
and investigate its reversible phase
transition to the lxl . Figure 1
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X15A

Large Thermal Vibration Amplitudes of Adsorbates on a Crystal Surface
, J. R. Patel , E. Fontes , G. H. GUmer , R. Martinez*, & J. A. Golovchenko+

AT&T Bell Laboratories, Murray Hill, NJ, +Physics Dept., Harvard Univ., Cambridge, MA

Using synchrotron radiation and the X-ray Standing Wave method, we have measured directly
the thermal vibration amplitude of a number of adsorbates on a clean S i ( l l l ) surface. The
standing wave method measures the phase (P) and amplitude (F) of the relevant fourier
component of the charge density in the crystal. The phase information P permits accurate
determination of the adsorbate atom position. The amplitude F depends on the distribution of
adsorbate atoms. If all of the atoms lie in a single plane, F=l (if we ignore thermal
vibrations). If the atoms were to occupy with equal probability all positions between crystal
planes, F=0. We have utilized the variation of F with temperature to directly measure the
mean squared thermal vibrarional amplitude <u> normal to the surface. A strict criterion for
the adsorbate systems investigated is an initial large amplitude for the adsorbate distribution F.
We are fortunate in having several adsorbate systems on S i ( l l l ) where the normalized room
temperature value of F can be as high as 0.97-0.98. F-l is never observed because thermal
vibrations will smear out the charge distribution around a single well defined plane of atoms.
The measureiF can be d i r e c t related to the mean squared thermal vibration amplitude of the
adsorbate, <u > = 2 In F/(G) . Where G is the relevant reciprocal lattice vector. In Figure 1
we summarize the measured <u > as a function of T. Two features should be noted: (1) the
remarkable difference between V3 Ga and As and Ag adsorbed on Si(l 11) and (2) in the range
600-700K both curves show a change in slope. Anharmonic effects are not responsible for the
latter since the adsorbed atom positions do not change with temperature. We have performed
molecular dynamics simulations for the simple system As on S i ( l l l ) using the three body
Stillinger-Weber potential. The molecular dynamics simulations show that over the
temperature range investigated anharmonic effects are negligible, and that in the range 600-
700°K surface vacancies are created resulting in enhanced thermal vibrations from the
surrounding As. The reasons for^the very different behavior of V3 Ga on Si where thermal
vibrations can be as large as 0.45A at high temperatures are ,
not so clear. We can only observe, that there is evidence to
suggest that the Ga T 4 bonding site on Si(l 11) is weak and i
it lies far above the surface as shown in the inset. The Ag
and As atoms on the other hand lie in the (111) silicon i
surface. We expect that their vibnm'onal amplitudes are a
controlled more by the behavior of surface phonons at the S "«
S i ( l l l ) surface. We point out here that the fluorescence
measurement technique used is atom specific, which allows
us to discriminate against contributions from substrate
atoms. For comparison with other surface thermal
vibration amplitude measurements, the effective Surface
Debye Temperatures obtained with the Standing Wave
Method are significantly lower.

X15A
X-RAY STANDING WAVE ANALYSIS OF Ga ON Ge(lll)

J. Zegenhagen (Max-Planck-Inst., Stuttgart, Germany), G. Franklin (Harvard Univ.). J.R.
Patel (AT&T Bell Labs.)

At monolayer coverages and upon annealing, Ga introduces a discommensurate structure
of the Ge(lll) surface1 characterized by a peculiar LEED (low energy electron diffraction)
pattern (cf. Fig. 1). No other, in particular commensurate structure, seems to be introduced
by Ga at any coverage. With x-ray standing waves (XSW) we investigated the Ga adsorption
site(s) perpendicular to the Ge(lll) surface. Figure 1 shows a typical XSW scan, employing
a Ge(lll) reflection. F ln-values were consistently much smaller than unity, proving that
Ga does not occupy a unique site normal to the surface. Further investigations to pinpoint
the Ga surface location and the Ga introduced surface structure are under way.

GaKa FLUOR.
Ev=10.5keV

P111 =0.30

- 3 - 2 - 1 0 1 2

ANGLE

Fig. 1 Result of an XSW scan for about 1 monolayer Ga on Ge( 111). Symbols arc experi-
mental data points and solid lines are fits to the data. The fit to the fluoresencedata
yields F " 1 and / " " . FWHM of the reflection curve is 11 arcsec. The inset shows
schematically the main feature of the characteristic LEED pattern, i.e., the Ge-1 x 1
spots (large dots), surrounded by satellites with hexagonal symmetry (small dots).

1 J. Zegenhagen and P. Molinas-Mala, Ultramicroscopy 42-44 (1992) 952.



X15A
Sm DOPED, EPITAXIAL CaF, ON Si(lll) INVESTIGATED WITH X-RAY STANDING
WAVES

J. Zegenhagen (Max-Planck-lnst., Stuttgart, Germany), N. Sokolov (Ioffe Inst., St. Peters-
burg, Russia), G. Franklin (Harvard Univ.), J.R. Patel (AT&T Bell Labs.)

We investigate] ultrathin, epitaxial CaF2 films (100 - 200 A) on Si(ll l) with x-ray standing
waves (XSW). The epilayers were doped with 0.3 Mol.% Sm during the growth which was
accomplished using a buffer layer technique. 2 monolayer (6.3 A) CaF^ were initially de-
posited at a substrate temperature of 770°C. The epilayer was then grown up to the desired
thickness at substrate temperatures ranging from room temperature (RT) to 700°C. Figure
1 shows the result of a typical XSW scan with experimentally recorded Si(lll) reflectivity
and Sm Ka fluoresence yield as well as fits to the data from which the shown P$™ and F^
values are determined. Analysis of the Ca fluorescence.yielded P£l = 0.0!) and F^l} — 0.63.
Sin clralry substitutes for Ca in the CaF-. lattice since fij" = Pc ' ' ' and F^,1 « F&1. High
coherent fractions, proving good epitaxial quality were observed for the CaFj films grown
at ItT. too. Since the interface structure is known for deposition at 770oC', the overlayer
mismacht can be determined2 from PQ\' .

3F

t: 2
CO

111

0

-c1lU

SmK

FLUOR.

-3 - 2 - 1

ANGLE
Fig. 1 Result of an XSVV scan for 110 A CaF3 on Si(lll) grown at 500°C. Symbols are

experimentally determined data and solid curves are fits to the data. The fit to the
fluorescence data yields F 1 " and Pul. FWHM of the reflection curve is 5 arc sec.

' .1. Zegenhagen ami J.R. Patel, Phys. Rev. D 41 (1990) 5315.
3 see e.g. .1. Zegenhagen et al., Phys. Rev. B 39 (1989) 10254.

X15B
ATOP ADSORPTION OF K ON Ni(111) DETERMINED BY SEXAFS

D. L. Adler"', I. R. Collins121, G. S. Leathermanl31, X. Liang l3>, S. Murray m,
S. Chandavarkar'", R. McGrath121, R. D. Diehll3>, and P. H. Citrin '"
111 AT&T Bell Labs; m U. Liverpool; m Penn State U,; '" FOM

Recent debate regarding the 'ionic' versus 'covalent' character of alkali
adatom-metal-substrate bonds has arisen not only from differing interpretations of
experimental and theoretical findings but from limitations inherent in attempting to
describe the bond itself. By contrast, the geometric characterization of these systems
should be much less problematic, since an adatom's bond length is in general well
established and an alkali atom's adsorption site in particular is expected to follow
highest-coordination behavior.

We have obtained SEXAFS measurements from the title system in which these
simple expectations are not realized. Data obtained from the p(2x2) structure at ~80K,
see figure, show that K adsorbs not in the 3-fold hollow, but in the 1-fold atop site.
The strong polarization dependence of these measurements makes the assignment
unequivocal. ^

This is not the first report of atop alkali J^orption; a LEED study with this result
appeared nine years ago for Cs on Cu(i11). However, owing to the apparent
unlikeliness of the assignment, the relatively small data base used, and the subsequent
lack of corroborating evidence, that important finding has until only recently remained
singular. Indeed, the present study was motivated by a very recent dynamical LEED
investigation of K on Ni(111) in which the atop site has also been determined.

Our SEXAFS measurements fully support the site assignment in this latest LEED
work. Future studies will address how atop adsorption depends on alkali, substrate,
and coverage and what affect these variables have on the alk?1! r-jbstrate bond length.

Fourier-transformed /(-edge SEXAFS data, measured
using K /C,-fluorescence, for p(2x2l overlayer of K on
N i l i l l ) . Coverage corresponds to 0.24 monolayer.
Extremely reactive surface required careful monitoring
of contamination using NEXAFS and data collection < 2
hr for each freshly prepared surface. Grazing incidence
data, with polarization £ nearly aligned with surface
normal, show well-defined K-Ni bond, whereas normal
incidence data do not. This clearly identifies bond lying
along normal direction, i.e., directly on top of a Ni
atom.
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X15B
LOCAL STRUCTURE OF HOMOGENEOUSLY- AND i-DOPED Sb IN Si LOCAL STRUCTURE OF 1.54-jum-LUMINESCENT Er3* IMPLANTED IN Si

X15B

D. L. Adler, H. J. Gossman, M. A. Marcus, and P. H. Citrin [AT&T Bell Laboratories)

Obtaining high concentrations of electrically active dopants over small spatial
regions is obviously critical in developing smaller and faster silicon device structures.
Recent MBE methods for producing thin (<30 A) doping profiles, so-called S-layers,
have significantly advanced this effort. However, little is known about the fundamental
physical limitations determining electrical deactivation - such as the formation of
precipitates, clusters, or vacancies — in even conventional, i. e., homogeneously-
doped, systems. Until now, there have been no structural studies of S-doped systems.

We have performed EXAFS measurements from homogeneously- and £-doped Sb
in Si as a function of concentration (Sb is a preferred dopant because of its relatively
low diffusion coefficient). Our data show (see figure and caption) that at low
concentrations, Sb occupies Si lattice sites for both types of doping profiles. Despite
the higher local densities of Sb in the 5-layers, no clusters are observed. At higher
concentrations, where the carrier/Sb-atom ratio becomes less than unity, i. e., where
deactivation occurs, some fraction of Sb occupies a mixture of non-substitutional
sites. Clusters consisting of a Sb4-vacancy structure, analogous to previously proposed
As4-vacancy clusters in As-doped Si, have been carefully considered and found to be
untenable for explaining the observed decrease in electrical activity at these doping
concentrations.

Fourier-transformed Sb L,-edge data
from homogeneously- and 6-doped Si.
homo, low:7 .2x10 u l a tom/c r r r 1 ;
med:6.8x10?0 atom/cm3: high:1.5x1021

atom/cm:l; 6,low:7.5x1013 atom/cm' ;
high: 2.0x1014 atom/cm'. The three
peaks at -2 .1 , 3.5, and 5.0 A
correspond to 1 st, 2nd & 3rd, and 4th <
& 5lh neighbor shells, respectively "
(these latter shells are resolved in L,- t
edge data, not shown). In (a), raw data,
note unchanged transform structure
with coverage and 1st peak intensity
decrease only for homo-med and -high
samples. Normalized data, (b), shows
systematic decrease of higher neighbor
shells wi th increasing local
concentration.
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D. L. Adler, D. C. Jacobson, D. J . Eaglesham, M. A. Marcus, J. L. Benton, J. M.
Poate, and P. H. Citrin {AT&TBell Laboratories)

The possibility of integrating optical and electronic devices using Si alone received strong
impetus by the demonstration that excited Er doped in Si emits sharp luminescence at 1.54
//m. This wavelength is particularly significant because it matches the absorption minimum in
silica-based optical fibers. Tne luminescence arises from the 4 I J 3 / , -• '\ml transition involving
4f core electrons of Er*3(4f"), so the wavelength is insensitive to host material. The
luminescent intensity, however, has recently been found to depend strongly on other host
impurities. For example, Er in Czochralski-grown (CZ) Si containing ~1O'Bcm3oxygen atoms
can give more than 100 times the luminescent intensity as a sample of Er in higher purity
float-zone (F2) material. There has been no information regarding the configuration of Si
around Er in these samples or how this configuration is affected by the presence of host
impurities.

We have obtained EXAFS measurements from 5 x 1 0 " atoms/cm3 Er implanted in CZ and
FZ Si samples and find dramatically different results (see figures). In CZ-Si, the data reveal a
local six-fold coordination around Er - not of Si - but of oxygen atoms at an average distance
of 2.25 A, closely resembling the local structure of Er,O3. By contrast, similar concentrations
of Er in FZ-Si show that Er is coordinated to twelve Si atoms at a mean distance of 3.00 A,
identical to the local structure found in ErSi2. These results indicate that Er in Si effectively
behaves as a microscopic 0 getter, reacting only with Si when cither the amount of or
accessibility to 0 is limited. They also explain why the strength of the4 l |M-» 4l1B,j transition,
which largely depends on the magnitude of the crystal field around Er, is greater when the
local environment involves short, ionic Er-0 bonds rather than longer, covalent Er-Si bonds.
Our findings have profound implications for enhancing luminescent yields to practical device
levels.

k (A"')

optleolly inocttve optically ettive

Schematic picture of 1 st coordination shell around Er in
FZ-Si (left) and CZ-Si (right). Actual spatial orientations
may bo different, but attempt is made to show that
optically-active species is noTV-.emrosvmmetric. Also,
host Si atoms in 2nd she!l are not shown.

Filtered, back-transformed Ist-neighbor shells of Er 11,-edge
EXAFS data in implanted and model systems.



X15B/U3C
GAS SCINTILLATION PROPORTIONAL COUNTER PHYSICS STUDIES

M. Bavdaz and C. Erd (European Space Agency, The Netherlands)

For several years, gas scintillation proportional counters (GSPC) have been
developed at the Space Science Department (SSD) of the European space Agency.
These detectors were and will be flown on astronomy space missions. Their main
attributes include a wide energy range (0.1 - 30 keV), good time and energy resolution
(microseconds; 8% at 6 keV), adequate position resolution (1 mm at 6 keV), large
effective area, and operation at room temperature. The current GSPC-work at SSD
focuses on the low energy (LE)-GSPC for the x-ray astronomy satellite, SAX (Satellite
Astronomia X).

Successful implementation of the LE-GSPC requires careful calibration based on
computer modeling, which in turn relies on experimental measurements over a wide
range of energies. Synchrotron radiation is clearly an ideal source for such studies, and
beamlines X15B and U3C offer the combined capabilities of providing monochromatic
energies over the complete range of 0.15 to 10 keV.

The experiments performed on these beamlines were aimed at determining the
energy dependence of the Fano factor of xenon, the detector gas used in the LE-
GSPC. In addition, lateral and longitudinal electron diffusion coefficients, energy and
position resolutions, and the basic process of scintillation were investigated. All of this
information will be used for constructing an accurate picture of the LE-GSPC detector
response.

X15B
UNIMPORTANCE OF SILOXENE IN THE LUMINESCENCE OF POROUS SILICON

S. L. Friedman, M. A. Marcus, D. L. Adler, Y.-H. Xie, T. D. Harris, R. Hull,
and P. H. Citrin {AT&T Bell Laboratories)

Room temperature luminescence from anodically grown porous silicon is a
phenomenon which holds important promise for possible Si-based light emitting
devices. Its origin, however, is still currently under debate. The proposed mechanisms
for the luminescence include quantum confined structures, surface SiH,,amorphous Si,
and siloxene. The intriguing suggestion that siloxene, SiB03He, is responsible for the
observed luminescence has only recently appeared and is as yet uncorroborated.

We have performed total-electron-yield Si A'-edge near-edge and extended x-ray
absorption fine structure measurements from freshly prepared porous Si grown under
different electrolytic conditions. The data show (see figures) that within the region of
porous Si responsible for optical activity, namely the < 10OO-A-penetration depth of
the photoluminescent-exciting radiation, Si is not coordinated to oxygen. These
results, along with independent fluorescent and transmission electron microscopy
measurements, definitively rule out the importance of the siloxene hypothesis as being
generally responsible for the observed luminescence in porous Si.

Porcul 51 (orongt)

1830 1840 1850 I860
PHOTON ENERGY (eV)

Si /(-edge NEX.AFS data from two porous and
three model Si samples. The prominent and
shifted Si Is — 0 2p peaks in siloxene are
conspicuously absent in the porous Si samples.

Corresponding Si K-edge EXAFS data. There is
no evidence for Si-0 bonds in the porous Si
data (the low-R peaks are due to background!,
thereby ruling out the importance of siloxene.



X16A

"X-Ray Diffraction Study of the Si(1U)-(/i9x/l9)Ni Surface"
P. A. Bennett and B. Devries1 (Physics - ASU.). P. Eng and 1. K. Robinson (ATT-Bell).2

We have studied the atomic
structure of the Sidl l)-(/l9x/l9)Ni
surface using X-ray diffraction. Fig.
I shows a set of "in-plane" data taken
for L=0.2, where L=3 corresponds to
the bilayer spacing of 3.13A. The
substrate reciprocal mesh is outlined
by the integer order reflections, .
where (1,0) =l/3(4,2~,2~)cubjc. This / ,
data will be compared with model Q-—
calculations from which one can
determine the z-projected unit cell
structure. Fig. 2 shows "out of plane"
data in the form of a rod scan for the s
(3,2)/(9 superlattice rod. On
inspection, these data show that the
•/19 structure contains appreciable
vertical structure. Otherwise, the rod £
intensity would be essentially constant 2
with L. From the +-L symmetry of S
this curve, it is apparent that the
structure has 6-fold symmetry. This
curve will be matched with rod
calculations in which the already
determined in-plane structure is held
fixed.

(o,o)

(0

S-perp. (RLU)

These studies are part of our program (PAB) to study the initial stages of
epitaxial growth in silicides. A promising candidate structure for this surface
will be the "bagel model" proposed by Bennett et al for the Si(l 11 )-(/7x/7)Co
surface. Intriguing features of the / I 9 structure include the fact that is appears
only by quench cooling a nickel containing surface. It anneals irreversibly into
the "impurity stabilized lxl" structure with unmeasureable Ni concentration at
about 300C.

Work supported in part by DOE Fac. & Stud, award, and NSF 0DMR8921124.
!) Present address: Exxon Research Labs, Annandale, NJ
2) Present address: Physics Dept., U. of Illinois

XI6A

EPITAXIAL ORIENTATIONS OF ALUMINUM ON SILICON (001)

F. J . Lamelas, M.-T. Tang, K. Evans-Lutterodt, P. H. Fuoss, and W. L. Brown
AT&T Bell Laboratories, Hurray Hil l NJ, 07974

We have studied the or ientat ional epitaxy of Al films evaporated on
Si (001) using surface x-ray scat ter ing techniques. Although the Al p r i -
marily grows as two (011) domains, separated by 90° azimuthal ro ta t ions ,
we find four additional domains which are rotated ±18.9° away from the two
primary domains. The selection of this set of epitaxial configurations by
the growing film is explained by a simple r ig id l a t t i ce model. This model
produces d i s t inc t minima in a plot of Si-Al interf . icial energy vs . in-plane
or ien ta t ion , with posit ions and depths which are fully consistent with the
experimentally observed domains. After heating to 400 °C there i s an over-
al l sharpening of the diffraction peaks and a drop in the re la t ive intensi ty
of those peaks a r i s ing from the rotated domains.
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FIG, 1 (left) In-plane uzimuthal scans through the Al 200 peak, as-deposited
(filled circles), and annealed (solid line). Peaks due to the rotated do-
mains are expanded by a factor of 250.
FIG, 2 (right) Interfacial energy calculated using a rigid lattice model,
plotted vs. the angle of the Al [100] axis relative to the Si [110] axis.
Energies are averaged over the ranges of island sizes indicated in the figure.



X16 A
The structure of Cs- and K- Mnolayers on Cu(OOl)

KiCulOOtl
(10005)

/ * t

/

H,L. Heyerheii!1 , J. Hever1, V. Jahns', U. Horitz
P. J.Enq2 and I.K. Robinson2
1 Inst. f. Cryst., U.Munich, Dept. of Physics, I), Illinois, Urbana II 61801,USA

The adsorption behaviour and the structure of Cs and K on Cu(OOl) have been investigated by leasuring the
intensity of the superlattice reflections as well as the intensity «odulation along the integer order
truncation rods. Fig. la shows the variation of the (100) reflection which has been sonitored in situ during
evaporation. Assuiing fourfold hollow site adsorption the intensity is given by. I(100)=lo.5*f|jI-efjjl

2,
where the f' s are the scattering factors of Cu and the adsorbate and 8 is the coverage (6;0.30 HI at full
coverage, 1 HL =1.53xlO15 at/ci2).
The solid and the dotted line correspond to fits
assuiing a de--9 growth lode for adsorption in
fourfold hollow sites (solid) and in inconensurate
sites (dotted). The adsorption in incoiiensurate sites
corresponds to the fonation of the quasihexagonal
superstructure described as Cl phase [1]. The change
of the adsorbate structure where the K atoie adsorb at
fourfold hollow sites to the Cl superstructure is
directly evident froi the increase of the (100)
intensity. After foriation of the superstructure only
part of the atots are in hollow sites and the
antiphase condition is not longer fulfilled for all
atCis. For Cs (Fig.lb) the adsorption lechanisi is
•ore coipiicated and will be discussed elsewhere.
Out of plane leasureients provide intonation about
the (average) adsorption height <di>. In Fig.2 we show
for Cs the ratio of the (101) intensity between
covered and clean Cu(OOl) leasured after fonation of
the superstructure. The fit (solid line) assuies the
Cl structure and <di>=2.94 A. For K we obtain
di>=2.40A.
Froi teiperature dependent leasureients of the Cs
superlattice reflections (R= Si, GOFsl) we obtained
the following vibration amplitudes along the
coiiensurate and incoiiensurate directions:
T=190 K:<U; >2=O.14(2) A2 <U..n>

2=0.10(2) A ;
T=3O3 K:<ujnc>

2=0.29(3) A 2 , ^ ">2=O.18(2| A2.
A dependence of the reflection profiles on the
displacement froi the coiiensurate position could not
be found. This indicates strong adsorbate adsorbate
interaction.
H.LH. and J.W. would like to thank AT4T for the hospitality and for providing access to the
beailine X16 A. The support of this work by the BHFT under qrant J05464IAB8 is gratefully
acknowledged. Work at the HSLS is supported by the US Department of Energy under DE-AC 012-76CH0016.
Partial support also caie froi the U. 111. Hat. Res. Lab. under DEFGO2-91ER45439
[1] T. Aruga et al., Surf. Sci. 158, 490 (1985)

Time-Dependent Hendricks-Teller Lineshape during the X16A
Chemical Modification of the R(110) Surface

I. K. Robinson, P. J. Eng (U. of Illinois, Urbana-Champaign)
C. Romalnczyk and K. Kern (EPFL, Lausanne)

A freshly prepared crystal of Pt(110) was introduced into the surface X-ray
diffractometer on X16A. During the initial stages of cleaning, a time-
dependent reconstruction was observed reproducibly each time the sample
was sputtered. At the end of the annealing cycle, Carbon was detected by
Auger spectroscopy. The time dependence became slower every time and
eventually stopped occuring, presumably because the impurity was
exhausted.

We measured the fractional-order lineshape along (H, 0, 0.05) during the
annealing: at early times it was close to H=1.5 indicating a 1x2
reconstruction, but ended up at H=1.667 indicating 1 x3. The Hendricks-
Teller (HT) lineshape gave an excellent fit to the lineshape over most of the
range of time, but not with in the simple mixture-of-two-states version; in was
necessary to randomly mix 1 x2,1 x3 and 1 x5 regions. The time-evolution of
these fractions is shown in the figure. It is clear that a partially-ordered 1 x5
state exists
between the
extremes. This
was also
directly seen in
the data: the
peak width in
between the
H=1.5 and
H=1.667
positions was
considerably
narrower than
the two-state
HT model
would predict, indicating the presence of the partially-ordered intermediate
(1 x5) state.
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Cluster Model of the Oxygen-Induced Structure of Mo(001)

I.K. Robinson, D.M. Smilgies and P.J. Eng (AT&T Bell Labs)

X16A

We have made an X-ray structural analysis of the Mo(001)/O ^5x^5 surface
structure. This is one of the stable states on the critical pathway of high
temperature (1000K) oxidation of Molybdenum. The surface phase diagram
was determined in careful LEED experiments by Bauer and Poppa before
the construction of the NSLS in 1979. This phase is best prepared by
overdosing then gradual removal of oxygen by heating to 1500K. The
coverage was estimated at 0.66-0.8 monolayers in the LEED study.

The structure is made up of 4-
atom clusters of Mo surrounded
by four O atoms. This gives a
coverage of 0.8 in agreement
with the dosing study. These
are packed together as shown
in the figure, leaving a vacancy
in the center of the unit cell.
The ideal terminated surface
would have 5 atoms in this cell,
so one is lost in the oxidation,
presumably by migration to a
nearby step. The cluster has a
Mo-Mo bondlength 4.6% longer
than the bulk; this is similar to
the clean reconstructed Mo(001)
surface in which it is 4.5%
longer. The Mo-0 bondlengths are both 2.12A, which is in the middle of the
range seen in bulk oxides.

The packing together of the clusters is asymmetric because the \/5xv/5 unit
cell does not have mirror symmetry. This leads to a rotation of 5.5° of all the
clusters and provides a slightly greater clearance of the O of one cluster and
the Mo of its neighbor. This packing of clusters can be elaborated to
generate other unit cells, and may explain some of the other structures seen
in O /MO(001 ) at different coverages.

X16A

Healing kinetics " fa K|>ut(cr-rmighened 1*1(1 HI) surface

CRinnainrayk, I.K.Rohinsim', P.J.Eng', K.Kcm "

(Institut for Surface Science and Vacuum physics, KI :A Research Centre, Germany)

U, of Illinois, Uibana-Champaign; Iji'f'" Lausanne, Switzerland

A freshly polished and oriented crystal was investigated at the X-ray difTractomctcr on XKiA After the

initially cleaning procedure (heating in an oxygen-atmosphere and sputtering will) ikcV Ar-ions) we

measured the profile* of the (1.5, 0, 0.05)-rcncx as a function of lime for different tcnipcratuics aftct the

fresh sputtering.

The rough ( I x l ) structure transforms into an ordered (1x2)
structure during heating at constant tcmpcraiuic with lime.
For the measured profiles the width and the peak-shift rue
determined. There lime dependence is lilted with a power-
law function (fig.l.) The exponent of the width decreases
with increasing healing temperature, the exponents for the
shift are not very conclusive, because of the large error of
30%, hut appear to also decrease with increasing heating
temperature. These results arc noi in agreement with earlier
measurements / I / , were an increase of the exponents with
healing temperature was observed. Possible reasons for this
could be an implantation of Ar-ions during sputtering caus-
ing a restructuring and the new orientation of the crystal
(compared to the crystal used before), which has reduced the
miscut, so there arc fewer steps un the surface.

ln(limo(mln)) I K.Kcrn, I.K.Robinson, H.VIicg, SurPSci. 201(1992)1 IS-22



X-16A

Triple chain model of the reconstructed Mo(001) surface

Detlef-M. Smilgies (AT&T Bell Labs), Peter J. Eng and I. K. Robinson
(AT&T Bell Labs and University of Illinois, Urbana)

The clean Mo(001) surface undergoes a displacive phase transition '-2,
if the surface is cooled below 170K. The resulting structure is high-order
commensurate with a critical wave vector corresponding to (3/7,3/7)
surface reciprocal lattice units. We have studied the surface structure
with x-ray diffraction at a temperature of about 100K, i.e. well below the
phase transition. An extensive data set of 114 in-plane superstructure
reflexions was taken. After p2mm averaging 26 reflexions were used for
the analysis. Our best fit model is shown in the figure: The structure
consists of a triple zig-zag chain of surface atoms displaced in the <11>
direction by 0.23A. Between chained regions in antiphase, there is a
domain wall formed by a row of undisplaced atoms. The formation of
zig-zag chains leads to a higher coordination of the surface atoms, since
their distance is close to the nearest neighbor distance in the bulk. Such a
behavior is well-known for the closely related c(2x2) reconstruction of
the W(001) surface 3 which consists of large chained regions, however,
without regularly spaced domain walls. The different behavior of Mo(001)
and W(001) might be due to subtle differences in the electron-phonon-
coupling of these structurally and chemically very similar transition
metal surfaces.

•1x1 Unit Cell

7^2x72 Unit Cell

References:1 T.E. Fetter, R.A. Barker, and P.J. Estrup, Phys. Rev. Lett. 38,
1138 (1977); 2 E. Hulpke and D.-M. Smilgies, Phys. Rev. B 40, 1338 (1989);
3 M.K. Debe and D.A. King, Phys. Rev. Lett. 39, 708 (1977).

Multilayer Relaxation of Si(100) (2x1) Reconstruction X16A
M.T. Tang and K.W. Evans-Luiterodt (AT&T Bell Laboratories) BJ. Hindi,
(Rutgers University)

We have measured the fractional order rods due to the reconstruction of the
Si(100)(2xl) surface at room temperature. We find that a model consisting of 8
layer deep sub-surface relaxations fits our measured data. This is consistent with
theoretical considerations and experimental observations on the similar Ge(100)
surface. The X-ray diffraction data was taken with a clean surface in a base
pressure of 2x 10" ° torr, after desorbtion of a shiraki oxide. Shown in Figures 1

and 2 are the (-r-,0) and the (—,0) reconstruction rods. The measured structure

factor data points, as a function
of momentum transfer
perpendicular to the surface (L)
are indicated by the empty
circles. We have performed
preliminary analysis using a
simple symmetric model for the
dimeis. The solid line in the
figures represent the results of
fits to this over-simplified
model. Clearly, the model fits
quite well. Further analysis 0
using more complicated models
is in progress.
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The Roughness of the Silicon(100)/Si02 Interface X16B
Mau-Tsu Tang, K.W. Evans-Luttcwdi, G.S. Higashi, AT&T Bell Laboratories,
Murray Kill, NJ 07974 U.S.A.

We use synchrotron X-ray diffraction to non-destructively characterize the
roughness of the buried Si(100)/Si02 interface, for three types of oxide. We show
that the thermal oxide (TO) interface is 0.5±0.1 times as rough as the native oxide
(NO) interface, suggesting that the oxide growth decreases the roughness slightly.
We also measure the roughness of a shiraki oxide (SO) "terface. The
Si(100)/SiO2 interface is crucial to the performance of VLSI devices. As device
dimensions shrink, there is increasing pressure to fabricate thinner gate oxides.
The roughness of the Si(100)/SiC>2 interface will limit how thin an oxide can be
fabricated, and may affect the device performance and reliablity. Measurements
were performed at beamline X16B of the National Synchrotron Light Source
(NSLS) at Brookhaven National Laboratory. Integrated intensities were derived
from theta scans performed at fixed values of Kz. Typical results for the (1,1,KZ)
rod are presented
in Figure 1. The
bragg peak at
(1,1,2) in Figure 1
corresponds to
(2,0,2) in the more
familiar fee lattice
indexing scheme.
Lorentz factor and
area corrections
have been made to
the data. The
open circles, solid
squares and open
squares represent
TO,NO,SO
integrated intensity
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data poinjs respectively. The most striking result is that the thgrma! oxide interface
width (2A) is approximately half that of the native oxide (3.8A). This implies that
the process of growing the oxide makes the interface smoother. The SO sample
was the roughest (4.6A), however we did not grow the SO on a wafer from the
same batch as the NO and TO, and so a numerical comparison may be invalid.

IN SITU X-RAY SCATTERING OF THE Au(001) RECONSTRUCTION IN
ALKALINE AND ACIDIC ELECTROLYTES.

Ian M. Tidsivell. .\ViJi,.J M. Markovjc. and I'hil N. |iUss (Lawrence lierkelev Lab.)
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tin* formation of the reconstruction is signifi-
cantly smaller in electrolyte than in vacuum.

This work was supporteil \>y the Director,
Office of Kiiergy Research. Office of Basic
kner^v Science. Materials Sciences Division
of the I'.S. I).O.K.. under contract number
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X17B1
Imaging Small Animals with a Prototype MECT System

Using the Dual Photon Absorptiometry Method

F.A. Dilmanian, E. Nachaliel, H. Rarback, D.N. Slatkin,
J.A. Coderre, R.F. Garrett", D.D. Joe l , and

S. Spector (BNL Hed.); M.L. Rivers and P. Spanne (BNL DAS);
W.C. Thomlinson, L.D. Chapman, and

T. Oversluizen (NSLS); P.N. Luke and A.C. Thompson (LBL)

Construction of a prototype Multiple Energy Computed Tomography (MECT)
system was recently completed. The system has been used for imaging l i v i n g
r a t s , r abb i t s , and chicken embryos using the energy-select ive CT methods, dual
photon absorptiometry (DPA) and iodine K-edge subtract ion (KES). MECT employs
a horizontal fan-shaped beam and a subject ro ta t ing about a v e r t i c a l a x i s .
The system comprises a) a two-crystal f ixed-exit Laue-Laue monochromator with
Si<220> c ry s t a l s ; b) a 140-element high-purity germanium l inea r array detector
with 0.5 mm element spacing, 6 mm detector thickness, and 10 mm detector
height; and c) a sample stage synchronized with a data acquis i t ion system
(DAS) operating in the c u r r e n t - f i l t r a t i o n mode to provide a l inear 20-bi t
signal word.

DPA CT of ra t bra ins was ca r r ied out using a 70 mm-wide, 1 nun-high beam.
The DPA formalism was applied to exposure data taken at 20 and 45 keV to
compute two images of each s l i ce which represent pixel-by-pixel d i s t r i b u t i o n
of r e l a t i ve t issue concentrations of low-Z and intermediate-Z const i tuent
element groups. Beam harmonics were suppressed by detuning the monochronator
to 5* of i t s peak y i e ld . Two se t s of CT projections were co l lec ted for each
s l i c e , with the sample's axis l a t e r a l l y t rans la ted by 0.25 mm between the two
se t s . This yielded an in-plane s p a t i a l resolut ion of 0.3 ram FWHM. The images
presented here indicate that cont ras t resolution and image quant i f ica t ion
accuracy improve s tepvise with, f i r s t , the monochromatic beam end, second, the
DPA method.

20 keV 45 keV low-Z intermcdiate-Z

"Presently at the Austral ian Nuclear Science and Technology Organization.
We thank L.E. Berman, J .B . Hastings, S.K, Sharma, D.P. Siddons and P.M. Stefan
for the i r help in design of the monochromato>-; and C. Br i t e , N.F, GrnQr, R.
Greene, N. Lazarz, A. Lenhard, A. Levian, P. Micca, M. Nawrocky, M. Sh le i fe r ,
and K. Vodopia for t h e i r technical support.
This research was supported by US DOE contract DE-AC02-76CHOOO16.
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COHPTON-RECOIL ELECTRON AND K-SHELL PHOTOELECTRON SPECTROSCOPY USING HIGH-
ENERGY MONOCHROMATIC SYNCHROTRON RADIATION*

N. A. Guarda la , 1 J . L. P r i c e , 1 D. H. Lee, 2 B. M. Johnson, 2 G. A. G l a s s , 3

D. J . Land,1 M. F. Stumborg,* J . G. Brennan,* K. W. J o n e s , z D. G. Simons*

'Naval Surface Warfare Center/White Oak Lab, d e p a r t m e n t of Applied Science/BNL,
d e p a r t m e n t of P h y s i c s , U n i v e r s i t y of Southwestern Louis iana , 'Department of
P h y s i c s , Ca tho l ic Un ive r s i t y of America

Compton-scat tered e l e c t r o n s e j ec ted from a t h i n C f o i l (30 /jg/cm2 th ick)
were detected a t 0" with respect to the incident photon beam. Hell-resolved
Coupton peaks were measured using monochromatic photons of 26.3, 36,3, 48.3,
and 57.3 keV photons. The electrons were detected using an e lec t ros ta t ic ,
semihemispherical analyser coupled to a channeltron electron multiplier
detector. Total resolution of the system, fiE/E was ca. 3%. Figure 1 shows the
electron spectrum obtained using 57.3-keV monochromatic photons.

K-shell photoelectrons from a thin Ag target (200 A thick) were also
detected at an emission angle of 0° using 33.3- and 36.3-kcV photons. The
mechanism for their production is unclear, since in the nonrelat ivlst ic dlpole
approximation there is zero probability for emission at 0*. Figure 2
represents an electron spectrum taken for 36.3-keV excitation of Ag; the K-
shell photoelectrons are near 11 keV; L-shell Auger electrons are between 2-3
keV. Further measurements involving a Xe target are needed to study the
emission mechanisms responsible. Compton electron studies will also continue
with plans involving other solid targets as well os coincidence measurements.
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Figure 2

•Work at NSWC/WOL supported by the Independent Research Fund of the US Navy.
Work at BNL supported by the Division o£ Chemical Sciences, US Department of
Energy Contract No. DE-ACO2-76CHO0O1C.



PRESSURE-INDUCED PHASE TRANSITIONS IN ZnTe X17B1

Keiji Kusaba. Laurence Galoisy. Yanbin Wang. Michael Vaughan and Donald Weidner.
(CHiPR and Department of Earth and Space Sciences. SUNY, Stony Brook. N.Y. 11794-2 KM))

Many ll-VI semiconducting compounds with the H3 (zinc blende) structure have been
observed to transform to metallic phases with the HI (rock salt) structure under pressures up to
ISOI'a as measured by electrical resistance change 111 and j/i-.?i7u X-ray observations |2).
However. ZnTe which also has the 1)3 type structure, exhibits different behavior under high
pressure: ZnTe is known to undergo at least two high pressure phase transitions up to I5(il'a
11.3). The aims of the present study are to obtain high quality X-ray powder diffraction patterns
of (he two high-pressure phases and to confirm the phase transition pressures wild simultaneous
electrical resistance measurements.

High pressure experiments were carried nul by using a DIA-lypc cubic anvil apparatus
(S AM-85) using 4 nun si/.e sintered diamond anvils capable of generating pressures up to about
15'H'a. X-ray diffraction patterns were taken at X17H1 of NSI.S. The useful energy range was
approximately 35-120 keV. Chemical reagents of ZnTe (9y.997r) and NaCl as a pressure marker
were mixed with polyethylene with a weight ratio of 1:1 and 2:1. respectively, lioth mixtures
were inserted in a pressure medium, respectively. In order to measure electric resistance changes
by a two wire or four wire method, a pure ZnTe disk of O.I mm thickness was inserted between
the mixtures.

Results ol electric resistance change vs. pressure show two anomalies at around y.fiGI'a
and U.OCiPa as the pressure is increased, these pressure values are identical with each other.
These anomalies were confirmed to he due to structural transformations in ZnTe by X-ray
diffraction patterns, although (lie two
structures have not yet been determined.
These pressure values differ from those in
the previous work (X.5 and 13.0(il'a) | 3 | ,
which he due lo dif ferences in the pres-
sure conditions. In the present work, the
sample. NaCI and calihrant should he held
under quasihydrosialic conditions by us-
ing polyethylene.

The authors thank to l'rol. N.
llamaya. Ochanomi/u Univ.. who assisted
in the in-stm X-ray diffraction experi-
ment.
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Phantom Studies with the Prototype MECT System
Using Iodine K-Edge Subtraction

X17B1

E. Nachal ie l , F.A. Dilmanian, H. Rarback, R.F. Garrett*, S. Spector, and
A. Levian (BNLHed.); H.L. Rivers and P. Spanne (BNL DAS); W.C. Thomlinson,
L.D. Chapman, and T. Oversluizen (NSLS); P.N. Luke and A.C. Thompson (UBL)

Iodine K-edge sub t rac t ion (KES) was used with Mult ip le Energy Computed
Tomography (MECT) to image phantoms. The system and i t s components are
described in the accompanying a b s t r a c t . The phantom was a Plexiglas cyl inder
of 55 ran in diameter , with 82 a x i a l c y l i n d r i c a l channels of 3 nun diameter cut
in a hexagonal p a t t e r n . Each channel vas f i l l e d with one of 10 iodine
so lu t ions in the p a t t e r n shown in the f igure below. The iodine concentrat ions
in ho les # 1 through # 10 were 5,000, 2,500, 1,000, 500, 250, 100, 50, 25, 10,
and 0 /*g lodltie/ral, r e spec t ive ly .

CT images were acquired with a beam of 70 mm hor izon ta l width and 1 mm
v e r t i c a l he ight . The energies used to bracke t the iodine K-edge were 33.05
and 33.25 keV. As described in the companion abs t r ac t , beam harmonics were
suppressed by detuning the monochromator to 6% of i t s peak yie ld , and the In-
plane s p a t i a l r e s o l u t i o n was improved by combining the two se t s of CT
pro jec t ions co l l ec t ed with the sample's ax i s l a t e r a l l y t r ans l a t ed by 0.25 mm.
With the 0.5 mm element width of the de tec to r , th i s i n t e r l a c i n g method
improves the in-plane reso lu t ion from about 9 l lne-pair /cm to 17 lp/cm. The
t o t a l absorbed dose to the surface of the phantom was 5 cGy. The above- and
below-the-edge images, as well as the subt rac ted image, are shown belov. The
subt rac ted image was not cor rec ted for the difference between the a t tenuat ion
of water for the two beam ene rg i e s . Judging the sub t rac t ion image v i sua l l y ,
we can ident i fy hole #5, which has 250 /jg I /ml . However, v i s u a l i z a t i o n of the
holes with lower Iodine concentrat ion i s p a r t l y hindered by the di f ference
between the Au of water and t h a t of Plexiglas in the energy gap between the
two measurements. Image p r o f i l e analysis (not shown) suggests tha t the l imi t
i s about 75 fig/ml for a 3 mm-diameter hole , which i s s t i l l about an order of
magnitude worse than the t h e o r e t i c a l s e n s i t i v i t y . The new detector and
monochromator be ing developed for the system wi l l improve t h i s s e n s i t i v i t y .

Hole pa t t e rn Below the edge Above the edge Subtract ion

'Now a t Austra l ian Nuclear Science and Technology Organis . , Menai, Aus t ra l i a .
The authors thank L.E. Berman, J . B . Hastings, S.K. Sharma, D.P. Slddons and
P.M. Stefan for t h e i r help in the design of the monochromator; and C. Br i te ,
N.F. Gmur, R. Greene, N. Lazarz, A. Lcnhard, and H. Sh le i fe r for t h e i r
t echn ica l support. Research supported under DOE cont rac t DE-ACO2-76CHO0O6.



In Situ X-Kay Study of CaSiO, Perovskitc to 135 kbar and 1600°K X17B1

Yanbin Wang and Donald J. Woidner (CHiPR and Department of Earlh and Space Sciences,
State University of New York at Slimy Brook. Stony Brook, NY 11794-2100. (fax: 516-632-8140))

We have carried out a diffraction study on CaSiO, perovskite in a pressure and
temperature range of 100—135 kbar and 300—I6OO"K. with a large-volume DIA-type
apparatus (SAM-85) interfaced with synchrotron x-radiation at the X17 beam line of the
National Synchrotron Light Source (NSLS). Sintered diamond anvils with truncation size
4x4 mm' were used to generate 150+ kbar pressures, as determined by the NaCl internal
standards. Temperature gradients were less than 50"K across a 1.5 mm long sample
chamber. Starting material was well-crystallized wollastonile, which transformed inio
perovskitc near or above lOOICK at pressures above 110 kbar. Pressure stability field of
CaSiO, perov.skite was determined in-situ between 1 100" and 16()0°K, with some limita-
tions due IO kinetics of the phase transformations. These data are compared with previous
results from quench experiments (Fig. 1).

We found no evidence of CaSiO, perovskite being of lower symmetry than the cubic at
both high temperature and 300 K. At each pressure and temperature condition, unit-cell
parameters of CaSiO, perovskile were accurately determined by fitting up to 9 cubic
diffraction lines, making it possible to measure volumetric thermal expansion as a
function of pressure in a wide temperature range of 600—1500 K°(Fig. 2). Upon
decompression, perovskite appeared to remain metastable to near 1 bar pressure. Below
15 kbar. however, the unit-cell volume became significantly smaller than thatai 15 kbar;
a dramatic background increase was also observed near 1 —2 kbar, associated with a huge
decrease in peak intensities.

JOO MO 1000 1200 1400 1600
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In situ X-ray Determination of Phase Stability Fields of a, 0, and y for (Mg,Fe),SiO4 X17B1

Donald J. Weidner, Yue Meng, Yanbin Wang, and Donald H. Lindsley (CHiPR and
Department of Earth and Space Sciences, SUNY at Stony Brook, NY 11794-2100)

Phase equilibria studies are greatly aided by observing the sample with x-rays at
elevated pressure and temperature. The phase assemblage can be determined during the
experiment allowing run time reversals of univariant and invariant transformations. In
addition, pressure can be measured directly at every pressure, temperature condition.

We have conducted a pilot study on the system (Mg, ^FeJjSK), at pressures to
15 OPa and temperature up to 1200-C using the SAM85 large volume high pressure
apparatus with the superconducting wiggler (X17B1) at NSLS. At 1000'C we reversed
the a to b transformation at 13*1.3 GPa. This pressure is about 1 GPa less than that
reported by Katsura and Ito, but agrees very well with that determined by Kawada. We
also observed phase transformations for compositions with jt=O. 12, 0.2, and 0.25. With
the uncertainly limits imposed by kinetic rates and the detection of the presence of a
phase by x-rays, we conclude the following: 1) The slope of the univariant phase
boundary is steeper than reported by either Kawada or Katsura and Ito, 2) The
.ompositions as determined on quenched samples agree with that of Kawada but not that
of Katsura and Ito in the divariant stability fields of a, p\ and y.

These experiments form the basis of a more comprehensive study which can be
carried out with this system.



Strength of Earth Materials at Simultaneously High Pressure and Temperature X17B1 X-Ray Strain Measurement and Strength of Diamond at High Pressure and Temperature X17B1

Donald J. Weidner, Yanbin Wang, and Michael T. Vaughan (CHiPR and Department of Earth and
Space Sciences, State University of New York at Stony Brook, Stony Brook, NY 11794-2100)

Yield strength of minerals at high pressure and temperature is a fundamental property
which has a bearing on the dynamic processes within the Earth's mantle. We have
employed two techniques to measure strains in polycrystalline samples under high P and
T, with the use of a DIA-type large-volume apparatus (SAM-85) interfaced with in-situ
synchrotron x-ray sources. These strains are then converted to stresses with appropriate
elastic constants. The first technique is to use relative shifts of the diffraction lines to
determine macroscopic deviatoric stress component applied on the specimen; this
technique has been successfully applied to cubic materials at high P and T, as we reported
previously (Vaughan et al., 1990; Weidner et at, 1992). The second is to use peak shape
information to obtain strains on a microscopic, grain-to-grain level. These microstrains
are generated as a result of elastic anisotropy of individual grains of the sample. This is
a well defined method in materials science to analyze deviatoric stress; it does not
involve crystal symmetry. We have established several criteria to determine whether or
not the yield strength of a sample has been reached; these include uniformity and
saturation of the macroscopic and/or microscopic strain, strain variation with tempera-
ture,and microstructureof the crystals. Our analyses on NaCl up to lOOkbarand 1000°C
showed that both techniques give consistent results. Analyses on periclase and corun-
dum yielded somewhat higher strengths at 100 kbar compared to available 1 bar data; the
temperature dependence, on the other hand is very similar to that at 1 bar. These are
shown in figures 1 and 2, respectively. This technique provides a unique opportunity to
study strength of Earth materials at depths where pressure and temperature conditions
are still out of reach of conventional deformation experiment apparatus; these results
may help us understand dynamic processes in the Earth.

'Inferences
M. T. Vaughan, D. ]. Weidner, J. Ko, K. Baldwin, W. Iluebsch, Measurement of non-hydrostatic stress

components in a OlA-type multianvil press using synchrotron radiation., NSLS Annual Report, 286,
1990.
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Donald J. Weidner, Yanbin Wang, and Michael T. Vaughan (CHiPR and Department of Earth and
Space Sciences, State University of New York at Stony Brook, Stony Brook, NY 11794-2100)

Yield strength of diamond at high pressure and temperature is a property of
fundamental importance in high-pressure technology. Due to obvious experimental
difficulties, however, little is known about the strength of diamond, especially under
simultaneous high P, T conditions. As we reported elsewhere (Weidner et at., 1992), we
have developed a technique to measure strains in polycrystalline samples under high P
and T, using a DIA-type large-volume apparatus (SAM-85) interfaced with in-situ syn-
chrotron x-ray sources. These strains are then converted to stresses with appropriate
elastic constants. We have used peak shape information to obtain strains on a micro-
scopic, grain-to-grain level for diamond and, for the first time, we are able to estimate
yield strength of diamond at high P and T. These microstrains are generated as a result
of elastic anisotropy of individual grains of the sample. We have established several
criteria to determine whether or not the yield strength of a sample has been reached;
these include uniformity and saturation of the macroscopic and/or microscopic strain,
strain variation with temperature, and microstructure of the crystals. The experiment
was carried out on polycrystalline diamond (grain size 1 in) to Is JO kbar and 1530°C. Our
analysis on peak asymmetry indicated that at this pressure and at room temperature,
majority of the grain population remained undeformed; the grains began to yield only at
temperatures above 1000°C, indicated by a significant shift in the peak centroid toward
lower rf-spacings and disappearance in peak asymmetry. We have examined the dia-
mond grains before and after the experiment using transmission electron microscopy
(TEM) and found that for the starting diamond powder, the dislocation density is very
low (<107/cm!), whereas in those deformed at 100 kbar and 1530°C, dislocation density
is at least 2—3 orders of magnitude greater. Subgrain boundaries have developed in
many of the 1 m crystals, presumably due to rearrangement of the dislocations at high
temperatures. All of the above evidence indicates that we have plastically deformed
diamond. Our calculations, based on a deconvolution of the spectra from system
response and undeformed sample response, gave a differential yield strength of 160 kbar
at 1000°C and 60 kbar at 1500°C, under this pres-
sure. The decrease of yield strength with tempera- i>in«ronu.i »_ic« siremu. oi ui.moM
ture is consistent with available 1 bar data (Evans ••[ l0 w , (Ull> ,,„,„ s • \
and Wild, 1965), and our high pressure data are „[ ;̂ J'""'""J™ ' ° j
systematically higher than those obtained at 1 bar ^ ° =" |
indicatingapositivepressuredependenceonyield S iwrtew.it™> :

strength, consistent with observations on virtu- 5 "j n'w» •
ally all of the materials. jf •'

•inferences ' '
D. J. Weidner, Y. Wang, M. T. Vaughan, Strength of F.arth '<

Materials at Simultaneously High pressure and Tern- t\ &j
perature, NSI.S annual report, this issue. . ii

T. F.vans, R. K. Wild, Plastic bending of diamond plates., % ^ «3 ^ Bij .^0 -^ i.W -v» Vaj
Tfiit. Mag., 12, 479-489, 1965. Tempemlurf. c



In Situ X-Ray Study of the Coesite-Stishovite Transition X17B1 X17B2

Jian/hoiij! Zhang. Baosheng Li. Robert C. Licbcrmann. Donald 3. Weidner, and Yanbin
Wang (CHiPR and Department ol Earth and Space Sciences. State University ol New Yoik at Sti.iy Brook. Stony
Braok. NY 11794)

In situ diffraction X-ray study on the coesile-slishovite transition was performed
in a pressure range of 7 to 12 GPa using Ihe DIA-lype cubic anvil apparatus (SAM-85)
at the X I 7 beam line of the National Synchrotron Light Source. A mechanical powder
mixture of synthetic coesite and stishovite (1:1 by weight) was used as the starting
material and compressed by sintered diamond anvils with NaCI as an internal pressure
standard. As temperature was increased up to 950°C at constant ram load (cell pressure
= y to 12 GPa at room temperature), the percentage of the two phases was unchanged or
transformation to stishovite gradually occurred. In the former case, at high temperatures
the transition from stishovite to coesite was identified by an increase in the intensity of
coesite peaks; in the later case the transition was determined by observing the first
appearance of coesite peaks, which occurred within 10 minutes at 1150 to 1400"C.
Reversal of the transition was difficult to observe because the cell pressure cannot be
easily increased al high temperature and dropped upon cooling. The stishovite to coesile
transition at 1151) to 140()"C in our experiments occurred al pressures similar to those
based on the extrapolation of Yagi and Akimoto (Tectonophys. 35. 259. 1976) but at
lower temperatures the transition occurred at much lower pressures (e.g., 985"C/8.O
GPa: IO25"C/8.4 GPa) than the previous data. It is most likely that the stishovite to
coesile transitions observed in our experiments above 115()"C are close to the equilib-
rium phase boundary, while those at lower temperatures define the kinelically-conlrolled
boundaries. Our data suggest an asymmetry in the kinetically-comrolled boundaries
because the coesite to .stishovite transition occurred at much lower temperatures (e.g.,
550"C7l 14 GPa; 6()(>"C/9.5 GPa) than the stishovile to coesite transition.

CROSS-TALK MEASUREMENTS ON THE NSLS ANGIOGRAPHY DETECTOR

H. Moulin, C. Schulze (ESRF),
W. Thomlinson, D. Chapman, R. Greene, N. Gmiir (NSLS)

A multichannel lithium-drifted Silicon detector is presently employed in the Digital
Subtraction Coronary Angiography Project to acquire, in a line by line mode, two images
above and below the contrast agent K-edge (iodine 33.169 keV). A logarithmic subtraction
of the two images results in an enhanced iodine contrast relative to that from the body
tissues. The detector is a single Si(Li) crystal, where on one side a contact pattern has been
evaporated to give two detection lines (300 elements each). Any signal contamination from
one detector line into the other one, and especially from the low energy detector into the
high energy detector, results in a degradation of the iodine signal in the subtracted image.
Two types of contamination are possible: the "internal cross-talk" due mainly to the
Compton scattering inside the silicon detector itself, and the "external cross-talk" due to the
beam profile definition (low energy beam overlapping the high energy detector or vice
versa). The second problem can be overcome by carefully collimating the two beams. A
new slit system has been installed on the X17B2 angiography beamline and measurements
of the cross-talk have been performed. Figure 1 shows the improvement achieved on the
beam profiles using the new slit system (Legend: O: open, C: close ; Slits #l=Upstream
slits, SlUs#2=Downstream slits). Table 1 gives the internal and external cross-talk for
various slit settings. (The cross talk was defined as: Signal from the non exposed detector /
Signal from the exposed detector.) It is seen that with the proper collimation of the beams,
the crosstalk can be reduced essentially to the noise level.

j

Slits #1
Slits #2

Totals
lnt.%
Ext.%

Open
Open

6.8
2.8
4.0

Open
Close

5.8
2.8
2.0

Close
Open

3.6
2.8
0.8

Close
Close

2.6
2.8
-0.2

Detector position [mm]

Figure 1:
Beam profiles for various slit settings.

Table 1:
Crosstalk for various slit settings.

(Wiggler field: 3T).

Work funded by DOE under contract No: DE-AC02-76CHOOO16



X17B2
AN IODINE FILTER FOR AN ENERGY DISPERSIVE DETECTOR USED IN
DIGITAL SUBTRACTION CORONARY ANGIOGRAPHY
C. Schulze, H. Moulin, A. Miller0 (ESRF 'and University of Edinburgh)

W. Thomlinson, D. Chapman, R. Greene, N. Gmiir (NSLS)

Digital Subtraction Coronary Angiography images are seriously hampered by artifacts due
to the finile angle between the high and the low energy beams. This angle is required to detect
separately the beams after they have crossed at the patient's heart, as well as to generate the
two energies above and below the contrast agent K-edge (iodine: 33.169 keV). The necessity
of avoiding the K-edge also limits the useful bandwidth and thus the flux.
One way to overcome these problems could be an energy dispersive detector allowing the use
of only one beam with a broad energy bandwidth overlapping the K-edge. Because of the
difference in absorption above and below the edge, a coarse energy dispersion can be
achieved by taking two images, one with and one without an iodine absorber in the beam. A
filter made of a row of alternating iodine and iodine free elements, matching the spacing of
the detector pixels, provides spatial resolution and allows the reconstruction of the dual
energy signal.

A 50 element filler was prepared from a 2.8 mm thick plastic plate into which 0.5 mm
width groove. were cut resulting in a resolution of 1 rnm. The concentration of the iodine
solution (Angiovisl®370) was adjusted to be equivalent to 0.1 mm of solid iodine in order
to reduce additional noise owing to absorption. The filter was placed at a distance of 20 cm
from and parallel to the Si(Li)-detector.
The transmission of the filter was determined above and below the K-edge. This allows
correction of the absorption of the plastic and the solution and allows computation of the
position of the energy band relative to the K-edge for a weighted subtraction of the two
images. The beam was set to the K-edge by performing theta-scans of the monochromator.

Figure 1 shows a polaroid picture
of the beam taken between the filter
and the detector. The iodine filled
chambers appear semi-transparent.
Figure 2 shows the subtraction
image of two tubes filled with iodine
solution (o: 3.5 mm, l-concentra-
tion 3.7 %). The artificially induced
'stenoses' of the tubes are clearly
distinguishable.

e to -

20 30
X-OKIS [mm]

Fig. 1: Polaroid of the filter transmission Fig. 2: Contour plot of a subtraction image of
iodine solution filled tubes

Work funded by DOE under contract No. DE-AC02-76CH00016

X17B2
FIRST HUMAN TRANSVENOUS CORONARY ANGIOGRAPHY IMAGES USING NEW BENT LAUE
MONOCHROMATOR

W. Thomlinson, D. Chapman, N. Gmiir (NSLS); J. Morrison, S. Green. L. Ong, P. Reiser (NSUII); A. Thomp-
son (LBL); E. Rubenstein, J. Giacomini, II. Gordon, W. Lavender (Stanford U.); P. Smrlii (ESRF); 11. 'Lemon
(U.ofTN)

Two accompanying abstracts describe the configuration and performance of a new single crystal bent
Laue geometry monochromator. This device both vertically focuses and directs two fan beams, bracketing the
iodine k-edgc (33.169 keV), lo cross at the patient position and then diverge to the detector face. Previous
results show a 12-fold increase in x-ia> flux al the patient position when compared to the original double cry-
stal Bragg configuration. The benefits of the Lauc configuration also include a reduction of contaminating har-
monics and a much improved signal-lo-noisc ratio al the detector.

The Laue configuration was used to image a human patient for the first lime on October 2, 1992. The
patient had experienced two myocardial infarctions. Sixteen months ago he underwent a conventional
angiogram and subsequent balloon angioplasty of the left anterior descending (LAD) coronary artery.

The patient was imaged in two positions. The first was a 45° left anterior oblique (LAO 45°) position -
sec Figure 1. Three image f:ames were taken at » dose of 5.47 rad/frame. Tlie second position was a 30°
right anterior oblique (RAO 30°). Two image frames were taken at a doss of 5.31 rad/framc. The pcr-frame
doses were appoximately an order of magnitude higher than previously used (Ref. 1) and resulted in images of
excellent contrast. As is evident from the figures below, the RCA is visualized throughout its entire length,
including the origin of the posterior descending coronary artery, and the left ventricular continuation branch.

1. W. Thomlinson ct al, The Lancet, 337,350 (1991).

figure I: Three LAO ->5° image frames showing RCA (sec arrow). Frames taken - 2 sec apart.

Work funded by DOE Contract No. DE-AC02-76CH00016(BNL); DOE Contract No. DE-FG03-87ER60527
and NIH Account No. NIH 5R01 liL 39253-O4(Rubcnslrin).



X17B2
DESCRIPTION OF A IIF.NT LALK CRYSTAL M0NOCI1ROMAT0R FOR ANGIORRAPIIY

IV. Thomlinson INSLS). P. Suorui (ESRF). D. Chapman, N. Cmiir. J Hastings. A. Leonard, T. Oversltdien,
DP. Stations (NSLS)

Development of a bcru Lane geometry crystal monochromalor is underway in order 10 provi'Jc Ihc
XI7B2 angiography imaging project with greater llux around the 33.17 kcV iodine K-cdgc. An additional
benefit is anticipated to he reduced crysia! distortion due to |xiwcr loading from the wigglcr beam.

The current I.aue monodiromalor consists of a single asymmetrical S i ( l l l ) crystal 0.7 mm thick and
!25 mm long. The angle between the crystal surface and Hie (111) lattice planes is % = 26.22". The geometry
corres|K>nds 'o the upper sign in Ref. 1. The cross-section is shown in Fig. 1. The crystal is attached by a
slow setting cpoxy to a water-cooled copper base and a flat stainless steel cooling tube is attached by cpoxy to
the lop of the crystal. The crystal is bem by two stepper motor driven micrometers pushing on two leaf
springs attached lo copper sup|>orls located at the ends on lite top of the crystal. A water-cooled Hcavymel
beam splitter is located upstream of the crystal dividing the incoming white beam into upper and lower fan
beams which arc diffracted by the crysia! to energies above and below the I K-cdgc, respectively. The degree
of crystal liend imparted by the leaf spring/stcpivr arrangement determines the focal point of the individual
rays and the crossover |x>inl of the fan beams.

Many of the parameters for the operation of this type of monocliromator arc fixed for the angiography
bcanilinc configuration (source to inomuhromaiiir, innnochroinalor lo patient, patient to detector distances). In
otilcr to optimi/.e lire performance of this monochromaior, given the above constraints and the need for 0.5mm
high beams at the patient, only Ihe crystal thickness and asymmetry angle can he adjusted.
I. P Suortti and W. Thomlinson, Nucl. Instr. and Mclh. in Physics Res. A269, 639 (1988).

(ml

A 4"'U

Figure I - l.uiie crystal monochrnmaliir A - Motion of imcrometers(2) on leaf spring hcndcrs(2):
II = While beam spinier; (' = Incoming white SU beam: I) = Diffracted monochromatic fan hcams(2);
F. - l-aue crystal: !•' = Thela stage: ( i - Walcr cooling tubing.

Work funded by t)OF. under Contract No. Dl:-AC02-7uCII(KX>16.

X17II2
PERFORMANCE OF A BENT I.AUE CRYSTAL M0NOCIIR0MATOR FOR ANCKKiRAPHY

IV. Thomlinson (NSLS). P. Suorui iESRF). D. Chapman, N. Cmiir (NSLS). C. Schuhe (F.SRF)

An accompanying abstract describes the configuration of a new single crystal bent Lauc geometry mono-
chromator used in providing dual x-ray beams bracketing Ihc I K-cdge for coronary angiography dual energy
digital subtraction imaging. A series of experiments were run lo determine the characteristics of the Lauc
monochromalnr and the extent to which they exceeded those previously exhibited by the double Bra'gg crystal
assembly.

The Lauc crystal is capable of bending, thereby focusing the two diffracted beams. As a function of
bending, the crystal reflectivity is increased providing ycl more diffracted beam x-ray intensity. The beams arc
made lo crossover at the patient position and then diverge to die face of the detector. Figure 1 compares
energy scans of Ihe Lauc (1 crysia!) and Bragg (2 crystals) dual beams from the tmmochromaior through an
iodine filter. The ion chamber signal jumps arc a measure of die relative intensity of each beam (vertical axis)
and the energy range or bandwidth over which Ihe jumps occur (horizontal axis) as the monochromauir is
scanned in energy. Note the greater intensity of the L3UC crystal scan. With beam crossover at the patient
position the Lauc bandwidth is -130 cV as compared to -80 cV for Ihc Bragg case. The Bragg case intensity
is further reduced from that shown in die plot hy a factor of -3.4 when slits downstream arc closed to give the
0.5 mm high beams at the patient crossover. TLD dosimclry measurements indicate a 12 fold increase in x-
ray flux at the patient position in the Lauc case.

One of Ihe problems exhibited by the Bragg crystals is die level of harmonic contamination of the
diffracted beams. In addition to (he fundamental beam energy of 33 kcV, harmonic energies arc also pro-
duced. Their presence degrades the dual energy subtracted image quality. This is due to the fact that as the
beams pass through the patient, there is a three order of magnitude reduction in flux at 33 kcV due to absorp-
tion. The harmonics arc absorbed significantly less resulting in an overall hardening of die beams. Up In 10%
of the intensity measured is due to harmonics with Ihc Bragg type monochroinator. However, in Ihc Lauc
case, the relative harmonic content at 66 kcV is much less. This condition will reduce the harmonic contribu-
tion to the overall beam signal to about 5'.i, or less. Figure 2 shows a spectrum .acquired with a SSD using
scatter from a Be foil. The peaks marked arc from Compton scatter of the fundamental and harmonics. Note
the relatively weak scatter at the first harmonic.
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Figure I
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Figure 2

Work funded by IX>Ii under Contract No. DE-AC02-76CII(XH)l<i.



X 171)2

K M i l T M O N <)l; Itl'.ll'X'TMK CROSS-TALK WITH X-RAY BEAM CULL1MATION

III' /etnanlU Iron . Memphis) and II.R Moulin (KSRF)

We hate ic|«'aif(l Ihc incaMircniriiLs tit X-ray transmission ami cross-talk reported al the 1991 IEEE
Nm li-:ir Si ionic Symposium ;u the present operating wigglcr field for beam line X17 of 4.7 T, with and without
added i nlliniiiiuin "I tin- beams. The two X-ray beams, one with a fundamental energy just below the K-cdgc
dl nuliiie at 1VIW kiV. anil une will) an energy just above, are passed through a lucile step wedge with steps
ol .' s.i tin mill a mini thickness "I 27.')4 tin. Ilic transmitted X-ray flux is measured with the Si(Li)
iiinlIn haniiel ili-u-uor and dual-beam argon ion chamber beam monitor used for angiographic imaging at X17B2.
TiaiisiniKuin measiiniiii'iits are maile with both beams on simultaneously, as well as will) cither one beam or
the iither occluded wild a tungsten collimaling slit. The previously reported measurements utilized the brass
collimaimg slits supplied by Stanlonl University to define die iwo X-ray beams. In this report, the brass slits
»cic augmented wiih addiiional sets of uingsicn slits, one set at the entrance to the radiography room of the
angi< (graphic stiift" al X17 and (lie urtier just in front of the detector.

I lie mcuMiictm-tiis showed a similar harmonic contamination of both X-ray beams at 4.7 T as was
prevent at 4.4 T in the previous measurement. This harmonic conuuninau'on was more than a factor of 2 higher
than lhai which nhiainril at 3.0 T. No significant change in the contamination level was observed when the two
new i olluuaiors woe aildrd. I Iiiwcver, the incasurcmcnls of the cross-talk signal clearly showed an improvement
when lire colliiualms were added, as can he seen from the graph below. The cross-talk levels observed wilh
tnllinuiirai are at K-.1-.I us good as we observed at 3.0 T without collimau'on. The added collimators consisted
of huigsicn blades thai were placed near to lite outside extremes of the two beams. Additional reduction of the
cross lalk signal should lie possible by replacing Ihc blades with movcablc slits of fixed height. Especially Ihc
slits (ic.'tr lire di'JeiMr utiulif tK'iicfit (mm such a slit geometry, w'hich would reduce further the detector solid
angle available lor dilating the Oompton scattered X-rays.
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X17C

A STUDY OF THE EFFECT OF PRESSURE ON THE CRYSTAL STRUCTURE OF
(Zn,Co)Se

S. B. Qadri (NRL), E. F. Skelton (NRL), J. Z. Hu (CIVV), and A. W. WEBB (NRL)

Zni.xCoxSe crystallizes in the zinc-blende structure for values of x less than
0.1. It belongs to the class of materials known as dilute magnetic
semiconductors. In our previous investigation of Zno.83Feo.17Se,1 we discovered
that the material undergoes a first order phase transition from the zinc-blende to
the rock salt structure at a pressure of 10.4+0.6 GPa, as compared to a transition
pressure of 13.7 GPa for the parent compound, ZnSe. In the present investigation,
we sought to study the effect of replacing some of the Zn by Co. Measurements
were performed on Zno.9Coo.1Se.

Energy-dispersive diffraction data were collected up to 25.0 GPa using a
diamond-anvil pressure cell and internal pressure standards of NaCl and ruby.
The zinc blende to rock salt structural transition took place at 14.1+0.6 GPa. The
implication of this is that unlike Fe, the replacement of some of the Zn by Co
appears to stabilize the zinc-blende phase.

8 O O O — • • - - . 1 • • • T • • • T • • • j

56 37 « c o

Energy (kev)
Fig. 1: Diffraction spectrum of Zno.9Coo.1Se at 8.6 GPa in the zinc blende structure (solid

curve) and 23.0 GPn in the rock salt structure (dashed curve)

IS. B. Qadri, E. F. Skelton, A. W. Webb, N. Moulton, J. Z. Hu, and J. R. Furdyna, Phys Rov H
45,5670(1992)



X17C
EVIDENCE OF SEVERAL GPa OP STRESS IN SUB-MICROMETER
DIAMETER CRYSTALS

E. F. Skelton (NRIJ. L. W. Finger (CIVV). S. B. Qadri (NRL), J. Z. Hu (CIW), J.
D. Avers. (NRIJ. and H. K. Mao (CIW)
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.- can be explained by a comprcssive strain on those planes whose normal Is
le fiber axis, as compared to those whose normal Is parallel to the fiber axis.

o-l o. (i

cos2(x)

I'li; 1 Variation of linear strain with the angle, x between the reciprocal lattice vector
and the normal to the filament axis for two different filaments each with a 0.22+0.02 Mm
dianieler

Experiments on H2-H2O Mixtures at High Pressure X17C

Willem L. Vos, Larry W. Finger, Jing Zhu Hu, Ho-Kwang Mao, and Russell J. Hemley
(Geophysical Laboratory and Center for High Pressure Research of CIW)

Hydrogen and water are among the most important building blocks of the outer planets and
each has been extensively studied. There is, however, very little experimental data on the mixture
hydrogen-water, while this is also of great interest to chemistry and physics. Only the phase
separation and the volume as a function of pressure, temperature and composition have been
investigated in the fluid phases at pressures up to 2.5 kbar and temperatures up to 620 K 11], The
present study uses diamond anvil cells to reach pressures of at least 50 kbar, at temperatures
between room temperature and about 450 K. Single crystal and powder x-ray diffraction
experiments were performed on the wiggler beamline X-17C as well as optical microscopy and
Raman spectroscopy to identify the many different phases that were encountered. Of particular
interest are the mixed solid phases, which include a rhombohedral small-cage clathrate, similar to
the phase found by Londono et al |2] in the system He-H2O (see fig. 1), and a new cubic
clathrate phase that has the O ions of water in a diamond pattern. The positions of the H2
molecules in this material are still under investigation.

[1] T. M. Seward and E. U. Franck, Ber. Bunsenges. Phys. Chem. 85, 2 (1981).
[2] D. Londono, W. F. Kuhs, and J. L. Finney, Nature 332, 141 (1988); D.
Londono, J. L. Finney, and W. F. Kuhs, J. Chem. Phys. 97, 547 (1992).

Figure 1. Structure of the rhombohedral clathrate hydrate (from Londono et al). (a) normal and
(b) parallel to the c-axis. The large circles indicate the positions of the Hi molecules.

This work was supported by NASA, NSF, and the Carnegie Institution of Washington.
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The Compression and Phase Transition of Diaspore AIO(OH)

at High Pressure and Room Temperature

X17C

J.A.Xu, (U of Hawaii), J.Z.Hu (CIW), M.H.Manghnani, L.C.Ming (U of

Hawaii) and H.S.Xei (Inst. of Geochem. of Chinese Academy of Sciences)

The diaspore has been compressed in a Mao-Bell diamond anvil cell with

stainless steel gasket and without pressure medium. The experiments were

carried out at X17C beamline by using energy dispersive x-ray diffraction

method. The ruby fluorescence method and Pt internal standard were used to

measure the pressures. At room temperature the diaspore was compressed up

to 27 GPa. The bulk modules K and its pressure-derivative K' are determined by

fitting its volume data to Murnaghan equation as 225.3+ 0.6 GPa and 4.167 ± 0.3

respectively. And it was found that the compression of the diaspore is mainly

performed on the a axis. By comparing the patterns at different pressures, the

intensities of peaks of [040] and [140] increased when the pressure increased

above 9 GPa. At decompressing the intensities of the two peaks decreased. This

effect was reproduced in a second run. It mostly corresponds to a partial

dehydrated transition from diaspore to AI2O3

The work supported by NSF grant EAR-9105731.NSLS Faculty Student

Research Support Program (Jan. - April,19D2) and U of Hawaii ORA. Two of us

(Xu and Xei) are grate fully acknowledges the support of K.C.Wong Education

Foundation, Hong Kong.

Synchrotron X-Ray Diffraction studies cf Layering Transitions of Hultilayer
nitrogen Physisorbed en Graphite

T.E. Burns and J.R. 2er.nisc.ri, Utah State un. , S.!.\ Ehrl ich, Purdue 'Jr..

Recently, el l ipscmetry isotherms were used to study nitrogen films en
graphite subs t ra tes , and previously ur.ropcrted phenomena" -.ere cc'scrvc-d.' At
temperatures fcelow Ta., (Ta., = 24 r 0.5 K, the temperature at which bulk
nitrogen undergoes a s t ruc tu ra l phase t r a n s i t i o n ) , a maximum d two to four
f i ln layers formed before bulk nucleaticr) !;egan. At temperatures afceve T.,,
cne observes mult i layer nitrogen en graphite to undergo a ser ies cf layering
t r a n s i t i o n s , beginning near TQB with subsequent layering t r ans i t i ons occurring
&s the temperature increased. The objective cf cur rose-arch is t c address
with d i rec t x-ray d i f f rac t ion s t ruc tu ra l ana lys i s the layering t r ans i t i ons
inferred frcn e] lipsometry. *e4 ":s

Standard x-ray diffraction in 3 7
transmission geometry was done. Graphite ^
fcam was contained in a copper cel l f i t ted £
with Ee windows, which was f i l l ed with >;; to J
a coverage of 8 = 8 layers, and scaled. The <5

.-ore 7slowly lowered. ?iffracticr
ta--.cn at 2 K intervals up through the £->."; .5
triple point temperature (T,o - 63 X) . W e S
monitor the integrated peak intensity for
chosen peaks as a function cf temperature.
Figure 1 is a plct cf the pea>: intensities
as a function cf temperature. The ir.tc-r.sity
cf the Nj (20) p.;-»>; [rig. l(c); remain;! : [
nearly constant in the temperature ranee 5 I
kef-eon jo K and =.; X. The film molts ky <.', » [
S, atcve T... The 2-::. (;0C) peak intensity S [, 7.
25 a fur.ct'icn cf terpc-rature i s p lc t t eu in "=r I ' .'_
'rig. 1 (£) . At tGr.pc-rat.urfis bo low ?o.[f t ^ i ^ - . I J v
peak i s r e s t ir.tor.co and is cons t an t . Abcvc iî L 1
T..t, the ir.tGnr.ity drcps ncr .c tcnical iy as £, [
tr.e ter.perat'jrG increases , At •;£ ?•, 'cho ~]
jp.tcr.sity of t h i s poa>: has dreppc-d tc zero . ?;
Th-J? a l l c-N'j disuppoars by -;s K. In Kig. 3 .
1'b) the in t ens i ty of the &V

j y
the i n t ens i ty of the

d
y

versus terpcrature is plct ted.
there is no evidence for JJ-I;..

g
i 0 1 ) pea'K

Ho lew T 3 . t ,
Afccvo Ta.

o o;c6"i0oC o o

L 1 v
I I

: « ; T :e

a.6,
there is an abrupt increase in the ":-:.'j peak intensity, and then a doc re-a no
as the torperaturo is increased. At AH H, tho intensity ci this poak has
dropped to zero. Thus all fi-N, disappears by 46 K. In crder to ccrparo cur
data ncro directly with the ellipscrotry roDulty, we have plotted X)\Q tctal
ancunts cf bulk cclid and 2tD colid as a function cf terperaturo in units cf
coveraco over the tenperature range [Fig. l(d)]. All cf the bulk nitrcrren is
cone by 48 K. There is no ccr re spending increase in the arcunt cf
translaticnally crderod filr. Fron this wo conclude that the bulk nitrc-gen
is layering into a tvo-dirensicnal disordered solid cr fluid. A ccrpariscn
cf our results to tho el 1ipscr.etry results shews that cur data is ccnsistent
with the predicted layering transitions (stopvise line in Via, 1(d)). This
work was supported by the Donors cf the Petroleum So search Fund cf the
American Chemical Society and tho Utah State University Hesearch office (7KB,
JRD) and the U.S. Department of Energy Grant No. D?;-FG02-85i:S45i83 cf the
Matrix PRT (SNE).
1 U.G. Volknann and K. Knorr, Fhys. Scv. Lett. 66, 473 {1991).



Xt8A
Multilayer Structure and Growth or Xenon on (he Ag(Ill) Surface

P. Dai,<"> > T. Angot<«>, S. N. Ehrlich,<b> S.-K. Wang<">, and H. Taub(')
(a) I), of Missouri-Columbia; (b) Purdue U.

Currently, there is considerable interest in the multilayer structure and growth of physisorbed films. Issues of
concern are the laycr-by-layer structure of the solid film, its ultimate thickness, and its structural perfection. We
have undertaken a series of experiments to address these questions in the caw of xenon adsorbed on the prototypical
Ag(l 11) surface. Comprehensive structural and thcrmodynamic studies of this system were made by Webb and co-
workers2 using low-energy electron diffraction (LEED). It is of interest to extend their study to thicker films using
surface x-ray diffraction. Our experiment-1! utilize an ultra-high vacuum chamber which has been especially designed
for x-ray diffraction from physisorbed films.3 The chamber mounts on the x-circlc of the standard Hubcr diffracto-
meter ai the XI8A bc.n line. It has a low-temperature capability (T 5 35 K) and a low-current LEED syslcm
which allows LEED patterns to be obtained without moving the sample from the x-ray scattering position. This
year we repeated measurements of the Xc-Xc atom spacing in the film ai fixed gas flux while decreasing the tem-
perature. Using a Gc analyzer to increase Ihc ©.-resolution, our results are now in quantitative agreement with those
of Unguris, ei al? showing that by monolaycr completion the Xc-Xe spacing has compressed to the bulk value.

Our most interesting result is the observation of intensity oscillations at the Xc anti-Bragg point of the specular rod
during laycr-by-layer growth (sec figure). These are analogous to intensity oscillations seen in RHEED (reflcciion
high-energy electron diffraction) experiments which are routinely used lo monitor film growth in molecular beam
epitaxy systems. Such oscillations have not been previously observed from physisorbed films by any technique
nor are we aware of their observation by x-ray diffraction in a ca« of hclcroepitaxy. The x-ray intensity oscilla-
tions arc of interest because they demonstrate
laycr-by-Iaycr film growth, provide a sensi- " ~ ~~ —
tivc means of monitoring .structural perfec-
tion, and can be analyzed kincmatically. We -;
observe five complete oscillations corrcs- ' \
ponding to the growth of about ten layers ' \
before they finally die out. Nonspccular •. I
scansalong the Xe(10) rod of other samples ' \
give an ultimate solid film thickness of 180 • \
A and establish an ABC stacking sequence as . ' V
in fee bulk Xe. Analysis of the specular rod ;' f

scans at various coverages is in progress to , " < > . ; , • , , ,
determine the fractional layer occupancies
and itic spacing between the Ag(l 11) surface
and the first Xe layer. These results will be

used as a starting point for modeling the ,
intensity oscillations versus lime.

See. for example, G. I). Hess, in Phase Transitions in Surface Films 2, edited by H. Taub, G. Torzo, H. J.

Uiulcr, S. C. Fain, Jr., NATO Advanced Study Institute, Scr. B, Vol. 267 (Plenum, New York, 1991). p. 357.
2J. Unguris, L. W. Brach. E. R. Moog. and M. B. Webb. Surf. Sci. »7, 415 (1979).

^J. R. IX-nmson. S K. Wang. P. Dai, T. Angot, H. Taub, S. N. Ehrlich, Rev. Sci. Inslrum. 63, 3835 (1992).

Supported by N S r Grant No. DMR-9011()69 and DOE Grant No. DE-PGO2-85ER45183 of Ihc MATRIX PRT al
ilw NSLS.
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SOLUBILITY LIMIT OF STRONTIUM IN

R. Harlow and C. Torardi (Du Pont)

^ Srx)(Tan 9 9 Nt>001)O4.
X18a

Niobium-doped yttrium tantalate, YTa(Nb)O4, is an excellent x-ray phosphor. To

enhance the visible fluorescence, strontium can be added to the reaction mixture:

(1-x)Y2O3 + Ta2O5 +(2x)SrCO3 ........ 2(Y1.X S<x)TaO4 (in Li2SO4 flux)

Patent concerns made it necessary to confirm our suspicions that. if Sr sustitutes at all, it's
solubility would be minimal. The solubility limit can be estimated by running the reaction
with increasing values ot x. As long as Sr is soluble, only (Y 1 x Srx)TaO4 will be formed.

When the limit is exceeded, there will be excess Sr and Ta in the mixture which can react
with the tlux to give a variety of phases: Li3Ta04, LiTaO3, SrSO4, etc. Powder diffraction

studies on the resulting products gave the partial patterns shown below. The astericks
indicate (Y^.x Srx)TaO4 peaks: the central peak is due to the presence ot LiTaOg. Clearly,
the solubility limit occurs at x < 0.01.

3X104-

2x10*

ia

20,
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Synchrotron X-ray Anomalous Diffuse Scaiiering Sudies of YBa2Cu3_xCoxOy and
4.5 single crystals.

X.B. Kan, H. Renevier and J.B. Cohen (Northwestern University)

To lest ihc hypothesis that local onhortiombic symmetry is a requirement for superconductivity in the 3
xCoxOv (x=0.3) compounds, we measured the absolute intensity of the diffuse x-rays scattering from a 3x3mm
square oxidized single crystal provided by Dr. Kaijun Zhang of the University of Chicago. In order to reduce the
number of unknowns, to find out the Co spatial distribution and the crystal structure distortions we used the effect
of anomalous dispersion at Ihe edge of the Co cations. We recorded two sets of data, one a few cV below the
absorption edge and a second lOOcV below the same edge. The step sizes were scl equal to 0.1 along the [100]
directions and 0.2 along the [001] direction. Some 8922 data points are currently being analyzed. Linear <110>
scans around the 11/ reflections clearly show the satellites due to Ihc transverse displacements of the whole
structure. The figure on the left shows Ihc diffuse scattering intensities (after the subtraction) in the /=6.2
reciprocal plane and reveal intensity ridges in the <100> directions, connecting Ihc 11/ and 10/ reflections. The
diffuse scattering is mainly located near Ihe Bragg peaks and in the (0.0,/) plane (where / is a integer). The rising
diffuse scattering toward the 00/ reflections suggests cobalt clustering. Similar measurements were done on a
single crystal of Ndj gsCcg 15Q1O4.5, withdim. of 3x<tmm at Cu K-edgc. The sample was provided by Dr. J.L.
Peng of University of Maryland. 2500 points were collected at both energies. Pronounced diffuse peaks were
observers! ihe forbidden reflections (h+k+l=odd) and around some Bragg peaks (see figure on the right). Data
analysis now under way will give us information about the distortion on the CuOi plane, which may shed light on
its electronic properties.

Difference coniour map of X-r.iy diffuse scattering intensities :
VUaiCuvjCiinOy, /=6.2 plane Nd ̂  ,05^0.15 c ' u O 4^| . '= 8 plane

Research supported by Ihc Department of Uncrgy (DU-IXUC-84UIWS097) and Ihe Nre STCS (DMR 912-0000).

X18A

PHASE DETERMINATION OF X-RAY REFLECTIONS IN A QUAS1CRYSTAL BY

MULTIPLE BRAGG SCATTERING

H Lee, R. Colella, (Purdue U), and L. D. Chapman (NSLS)

When a crystal set for diffraction from the (hkl) planes is rotated around the scattering

vector, another reflection (HKL) may be excited simultaneously. A plot of the reflection

(hkl) intensity vs. $, the azimuthal angle of rotation, is called a Renninger plot. A peak

in such a plot usually exhibits an asymmetric shape, as a result of interference between

different reflections excited simultaneously. It has beer, pointed out that this asymmetry

can be used for phase determination of structure factors. In this work we report the

observation of the Renninger effect with asymmetric features in a quasicrystal (Al-Cu-Fe),

using synchrotron X-rays, at NSLS.

The asymmetry effect on the wings of some Renninger peaks could be clearly observed.

A good match has been obtained between Renninger plots obtained from experiment and

from theoretical calculations. It is found that the itructure of Al-Cu-Fe quasicryttal is not

centrosymmetric.

A
8=67.5°
6=90°

350.29 350.49 350.69 350.89

Fig. 1. Intensity of the weak (240442 = P) reflection an a function of the arimutha! angle i'\

when the crystal it rotated around the scattering vector. The angle \1> is zero when the (001000)

axil is in the scattering plane, mostly antiparallel to the incident beam. The v> angle i« calculated

from the spectrometer angles \ , <p, and 9. The arrow indicates the position where th* pesk wai

expected. Two simultaneous reflections are excited at the same angle: the (040422) = H,) «nd

the (400242 =Ji}). The dashed and dotted Sines are theoretical fits with different v»!uej for the

phase of the H\ reflection with respect to P. The counting time per point was approximately 2

sees. X-ray energy: 8.02 keV.
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EARLY STAGE PRECIPITATION OF 8' IN Al-Li ALLOYS

V. Mahadev. K. Mahalingam, 0 . L. Liedl, and T. H. Sanders, Jr(a)

Purdue University (a)Georgia Institute of Technology

To address some questions concerning the mechanism of phase formation in supersaturated
alloys of Li in Al, we measured the diffuse scattering of as quenched and isothermally aged Al-
3.2 wttf alloys. This data provides information on local atomic arrangements and with aging
the changes in these configurations. Such information is needed to determine which of the
proposed mechanisms is valid for the decomposition of the supersaturated alloy. The proposed
mechanisms include spinodal decomposition, intermediate precursor formation, and simple
nuclcation and growth. Diffuse scattering intensities indicate s high degree of order as shown in
the contour map. The increase in the intensity of the superlatlicc peak in the early stages of
aging indicates a rapid increase in volume fraction of the particles in the early stages. From
the measurements hoth short range order parameters and atomic displacements were
determined. The small displacements indicate very small strains associated with the
precipitates consistent with longer aged study results. The measured order parameters indicate
a high degree of order in all stages of formation examined. A simple model which assumes a
dislrihution of sizes of fully ordered particles in a random matrix (its the data very well as
shown in the tahlc. All the results indicate very clearly that the simple nuclcation and growth
process is the one followed in this system.

Short

hkl

(XX)

no
200
211
220
310
222
32?
400
310
411
420
332
422

Range Order Parameters
(As Quenched)

OtMcas

1.020
-0.159
0.296

-0.095
0.292

-0.099
0.277

-(MISS
0.281

-0.080
-0.077
(1.251

-0.070
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{ISnm!l.ili\l

0.994
-0.157
0.310

-0.091
0.295

-0.1(19
0.28.3

-0.089
(1.280

-0.0X0
•0.082
0.254
•0.072
0.227

0 0 2t I) S 0..7C i 1.2S 1 C 1.76 2

(MOD)

Intensity contours in the (HI1O) plane confirming
the formation of 8' in the as-quenched sample.

COORDINATION AND VALENCE OF NIOBIUM IN TiO2-NbO2 SOLID
SOLUTIONS THROUGH X-RAY ABSORPTION FINE STRUCTURE.

Mark R. Antonio (BP Research), Inho Song (Case Western Reserve U-), and Hisao
Yamada (BP Research)

The coordination and valence of niobium in TiO2-NbO2 solid solutions,
NbxTii-x°2 (for 0.1 < x < 1.0), were studied by Nb K-edge X-ray absorption fine
structure (XAFS) as a function of Nb composition, x.5 Ten single-phase
compositions in the NbxTij.xO2 solid solution with the rutile structure were
examined: x = 0.1, 0.2, 0.32, 0.4,0.5,0.6,0.7,0.8,0.9, and 1.0. Even at ca. 19 keV
where low-resolution conditions prevail (due to the combined effects of the
monochromator bandwidth and the natural core-hole linewidth), the Nb K-edge
XANES was shown to be a sensitive indicator of the site symmetry and valence
of niobium. Analysis of the XANES data shows that the position of the preedge
absorption shifts to higher energy with decreasing Nb concentration (Fig. 1),
indicating that the ratio of Nb5+ to Nb4+ is larger at low Nb concentrations than
at high ones. The collection and analysis of high-resolution Nb Lp, L2- and L3-
edge XANES ta. 2.37 to 2.7 keV) for the NbxTi,.xO2 solid solution will provide
further insights about the electronic and geometric properties of niobium. The
EXAFS analysis indicates that the average Nb-O interatomic distance increases
nearly linearly with increasing Nb concentration, Fig. 2. This structural
modification of the oxygen environment about niobium suggests that an
increasing fraction of Nb ions (i.e., Nb5+) occupy tetrahedral interstitial sites with
decreasing Nb composition.
§ M. R. Antonio, I. Song, and H. Yamada, / . Solid State Chem. 93,183-192

(1991).
Fig. 1 Fig-2

5
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X18B
EXCITED STATE MOLECULAR STRUCTURE OF NICKELCYCLOPENTAD1ENYLNITROSYL

STUDIED BY EXAFS

Lin X. Chen. Michael K. Bowman, Pedro A. Monlanoa, Marion C. Thurnauer. James R. Norris
Chemistry Division and "Material Science Division. Argonne National Laboratory. Argonne, 1L 60439

X18B

We report here a recent study on the excited state molecular structure of
NiC'p.NO (nickelcyclopentadienylnitrosyl) by EXAFS at beamline X1SB. This study
also investigated the feasibility of using EXAFS ID study the excited stale molecular
structure.

The molecular structure of the ground state NiCpNO has been studied by
EXAFS in hexane solution in our previous study at X23A2. The data analysis
showed a linear Ni-N-O in the ground state NiCpNO. An FITR studies on
photoexcited NiCpNO in argon matrix at 20K [1] and in hydrocarbon matrix [2]
indicated that N-O stretching frequency was shifted to the region characterizing NO'
upon photoexcitarion. This observation pro-posed a charge separated excited state,
(C5H5I Nr *NO' (Fig. 1). This state has a lifetime of several hours at 20K and can
be converted hack to the ground state by photolysis with a broad band radiation. A
bent -Ni-N-O is predicted for the charge separated species according to the molecular
orbital theory. Since the O back scattering in the linear -Ni-N-O in the ground state
is greatly enhanced due to the "forward focusing" effect, a significant reduction of
the O back scattering is expected in the photoexcited state compared to that in the
ground state.

Figure 2 shows that Ihe EXAFS spectra of NiCpNO sample before and after
365 nrn illumination. The amplitude reduction of the O back scattering peak (not
shown) after the photoexcitation confirms the hypothesis of a bent -Ni-N-O. Because
of an incomplete photoexcitation, the observed EXAFS spectra of photoexcited
NiCpNO are actually from the mixture of the ground and the photoexcited NiCpNO.
Based on our previous studies on the EXAFS for the ground stale NiCpNO. the
fraction of the photoexcited molecules in the mixture can be found by subtracting
different fractions of the ground state spectra from that of the mixture. The
remaining EXAFS spectrum was fit to a function of the conventional EXAFS.
Judging by the standard deviation of the fits, the fraction of the photoexciled stale is
around 0.43, which is reconfirmed by the agreement between the observed mixture
EXAFS spectrum and the reconstructed spectrum for a mixture with 43%
photoexcited and 571 ground state NiCpNO (Fig. 3).

Compared to lite ground Mate structure. Ihe Ni-N distance in the photoexcited
NiCpNO is increased by 0.12A. This agrees with Ni-N bond order decrease due to
the electron transfer. The virtually unchanged Ni-C distance implies that the
molecular orbital;, contribute largely to the bonding between Ni and C5H5 are not
significantly involved in the photoinduccd electron transfer. A minor lengthening of
0.U4A for Ni-C!) distance was obtained which is at the margin of the experimental
error. Assuming the Ni-O distance in the photoexcited NiCpNO is correct, the
bending in -Ni-N-O was estimated between 28 to 38°.

We would like to thank Dr. Arun Bommannavar for his assistance in X18B
beamline operation.

References

1 o. Crichton and A. J. Rest. J. Chem. Soc. Dalton Trans. (1977) 10. °.86-993.
2 I. X (hen. M. K llnwinan. M. C. Thurnauer, and J. R. Norris. unpublished
results

Cp >i Ml Cp V*S

Fig. I. Pholoinduced
charge separation in
NiCpNO

Fig. 2. EXAFS spectra for
the ground state and the
mixture NiCpNO

Fig. 3. Reconstruction of
ihe EXAFS spectra for the
mixture from those for the
ground state (57%) and the
pho toexc i t ed (43 91)
NiCpNO.

Microfocusing Applications of Hard X-Ray Phase Zone Plate

B. Lai, W. B. Yun, D. Legnini, Y. H. Xiao, J. Chrzas, M. C. Petri, L. Leibowwitz, S. Tarn
(Argonne). M. McMillan (Kodak).

Advance in high efficiency (33% at first order focus @ 8keV) phase zone plates has
prompted our program to develop hard x-ray microfocusing techniques such as microimaging,
microspectroseopy, microanalysis, and microdiffraclion. Spatial resolution of 2-3nm is
routinely obtained at X18B from ihe zone plates, and by use of a source aperture a diffraction-
limited spot of 0.7nm was achieved at X6B. A scanning microscope based on these zone

plates has produced very localized image of the Au bars «>u.m wide) from a KKK) mesh/inch
grid, and an EXAFS spectrum from a micro-spit focused onto a Ni foil.

An important application in microanalysis is shown in Fig. 1 for a depleted nuclear
fuel sample. Fluorescence signals across an interface between Ni-(169f)Cr and U-(23%)Zr
have shown an interesting correlation between the Ni and Cr diffusion profiles. It was found
that a =6|jm wide Cr-enrichment region coincides with a Ni-deplction region. This type of
technique is very useful for thick samples, embedded interfaces, and trace element analysis.

Another promising analytical tool is microdiffraction. Fig. 2 shows the diffraction
signals measured with the micron size focus spot on a sample with randomly oriented AgBr
crystallites. The detector was positioned at one point along the diffraction cone, and only
crystallites with a particular orientation were selected and imaged. By repeating the scan with
different detector locations or using a CCD camera, a complete 2D image with every crystal's
orientation labeled can be obtained.
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Fig. 1 A 7()(im-widc line scan of the Ni
and Cr Kot fluorescence signals across a
Ni-Cr/U-Zr interface.

Fig. 2 Spatial map (20 x 2<)um2) of the
diffraction intensity from AgBr crystals.
There are other crystallites in this region
with different orientations.

Research supported by the Department of Energy, BES-Materials Science, under contract no.
W-31-1O9-ENG-38.
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OXIDATION STATE AND COORDINATION ENVIRONMENT OF
CHROMIUM IN A SEALED ANODIC ALUMINUM OXIDE FILM BY X-RAY
ABSORPTION FINK STRUCTURE.

Mark R. Antonio (BP Research), Jesse S. Wainright (BP Research), and Oliver J.
Murphy (Texas A&M U.)

Chromium K-edge XAFS (X-ray Absorption Fine Structure) data were obtained
for a thick, porous aluminum oxide film sealed in a hot, aqueous dichromate
solution, pH 5.5-6.5.' Analysis of the XANES, Fig. 1, indicates that the film
contains Cr(6+) ions in tetrahedral ligand fields of oxygen atoms, consistent with
the presence of a chromate-like anion, [CrO4]

2'. Analysis of the EXAFS, Fig. 2,
provides an average Cr-O interatomic distance (1.65 A) and Debye-Waller factor
(0.053 A), which are in good agreement with those for the chromate anion in
Na2CrO, ̂ HoO. These results, in combination with those of Hawkins et al.2 and
Chung et al?, suggest that the reduction of adsorbed Cr(6+) to Cr(3+) is
dependent upon the thickness of the alumina film. Three mechanisms by which
sealing in hexavalent chromium solutions results in enhanced corrosion
protection are suggested: (1) by providing a reservoir of oxidizing species
necessary to passivate flaws in the oxide film, (2) by neutralizing the positive
charge on the alumina surface, thus reducing adsorption of aggressive anions,
and; (3) by promoting the stability of the amorphous oxide phase over more
crystalline phases.
1. J. S. Wainright, O. J. Murphy, and M. R. Antonio, Corrosion Science. 33,281-293.
2. J. K. Hawkins, H. S. Isaacs, S. M. Heald, J. Tranquada, G. E. Thompson and G.

C. Wood, Corns. Sri. 27,391-399 (1987).
3. S. W. M. Chung, J. Robinson, G. E. Thompson, G. C. Wood, and H. S. Isaacs,

Phil. Mag. B 63,557-571 (1991).

Fig. 1. Rg 2.

X19A
NEAR EDGE XAS OF TOE MOLYBDENUM L-EDGE: IDENTIFICATION OF
ACTIVE PHASES DC SUPPORTED CATALYSTS

Simon R. Bare, Joe J. Maj, Gary E. Mitchell (The Dow Chemical Co., Midland,
Ml), John L. Gland (U. of Michigan)

In an attempt to characterize the active phases in a series of model oxydehydrogenation
catalysts comprising molybdenum oxide supported on magnesium oxide we have performed
XANES experiments using fluorescence detection at the molybdenum L2 3-edges. Previously
by recording tho L2,3-e<lge XANES in a series of molybdenum reference compounds we have
established that it is possible to clearly distinguish molybdenum coordinated in tctrahcdral and
octahedral environments. We observed splitting of the white line at the L2,3-edges, which is
assigned to the ligand field splitting of the final state d-orbitals. The splitting is smaller for
tetrahedral coordination (2p-»e and 2p-»t2) than for octahedral coordination (2p-»eg and
2p->t2g). Figure 1 shows the Mo L.3-edge of a series of Mo03/MgO catalysts as a function of
M003 loading. The catalysts have been calcined at 600 °C, and sealed in custom sample
holders to prevent absorption of moisture. The second derivatives of the absorption edge ore also
shown, which highlights the differences in the spectra. Up to about 10 wt. % MoO,3, only
octahedrally coordinated Mo is observed, whereas above this loading both octahedral and
tetrahedrally coordinated Mo is detected. These data, together with laser Raman data (1),
allowed us to propose 0 structurnl model of the molybdenum oxide species on the surface as a
function of loading of molybdenum, and as a function of hydration/dehydration.

(1) Chang, S.-C, Leugers, M.A., Bare, S.R. (1992) J. Phys. Chem., accepted for publication.
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SrTiO,(100) SURFACE RELAXATIONS DETERMINED BY X-RAY STANDING WAVES

L.E. Berman and C. Kao (NSLS)

Measurements of vertical
relaxations of a clean
SrTiO,(100) surface were
undertaken with the x-ray
standing wave method at room
tenperature and 110 K. The
yields of shallow-escape-depth
(5-20 A) electrons excited by
an x-ray standing wave
produced by the bulk (200)
Bragg reflection were analyzed
to determine the vertical
displacements of the
constituent ion sub-lattices.
A hemispherical analyzer was
used to measure 560 eV Sr(ls)
and TilIs) photoelectron
yields in the conventional
diffraction geometry at X25
(using 16.67 and 5.52 kev
photons respectively), and
510 eV O KLL Auger yields in
the backscattering geometry at
X19A (using 3.18 keV photons).
The three observed yields at
the two temperatures are shown
at right, together with the
simultaneous (200)
reflectivity curves. The
measured coherent positions
and coherent fractions from
all the data sets are similar,
and did not vary over small
ranges of photoelectron
kinetic energy and emission
takeoff angle. These are
consistent with an outward
multilayer relaxation of all
sub-lattices at the surface of
nearly 0.2 A, accompanied by
some disorder. This behavior
may arise from competition
between short-range shell
interactions and long-range
Coulomb interactions, which
are balanced within the bulk
but not near the surface.

Sr coherent position = * 06*03. fraction = 5ltO7 » 110 K
Sr coherent, position - +.07±.O2, fraction = 6O±.O5 9 Z05 K

Sr(ls)
electron yield

. , Srils) 295 K
f t , electron yield

T » * * * - SfTiO3(2OO)
reMectiviLy
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Relative Angle (arcsec)

Ti coherent position " +.07±0l. traction = 6GtO2 0 110 K
T*i coherent, position •> +.0Bt01, fraction = SOfcOl 9 295 K
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0 coherent position = + WkffZ, froction •* 70t09 <5 110 K
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electron yield
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IRON XAFS OF A. vinelandli HITROGENASE
EBAGMENTS

X-19A
EVIDENCE TOR MISKAHE-LIKE STRUCTURU.

J. Chen (LBL), S. J . George (Univ. of Cal i fornia, D i v l s ) , R. C. Tlttsworth,
B. J . Halas (Louisiana State U n i v . ) . J- Christl»n««n (Univ. of Cal i fornia ,
Davis) , D. Coucouvanl* (Univ. of Michigan), S. P. Cruar (Univ. of Cal i fornia ,
Davis and LBL)

The seruccure of tha Iron s i t a s «f n i trojena i* in a l th ionica-reduced and
thionlne-ox id lzed foras of the Mo-F« and V-Fe pr«c«ins has been invest igated
using Fe K-edge x-ray absorption spectroscopy. For the d i th ioni te -reduced A.
vlnelandli Mo-Fe pro te in , the dominant EXAFS Fourier transform peaks are
assigned Co Fe-S and Fe-Fe lnteracc ions ac - 2 .32 and 2.64 A, as expected for
Fe-S c l u s t e r s . An addit ional Fe-Mo component at 2.73 A i s required co
completely f i t the EXAFS in the 1-3 A region. In the 3-5 A region, a 3.8 A Fe-
Fe component i s I d e n t i f i e d , with an amplitude corresponding to a lnos t 1 long
Fe-Fe in t erac t ion , averaged over a l l the iron in the sample. Features that can
be expla ined as Fe-S and Fe-Fe Interact ions at 4 . 3 and 4.7 A are also observed.
A s imi lar pattern of Fe i n t e r a c t i o n s i s observed for the reduced A. vlnelantSii
V-Fe p r o t e i n , except that the s h o r t Fe-Mo interact ion i s no longer required.
In both Mo-Fe and V-Fe prote ins , the f i r s t coordination sphere Fe-S dis tances
contract s l i g h t l y upon thionine oxidat ion. The long range Fe-S and Fe-Fe
Interact ions are very c l o s e (w i th in 0 .1 A) to corresponding distances in Fe6S6
prismane c l u s t e r s . I f the amplitudes are adjusted by assuming that only 12 of
28 ni trogenase irons par t i c ipate i n the M center , then they are also cons i s t ent
with proposed eapped-prlsnane models . String-bag models and fused-cubanes are
also compatible with the EXAFS. The strength of the long distance components
tends to ru l e against s ing ly-br idged cubane models, or models with very low
symmetry.

EXAFS search p r o f i l e s . (Top) search
for Fe-C and Fe-S interact ion* in
the Fe2[(02CH)»(BIPhHe)2], (middle)
Fe s S,(Cl) | prisaane, and (bottom)
reduced Avl' p r o t e i n . The s o l i d
curve corresponds to adding Fe-S ac
the given dis tance; the dashed curve
is for adding Fe-C interact ion .

3.9 4.2
Distance

4 5

This work was supported by the DOE under Contract No. DE-AC02-76CH00016.
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FURTHER SULFUR SPECIATION STUDIES BY
SULFUR K-EDGE XANES SPECTROSCOPY

G.P. Huffman, F.E. Huggins, N. Shah, F. Lu, and J. Zhao, CFFLS 233 Mining &
Minerals Res. Bldg., University of Kentucky, Lexington, KY 40506-0107

Sulfur K-edge XANES spectroscopy has been shown to be an excellent
technique for quantitative speciation of sulfur in fossil fuels. Earlier studies focused
on establishing the method and applying it to sulfur speciation in coal [1-3]. More
recently, we have applied it to a variety of additional problems, including
investigation of coal desulfurization processes [4-6], and speciation of sulfur in such
materials as crude oil, asphalts [7], kerogens/asphaltenes, and coal liquefaction resids.
Some of the more interesting results are summarized below.

Desulfurization processes: Processes investigated include coal treatment
with boiling perchloroethylene(PCE), with single electron transfer(SET) and basic
reagents, by molten caustic leaching (Gravimelt process), and by biological methods.
Our results indicate that the PCE method removes only elemental sulfur from coal
and does not affect organic sulfur. SET and basic reagents developed by Stock and
coworkers, on the other hand, do appear to remove thiophenic and sulfidic sulfur,
respectively. The Gravimelt process, developed by TRW, removes most of the ash and
sulfur in coal (80-90%), but is a very severe treatment; XANES shows that all pyritic
and sulfidic sulfur, and most of the thiophenic sulfur is removed, leaving only small
amounts of elemental, sulfatic, and thiophenic sulfur in the treated coal. Biological
desulfurization has proven successful in removing both organic sulfide and thiophenic
sulfur in at least one case we have investigated.

Asphalts: The sulfur forms in a suite of asphalts obtained from the Strategic
Highway Research Program (SHRP) were determined. Other investigators in the
SHRP program investigated a wide range of properties of the same asphalts. The
results indicate that sulfidic sulfur in susceptible to thermal oxidation to sulfoxides,
and that asphalt performance is degraded by the presence of such sulfoxides.

Further details on these studies can be found in the references. Work on oils
and coal liquefaction resids is still in progress. Future work will include a direct
comparison of sulfur K-edf. > and L-edge XANES on the same coal specimens.

1. G.P. Huffman, S. Mitra, F.E. Huggins. N. Shah, S. Vaidya, and F. Lu, Energy &
Fuels, 1991,5, 574-581.
2. F.E. Huggins, S. Mitra, S. Vaidya, M.M. Taghiei, F. Lu. N. Shah and G.P.
Huffman. Processing and Utilization of High Sulfur Coals FV, 1991, Elsevier Sci.
Pub., 13-42.
3. M.M. Taghiei, F.E. Huggins. N. Shah, and G.P. Huffman, Energy & Fuels. 1992,
6. 293-300.
4. G.P. Huffman, F.E. Huggins, S. Vaidya, and N. Shah, ACS Fuel Chem. Preprints,
1992,,37/3), 1094-1102.
5. F.E. Huggins, S.V. Vaidya, G.P. Huffman, T. Mill, and J. Youtcheff, ACS Fuel
Cheni. Preprints, 1992. 37(3), 1376-1382.
6. F.E. Huggins, S.V, Vaidya. N. Shah, and G.P. Huffman, sub. to Fuel Proc. Tech.

XAFS INVESTIGATION OF TRACE ELEMENTS IN COALS AND COAL ASH

Frank E. Huggins, Jianmin Zhao, Naresh Shah, Fulong Lu and G. P. Huffman
University of Kentucky, Lexington, KY 40506-0107

Recent work at beam-line X-19A on arsenic and chromium in coals and ash has
demonstrated that XAFS spectroscopy is a viable technique for investigation of the form of
occurrence of trace elements in coals and ash, at least down to 10 ppm. Arsenic and chromium
K-edge XAFS spectra were obtained using a thineen-element germanium detector electronically
gated to the X-rays fluoresced by the element of interest. To enhance the signal/noise quality
further, the appropriate 6u Ge or V filter was used to reduce background absorption, and up to
ten scans were collected and summed for a given sample.

For arsenic, XAFS studies established that (i) the arsenic in coals substitutes for suifur
in pyrite and does not form the separate mineral arsenopyrite (FeAsS); (ii) arsenic in coals can
be readily oxidized to arsenate complexes (AsO4

J); and (iii) arsenate complexes are found in coal
slags. Such speciation can be readily seen in the spectra shown in Figure 1. For chromium,
XAFS studies established that (i) the chromium form of occurrence is similar in different coals,
although a specific form of occurrence has not yet been identified; (ii) the chromium oxidation
state in coals is Cr3* and not the much more toxic O**; (iii) chromium is not present as chromite
(FeCr;O4) often thought to be the mosi likely form of occurrence of chromium in coals; and (iv)
chromium remains as Cr3* and is not oxidized to Crw in combustion ash (Fig. 2).

7 ! rz , s •

•20 20 10 60 80

Energy, oV

Figure 1: As K-edge XANES spectra of Upper Figure 2: Cr K-edge XANES spectra of two
Freeport coal fractions and ash. coals and two ash samples.

Work supported by the Electric Power Research Institute, through Contract No. HP-8003-20.
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POLARIZATION X-RAY ABSORPTION NEAR-EDGE STRUCTURE
STUDY OF IBijSrjCaCujO, SINGLE CRYSTALS

G. Liang, Wei Xu, Weiguang Li (Sam Houston State U.), M. Croft, 3. Chen, J. Peng
(Rutgers V ), X.-D. Xiang, A. Zettle, and Marvin L. Cohen (V. C. Berkeley).

The iodine-intercalated BiaSrjCaCujO, (Bi-2212) compound, the IBi3SrjCaCujOv (IBi-
2212), exhibits superconductivity and peculiar normal-state anisotropic resistivity.1 In order
to understand the electronic structure and superconductivity in IBi-2212, polarized Cu K-
edge and Bi Ls-edge absorption spectra of both IBi-2212 and Bi-2212 single crystals were
measured. Fig.l shows that {or both the polarization vector E X c-axis (8 = 90°) and E
nearly parallel to c-axis(0 » 15°) , the Cu K-edge spectra for IBi-2212 single crystal are
almost identical to that for Bi-2212 single crystal. The fea.tires A, B and C, D can be
attributed to Cu 1J —• 4p, and Is —> 4p, transitions, respectively. This result supports the
idea that the Cu valence state and the electronic structure of the CuOj layer are basically
unaffected by the iodine intercalation. The features A' and B' in the Bi Ls-edge spectra shown
in Fig. 2 can be identified as due to'2' 2p —• 6dtll and 2p —» 6d«, transitions, respectively.
It is observed from Fig. 2 that iodine intercalation induces an about 0.2S eV downward
edge shift for the E ||c-axjs spectrum and upward edge shift for the E Xc-axis spectrum,
respectively. For E ||c-axis, we observed the following: 1) there is an about 2 eV difference
between the peak B' positions of the Bi Lj-edge spectrum of IBi-2212 and that of Bi-2212
crystals; 2) there is an increase of intensity for features A' and B' upon iodine intercalation.
These observations could be explained by the downward shift of the out-of-plane part and
upward shift of the in-plane part of the 6dh, and 6<fe> states due to a change of Bi-0 bonding
configuration from octahedral to pyramidal. Such an explanation also suggests that the I-Bi
bonding should be very weak compared with O-Bi bonding. Out results indicate the Bi
valence ii close to 3+ in both IBi-2212 u d Bi-2212 crvitali with Bi-ntet becomisg more
metallic-lUte along the c-axis direction upon iodine-intercalation.

[1| X. -D Xiaog et al., Nature, Vol. 348, 145(1990); X. -D Xiang et al., submitted to
Phys. Rev. Lett.

[2j R. Retoux et al., Phys. Rev. B41,193(1990).

" This work was supported by Research Corporation asd the Faculty Research Funds of
Sam Houston State University.
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XAS Evidence for Ni-4 Bole Variation* in Ternary Hickel Oxides
J. Feng, A. Sahlner, H. Croft, Z. Zhang, H. Greenblatt, Rutgers University,
Fiscataway, NJ 08855

7. Guo, D. Badreslngh, 0. Liang, Sam Houston State Univ. Huntsville, TX 77341
F. Lu, University of Kentucky, Uxington, KY 40506

The R, Sr̂ NiÔ  (R-care earth) system has been of substantial Interest since an
understanding of the character of the Sr-lnduced hole states in this Hi-based
material (in contrast to the analogous Hlgh-T , Cu based material) could provide in-
sight into high-T^ superconductivity. The Hl̂ K edge feature variations reported here
correlate to evidence a Sr,induced increase in the Ni-d hole count via an increase of
the d (relative Co ti% d / NI configuration weights.

Below left we present the polycrystalllne powder Ni-K edge spectra for La, Sr
NiO^ x-0.0 and 1.0 and below right their derivative spectra. The weak pre-edge e-
feature is assigned to Is * 3d quadrupole transitions. The 4p features are labeled A
(d L) and B (d°), and the 4pff features C (d L) and D (d ). fiere the Cu d-state eon-
figuration is included in the parenthasls and the L denotes a 0-ligand hole.

The clearest sgectral change between the x*0 and 1 confounds is the substantial
increase in the D (d related) feature ingen&Lty consistent with a strengthening of
the d state waight in the Ni mixed d /d configuration. A clear Increase in a-
feature Intensity is also observed between the undoped and x»1.0 spectra evidencing
an increase in the net d-hole count. Turning to the largest absorption peak the Sr
substitution induces: a shift of the peak Co lower energy; and a loss of Intensity on
the high energy side. The latter of these changes indicates a loss of C-feature in-
tensity whil* the forme indicates the gain of B-feature intensity, both consistent
again with a shift of the Ni-d /d weight toward d .

Finally the shoulder feature A, which shows up as a positive then negative swing
(relative to the background) in the derivative spectra, is clearly degraded by the Sr
substitution. This loss of.oscillator strength in the 4p d L, A-feature correlates
with the gain in the 4p d , B-feature Inferred above ana again supports the proposed
Ni-d state changes. Supported In part by NSF Solid State Chemistry CMR 90-19301.
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EXAFS STUDIES OF Ni(II) and Ni(I) Octaethylisobacteriochtorin. Binding

of Axial Ligands as a Function of Temperature.

Mark W. Renner1, Lars R. Furenlidb, and Jack Fajer11

(a) Department of Applied Science and (b) NSLS, BNL

Factor 430 is the Ni (etrapyrrole prosthetic group of methyl coenzyme M reductase,

the enzyme that catalyzes the final stages of the conversion of carbon dioxide to methane in

methanogenic bacteria. The nature of axial ligand(s) and their role in the production of

methane is not known, but they might alter the reactivity of the Ni(I) species. We report

here the temperature dependent x-ray absorption studies of Ni(II) and Ni(l)

octaethylisobacteriochlorin* (NiOEiBC), a model for F430, in the presence of pyridine.

Our results clearly show that both Ni(II) and Ni(I) bind axial ligands at low
temperatures, this is evident from the XANES spectra. Nickel(II) and Ni(I) bind two and
one axial pyridines, respectively. Analysis of the EXAFS for these complexes reveal an
increase in the Ni-N distances for Ni(II) upon binding axial ligands, which is expected for
the nickel(II) spin state change (low- to high-spin, S=0 to S=l). For the Ni(I) there is a
slight increase in the average in-plane Ni-N distances for the five coordinate species. This is
consistent with the nickel being displaced from the four nitrogen plane of the macrocycle
towards the axial pyridine.

•e

i

NI(II)OEIBC . pyr 29BK
Ni(ll)OBBC • pyr 130K
Ni(l)OBBC *pyt l30K

4 coordinate

_ 6 coordinate

5 coordim

8320 8330 8340
Energy (eV)

*Ni(U)OEiBC was generously provided by A. Sloizcnberg.

This work was supported by the Division of Chemical Sciences, U.S. Department of Energy. Washington,

D.C.. under contract No. DE-AC02-76CH00016.
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EXAFS STUDIES OF Ni(II) and Ni(I) THIAPORPKYRIN

Mark W. Renner1, Lars R. Furenlidb, and L. Latos-Grazyinskic

(a) Department of Applied Science and (b) NSLS, BNL

(c) University of Wroclaw, Poland

Factor 430 (F430) is a nickel tetrapyrrole complex which catalyzes the final step
of the reduction of CO2 to CH4 in methanogenic bacteria. The reduction and
coordination chemistry of nickel complexes is of current interest since the active species
in F430 is believed involve reaction at the nickel(I) center. Nickel thiaporphyrins are a
good model for F430 since they form easily reduced to Ni(I) and the EPR properties for
the Ni(I) are similar to that of F430 in vivo.

We have examined the structural properties of Ni thiaporphyrin in solution using
XANES and EXAFS techniques. Depending upon the anion, X-, the Ni(II) thiaporphynn
is either five or four coordinate. Addition of nitrogenous bases to the Ni(II) species
affords the six-coordinate bis-base complex. The edge-spectra for the four, five, and six
coordinate Ni(II) along with the four and six coordinate Ni(I) species are shown in Figure
1. We observe a 3eV edge shift in the Ni(II) to Ni(I) reduction and an attenuation of the
Is to 4p2 pre-edge peak for the five coordinate species. This pre-edge peak disappears
completely for the six coordinate complexes. Both the Ni(II) and Ni(I) bind nitrogenous
bases at low temperatures to form six coordinate species. Analysis of the EXAFS data is
complicated from the multiple set of atoms in the first coordination shell, but preliminary
results agree well with available crystallographic data..
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Figure 1. The XANES specira of (a) the Ni(I) Ihiaporphyrin with (••••) and without (—)

pyridine and (b) the Ni(II) Ihiaporphyrin where X = C K V (—) , C I 0 - ) , and six-coordinate bis

pyridine complex ( — ) .

This work was supported by the Division of Chemical Sciences, U.S. Dcpanmenl of Energy, Washington,

D.C., under contract No. DE-AC02-76CH00016.



SULFUR AND ZINC EDGE XAFS OF ZINC SULFIDE NANOCLUSTERS

R. Shorrosh (Georgia Tech), R. H. Felton (Georgia Tech), and L. Furenlid (NSLS)

Nanuclusters of ZnS, capped with thiophenol (RSH) were prepared by reaction of Z n : + with
varying ratios of (S2)/(RSH). The ratio varied from 1 to 20 and the average cluster diameter varied
from 18 to 35 A, as determined from X-ray powder diffraction widths. The capped ZnS particles are
of zinc blende structure with a lattice constant ranging from 5.26 to 5.41 A with increasing cluster size.

To further characterize the clusters, sulfur and zinc edge XAFS were measured, the former in
fluorescence mode at ambient temperature, the latter in transmission at 77 K. Transforms of the data,
shown in Figs. 1 and 2, exhibit common features of a reduced first shell coordination number and, for
the Zn second shell, a striking decrease in the second-shell coordination number as the particle size
decreases. The first shell coordination numbers agree well with a spherical model of a ZnS lattice in
which Z n ; + ions are coordinated to at least two sulfur atoms, derived from RS' or S2 ' , whereas RS' can
be either monodentate or bridging at the surface of the sphere. The diminished second shell
coordination number is attributed to both the smaller number of second shell atoms in a small particle
and disorder in the Zn-S-Zn bond angle, when the sulfur is bridging.

In contrast, CdS capped clusters prepared by us do not exhibit the ordered growth as determined
by XPD and XAFS (measured on beamline XI1 A). The XPD is in disagreement with an earlier
report1 . The
investigation.

Fig. 1. Sulfur edge transform. Bulk ZnS ( - )

0 1

B U !)
Fig. 2. Zn edge transform.

1. N. Herron, Y. Wang, H. Eckert, J. Am. Chem. S o c , 112, 1322-1326(1990).

19A
XANES STUDY OF OXIDATION STATE O F SULFUR IN THIOSULFATE A N D EVIDENCE FOR
A REDOX MECHANISM IN THIOSULFATE DISPROPORTIONATION IN SEDIMENTS.

A. Vairavamurthy, B. Manowitz and Y. Jeon (BNL)

Disproportionation of thiosulfate producing equal
amounts of SO4*" and SH" is an important pathway in '
bacterial energy metabolism in anoxic sediments ana has
been described as an inorganic fermentation process. In
fermentation, an intramolecular electron transfer is involved
when different parts of a molecule function as electron
donor and electron acceptor; however, according to the
currently held view, the two sulfur atoms of thiosulfate exist
in the oxidation state of sulfate ( + 6 ) and sulfide (-2) and do
not change their respective oxidation states upon
disproportionation. This s tudy presents XANES
spectroscopic results clarifying this incongruity in oxidation
state changes of sulfur in thiosulfate during
disproportionation. Figure 1 shows XANES spectra 01
thiosulfate and several other inorganic sulfur compounds
with sulfur at various oxidation states. The thiosulfate
spectrum differs from the other spectra remarkably in
containing two major peaks (peaks A and B) which reflect
the presence of two nonequivalent sulfur atoms, with the
maxima at 2472.1 and 2481.0 corresponding to the outer
and the inner sulfur atoms respectively. In Figure 2A is
shown the plot for white line maximum (in electron volts)
vs. oxidation state for a series of inorganic sulfur
compounds. In this plot, the energy positions for the major
peaks A and B of thiosulfate exactly correspond to oxidation
states -1 and + 5 respectively, indicating these values
represent the actual oxidation states of the sulfur atoms in
thiosulfate. Previously, the oxidation state of sulfur in
organic sulfonic acids (e.g. cysteic acid) was ascribed to be
+ 5 . The white-line maxima of two organic sulfonic acids,

2465 2470 2475 2*60 2*65

Energy (eV)

Figure 1

cysteic acid and taurine, correlate well with peak B of the thiosulfate spectrum (Figure 2B), providing
further support for the + 5 oxidation state of the inner sulfur atom. The assignment of + 5 and -1
oxidation states for the sulfur atoms of thiosulfate explains the involvement of a redox process in the
formation of sulfate and sulfide during disproportionation that fits within the traditional view of
fermentation.

Figure 2A RSirc 2B

Tnis work was supported by the U.S. DOE, Office of Basic Energy Sciences under Contract No. DE-AC02-76CH00016.
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THIC PRODUCTS FROM THE OXIDATION OF AQUKOUS SUI.KiDK:
AN XANKS SI'KCTKOSCOI'IC STUDY

A. Vairavamurlhy, B. Mannwitz, Y. Jcon and W. Zhou (BNL)

We conducted kinetic experiments of sulfide oxidation with excess sulfide and limiting oxygen
concentrations, conditions typically present in reducing marine sediments. Previous studies on sulflde
oxidation have been conducted mostly as pseudo-lint order reactions with limiting sulfide concentrations and.
I hus, may not be applicable to anoxic marine sediments. Time-scries experiments of XANES were conducted
at X- I'M beam line using a 0.1 M NaHS solution in deionized water and in 0.7 M sodium chloride solution
ai 25 "c . Effects of sea sand, F c 2 + and Ni 2 + on ihc rate of oxidation were also examined. Thiosulfate was
delected as ihc predominant product of sulfide oxidation with sulfitc and sulfatc amounting to < 10% of
the product sulfur. Oxidation rale was accelerated wilh added sea sand and Fe z + (tj/2: dcionized watcr-385
h; wiih sea sand-257 h; with Fe2+-2IO h) but the pattern or product formation was similar to that of pure
medium. Added Ni"+ caused significant formation of polysulfides in addition to accelerating Ihc oxidation
rale lo the maximum (tin-*") h).

In solutions wilh added Ni , we find a clear signal for the formation of a +2 oxidation state species
during the initial oxidation period (Figure I). In fad, previous studies postulate that oxidation proceeds
prohahly through ihc formation of .in intermediate HSCV having a +2 oxidation state sulfur | 1 | , but so far
there has been no experimental evidence for its formation. We believe lhal our study presents the first direct
evidence for the formation of the HSO2' intermediate. Sulfitc, thiosulfate and polysulfidcs arc probably
formed through parallel reactions from ihis intermediate (Figure 2). N r + accelerates oxidation rate
dramatically probably by enhancing the rale of the HSC^' formation. Our results suggest that catalysis by
transition elements such as N r ^ is
sediments.

probably important for Ihc formation of polysulfltlcs in marine

HS"

Eni*r<}y relative to Cdt}« (eV

n'ftj' K edoe XANES ipicita of 0 1 M lutt i* « w i l t '
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Figure 2

This work was supported by the U.S. Department of Energy, Division of Engineering and GcosciciKes
of the Office of Basic Energy Sciences under Contract No. DE-ACO2-76CH000I6.

| l | Hoffmann. MR. and B.C. Lim. Environ. Sci. Teehnol. IJ, 1406-14M (1979).
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ORGANIC SULFUR COMPOUNDS IN MARINE SEDIMENTS: INFORMATION FROM
XANES SPECTROSCOPY.

Vairavamurthy, A., W. Zhou and B. Manowitz (BNL)

Organic sulfur compounds constitute a significant fraction of organic matter in both recent and
ancient iron-poor marine sediments as well as in petroleum generated in such sediments. In most past
studies of sulfur composition in geochemical samples, a combination of methods involving chemical
or physical procedures for sample preparation and chromatographic techniques for analysis has been
commonly used. A major problem in this approach is that only a small fraction of sample constituents
amenable to a specific chromatographic separation and detection procedure is detected. In addition,
there is a serious concern in these methods regarding alteration of the nature of the compounds being
studied either in the lengthy sample preparation procedures or during the analysis. These
shortcomings are largely alleviated by using sulfur K-edge XANES spectroscopy which has been
recently demonstrated as a valuable technique for not only qualitative characterization but also
quantitative determination of the abundance of the different sulfur constituents in a sample. XANES
spectroscopy is superior to other techniques because the technique "sees" the whole sample, thus
providing information of all the different forms of sulfur simultaneously.

Our studies using XANES analysis of sedimentary sulfur species reveal that organic sulfonic
acids constitute a major fraction in near-surface sediments from Great South Bay, Long Island
(Figure 1). Organic-rich sediments from Peru Margin also reveal the same. These results are
remarkable because sulfonic acids have not been found as major constituents in any previous study,
probably due to analytical limitations. The mechanisms of sulfonic acid formation in sediments is not
well understood, although there are several potential pathways (I) oxidation of thiols or organic
sulfides, (2) addition of sulfite to activated carbon carbon double bonds and (3) transformation of
thiosulfonic acid. The very fast kinetics (t, /2 = 5.5 min) of sulfite reaction with a model unsaturatcd
compound (acrylic acid ethyl ester) suggests that this mechanism may be important for the formation
of sulfonic acids in sediments (Figure 2). _ . . . .

Troction organic sul'ur

0.0 0.1 0.2 0.3 0.4 0.5 0 6 0.7 J

\ _ j

* — * lul'onti «Jrj

• — • •tilfokM*

O™« thlol + *urfldi

Figure 1 Figure 2

This work was supported by the U.S. Department of Energy, Division of Engineering and
Geoscienccs of the Office of Basic Energy Science! under Contract No. DE-AC02-76CH00016.
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SPEC1ATION OF CHROMIUM, NICKEL AND COPPER IN ANOXIC SEDIMENTS:
EFFECTS OF HYDROGEN SULFIDE AND TIIIOLS

Vairavamurthy, A., W. Zhou and B. Manowitz (BNL)

Sediments are a major sink for heavy metals in the marine environment and consequently can
also act as both a carrier and a possible source of metals to the contacting aquatic body. A key issue
for understanding and predicting the physico-chemical behavior is the nature of the chemical form
("species") of occurrence or the chemical speciation of the metal in sediments. In anoxic sediments,
reactions of hydrogen sulfide could play a major role in influencing the behavior of metal
contaminants, although other factors may also be involved. Recent work has revealed high levels of
thiols in marine sediments in addition to H2S and polysulfides |1] . Thiols are of particular importance
because they are capable of forming a wide diversity of complexes with transition metal inns.

We studied the effects of hydrogen sulfide and a commonly occurring thiol glutathione on three
important metal contaminants, namely, chromium, nickel and copper by using x-ray absorption
spectroscopy. The XANES at Cr K-edge shown in Figure 1A indicates a dramatic effect of
glutathione by reducing Cr(VI) to Cr(III) species. However, as shown by the continued presence of
the characteristic pre-edge peak of Cr(VI), added hydrogen sulfide does not have a strong effect in
reducing Cr(Vl) to Cr(IU). In contrast with Cr(VI), added glwathione does not affect the oxidation
state of Ni(II); however, hydrogen sulfide causes a change in the XANES spectrum (edge shift to a
lower energy and reduction of white line height) (Figure IB) probably due to the formation of NiS.
In the case of copper (II), the spectral shape changes with added glutathione but the edge position
remains the same (Figure 1C), suggesting probably complex formation without a reduction to Cu(I).
These results suggest that chemical interactions of thiols and hydrogen sulfide with different metal
contaminants can affect the speciation in different ways depending on the nature of the metal.
Therefore, the role of both thiols and hydrogen sulf.de must be examined in detail with different
metals in order to understand and predict their behaviour in anoxic sediments.

Hgwrc 1 Normalized XANES (energy relative to K-edge of respective metal foils in eVI

This work was supported by the U.S. Dcpaiment of Energy, Division of Engineering and
Geosciences of the Office of Basic Energy Sciences under Contract No. DE-AC02-76CHOO016.

| l | Vairavamurthy. A. and K. Moppcr, Nature 222, 623-625 (1987).

X-I9A

STRUCTURAL CHARACTERIZATION OF AN ULTRAFINE IRON OXIDE
CATALYST

J. Zhao, F. E. Huggins, Zhen Feng, Fulong Lu, Naresh Shah, and G. P. Huffman
Consortium for Fossil Fuel Liquefaction Science

University of Kentucky, Lexington, KY 40506

X-ray absorption fine structure studies have been carried out to determine the structure

of an ultrafine iron oxide catalyst with average particle size of 30 A. The distance between the

central absorbing atom to the first iron coordination shell is found to b« 3.01 A, which is larger

than that for iron oxides (2.93 - 2.95 A) and falls into the range of that for oxyhydroxides (3.01 -

3.05 A) (Figure 1). XANES of the sample is also similar to that for oxyhydroxides. indicating

that the structure of the sample bulk part is oxyhydroxidc like. However, the intensity of the f re-

edge Is - 3d transition peak of the 30 A sample is increased by a factor of 1.7 compared to those

for iron oxide and iron oxyhydroxide standards in which iron ions are coordinated by six oxyeens

or oxygen/hydroxyl groups (Figure 2). This is attributed to unsaturated coordination sites

produced by dehydroxylation at the oxide surface. It appears that these surface sites have

tetrahedral symmetry. After an extended period of air exposure, these sites become saturated by

absorbing water molecules, and the pre-edge peak intensity decreases by 15%. The absorption

edge position of the 30 A catalyst indicates that the valence state of the iron ions remains +3.

Figure 1 Figure 2
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Work supported by U.S DOE under contract NO.DE-FC22-90PC90029



X-10C
COMPARISON BETWEEN ROCKING CURVE ANALYSIS AND WHITE DEAM TO-
POGRAPHY AS CHARACTERIZATION TOOLS FOR CMTn BUFFER LAYERS GROWN
DY MBEt

T. Fanning, M. Dudley (Sl'NY Stony Hrook), M.I). Lee and L.C Casa^rande {(Iruinman Corporate
Research (VnU't).

We have recently reported thai rocking curve analysis is incapable of distinguishing between CdTe substrate
crystals which haw significantly different micro.struciures which in turn lead to gross differences in MI1E
grown film quality liJ However, films grown nn high dislocation density substrates result in broad rocking
curves, indicating that while rocking curve analysis is insensitive t<i the kinds of microstructural differences
existing in the substrates, it is sensitive to the kinds of distortion fields created in the films. White beam
synchrotron topography was used io try to determine the nature of this latter distortion Held. Figure I
shows ,1 white beam Inpngraph of a lilm which contained regions which consist of a solid solution of twin
and matrix, where ihe twin dominates (referred to as T on the figure), along with pure matrix regions
(referred to JIS M). The twin/matrix solid solution regions give rise to orientation contrast. Regions for
which the rocking curve is broadest (typically a factor of live times broader than the narrowest values)
correspond to th^e twin/matrix solid solution regions The broadening is thought to be due to the strain
.'issociated with the mismatch between twin and matrix domains within this solid solution.

A luuii

1.

RrftTriirrK: 1 MI). Lee, T. Fanning, I). DiMarzin, Hi. Casngrande, and M. Dudley, "Optimization of
MHi; (irowtli of CdTe/CdTe: Kefinemenl in Structural Quality Evaluation of MHE (irown (111) CdTe",
m "Defect Engineering in Smmrimiluetor Growth, Processing mid Duvirn Technology", S.
Asliok, J Chev.'dlier. K. Smniiio. and K. Weber (Eds.), Mat. Rus. Soe.. Symp. Prur... 2G2, 215-220.
(l!W2): 2. T Fanning, M. Dudley. MB I.ee and L.(J. Casagraride, "Comparison Hetween Hocking Curve
Analysis ;uui White Beam Topography as Characterization Tools for CdTe Substrates for MHE Growth",
In this volume
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x-iac
COMPARISON BETWEEN ROCKING CURVE ANALYSIS AND WHITE DEAM TO-
POGRAPHY AS CHARACTERIZATION TOOLS FOR CdTe SUBSTRATES FOR MBE
GROWTH f
T. Fanning, M. Dudley (SUNY Stony Hrook), M.B. Lee and 1-.C1. Casagrande (Grummati Corporate
Research Center).

Rocking curve analysis using conventional radiation lias found widespread use as a screening tool for CdTe
susbtrates to be used for MRE growth of CdTe buffers layers and HgCdTe films. We have rarri -d out
a systematic study of the usefulness of the information provided hy rocking curve analysis by comparing
rocking curve results with the results of white beam topography carried out on the same substrates.' The
capabilities of the two techniques are thus directly compared. To achieve this, two substrates from different
vendors which showed significant differences in microstructure, as revealed by white beam topography,
were also examined by rocking curve analysis. No significant differences in peak sh.ipe or magnitude
were obtained. The same two substrates were then used simultaneously in the MBE growth chamber to
grow thin films of CdTe.. The crystal which had the lower dislocation density, as revealed by white beam
topography, gave the better film, while the one with higher dislocation density gave a film which consisted of
a strained solid solution of twin and matrix domains. These and other similar results confirm that rocking
curve analysis is incapable of distinguishing between substrate crystals which have significantly different
microstructurcs which in turn lead to gross differences in film quality, Figure l(a) shows a reflection
topograph recorded from the lower dislocation density substrate crystal, and figure l(b) is a similar image
recorded from the higher dislocation density crystal.

Rrfi-ronr.es: I. M.H. I.oi', 'I'. Fannini;. I). DiM.irzio, !..<;. easngrniule, aiul M Du.ll.y, "Opiiiiiizaiinn .if
MHE Growth of GITe/CilTc: Krlinoini'iit in Strurliiral Quality Evaluation nf MHE (iwwn (111) (M'lV,
in "Def«o.t Giigiiiiu^riii|> in Scmii-mulm tin Gruwtli, Prni-i'ssini; ami Dcvioi- Tiu-lini>li)j;y". S
Asliok, J. ClicvalliiT, K. Sillllino, anil K. \V.-l,..f (Eels.), Mnt. His. Sof. Symp. Prnr.. 202. al.VA'll.
(1992).

t Arlmowli'dgcmnils: Work iii-rfarnu-il on tin-Synchrotron Topography I'rojrrt Hi'anihiii- X-llli' .u«l
supported hy Ciriuritnai) Corporate Hasenrfh (-<-utiir



X-10C
CORRELATION DETVVEEN MICROSTRUCTURES IN CdTi? ODSERVED ON WHITE
DEAM SYNCHROTRON REFLECTION TOPOGftAPHS AND ETCH PIT PATTERNS)

T Fanning. M. Dudley (Si'NY Stony Ilrook). Ml). I.ee anil !..(!. ('.isagranile (CJniiiuiian Cor|>or.ilt>
Research Center).

Tin1 sensitivity ami accuracy of synchrotron whitr- brain topography in reflection geometry in assessing
defect micrnstruclures 111 Cd'iV substrates h:is been evaluated liy comparing and contrasting defect nii-

obs opographi ith th obs ed pit p produced with
the destructive chemical elchanl 11F HNO;1.lactic acid Examples of a topographic image of a CdTe suh-
strale (g=:t:>,:{. A=0 S!)A) recorded before etching along with an optical micrograph of the same substrate
recorded after etching are shown in liguh-s l(a) and (b) respectively. Close examination of thesp and other
comparable pairs of images confirms the close correlation between the two techniques Microstructlires re-
vealed consist nf groups of dislocations comprising subgram boundaries separating low dislocation density
stihgrams occasionally containing individual dislocations. While the overall shapes of the suhgrains are
clearly comparable on the two images presented, the density of dislocations within the boundaries appears
to be too high to establish one-to-one correlations However, such correlations are possible for isolated
dislocations within the stihgrains Inclusions are also revealed on bolli images, although they are often
dtlliriih to ili»,-i<ni on etch pit patterns since they are often located in siibgrain boundaries where they
are oliscured In ollnr etch pits The capability of topography tv provided detad^d structural information
"ii defects ( l lurg.rs vectors of dislocations, (win operations) .dnng with its nondestructive nature have
'-sUibiisliF-d ihat white hcnui topography is the technique of choice for the screening of t ' d i e substrates for
C<IT.- bulfer layer and IlgCdTe growth.'1

R.f.r.-ne.s: i MH I.e.-, T Fanning. D DiMarao. I. (i C.Lsagrande, and M. Dudley, "Opli.-nizatiun of
Mill: (lr.>wlh of (•.MV/tMT.- Helineinent in Structural Quality revaluation of MHK (irown (111) fMTe".
m "D.-foct Euc;iiifi-nii^ in St'lnieuuilm-tor Growth, PrtM-ossinj; liml Dt-viri- Technology", S
Ashok J Cheialher K Suinino. anil V. Weber (I'.ds ). Mnt. Ill's. Sue. Synip. Prin'.. 202, 'Jl'i-'J20

t Acknowledgements Work performed on the Synchrotron Topography Project Heainline X-I'JC. and
supported by (inmiiuan Corporate Research Center

X-19C
WHITE DEAM SYNCHROTRON TRANSMISSION TOPOGRAPHY OF DISLOCATIO-
NS IN ULTRATHIN CilTi- SINGLE CRYSTALS.!

T. Panning, M. Dudley (SUNY Stony Hrook), M.H. Leo and I,.(I. Casagraritie {(irumnian Oirporate
Hesearc.h (Vnter).

White hc'im transmission topography has been carried out on CdTe substrate crystals polished to a thick-
ness of less than 50/nn. Om- of the goals of this work was to to examine the dislocation density in the
small angle boundaries prevalent in these crystals. Figure 1 is a detail from a 311 reflection (A=0 hU\)
illustrating how individual dislocations are readily resolved due to reduced image overlap in the thinned
crystal. This allows for easier Hurgers vector ami line direction analysis, and confirms interpretation of
reflection geometry topographs.

i).1mm

Figuri- 1.

Ri-fi-ri-nri-s: I. Mil l.ee. T Fanning. II IliMarzio, I. li. Casagrande. and M Dudley, •Optimization of
MHK IJr.mthofCilTe/On'e Helinemeiil in Structural Quality Evaluation of Mill: Crown (111) CdTe",
in "Dt'fi-i-t El>RiiU''-i-iiii; in Si-mieoliiluftor Growth. Pmeissini; :il»l Di-viei- Ti-ehiiDloj-y" S
Ashok, ,1 Chevallier, K Siiinmo, and V. W.ber (IMs ), Mat. Il.-s. Sue. Syuip. Prnr., 202. 'Jl.Vl'ao.

t Acknowledgements Work performed .u, the Synchrotron Topography Project De.iinline X-KK", and
supported by (iriuniiian I'orporate Research Center



X-19C
WHITE BEAM SYNCHROTRON TRANSMISSION TOPOGRAPHY OF INCLUSIONS
IN ULTHATIIIN C.ITo SINGLE CRYSTALS.)

T Fanning, M. Dudley (SUNY Stony lirooli). M It. I.ee ami I..IS. Casagrande ((•rmmiian Corporate
liesearch Center)

White beam transmission topography has been carried cml on CdTe substrate crystals polished to n thick-
ness of approximately ^0/jin with a view to examining the contrast obtained from the inclusions often
observed in these crystals. Figure l(a) is a detail from a!! I! relied .iun (A=0.f)!iA) showing the striking con-
trast associated with an inclusion. Interchanging the exit and entrance surfaces lias the effect of changing
the contrast from a diffracted beam divergence elfect lo a convergence elfect. This, in addition to the opti-
cal microscopic observation that extensive plastic deformation is evident around the inclusions, leads lo the
conclusion that the mechanism of contrast formation involves significant local lattice rotation associated
with the plastic deformation surrounding the inclusion, leading either to healu divergence or convergence,
depending mi the .hllradiori geometry. This information can be used to demonstrate consistency with
contrast that is observed on rellection topograpbs, an example of which is shown in figure l(h) (g^IW.I,
A=t).N!)A). Such comparison enables ready interpretation of reflection images.

l l l l l l l

('•)

Fignri' 1.

t Acknowledgements Work performed on the .Synchrotron Topography Project Heamline X-I!)C, and
supported by (irumnian Corporate llesearch Center

X-19C
DYNAMIC OBSERVATION OF DISLOCATION SOURCES AT GRAIN BOUNDARIES
IN ICEt

F. till, I. Hakor (Dartmouth College), M. Dudley, anil O.-D. Yao (SUNY Stony Drook).

In single crystal ice, the dislocation mechanisms which operate, in the early stages of plastic deformation
have been fairly well established.1'2 However, the situation for polycrystallinc ice is much less satisfactory,
even though ice occurs naturally as polycrystals. An examination of the role of grain boundaries during
deformation has been attempted previously using conventional X-ray topography, but the true dynamic
behavior was not revealed because of the long exposure times required (10min-2h).3 Figure 1 shows a series
of white beam topographs recorded in situ during dynamic loading in compression while the crystal was
maintained at a temperature. of-12°C Note the. semihexagonal loops of dislocation that are produced at
the grain '-jumlary, GB.4

GB

Figuru 1.

Rufhrcncns: 1. A. Iligashi, "Lattice Defects in Ice Crystals, X-ray Topographic Observations" (Sapporo:
llohhaido University Press, (1«88);2. S. Ahmad and ll.W Whitwortli, Phil. M.-ig., A, 57, 7-tU, (IflSS); 3.
T. llondoh am) A. lligashi, J. Phys. Chem., 87, -WM, (1083); I1'- Liu. I. Raker, (J.-l). Yao and M. Dudley.
Phil. Mag. Letts., 65, 270, ('!)Q2).
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X-19C
ANALYSIS OF DISLOCATIONS IN SiC WAFERS IMAGED WITH SYNCHROTRON
WHITE DEAM X-RAY TOPOGRAPHY, f

S. Wang, M. Dudley (SUNY Stony Brook), (\ Carter, Jr., D. Ashury (Cree Research, Inc. Durham, NC),
C. Fazi (Army Harry Diamond Laboratories, Ailflphi. MD).

Dislocations in (0001) {>H-SiC single crystal wafers have been imaged hy using Synchrotron While Beam
X-Hny Diffraction Topography. One of the ad vantages of using white x-ray beam in the ca.se of (0001) Gil-
Sit1 is t!tat high quality lopngraplis from six equivalent (1011) diffractions ran be obtained simultaneously.
Hy using g-b=0 criterion for dislocation extinction, some straight sections of the dislocations, indicated by
arrows in Fig l(a) through (d), an* determined to lie purr screw dislocations with Burgers vector along
the [1010] direct inn. Similarly, screw dislocations along two other equivalent hexagonal axis directions
have also Wni fmmd. Since most of the dislocations have projection lengths much longer than the wafer
thickness (t=^<r)0/iin and its projection length is only about r>0/mi in this geometry), they are clearly lying
on thp basal plane, i.e. the slip plane in the hexagonal structure.

oo

Figurr 1

t Arkiiiiwli'ilgi-ineiits' Work performed mi llie Synchrotron Topography Project Beamline X-1!)C, and
supported by I1 S, Army Marry Diamond l.ahi.ralorirs, SiC single crystal wafers are provided by Cree
Hesearch. Inc.

X-10C
CHARACTERIZATION OF DEFECT STRUCTURES IN SiC SINGLE CRYSTALS DY
SYNCHROTRON X-RAY TOPOGRAPHY.t

S. Wang, M. Dudley (SUNY Stony Brook), C. Carter, Jr., D. Asbury (Cree Research, Inc. Durham, NC),
C. Fazi (Army Harry Diamond Laboratories, Adelphi, MD).

SiC is a very important semiconductor material, particaularly for applications at high temperatures anil
severe radiation environments. Recent development in growing SiC single crystals from vapor phase has
led to the advent of one-inch .SiC wafers of sufficent quality for device fabrication. Synchrotron white beam
x-ray topography has been employed in characterizing the defect structures in such wafers. Fig. 1 is an x-ray
diffraction topograph ofa (0001) GH-SiC wafer of 250/nn in thickness. Individual dislocations, presumably
lying on the basal plane, can be clearly resolved. Such images indicate that the dislocation density is lower
than 10a cm"2. The dislocations in the center region form a cell structure which leaves some small areas
dislneation-free. There are also some asymmetric black features on the topograph which correspond exactly
to those on the optical micrograph of Fig.2. These features may be related to the super dislocations with
Burgers vectors larger than the interatomic layer spacing of the basal planes. They appear to act as the
sources of some of the dislocations lying on the basal plane.

3MM

Figure 1 FiB«in- 2
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X-19C
OBSERVATION OF DISLOCATION SOURCES IN SiC SINGLE CRYSTALS GROWN
FROM VAPOR PHASE, t

S. Wanfi, M. Dudley (SUNY Stony Hrook), ('. Cutter, Jr., 1). Asbury (Cree Research, Inc. Durham, NC),
<\ Fnzi (Army Harry Diamond Laboratories, Adelphi, MD).

SyiKhrotron White Heam X-Ray Diffraction Topography is a very eflicient tool for studying the defect
structures in single crystals, particularly high (pialily semiconductors. Tlie crystal wafers examined by this
technique are device-quality (01)01) f)ll-SiC(n-lype) grown from vapor phase at above 2000°C. The x-ray
transmission topograph in Figure ! shows that the black dots, highly strained areas indicated by arrows,
act as sources and/or sinks of dislocations. These dislocations are not growth dislocations because they
arr lying mi the basal plane, and lience are perpendicular to the growth direct ion. They have two main
topologies: radial type and loop type with respect to the black dots. Since SiC! is a very tough material
and it.-, decomposition temperature is as high as "2fi.'10o(\ dislocations can only be generated at relatively
high temperatures, e.g. during cooling immediately after growth. Tin1 radial type dislocations, which
are generated somewhere else, are captured by the high-strain 'dots', and there is evidence that some of
these dislocations are running right through the 'dots'. The loop-type dislocations are mute, localized and
centered at individual 'dots' which .-ippear to serve as generation points fur Frank-Head sources. These
high-strain 'dots* may be related tu the super screw dislocations as required for crystal growth at low
siipersaiiirations acrcording to Frank's growth mechanism. The Burgers vectors of the.se super dislocations
should be multiples of the lattice parameter c, 15A in fill structure. The generation of dislocations lying on
tiie basal plane is hence to relieve part of the extremely high strain caused by such super screw dislocations.

Figure 1

I Acknowledgements: Work perfnrnied on the Synchrotron Topography Project Heatnline X-UK', and
supported by V S. Army Harry Diamond Laboratories SiC single crystal wafers are provided hy ('ree
Hes^arch, Inc

X-19C
OBSERVATION OF OPEN-CORE SUPER SCREW DISLOCATIONS IN GH-SiC SINGLE
CRYSTALS GROWN FROM VAPOR PHASE, f

S. Wang, M. Dudley (SONY Stony Brook), C. Carter, Jr., D. Asbury (Croc Research, Inc. Durham, NC),
C. Fazi (Army Harry Diamond Laboratories, Adelphi, MD).

SiC is a unique material which has many poly types with either hexagonal or rhombohedral structure
with crystallographic lattice parameter, c, imicli larger than the interatomic spacings of the lattice plains
perpendicular to the axis. Among these polytypcs, the fill (c=15.17A) is very important for semiconductor
device fabrication, Single crystal wafers of (0001) GH-SiC grown from vapur phase have been Mudied with
the synchrotron white beam X-ray diffraction lopogrnphic technique, in both transmission and reflection
geometries. Among the defects observed, a few 'line* defects give asymmetric contrast: double-images in
transmission, as shown in Fig. I(a), and broad signoidaMike shapes in reflection, us shown in Fig. l(b).
They are roughly along the growth direction, close to [0001], and are believed to Ijn super screw dislocations
generated during crystal growth. Since the Burgers vectors of these dislocations can only lie multiples of
the lattice parameter c, some dislocations with large Burgers vectors give tlie widely separated double-
images with approximately the same length, i.e., the projection length of wafer thickness (/ — '250/tm).
Dislocations with such large Burgers vectors are nut energetically favored and tend to form open cores uf
a few tens of angstroms to a few microns it: diameter, as pointed out by Frank [1]. Those super screw
dislocations are believed responsible for the generations of .some dislocations lying on the basal plane.

0.6mm
(a) (b)

im: 1. F. C. lraiik. Aria Cry*t., 4 1!)7 (1*151).
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X-10C
ANALYSIS OF PLANAR DEFECTS IN KTiOPO< (KTP) SINGLE CRYSTALS.

S. Wang, M. Dudley (SUNY Stony llrook), L. K. Cheng, J. t>. (E.I. dul'ont, Wilmington, l)E)

High quality potassium titanyl phosphate {KTP) single crystals have hern examined with Synchrotron
White Beam X-Ray Topography ami several kinds of defects have heeit imaged. Among them, a few
planar defects with fringe contrast are observed, as shuwn in Fig. l(a). Such defects have never been
reported before They are eithei
are indicated by P. The plane
contrast is observed, as shown in
fault plane, has yet been dot err
extinction, the partial dislocatiu

stacking faults or inversion twins bounded by partial dislocations which
>f these faults i;
Fig. l(b)and(

lined from
us are still prese

condition is not necessarily maintained for parti
extend in some reflections with selected geomet
individual fault images.

parallel to the (100) lattice plane. Extinction of fault
), (nil im unique fault vector u, presumably lying on the
lalysis. When the images of the faults disappear due to
nt on the topographs due to the fact that the extinction
il.s of edge character. The projection widths of I lit* faults
es, as shown in Pig. 1 (d), and as do the fringes within

(H)

) Ackiiowli'ilgrmeiil.-: Wnrli performed on the Syiirhmlruii Topography Projert Di'itmliiie X-HIC, and
Mipported by K.I. dul'ont de Nemours Si Company, Inc.

X-13C
CHARACTERIZATION OF HYDROTHERMAL GROWN KTiOPO,, SINGLE CRYSTALS
DY SYNCHROTRON X-RAY TOPOGRAPHY, t

S. Wang, M. Dudley (SUNY Stony Hrook), I..K. Cheng, J. D. Bierlein (K.I. iliiPonl, Wilmington, DE)

Potassium titanyl phosphate (KTP, a = Y2.HT1 j \ , b = 10.589 A, c = 6.4054 A) is an important nonlinear
optical material. High (|uality single crystals of large size can be readily grown by both hydrolhermal and
flux methods. Defects in hydrollienimlly grown KTP single crystals have been imaged using synchrotron
white beam x-ray topography. Figure 1 is an x-ray topograph of a b-cul K'lT crystal. Pendellosung
fringes, observed at the beveled edge on the left, suggest that the crystal quality is high. There are two
groups of straight dislocations, running roughly along the c-axis direction. The middle section between
these two groups is dilocation-free and contains a few stacking faults or inversion twins parallel to the
(100) plane, which has never been reported previously. Only a small number of inclusions, characterized
by the 'double-lobe' contrast indicated by T, are observed. The 'zig-zag' fringe belt in the bottom part of
the crystal may he attributed to growth sector boundaries. The faint vertical fringes are associated with
fluctuations of impurity levels.

1 Acknowledgements: Work performed mi I lie Synchrotron Topography Project Keaiiiliue X-I'J<\ and
supported by K.I. dul'ont de Nemours K' Company, Inc



X-19C
IMAGING OF FERROELECTRIC DOMAINS IN KTiOPO, (KTP) SINGLE CRYSTALS
DY SYNCHROTRON X-RAY TOPOGRAPHY. t

S. Wang, M Dudley (SUNY Stony Brook), I.. K Cheng, .1 0. Iliorlrin (K.I. duPoiit, Wilmington, DK)

Potassium titanyl plio.spli.itc (KTP), an important nonlinear optic material, is ferroelectric with polar axis
along tin- crystallography l» axis (I>—10 ii.SJlA) Ferroelectric domains an* usually present in liydrothortnally
grown or flux-grown KTP single crystals, which affects the efficiency of optical devices made from such
nnilli'li'iriain crystals. Observation of domains in KIT lias, to date, been made with techniques, such as
piezoelectric [I] and electrostatic decoration. We report here the application of synchrotron white beam
X-ray diirrarhoti topographic imaging to study domain structures in liydrothermally grown KTP single
crystals The domain walls are exclusively imaged on the tnpographs with selected diffraction vectors ami
X-ray iv.tvelenglhs. .see for example, l"ig.l(a), while images of other defects, such ILS dislocations and surface
srralchej,. are very diffuse. The topographic images correspond well with electrostatic decoration images.
I'lic onlraM <>f the domain walls may hi- attrtlmted to surface strains at the regions where the domain
wall.-- intersect the surfaces, although detailed analysis is still underway. It is also found that the domain
walls can unl\ lie imaged i>n reflections with relatively small rocking curve widths, hence of high strain
sensitivities, while in the reflections of large rocking widths, ;& aw shown in Fig.l(h), dislocations and
scratches are clearly resvjlvi-d without any contrast from domain walls being visible.

Figure 1

tt: 1. BierleinJ. 0., Ahmed F , Appl. Phys. Lett, 51, 1322(1<J87).

t Acknowledgements: Work performed on the Synchrotron Topography Project Heamlini1 X-IDC, and
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X-10C
SYNCHROTRON X-RAY TOPOGRAPHIC STUDIES OF HYDROTHERMAL GROWN
KTiOAsO4 SINGLE CRYSTALS, f

S. Wang, M. Dudley (SUNY Stony Hrook), I,.K. Cheng, J. I). Hierlein (K.I. duPont, Wilmington, DK)

Potjissium titanyl arsenate (KTA, a= 13.1̂ .5 A, h=10.786 A, c=G.-r)7JG A} is a nonlinear optical material
that has some superior properties such Jis large nonlinear optic cooflicient, and high laser damage threshold.
The defect structure of hydro thermally grown KTA single crystals has hern si.ii died with the synchrotron
white beam x-ray topographic technique. The high intensity of the area-filling synchrotron white x-ray
beam, and the flexibility of choosing shorter wavelengths for relatively highly absorbing crystals Iik<* KTA,
allow one not only to make a quick survey of defects in crystals, but also to get high resolution topography
of individual defects. Figure 1 is a x-ray lopograph of a b-plalc KTA. The central region is near the seed
and a crack seperates the crystal into two pieces. The topograph shows the four growth sectors, labeled
d\ through CJ4, with sonic straight growth dislocations, indicated with I), ;.iaij|y in Hi and il'2 sectors.
Some spherical strain centers, presumably inclusions, give 'double-lobe' contrast, .is indicated by P. Micrn-
scratches, the thin lines indicated by S, can he found everywhere find are found in KTA plates uf other cuts
as well. These scratches, which are not easily observed in optical microscopy, M-rve as the urigiuns of cracks
when high power laser light passes through the crystals. This problem, severely limitting the applications
of KTA for nonlinear optical devices, can l»e solved by improving grinding and polishing lerluinjue.s.

Figmv 1

f Acknowledgements: Work performed on the Synchrotron Topography Project Ke.tmliite X-lilC. and
supported by H.I. duPont de Neinotirs fc Company, Inc.
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LOCATING FILAMENTATXONS RESULTING FROM ELECTROMAGNETIC BREAK-
DOWN IN Si I3I-POLAR. DIODES, t

S. Wans, M- Dudley (SUNY Stony Brook), ('. Fazi (Army Harry Diamond Laboratories, Adelphi, MO),
D. Ciordmi-smith (Warwick IK, UK).

Synchrotron white beam X-ray topographic studies of damages induced during the R-F electromagnetic
breakdown of bi-po!ar diodes on silicon have been reported [I], and filament aliens associated with the
damage in reverse bias have [won observed in the Si opilayer close to the surface using the surface sensitive
grazing Hragg-1-.nue technique. A further study of the images associated with the edges of the oxide
and metallization, as shown in Fig. l(a) t)irough (d) taken at four different specimen-film distances, IVr
shows tlial the region beneath the oxide film, indicated by O, close to the lueUdlizatiou-oxiile edge., gives
very significant orientation contrast and extinction contrast, while the region beneath the metallizations,
indicated by M, gives almost no oiientation contrast and little extinction contrast. The iilamentatious, as
indicated by arrows on the topograplis, are lorated beneath the metallization rather than the oxide layer,
because the images of the iilamentations are clearly associated with those caused by the metallization.
This information about the exact locations of the lilamentation regions may aid one to relate the failure
mechanism with the actual topologies of ihe diodes and hence to find a way to harden such diodes.

mre: 1. ('. Kazi, M. Dudley a.id S. Wang and 1). (Jordon-Smith; U.S. Army .Scirnro Conference
Proceedings. Orlando. June \W2.

t Acknowledgements: Work performed on ihe Synchrotron Topography Project Beamliin1 X-UK\ and
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X-I9C
CHARACTERIZATION OF DEFECT STRUCTURES IN INDIUM ANTIMONIDE SIN-
GLE CRYSTALS INDUCED BY PLASTIC DEFORMATION, f

.V Wu and M. Dudley (SUNY SB).

The mechanical properties of InSb subjected to bending stresses about a given axis are a sensitive function
of the sense of bending. In order to investigate this phenomenon and its relationship with the resultant
defect structures, three-point bending experiments were carried out at a temperature above the brittle; to
ductile transition point to induce dislocations in single crystals of InSb. Following this, synchrotron white
beam x-ray topographs in transmission Kane geometry were recorded at room temperature to study the
dislocation structures. The InSb specimens used arc of (111) orientation. The bending axis was [Oil].
The dislocation configurations produced are shown in Figure 1 (g = i l l ) . Two {111} slip hands are
activated. Within these two slip hands, individual dislocations are visible. The main reattires are the
long dislocation segments with [110] and [101] line directions. These dislocations are of screw character
and are parallel to the sample surface. Detailed examination of various x-ray topographic images show
that most of the dislocations are in the form of semi-hexagonal loops. Correlations between the observed
dislocation structures, the stress state during deformation, and the mobility of dislocations are currently
under investigation.

1 mm

t Acknowledgements: Work performed on ihe Synchrotron Topography Project Ueamlini' X1W and
funded in part by the donors of (he iMruli'Uin Hosoarch Fund, administered by the American Chemical
Society.



x-iac
INVESTIGATION OF DISLOCATION STRUCTURES AROUND INDENTATIONS ON
{001) INDIUM ANTIMONIDE SURFACES, t
J. Wu and M. Dudley (SUNY SH).

in 1U-V compounds are of particular interest because of their role il

observation will be compared to those t/dislocations induced by bending experiments in which the external
stresses arc well understood and <-an be finely controlled. Figure 1 -shows a white radiation synchrotron

0.2 iniu
Figure 1.

1 M II. Surowier and II. K. Tanner, Phil A/oj., 55A. 791 (1987),

t Acknowledgements: Work performed on the Synchrotron Topography Project IJeamline X19C and
funded in parl by the donors of the Petroleum Research Fund, administered by the American Chemical
Society

X-19C
INVESTIGATION OF MICRO DEFORMATION OF INDIUM ANTIMONIDE SINGLE
CRYSTALS DY SYNCHROTRON WHITE RADIATION X-RAY TOPOGRAPHY, f

J. Wu and M. Dudley (SUNY SB).

Dislocation configurations in III-V type semiconductors are very strongly influenced by the existence of
large differences between the mobility of screw, B(g), and A(g) segments of dislocation loops [1}. X-ray
topography has been previously applied to the study of this phenomenon [2]. In this report, our observations
of the dislocation configurations around microindents on {1II} surfaces of InSb single crystals are provided.
These observations will be related to the anisotropic mechanical properties of InSb single crystals. Figure I
shows an example of the observed dislocation configurations by synchrotron white, beam x-ray topography
(g = 422). The dislocations form six wings extending in (110) directions from the indents. On the (111)
surface, the extended wings are formed by dislocation loops lying close to and parallel to the surface.
On the (111) surface, the extended wings consist of dislocation loops lying on inclined {111} slip planes.
These dislocations have 1/2(110) Burgers vectors along their extended directions and consist of two short
60° segments and one long screw segment. These configurations are the. result of the fact that the G0e

segments have higher mobility than the screw segments. Once the, semi-hexagonal loop forms, the 60°
segment moves quickly towards the edge of the cr^tal, trailing out the lojtg extended segment of the slow
moving screw type in the crystal. Since the extra half-plane of the observed dislocations moving away from
the indents extends towards the outside of the. crystal surface, the types of dislocations on each of the slip
planes can be determined by using ihe concept of a and ft tetrahedra. On the (111) surface, B(g) type
dislocations only lie on the (HI) slip plane and have high mobility to move away from the indent sites.
On the (111) surface, dislocations gliding on the (111), (III), and (111) slip planes are of the. B(g) type.
Hence, dislocations on these slip planes have high mobility and can be observed on the x-ray topographs.
Therefore, the different mobility between A(g) and B(g) type, of dislocations can strongly influence the slip
behaviour of dislocations under external stress and the mechanical properties of InSb crystals.

Figure 1.
References: 1. R. L. Belt and A. F. Willcnigliby, J. Mater. Set., 1, 219 (JOGG). 2. M. R. Surowirr and
B. K. Tanner, J. Appl. Cryst.. 20, 499 (1987),

f Acknowledgements: Work performed on the Synchrotron Topography Project Heainlino X19(' and
funded in part by the donors of the Petroleum Research Fund, administered by the American Chemical
Society,



X-19C
CHARACTERIZATION OF MICROGRAVITY GROWN CdZuTe SINGLE CRYSTALS, t

J. Wu. M. Dudley (SUNY SB), and D. Larson (Cirumman Corporate Research).

Synchrotron white beam topography in conventional Bragg geometry tins been used to characterize the qual-
ity of OdZnTe single crystals grown in the microgravity environment aboard the Space Shuttle Columbia
on mission STS-50 in June/July 11)92. The white nature of the X-ray beam enabled the boules, which
were 1 5 cm in diameter, to be examined "as-grown" using retlection topography. This technique, with its
high tolerance of lattice strain anil rotation, is able to detect random grain orientations, twins, and high
degrees of lattice strain without the need for accurately orientating the crystal in the beam. A preliminary
survey carried out on one of the boules shows that the crystal quality varies along the growth direction.
The region closest to the seed was of high quality and was mi twinned; the part adjacent to this, which
makes up the bulk of the crystal, was of higher quality; the region beyond this, which corresponds to where
the growth process terminated, was of poorer quality. In addition, the quality around the crystal growth
direction was not uniform due to partial contact with the ampoule wall. About one quarter of the area
surveyed on the surface shows a crystal quality inferior to that of the rest of the crystal. A few 180° rota-
tional twins, visible via orientation contrast, were present in those regions of crystal which were in contact
with the ampoule wall. Most of the twinned regions are macroscopic in size, although some microscopic
twin lamellae are observed, ;is can be seen in Figure 1. Correlations between topographic observations and
growth parameters are currently under investigation.

f Acknowledgements Work performed mi the Synchrotron Topography Project llealnlhie X-lflC, and
supported in part by NASA under contract. No. NASS-38H7.

X-19C
INFLUENCE OF SURFACE RELAXATION ON X-RAY TOPOGRAPHIC M A G E S OF
DISLOCATIONS, t

J. Wu, T. Fanning, M. Dudley (SUNY SB) and V. Shastry, P. Anderson (Ohio State U).

Simple considerations of the strain field of a screw dislocation in an infinite crystal reveal that kinematical
screw dislocation contrast will appear on an x-ray topograph only when the diffraction renditions arc such
that the product ftt (where ft is the linear absorption coefficient, and t is the x-ray path length) is small and
g • l> is not equal to zero. Figure 1 (a) shows an example such dislocation contrast, recorded from strew
dislocations in a Si crystal (g = 333, A = 0.7 A). When g b equals zero, the contrast should disappear.
Figure 1 (b) is a topograph taken under such conditions and from the same area as Figure 1 (a). Clearly
the dislocation contrast has not disappeared in the regions where tlie dislocations intersect the sample
surface. Such effects are usually attributed to surface relaxation. Equal effcctive-inisorienlation contour
analysis was used to confirm this hypothesis. When surface relaxation effects were incorporated into
the displacement fields of the crystal, image calculation showed there, are still volumes of crystal which
contribute to kim*matical contrast. Figure 2 displays one of the calculated contours. Comparison of the
shape and size of the contours with the observed contrast re\ea!s reasonably good agreement between
them. It is therefore, confirmed that surface relaxation effects can significantly modify dislocation contrast
behavior in the vicinity of intersections with the sample surface.

Figure 1.
1 mm

t Acknowledgements: Work performed on the Synchrotron Topography Project llcainline XllK* ami
funded in part by the donors of the Petroleum Research Fund, administered by the American Chemical
Society.



X-19C
S Y N C H R O T R O N T O P O G R A P H Y OBSERVATION O F T W I N S IN ZuTe SINGLE C R Y S -
TALS, j

(J.I) Yao, W Zhou, and M Dudley (Sl'NY Stony Hrook). (Ml. Su, M.I'. Volz. D C . Gillies, I'.It. .Szofran
(iiid SI , Lrhnrzky (NASA Marshall Span- Right Center, Alabama)

(111) slices cut from a houle of Zn'l'e grown liy horizontal physical vapor trans])ort (I'VT) haw been
characterized using white beam x-ray topography. The growth direction, determined hy standard x-ray
back reflection Lam1 photography, was about (i° off (.111]. Figure I is a tran.sniission x-ray Lane pattern
recorded with the crystal and deu-cior perpendicular to the Hinciclent beam and with a specimen-film
distance of H.:t cm Two superimposed diffraction patterns are evident, indicating the presence of regions
of two different orirnlalions in (he crystal. Detailed indexing of the I.aue pattern reveals that these two
regions are related by a twinning operation consisting of a 180° rotation about the (111) plane normal.

( l l l)m

t Acknowledgements Work performed on (he Synchrotron Topography Project Heamline X-1!K\ and
iipporled by NASA MnrKhall Span- Flight Center under (iranl No. NA<i8-8!)l

CHARACTEU.IZATION OF GROWTH DEFECTS IN ZuTn SINGLE CRYSTALS, t
X-19C

W. Zhou and M. Dudley (SlINY Stony Brook), C.ll. Su, M.I'. Volz, D.C. Hillies, F.R. Szofran and S.L.
Lolioczky (NASA Marshall Space Flight Outer, Alabama)

Synchrotron while beam topography of ZnTe single crystals grown by physical vapor transport has revealed
the presence of subgrain structures with low dislocalion densities within the suligrains. This is illustrated in
the. details from the white In-run lopographs recorded with the 311 and 242 reflection vectors shown in figures
l(a) and l(b), respectively. Note the extinction of some of the images of dislocations lying in the (111)
plane which is parallel to the surface. These dislocations also disappear on the 131 reflection, meaning that
the operative Burgers vector is l/2[10i]. In addition, evidence is found for the initiation of slip at regions
of stress concentration on the twin boundaries, such as the intersection points of subgrain boundaries,
and lateral twin boundaries. This is shown in the detail from the 3U reflection in figure 2. Correlations
between observed defect configurations and growth parameters are currently under investigation.

0.1 mm

twin lioimtlary Figrn-i! 2

t Acknowledgements: Work performed on the Synchrotron Topography Project Beamline X-1'JC. and
supported by NASA Marshall Space Flight Center under Crant No. NAG8-891.
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UNIVERSAL SCALING IN THE 3D RANDOM FIELD ISING MODEL

J.P. Hill. Q. Feng and R.J. Birgcncau (MIT)

The 3d random field Ising model (RFIM)
may be conveniently studied using dilute anufcr-
romagncts in a field. Such systems are now
known to be highly hysicrcuc. Specifically,
although the ground state is believed to have long
range order (LRO). on cooling in a field (T-C) the
system abruptly drops nut of equilibrium and
forms a long lived metastable domain stale. The
system may be prepared with LRO by first cool-
ing through the zero field Ncel transition and sub-
sequently applying a field. This procedure is
labelled zero field cooling (ZFC). Extinction
effects prevent the order parameter being reliably
determined by conventional neutron scattering
techniques. However due to the small cross-
section, magnetic x-ray scattering is extinction
free.

We report x-ray scattering measurements of
the magnetic order parameter in Mao.isZnozFi,
on warming from a ZFC stale. Datt were taken
for a number of fields on two samples of
MnojjZnoaFj. The first labelled #1 . which was
used in our earlier work (11, exhibits a transition
to LRO on FC. The second, #2. was cut from Ihe
first, but underwent a more extensive polishing
process which resulted in a much smoother sur-
face. Interestingly it does not exhibit LRO on FC,
but rather forms a domain stale consistent with
that seen with neutron diffraction. The two sam-
ples exhibit identical ZFC behavior however, and
we believe that this ZFC behjvior is intrinsic lo
Mn|.,Zn,F2.

Fig. 1 displays the (100) ZFC peak intensity
in both samples for a number of fields. All Ihe
daU are well fie by a power law with exponent
|J=O.20. There is a rounded transition region
which may be described by a Guissian distribu-
tion with a width that scales as the field squared.
The universal scaling is illustrated in fig. 2 in
which the data of fig. 1 are re-plotted against (T-
Tc(H))/H!. All the data in fig. 2 are in Ihe met«-
stablc region, that is above the transition seen on
cooling in Iff. These data show that the order
parameter evolves continuously to zero on warm-
ing, simulating equilibrium critical behavior.
However the magnetic correlation length does not
diverge.

There is at present, no theory to describe hie
shedding of the mclosublc LRO. One possibility
is that, on wanning, domains of progressively
larger size are flipped, until the flipped domain
size is equal to the equilibrium FC domain size.
1. J.P. Hill el. al.. Phys. Rev. Leu. 66. 3281

(1991).

35

30

25
20

1 10
s 5

s. o

J 3 0
£ 2l

i l
20
15

10

Sheading or LKO in Mn , ,

N . Sample il
\ . /cant

Sompli f t

a 0T
• 5.0T
o 6.0T
• 6.5T

\

' or
o 3.5T
• 5.0T
o 6.0T
• 7.0T

41 44
Tempwoturt (K)

38

I ' i q u r e 1

Seeling Qf ZFC Tmnstion Rfl̂ km in

•7

i

o 35T ScmjH* I t

' S.OTSomoit

Q a im Sompto

i l t I • 70TSomp2

1
2

1

1
y'SifcT — S i * * * Function

Beam Lines X20A.C

X-RAY SCATTERING STUDIES OF STRAIN AT THE SiO,/Si(001) INTERFACE
S.D. Kosowsky, C.-H. Hsu, P.S. Pershan (Harvard U.), J. Bevk, B.S. Freer (AT&T Bell Labs)

We are conducting a study of the role of strain in the structural transition from crystalline Si(001) to

amorphous silicon oxide. Current theories claim that strain-dependent energetics factor into the structure

and stoichiometry of the oxide/silicon interface1. To investigate these effects, we have induced an external

strain at the SiO,/Si(001) interface by dilating the Si lattice to match a CefOOl) substrate. Four mono-

layers of Si were cpitaxially deposited on the substrate; the sample was then oxidized in dry Oj at room

temperature.

Specular reflectivity data along with a theoretical fit are shown in the figure below. The mode! is

composed or an abruptly terminated miscut Ge(001) .ubstrate, two intermediate ordered layers and 10A

of <.-SiO2 The densities of the two intermediate layers are about 98% and 70% of that or Ge, which

are significantly greater than that of crystalline Si (/>s, = 0.5/»G,),indicatin« that the transition region .s

composed of germanium oxide or a germanium-silicon alloy. The a-SiO2 layer is approximately twice as

thick as the oxide found in similarly prepared, unstrained SiO8/Si(001) sampl«.= Within the .-S.O,, are

two layers representing decaying residual laminar order along the surface normal withm the oxide Ih i s

laminar component was found previously at the SiO2/S,(001) interface.' A profile of the average electron

density perpendicular to the surface is shown.in the inset of the figure.

> To, ewmple, «e A.M. SlowkMi, C.H.M. Greveno, «.d A. Cei«o. Pkil. Mag. B S5, 20) (1987)
* T.A. R»b«lc»». I.M. TidsweU. P.S. P«sh« . J. Bevk »nd B.S. F,«r. Appl. PhyB. Lett. 59, 3422 (1991).

Specular reflectivity data (Q) and
fit (—) for the oxidized Si on
Ge(001) sample. Inset: electron
density normal to the surface

Work supported by the DOD Jo,,,, Serv.cc Electro,,,* Program under ^
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I.AYI-R-HY-I.AYI-R GROWTH OI ADSORHATliS
nv N-RAY I;I.IK)IU!SCI-:NCI;

X20I)

ON SINCMJ; CRYSTAi.

.!.!. . lonlan-Swcct (HIM Research Division). I Zhang, and I..

Washington)

Sorcnscn (University of

We report the direct observation of laycr-by-laycr growtlt of a physisorbed gas on a single
crystal gr.ipl>:(c surface by measuring the gas s vray fluorescence signal ami pressure as a
(unction of time. We were able to dynamically measure the coverage ofadsorbed k r y p t o n l"rom
Mihmonolayer amcumts up to the saturation vapor pressure (bulk condensation) at 65, 70 and

The sample cell was cooled by a Displcx closed-cycle l ie refrigerator and had .002" beryllium
windows on tlircc sides and a quar t ' window on the fourth. A Si(l.i) detector was set up in the
horizontal plane, normal to incident beam direction. After flashing the graphite crystal, Kr gas
was slowlv bled into the sample chamber through a I'I IV Ic.-ik valve, at a rate ofapproximately
(> I m Tiirr;minute, while recording the Kr Ko fluorescence signal at 12.(id kcV and 3D gas vapor
pressure. Coverage is proportional to Ihe fluoicscencc, which is excited by the synchrotron x-
ray leira at X20I1 (fixed energy of 17.5 kcV). After correction for the fluorescence due to 3D
Kr gas, a plot of Kr K, fluorescence at 12.66 kcV vs. pressure yields a beautiful isotherm with
v:rtical, sharp risers at I, 2, 3, and 4 layer growth. Pipurc 1 shows an isothcrr.i taken at 65K.
An entire isotherm is recorded in just two to four hours (depending on desired resolution).

This is the first demonstration of measuring volumetric isotherms on a single crystal without
relying on a high-surfacc-arca ballast in thermal equilibrium. The equilibration times are
therefore dramatically faster, the sample setup is simpler, ami the technique can be done on any
crystal (not just those having high-surface-arca analogs such as graphite and MgO).

Kr peoh area, 65K, bhg sub.. Scd* 6
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High-Temperature Pressure Melting of Monolayer Xenon On Single Crystal Graphite

W.J. Nuttall, D.Y. Noh, J.S. Leigh, R.J. Birgeneau (MIT)

We are in the process of investigating the
melting behavior of xenon adsorbed on high qual-
ity single crystals of graphite, in the monolayer to -rr"
super-monolayer regime. It is thought likely that i m

this transition may be a continuous phase transi- fi
Don of a KosterliK-Thoulcss type in two dimen- | OT

sions'. Such transitions have been postulated for J
many yean and are distinguished by the existence I JW
of an intermediate phase with short range 1
exponentially decaying translational order and &100
long range power law decaying orientational g
order2. It has recently been reported that the melt- °
ing of the xenon monolaycr system is always first
order1. Our first experiment at X20-C considered
the pressure melting of a xenon monolaycr at
139K on a synthetic lush graphite substrate. We
observe a clear transition at a measured pressure
of approximately 13.3 ton with little or no hys-
teresis.

Xt(lO) >t 134K J20-D
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The low signal intensity observed for the ten
substrate led us to investigate larger natural gra-
phite substrates at X20-B in the hope of achieving
brighter signal. The large substrate was
sufficiently strong to allow us to tare cleave the
top and bottom surfaces without any damage to
the O.l'(HWHM) single crystallite mosaic.

In this case the intensity was very much enhanced
and allowed us to study the pressure melting or a
xenon monolayer at 134K in greater detail,
including the observation of a correlated fluid sig-
nal u 2.39 ton.

0 J 10 IS
l a ~ M Prtan |t<n|

We plan to pursue this work in more detail with a
view to following the evolution of the adsoibau;
signal as the system is pressure melted inio the
isoiropic fluid phase.

1. E.D. Spechl et al., J. Physique LCIL W
(1985)561-567.

2. DJ*. Nelson and B.I. llalpcrui, Phys. Rev. B..
I» (5)2457(1979).

3. AJ. Jin ei a)., Phys. Rev. UlL, *l (12U31I
(1989).
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MAGNETIC X-RAY SCATTERING STUDY OF THE 3D RANDOM EXCHANGE
IS ING MODHL

J.P. Hill, Q. Feng and R.J. Birgcncau (MIT)

Despite intensive efforts in recent years, the
random field Ising model (RFIM) is still not well
understood. Almost all of the experimental work
to date has utilized dilute antiferromagnets in a
field as a convenient realization of the RFIM. In
zero field these systems are examples of the ran-
dom exchange Ising model (REIM). Application
of an external field then causes a crossover into
the RFIM universality class. Understanding the
nature of shs REIM is crucial to a full understand-
ing of the RF1M.

The prototypical Ising system FcF2 may be
conveniently diluted with Zn. This system has
been studied previously, in particular with neu-
tron diffraction [1,21. However it is not possible
to reliably measure the order parameter with this
technique because of complications due 10 extinc-
tion effects arising from the strong magnetic
Bragg scattering of the ncu-perfect crystals.

We report here the first magnetic x-ray
scattering measurement of the order parameter in
FcosZnojFj. The cross-section is extremely small
and Die scaitcring is therefore extinction free.
These dau were taken on a sample of Fco.jZrK1.sF2
grown at MIT. The growth direction was chosen
to be along the a-axis, parallel 10 the momentum
transfer in order to minimize concentration gra-
dient effects.

These measurements were taken on X20C
uuliang a double bounce silicon monochromnor.
The beam was focused horizontally and vertically
by a platinum coated silicon minor 10 a lmm by
I mm spot incident on the sample. The resulting
scattered radiation was analyzed with a Gc(lll)
crystal. The sample proved to be of high crystal-
lographic (mosaic O.Ol' FWHM) and chemical
(spread in TN<0.04K) perfection.

Figure I shows the (100) x-ray magnetic
Bragg peak intensity as a function of temperature.
The data arc well fit by a power tew with
exponent p=O.36±0.0t. Pleasingly, this is in
excellent agreement with the theoretical predic-
tion for the REIM, (M).35±O.O1. It does not agree
with the pure Ising model exponent,
jM.3251O.O05 confirming thai the diluted sys-
tem is in the random exchange universality class.

Critical scattering was not observed,
presumably because the high reciprocal space
resolution restricts the observable region to a
reduced temperature beyond our temperature
resolution. Future work planned on this system
includes a neutron scattering study of the mag-
netic correlations above TN and x-ray scattering
experiments with an applied external field.
1. R.A. Cowlcy et. al., Z. Phys. B 5«, 15

(1984).
2. D.P. Belangcr et. al., Phys. Rev. B 34,452

(1986).
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X-RAY SCATTERING STUDIES OF THE INTERFACE STRUCTURE OF MAG-
NETIC MULTILAYERS
T.A. Rabedeau, M.F. Toney, GR. Harp, R.F. Marks, and R.F.C. Farrow (IBM Almaden)
Interface structure is expected to influence profoundly the magnetic response of multilayer films.
For example, the magnetic perpendicular anisotropy of Co/XX multilayers, where XX is a non-
magnetic metal, is strongly dependent upon interface morphology.' Similarly, interfacial profiles
affect the giant magnetorcsistance of multilayer and sandwich structures.: Typically, interface
characterization in terms of a root mean square toughness obtained from specular reflectivity
measurements is inadequate as the magnetic phenomena are sensitive to the lateral length scale
of the roughness as well as the interface conformaiity. More complete interfacial characterization
in multilayer films requires measurement of the diffuse scattering near the spi-cular beam from
which the roughness length scale and the interface conformaiity can be extracted.
To improve understanding of the mechanisms responsible for the magnetic aiiisotropy of C0P1
multilayers, we have measured the diffuse scattering from [Co(4.5A)/l'l(]8A)]xl5 multilayers
deposited by MBE al 100°C and 300°C. Initial data analysis indicates that the interfaces are more
chemically intcrdiffused and the interface roughness is more conformal in the 300°C multilayer
relative to the 100"C multilayer. Quantitative modeling of the intetfacial structure of these films
requires extension of diffuse scattering models to multilayer systems. Current and continuing
efforts focus on the application of the diffuse scattering formalism of Sinha, et al to multilayer
systems.
1 F.J.A. den Breeder, et al, Phys. Rev. Lett. CO, 2769 (1988).
2 E.E. Kullerton, et al, Pliys. Rev. Lett. 68, 859 (1992).
3 S.K. Sinha, el al, Pliys. Itev. B 38, 2297 (1988) and Proceedings 0} NATO Advanced Study
Institute Conference, Crete, Greece, June 26 • July 6, 1990.
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Diffuse scattering equal intensity contents
for the 300°C CoPt multilayer. For dis-
play purposes the in-plane momentum
transfer qT *nd the measured intensity
have been scaled by \/q] and q], respec-
tively. The contours are spaced equally on
a log scale. The peaks spaced ~0.3A"!

apart have the same ?j periodicity as the
multilayer specular Bragg peaks. Those
peaks result from conformal roughness
in the multilayer. Similarly, the peaks
with ~ 0.02A ~' periodicity stem from in-
terference of Iho diffuse scattering orig-
inating at the multilayer exuomum in-
terfaces (ic, vapor/multilayer and inulti-
layer/substrate interfaces).



WATER LAYERS ADJACENT TO SILVER (111) ELECTRODES x 2 0 c

M.F. Toney, J. Richer, Ci.l.. Uorges. O R . Merroy, J.G. Gordon, D.G. Wicsler (IBM Research
Division. Almaden Research Center). D. Yce and I..B. Sorcnsen (L\ Washington)

The atomic structure of water layers adjacent to electrode surfaces is of tremendous im-
portance in electrochemistry and of fundamental scientific interest. This structure has been the
subject of extensive theoretical work,13 but to date, there have been almost no direct exper-
imental tests of these theories. Recently, we have investigated the behavior of the
Ag( 1111-water interlace with measurements of the specular and non-specular truncation rods.
Data wete collected at two electrode potentials: one 0.5V positive of the potential where there
is zero charge en the electrode (pzc), and the other 0.25V negative of the pzc.

Analysis of the non-specular rods shows that the Ag(lll) surface is alTccted by the po-
tential. At the positive potential, the spacing between the topmost and second Ag(l 11) planes
is contracted relative to the bulk spacing (by about 0.03 A), while at the negative potential, this
spacing is the same as the bulk spacing. These results can be interpreted as due to potential
dependent changes in the electron density profile at the metal surface.

The structure of the water layers adjacent to the Ag surface are also potential dependent.
The l'mure shows the specular rods at both potentials, and from an analysis of these data
(lines), "we find thai the water is ordering in layers that extend 2-4 layers from the electrode.
At the positive potential, the average distance between the top Ag( 111) plane and the first (in-
ner) water layer is smaller than at the negative potential (about 2.7 A compared to 3.7 A). This
is consistent with the notion that the inner-layer water molecules Hip' from oxygen-end down
to oxygen-end up as the surface charge changes Iron; positive to negative. We also find that
the coverage of the inner water layer is 1-2 waters per Ag atom, much larger than expected (i.e..
0.7 waters per Ag atom). Doth this coverage and the extent of layering arc larger at the positive
potential (whicrTis twice as far from the pzc than the negative potential).

1. J.Cl'M Bockris. B.I-.. Comvay, and K. Ycagcr. Compreliensnv Treatise of Elcctrodicmistry, Vol. I,
(Plenum Press. Sew York. 1<J8O).

2. G.N l'atey and li.M. Tome. Chemica Scripta 29A, .V) (1989).
.V J N Glosli and MR. 1'hilpott. J. Chcm. Phys. %. b%2 (i')92).

Structure factor of specular
rod for Ag(lll) at two po-
tentials These data are cor-
rected for sample area,
resolution function, and Ag
atomic form factor.

This work was partially sup-
ported by the Ollice of Naval
Research.

X20C

GRAZING-INCIDENCE X-RAY SCATTERING STUDIES OF THIN FILMS
OF PERFI.UOROPOI.YETIIER.
M.I'. Toncy, T.I* Russell, and C M . Man* (HIM Research Division. Almaden Research Center)

Peifluoropolycthcrs (I'FI'F) form an impoilan! il.-tss ol ihin film lubricants. Yet, there is
virtually no knowledge of the molecular confbtmalion of smli polymer1; in thin films nor of ihc
relationship between conformation and lubrication. We haw used gia/mg-incidem.T X-iay
scattering to investigate the surface (< JO A) and bulk ronlnini.-itinn nl I'l PI in films with
thicknesses between 10 and 110 A. I lie PI PI' (l)etniinni SI' fc^) ,nr linear chain molecules with
an enil-tn-cnd Icnglh ofabout 120 A and a thickness of ahom 7 V In contrast to our investi-
gations on polyimide '• 2, there arc no dramatic dilVernKo in the conformation of PI PI: mol-
ecules near the polymer-air surface and in the hulk of the thin Mini this is illustrated in the
Figure below where we show the scattering from a I |i> A I'l PI lihn lor several incidence .ingles,
corresponding to different penetration depths ol tin- X-rajs into the polymer. For all incidence
angles, the X-ray scattering is about the same ami is ch;ti.uteiistic of that from a liquid or
amorphous material.

Surprisingly, the X-ray scattering is also essentially independent ol the film thickness. For
all thicknesses from 10-100 A, the scattering is the same as tlv.n shown below. Thus, thcie are
no significant differences in molecular conformation (in tin- substrate plane) as a function of
film thickness even for films as thin as one to two innlctiilai diameters.

1. D.I Factor, I P Russell, and M.I \ Tniicy. I'tiys Re\ KM <*. IISI (I'l'liy
2. IU. lwtor. T.l\ Rnwll. mil M.lv Timi-y, suliniiiiml in I Clu-m I'lns I9'!2.
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Small-Angle X-ray Scattering Study of Supercooled Water

Yonglin Xie, Karl F Ludwig, Jr., Guarionex Morales
Department of P/iysics. Boston UmttTStty, Boston, MA 02215 USA

David Hare", Christopher Sorcnscn
Department of Physics, Kansas Stall University. Manhattan, KS 66506 USA

Due its unusual properties, supercooled water has re-
ceived much attention. With decreasing temperature,
anomalous thermodynamic behavior, including rapidly
increasing isothermal compressibilities and specific heats,
arc seen which imply that density fluctuations in the liq-
uid grow It has variously been conjectured that these
are associated with an instability, or spinodal, point
T, «- - 4 5 ° C Although the low-wavenumber structure
factor S{k), which is the Fourier transform of the density-
density correlation function in the liquid, is an important
experimental piece of the supercooled water puzzle, pre-
vious experiments studying its behavior have provided
contradictory results.

Here we report an absolute measurement of the struc-
ture factor of supercooled water using small-angle x-ray
scattering (SAXS) down to the lowest temperatures cur-
rently possible in bulk samples. -34°C. The wavenum-
ber range covered was 005.4~' < t < 0.30A"' Al-
though the scattering from water is very weak, the
high incident x-ray beam intensity from the multilayer
monochromalerof the X20C beamlineal the Brookhavcn
National Sychrouon Light Source provided us with suffi-
cient signal lo no^e ratio to see the hneshapeof the struc-
ture factor A position sensitive diode-array detector was
used to deled the scattering. Two different types of sam-
ple holders were employed. In the first type, deiomzed
and filtered IS Affl II;O samples were held between thin
flat kapton windows, which themselves contributed very
hllle x-ray scattering These samples could tie cooled
down lo -20°C before crystallizing and the structure
factor was measured down to 0 05.4~l The second set
of water samples were enclosed in sealed 1 nun x-rav cap-
illaries After annealing, some of these could be cooled
down to - 3 4 ° r for several minutes without freezing, a
significant improvement over water samples in the kap-
ton sample holder To facilitate the proper subtraction
of liic sample holder and other "parasitic" scattering, the
incident beam was slit down lo 0 2 mm. so lhal the capil-
laries werr effectively flat on the beam's length-scale The
structure factor in these samples was measured down lo

The sample scattering patterns at each temperature
were normalized to absolute structure factors using the
measured incident beam intensity. The observed struc-
ture factors of density fluctuations have been fit with
an Ornslein-Zernicke lineshape 10 extract correlation
lengths {(T). The extrapolated S(* = 0) are in good
agreement with isothermal compressibility measurements
reported in the literature. If the normal component of
the structure factor is required to be consistent with lit-
erature results, the fit values of £ are quite small - from
3.54 to A.\A. Moreover, £ increases very slowly with
decreasing temperature. The implications of the correla-
tion length magnitude and temperature dependence are
currently being investigated.

"Current address: Dept. of Physics, University of Uli-
nois.t'tbana, 1L 61801 USA
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Beam Line X22B
GRAZING INCIDENCE X-RAY DIFFRACTION STUDIES OF A FATTY ACID MONOLAYER AT THE
AIR/WATER INTERFACE.
CM. Bommarilo, W J. Foster, P.S. Pcrshan (Harvard University), and M.L. Schlossman (University of Chicago)

We performed grazing incidence X-ray diffraction measurements of Ungmuir monolayers of docosanoic acid
(CHjCCHJjjCOOH) between 5° and 20° C at pH=2.0 (HC1 buffer). When the surface pressure is permitted to relax
completely (AitSO.l dynes/cm-hour), homogeneous as well as inhomogencous phases arc observed as a function of
area per molecule.

Upon spreading the monolaycr at temperatures greater than 8° C and low surface densities (»30 AVmoleculc).
the surface consists of an inhomogeneous film of 2-D crystalline (or hexatic) islands. These islands, which have
previously been observed with a variety of fatty acids, including doiosanoic acid', have a distorted triangular order
in which the molecules arc tilted towards ncarta neighbors 0 phase). In contrast, for monolaycrs spread below 6°
C, while the symmetry of the order in the islands is similar to the I phase, the unit cell is approximately 2 A1

smaller. Although we believe this phase has already been observed1, it has not been observed for docosanoic acid.
In order 10 maintain the nomenclature by which monolaycr phases follow that of liquid crystals with the same
symmetry, we refer to this phase as 1'. In the region between 6° and 8° C, spreading can result in the formation of
a mctasublc I1 phase. Mciasubk, since in this pan of the phase diagram the equilibrium phase is the 1 phase.

Compression of the film from islands of I or 1' phase to higher surface densities, seems to result in coalescing
of the islands lo form a fairly homogeneous film. In this film, changes of the molecular area arc reflected by
proportional changes in the X-ray determined unit cell size and tilt angle. Further compression of ihcse homogeneous
Tiuns results in a variety of temperature dependent phase transitions. Along isotherms at 12° C we have observed
a phase transitions from the I phase to a stable phase with distorted triangular order but a tilt between nearest
neighbors (F phase). This phase change is then followed by a transition to an unfilled rectangular phase <U" phase).
Isotherms between 8.7° and 9.7° C show an I to 1' transition, followed once mote by a change u> an untilicd phase
(U phase), structurally different from the U' phase observed for the higher temperature isotherms. Finally, isotherms
below 6° C reveal only a I' to U transition. These results arc summarized in the phase diagram shown below.

In this figure, the open and
closed diamonds represent features
in a relaxation x-A isotherm such
as • discontinuity in slope or 1
plateau. These features are
connected by smooth lines
indicating more clearly the possible
location of a phase boundary. The
remaining symbols represent the
l.I'.F. and U phases as indicated in
the legend. The shaded box
denotes the I'-l phase boundary, as
determined from the x>ray
measurements. Acknowltdstmtms:
This, work was supported by the
National Science Foundation

. , lhroughgrantsNSF-DMR-91-13782

„ „ and NSF.DMR-8MW90.
Temperature {* C)

1. R.M. Kcnn. C. Bohm, A.M. Bibo, I.R. Peterson, H. Mohwald. J. Als-Niclscn. K. Kjacr, J. Phys.. Chcm.«. ;W2
(1991).

2. B. Lin. M.C. Shin. T.M. Bohanon, O.E. Ice. P. Dutta, Phys. Rev. Leu. «5.191 (1990).
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Electrodeposition of Bi on Au(lll); X-ray Scattering and Atomic Force Microscopy

C.H. Chen . K. Kepler, and A. A. Gewirth(L'niversity of Illinois); and B.M. Ocko. and J. Wang (BNL)

Atomic force microscopy (AFM) and surface x-ray scattering (SXS) studies have been carried out to
determine the structure of underpotcntially deposited Bi on the Au(l 11) electrode. As a scanning probe, the AFM
is particularly well suited for the electrochemical environment since the tip is fabricated from an inert insulator.
The AFM technique provides real space images of trie local atomic structure whereas the SXS gives a Fourier
transformed image of the atomic structure, averaged over microscopic regions One of the concerns about the
information derived from AFM measurements arises from the poor understanding to date of the AFM imaging
mechanism. The present study is important since the real space models extracted from the SXS study confirm the
AFM results.

The solutions contain I mM Bi-1+ and 0.1 M HCIO4 and were deoxygenated with nitrogen prior to use. All of
the potentials reported are relative to the onset of bulk Bi deposition. In Fig. 1 we display the diffracted intensity
at 2411 mV - after an excursion to 100 mV -along the <I I> direction after background subtraction. Over the scan
range a single resolution limited diffraction peak is observed at exactly (1/2.1/2). Furthermore, at this potential
we also observe sharp diffraction peaks at (1/2.0) as exhibited in the inset to ihc figure. On this basis, we
conclude that the unit cell is a primitive (2x2) in complete agreement with the AFM pattern1.

Between 10 and 200 mV an incommensurate rectangular phase is stable. In Fig. 2 we display the diffracted
intensity at 100 mV along the <11> direction. This scan displays a diffraction peak at 0.634 (incommensurate)
corresponding to a distance of 0.456 nm. This distance compares well with the 0,46 +/- 0.04 nm spacing
measured by AFM. Additional diffraction data confirms that the unit cell is commensurate in the other direction.
In the inset we show that incommensurate peak position increases linearly with increasing potential. The lattice
constants of gold and silver only differ by 1.4^ and one might expect similar behavior for Bi deposition on these
two substiatcs. Indeed, the results of this study in the incommensurate rectangular phase arc in reasonable
agreement with a study by Toney and coworkcrs for Bi on Ag( 111)--
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>C II Chen, and A.A. Gcwirth./ Am. Chem. Soc. 114.5439. 1992.
: MT Toney el al.. iangmnir, 7. 7%. I1)1)!.
This work was funded by the Department of Energy through the Materials Research Laboratory at the University
of Illinois (DE-FG02->)IER45349) and through the Division of Materials Research at Brookhavcn National
Laboratory <DE-AC02-7<iCH0<>016).

X-RAY SCATTERING STUDY OF THE SURFACE OF LIQUID GALLIUM X22-B
E. H. Kawamoto, S. Lee, P. S. Pershan (Harvard University), M. Deutsch, N Maskil (Bar-Man University)
and B. M. Ocko (Physics, BNL)

The structure and properties of the free surface of liquid metals depend sensitively on the many-body
nature of inter- and intra-actions between ions and electrons. Numerous simulations,1 as well as recent
perturbation2 and asymptotic Euler-Lagrange calculations3 predict increased order at the surface. Previous
X-ray measurements, performed without the advantages of synchrotron radiation, implied inlerfacic! widths
much broader than expected from microscopic considerations, as well as structure along the surface normal
at unphysical lengths.1 Under UHV conditions, X-ray specular reflectivity data were taken from the surface
of liquid Ga out to a wavevector transfer of 0.55 A"1. We obtain results consistent with simple physical
arguments and indicative of an atDmically flat interface between liquid gallium and its vapor, whose width
does not exceed 1.3 ± 0 . 2 A.

Samples were prepared in a separate chamber under high vacuum conditions by dropping the liquid Ga
onto 30 mm stainless steel substrates through an argon atmosphere RF plasma. Viscous drag at the solid-
liquid interface suppresses long-wavelength, mechanically excited surface waves4 for the shallow pools (— 0.3
mm thick) thus formed. They were then transferred through air Lid load lock into a UHV chamber whose
po, ~ 1 0 " n Torr during the X-ray measurements. Before scattering, liquid surfaces were mechanically
scraped, then bombarded with 2 keV Ar+ to remove oxides and other trace impurities. Similarly prepared
samples were shown to have S 2-4 % of a mo'.iolayer of Ga2O3 using an XPS facility at Harvard. Small
sample size and nonzero contact angle between liquid and substrate induced a ~ 200 mm curvature radius
of the surface.

Fig. 1: Data taken from the curved liquid gallium surface. ™
(a) shows reflectivity near the critical angle (0.35°) for inci-
dent angle a = 0.37° as a function of outgoing angle 3. The Id'1

wavevector transfer is Q = (2i/A)(sina + sin<J) for X-rays of
wavelength A = 1.6122 A. For a drop having a spherical top, »io'!

this reflectivity can be shown to scale as QRF[Q), represented g
by the solid line. (RF{Q) is the Fresnel reflectivity of an ideally % n
sharp, flat interface expressed as a function of Q.) The filled T2
squares at (b) are an excerpt of the same data divided by Q and J.(
normalized to unity at the critical angle, while the open circles g
(c)-(f) are 0-scans through reflections at 0 25, 0,35, 0.45, and (

0.55 A"1 plotted as a function of Q. Background-subtracted
integrated intensities (open squares) are computed, normalized 1{

to the incident flux, and found to be consistent with the Fres-
nel reflectivity (dotted line) from a surface having an electron :

density profile whose derivative is Gaussian of characteristic
width (roughness) a s: 1 3 A
Addressing the issue of the existence of surface-induced layering requires reflectivity measurements out

to <} ~ 2.6 A"', the position of the first peak in the Ga liquid structure factor. The difficulty in attaining
clean liquid metal surfaces of sufficient size, flatness, and thinness is chiefly responsible for the paucity of
data on these systems. Based on the techniques developed and results obtained so fsr, such studies seem
practical.

' See S. A. nice. Proc NM. And. Sci. USA S4. 4T09 (1987) uid reference! therein.
1 M. A. Goran »nd E. Chacon. Phyi. P.ev. B 46, T33 (1992).
J M. IwammuuidS. K. L»i. J Phy>.. Canderu. Mill. 4,6039(1992).
' P. S. Perahui. F«r»d«y DiKUll. Chem. St>c. »9. 331 (1990) «nd refertnce» therein.
Work supported by: DOE under DE-FG02-SS-ER-15379 and NSF under DMR-89-20490 and DMR-91-

13782; the U.S-Istael Binational Science Foundation, Jerusalem. Israel (MD, NM); and the Pohang Light
Source, Pohang, Korea (SL).

as n
0 I/T'l

as 0.6



Beam Line X22B

SMECTIC LAYERING AT THE FREE SURFACE OF LIQUID CRYSTALS AND LIQUID
CRYSTAL MIXTURES MEASURED WITH X-RAY REFLECTIVITY
G J. Kellogg and P S Pershan (Harvard University)

Previous x-ray reflectivity studies have demonstrated that successive smeclic layers are formed at the
liquid/vapor interface of the isotropic phase of liquid crystals as the temperature is reduced toward the
bulk snieclic transition TIA1 For the cyanobiphenyl (nCB) homologous ficries, layer formation is more
(less) discrete as the length n of the alkanc tail is increased (decreased). While it is not known if layer
formation is a true phase transition, any such transition would be l"-order due to reasons of symmetry.
It is known from mean-field theory that the addition of impurities can induce a tricrilical point at which a
bulk 2"li-order phase transition becomes l"-order; for similar reasons, one expects that for concentrations
greater than some critical concentration of solute, the formation of surface layers should occur via a l t l -
order layering transition. This is analogous to the tricntical point in the 3He-Mle mixture phase diagram5.
Our measurement of pure 12CB during this beam-cycle has provided data which is being used, along with
previous data from 12CB+benjyl alcohol (BA) mixtures and pure 10CB/10CB+BA mixtutes, to probe
this effect.

As 7' is lowered toward the l"-order bulk isotropic to smectic-A transition, pure 12CB exhibits the growth
of up to 0 layers at the free surface. We have concentrated on the temperature dependence of the electron
density amplitude of the second layer p3 as measured with x-ray specular reflectivity. Figure 1 shows
specular reflectivities and fits to an independent-layer model at reduced temperatures r = (7" - TIA)/T]A
bracketing (he formation of the second layer. p^/pt,xi\k from fits to reflectivities is displayed in Figure 2 as a
function of 1. The addition of 10 wt. 7i BA suppresses TIA by 16K; however, when expressed as a function
of the ic-dueed temperature using the concentration dependent TIA, the changes in p2 are quite subtle
For example, the magnitude of the jump in pa increases by =c 20% and, as judged by the temperature
range over which saturation is reached, the transition region is significantly sharper. We have developed a
landau theory in which a coupling of the smectic order parameter and the concentration of BA has these
qualitative effects and are currently analyzing our data with this model.
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Work supported by NSF grants NSF-DMR-91-13782 and NSF-DMR-89-20490.
' P S 1'erf.han, J Phys (Paris) SO, Colloq. C?-l(1989).
!K. Huang, Statistical Mtchar.icy Wiley, New York(19S7).

X22B, X22C, X25

The Structure and Phase Behavior of Electrodfposited Iodine on Au(lli)
B.M. Ocko. Gavin Watson, and Jia Wang(BNL. Physics)

The structure of elcctrodeposited indinc - from iodine sails - has been investigated as a function
of the applied potential using surface x-ray scattering techniques. Studies were carried out in
0.01 and 0.1 M solutions of K! and Csl. At the lowest potentials (no adsorbed iodine is present)
a reconstructed gold surface is formed in which the gold atoms are arranged in a (23xV3) pattern.
In the higher potential phases the gold surface reverts to a ( l x l ) structure covered by an iodine
adlayer with an iodine coverage, 0 (relative to the gold layer density), calculated from ihe x-ray
diffraction paticrn. We label these iodine pdlaycrs as Aj for Gc 0.366. centered rectangular (pxv*
3) for 0.366 < 0< O.-409. and rotated hexagonal for 0.410 <9 <0.445. The in-plane diffraction
data was carried out at a grazing angle of 1.25 ° using a hexagonal coordinate system.

In the (pxvM) phase the first diffraction spot along the < 11 > n c x direction is at (26.2o) where 0
=26 =l/p increases from 0.366 to 0.409 with increasing potential. Characteristic rocking curves,
shown in Fig. 1 lop. are rotated by 30 ° from the Au( 111) reflections. The scattered intensity
along the < 11 > radial direction (bnticm) is shown at several potentials. These sharp diffraction
profiles shift to larger o in a uniform manner as ihc potential is increased from -0.26 to 0.11) V
but remain aligned along the <11> direction. The coverage. 0. is plnttcd versus the applied
potential in Fig. 2a. At 0.19 V the nearest-neighbor iodine-iodine bond equals 4.3 Angstroms
(Fig. 2b) which is the expected van der Waals diameter. At this potential the centered
rectangular phase ceases to be stable and a rotated hexagonal phase is formed. Within this phase
the iodine adlaycr continues to compress with increasing potential until a coverage of 0.445 is
achieved which corresponds to a nearest neighbor bond length of 4.3 Angstroms.
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This work was funded by the Department of Energy through the Division of Materials Rcseatch
at Brookhavcn National Laboratory (DE-ACO2-76CH00O16).
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SMALL A N G L E X-RAY S C A T T E R I N G M E A S U R E M E N T O F Co C L U S T E R SIZE
IN CoCu A N D CoAg G R A N U L A R ALLOYS

T A. Kabedeau, Ml'. Toncy. R.F. Marks, R.F.C Farrow, G.II. Harp, S.S.R Parkin, Q, Lam, and
K. Roche (IBM Almaden)

Recently giant magnetoresistance (GMR) has been observed in co-sputtered CoCu granular al-
loys, l'ost-growth anneals of these films result in appreciable variation in the GMR. Since Co and
Cu are immiscible il is assumed that annealing results in phase segregation and cluster growth.
Theoretical models indicate that the GMR should scale roughly as the inverse of the ferromag-
netic cluster size; however, this prediction remains untested since the similar scattering strengths
(comparable Z) of Co and Cu preclude characterization of Co cluster size by conventional means
(eg., TEM). We have utilized grazing incidence, anomalous, small angle x-ray scattering (SAXS)
to overcome this difficulty and obtain the first characterization of cluster size in these granular
alloys.

The granular alloy films were prepared by MBE codepositioi. of CoCu (200C growth) and CoAg
(250C growth) on Pt buffer layers grown on sapphire substrates. Analysis of the SAXS data
from as deposited CoCu and CoAg films indicates the characteristic size of the Co clusters is 25A
while the cluster-cluster spacing is about 80A. Cluster growth with film annealing was observed.
For example, the Co cluster size in a CoCu film annealed ai 550C is 75A while the cluster-
cluster spacing is 155A. Comparison of GMR data with cluster size demonstrates approximate
consistency with the prediction noted above.

These measurements represent the fitst application of grazing incidence SAXS in the character-
ization of the internal structure of a iliin film. The grazing incidence rather than conventional
transmission SAXS geometry permitted characterization of the epitaxial films without removal
from the sapphire substrates. Slice this scattering geometry introduced surface diffuse scat-
tering as a source of background, SAXS measurements were made i t two photon energies: (1)
E=7690eV just below the Co K edge in order to maximise the Co-Cu scattering contrast and
(2) E=R7I0cV approximately 270>V below the Cu K edge where the Co-Cu contrast it elimi-
nated. The later measurement facilitated characterization of surface diffuse and other parasitic
scattering unrelated to Co clustering.

to- r

••I.,

.... JAM
MO 0 IS 0?0 025 030

GISAXS data for an nnannealed
Curi 5 MBE film grown at 200°C on a sap-
phire substrate with a 30A thick P t ( l l l )
epitaxial seed layer. The closed sym-
bols depict data collected using radiation
for which the Co-Cu contrast is maxi-
mized while the open symbols denote data
•vilh the Co-Cu contrast minimized. The
strong scattering for qr < 0.05A1 stems
primarily from surface diffuse scattering.
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X-RAY SCATTERING STUDY OK MAGNETOKLASTICALLY INDUCE!) CIIAHGE
MODULATIONS IN EKHIUM

M. Saiiyal (I1A11C and IJNL), poon Gilibs (IIN1.). and J. H»hr (HISO)

The magnetic structure of erbium stabilizes in a variety of different phases as a function
temperature below about flOK. The spin-arrangements in iliese phases produce a complex i
netoelastic distortions (called spin-slips), which lead to additional satellite reflections in th
diffraction pattern. In these experiments, we have studied the intensities of tbeso satellite*
momentum-transfer and temperature. Dulailed analysis of thr results is ongoing.
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The figure above shows the results of a typical scan along the (00L) direction taken in the C/23
phase of erbium at 27K. The peak at L = (2 + 2/23)c" = 2.087c" is the principal harmonic of thephase of erbium at 27K. The peak at L (2 + 2/23)c = 2.087r is the principal harmonic of h
charge scattering from the spin-slip distribution. Its harmonics arc located at integer multiples
above the principal. (The magnetic scattering is coincident with the harmonic at 6/23f*). The
solid line is the result of a preliminary fit to the data represented by the displacement pattern
shown in the lower part of the bottom figure. The triangles schematically represent the c-axis
component of the magnetic moment.
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X-RAY STUDY OF SUBSTRATE-INDUCED ALIGNMENT OF A S MECTIC-A LIQUID CRYSTAL X22B

E. Sracla and L. J. Martinez-Miranda (U. of Pcnn.)

We performed a structural study or the liquid crystal (LC) octylcyanobiphcnyl (8CB), deposited on gratings
and flat surfaces, using high resolution i-ray scattering as a function of film thickness. 8CB is a room temperature
smecuc A2\ with a layer spacing of 31.6A. Glass was used as substrate. These were treated with either one of the
organic surfactants MAP or DMOAP. Surface tension forces cause the liquid crystal molecules to align
perpendicularly with respect to the plane of the substrate at Ihc air interface. Competing with the LC-air interface,
which is a strong aligner, a grating at the LC-substraic interface produces distortions in the smcctic layering with an
excess clastic energy, which favors alignment parallel to the substrate and the grooves. Our purpose was to delect
the onset and evolution of parallel alignment as a function of film thickness. The studies used 9kcV (1.403A) x-
rays focused to a spot size of 2mmr at the sample position.

Inplanc scans, which detect the smcctic layers perpendicular to the plane of the substrate, were done at angles
$ = 0° and 90° with respect to the gratings to ascertain the molecular orientation, at nominal x-ray incidence angle of
a = 0°. In order to observe regions of varying smcctic layer orientation within the film, we performed a scries of x
scans on the films to observe the evolution of the inplanc peaks in the film. One can study the regions of varying
smcclic layer orientation by changing the value of the angle X'. this scan is equivalent to changing the value of the
out of plane component I of in reciprocal space. We performed these scans at angles corresponding to directions
along the gratings ([0111 direction) as well as directions perpendicular to Ihc gratings ([1011 direction). The diffraction
angles 6.26 were held constant at the Bragg value for 8CB. At % = 90°, the observed scattering corresponds to
smcclic layers parallel to the surface of the gratings (molecules perpendicular to the plane of the substrate).
Conversely, at X - 0°, lite signal observed corresponds to smcctic layers aligned perpendicular to the plane of the
substrate (molecules parallel to the plane of the substrate). The nominal angle of incidence a in these runs was 0°
for 9kcV x-rays. Finally, we performed a/mlulhal iji-scans at X = 0° and x = 10" in order to observe the degree of in-
planc disorder. The results from these scans were fit to a multilayer model where the orientation of the smectic
layers varies as a function of film depth. Table 1 summarizes the results of this analysis. Work in progress
involves the comparison between these results and results obtained using a slower deposition cooling rate, as well as
a comparison of the effect on alignment by gratings of different repeat distances.
Table I. Summary of results from tlttlnc the X scans tor films deposited on a Sum repeat distance
grating to the multilayer mode]

In-plane azlmuthal Goodness
Orientation/* of Layer of Fit*

Film
Thickness

6
1 1
17
22

26

3 1
3 6

Homeotroplc
Layer (iim)
/mosaic

6.0/10°
11.0/10°
17.0/10°
15.0/10°

20.0/10°

31.0/10°
10.0/10°

Homogeneous
Layer (urn)

7 .0

6 . 0

26.0

0-/80%
•3O°/2O"J>
10°/80%
• 20°/10%
75°/10<*

42 5.0/10° 37.0
"Note: (»oodness of fit taken between 20° and 80°

0°/20%

90° / -

0.02
O.02
0.04
0.04

O.06

0.06
0.05

0.03

This research was supported partially by the IBM Program of Support for the Materials and Processing
Sciences Grant, and the NSLS Faculty-Student Research Support Program.

X22B, X25
PHASES AND TRANSITIONS OF IODINE MONOLAYER AND
CATION-COADSCRBED BILAYERS ON A Au(110) ELECTRODE

Jio Wong, G. M. Watson, ond B. M. Ocko, Physics Department, BNL

In situ surface x-roy scattering measurements have been carried out at the
Au(110) electrode in Kl ond Csl solutions. Four well-ordered phases have been
observed for the iodine adloyer formed by electrooxidation of iodide ions. At
low iodine coverage ("0.4 relative to the gold surface atoms), the adlayer exhibits
a centered-(2xp) in-plane diffraction pattern. The scattering intensity from the
adlayer is moduloted olong Qz. The real space model consists of two (2xp) layers
as show/I below. In Csl solutions, a commensurate structure is formed with p = 4 / 3 .
When K ions (which have smaller size than Cs ) ore coadsorbed, p continuously
decreases with lower potential giving a more densely pocked incommemsurote biloyer.
The lowest-coverage phase of the iodine monolayer is quasi-hexagonal with the iodine
atoms lining up along the <11> direction. As the coverage changes from 0.62 to 0.66,
the iodine atoms along the row compress while keeping the row separation fixed.
Two other phases, c(px2) and c(px1), are also unioxiafiy compressible with coverage
varying from 0.68 to 0.71 and from 0.77 to 0.81, respectively. The overage coverage
of the iodine monolayer changes continuously with potential since the c(px2) phase
coexists with the (quasi-hexagonal) and c(px1) phases at the intermediate potentials.
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X22B
Temperature Dependent Surface Morphology of Vicinal Au(lll)

G. M. Watson(BNL), L. D. Gibbs(BNL), S. Song(MIT), S. G. J. Mochrie(MIT), and D. M.
Zehner(ORNL)

As part of our program to study the interaction between steps and surface reconstructions,
we have performed x-ray reflectivity measurements to determine the temperature dependence of the
surface morphology of vicinal Au(lll). At high temperatures, the surface phase separates into three
facets. This is shown in figure 1. One facet corresponds to the (1 1 1) orientation itself, and is
responsible for the rod at A9 =0. The second and third facets are tilted by -1.5° and -2.75°
respectively. The rods from these facets appear symmetrically about the origin in figure 1. When
the these rods lie in the scattering plane, the peak positions relative to the (1 1 1) rod are a direct
measure of the surface normal direction of the facet.

At the highest temperatures, the rods are sharp and well defined. Upon cooling, the rod due
to the second facet becomes weak. The rod due to the third facet broadens upon cooling, indicating
that there is a decrease in the step-step correlation. In figure 2 we plot the tilt angles of the two
stepped facets as a function of temperature. There are two temperatures of interest: -1050K and
-730K. We are currently performing glancing incidence x-ray scattering studies, in order to
determine the temperature dependence of the surface reconstructions in these facets.
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Figure 2 Temperature dependence
of the facet orientations measured
with respect to the cubic ( 1 1 1 )
direction. The tilt angle is defined
as the angle between the facet
surface normal and the cubic (111 )
direction.

Figure 1. Temperature dependent reflectivity of vicinal Au( l l l ) upon cooling. Scans ore taken
through (0 0 l.olhcx along an azimuth of 27°, measured with respect to the (i 0 0)|,cx direction. For
convience. we use a hexagonal coordinate system where the (0 0 1 (hex direction lies along the cubic (1
1 11.

X22B

TWO DIMENSIONAL CRYSTAL FORMATION ON LIQUID NORMAL-ALKANE SURFACE

X. 3 . Wu, E. R. S i r o t a , S. K. Sinha (Exxon), M. Dcutsch (Bar l l an U.) and
B. M. Ocko (BNL)

Due to the presence of the physical boundary, the phase behavior at a free surface

may be different from the bulk material. In the studies of liquid-crystals1, smeciic layers are

observed to grow into the bulk as the smectic-isotropic transition temperature is

approached. However surface induced order has not yet been observed in simple molecules

liquids. X-ray and surface tension measurements reveal the formation, via a first order

phase transition, of a monolayer on the surface of liquid n-alkanes (n from 16 to 36) at

about 3 °C above the bulk solidification temperature. X-ray reflectivity (fig. 1) and grazing

incidence scattering (fig. 2) measurements were carried out on the Harvard/I!NL Liquid

Surface Spectrometer at the NSLS, beamline X22B. The monolayer has been discovered to

be hexagonally packed, with vertically oriented molecules. The single solid monolayer

persists down to the bulk solidification temperature thus exhibiting a limited partial weiring.

1. B. M. Ocko, A. Braslau, P. S. Pershan, J. AIs-Nielsen and M. Deutsch, Phys. Rev.

Lett. 57, 94(1986)
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X22H X22B

DYNAMIC SCALING OF A SHOWING INTERFACE OF GOLD ON SILICON"

H. You. It.P. ChinHlo. and U.K. Kim (ANL)

According tu recent computational studios the intcrfacial
wiiltli \Y of .1 growing interface is believed lo show a scaling
Miavwr [I].

ni) (i)
10°

with lun c\|i(iiirutK \ ;nul >i. We carnc-il out an in situ KTJ

x-ray rt'flrftivily (XH) study of a spullff dcjjsition of gold
on polished silicon sukstntU's for fxperinient.il verification2" 10"
of such dynamic scaling behavior. •£.
Two Ar+ pressures were chosen such that the gold parti- jf1U

ciep from the target fi/Arr an1 sufficiently tlicrmalizcd via J!
collisions before they hit the surface (at 10 inTorr) or suffer ^ ̂
nearly no collisions (at 1 tiiTorr). Two XR scans for the lilnis
with similar thicknesses but grown at two different pressures
are ihown in Fig. l(a). in the fit incoherent average [2] was
not needed for the high pressure data while it was nrressarj
for the low pressure data.

The reciprocal-space profile density for an interface with a
power-law height difference distribution function [3] can be
approximated to

10°

where Q is (lit1 momentum transfer normal to the surface.
The importance uf the first term is evident in tin? XR data
of 3500 A thick Him shown in Pig. l(li). Tin- fit with a
usual Gaussian interface distribution is shown as the dashed
line ami the fit with Eq. ('J) is shown hy the. solid line. In
the inset a (Gaussian function and the factor in the square
hrackel are compared in a log scale for comparison.

In Fig l(c) tin- iime-i'voliitioi; of ihe surface width (I* is determined by fitting the specular XR scans of
the 2'JO K and 300 K lilms. The surface width exhibits a power-law time-dependent behavior consistent
with the expected dynamic scaling behavior over nearly two orders of magnitudes in time. The exponents
were foiinil fur I'+l dimension m our study; \ = (t..|2(.'t) and li is O.'IO(5) for the .300 K data and 0.42(S) for
I he •J'JU K data The value of exponent \ was in a goud agreement with the results by Kim and Koslorlitz
[•!} wlnle the value of J was found substantially larger.

Supported l.v I1OE miller C'nutracl No \V-31-101)-KnR-38
F. l-ainilv mid T. Virsek, .1 1'liys. A18 1.75 (11185).
II •̂ou. "C" A Melendres. Z. N'agv. V.A Maroni. \V. Vim, anigy. V.A Maroni. W. Vim, and lt.M, Yonro, Phys. Hev. n45, 11288
(10(12)

!t] submitted to Phvs l{ev Lelt
'•IJ J.M. Kim .'iii<l J.M Kosterlitz. Phys llev. Lett. 02, T289 (198!)).

SURFACE STUDIES OF ORDERED TRI-BLOCK COPOLYMERS

W. Zhao, X. Zheng, X. Zlmo, M. 11. Kafailovich and]. Sakalov, Queens College, Flushing, NY;
AT. H. Dai, E. J. Kramer, Cornell University; S. A. Sehwarz, Bellcore, Red Bank, NJ; R. Piano,
S. K. Sinlw, Exxon Corp. Annandale, NJ.

Thin films of triblock copolymer, PVP-dPS-PVP (polymerization index 124-552-124), spun cast

onto Si substrates were found to order in the direction normal to the surface. If the total film

thickness differed from (n-'/i) 210+240A, where n is an integer, intricate surface morphologies

were formed. The patterns ranged from small "islands" to bicontinuous structures depending

on (he torn] thickness. The height of the structures measured by X-ray reflection and AFM was

210+2A. Detailed AFM, specular and off-specular X-ray reflectivity, and SIMS were used to

separately measure the thickness and morphology of the surface layer and the thickness and

degree of ordering of the "bulk* layers u t hnction of annealing time, ttmpenHiw* and loul

film thickness. Figure 1 and 2 arc specuiar and off-secular X-ray reflectivity from a sample

annealed at 180°C for 3 days with bulk thickness 57OA and 25% of surface area covered by

210A hight islands.

Work Supported by DOE, NSF, and the PRF
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X22C

X-ray magnetic scattering from Ho-Y multilayers

J. Bohr, D. Pengra, N. Thoft (R1S0), C. Helgesen, and Doon Gibbs (BNL)

Resonant magnetic scattering experiments were performed at beatnline X22C on two
rare earth multilayer samples, one with nominal composition H0J5Y5 and the other
Hoj5Yj3 The artificial periodicity, the finite layer thickness and epitaxial strain in
these samples will change the long range magnetic behavior relative to that of a pure
bulk Ho sample which has a ferromagnetic cone structure at temperatures below 20 K.
To observe magnetic scattering the incident X-ray energy was tuned through the L]]j
absorption edge in Ho which is at 8067 eV. Five charge satellites to the Bragg peaks
were observed. The separation between the charge satellite peaks was Aqc= 0.11c* and

0.07c*, where c*= 1.111 A"1, for H015Y5 and Hoi5Y]3, respectively. At 11 K and
for X-ray energy within a few eV of the absorption edge a weak magnetic peak was
observed close to the third charge satellite. Since charge scattering is mainly o-
polarized while the magnetic scattering is ^-polarized, we also used a pyrolytic-
graphic(006) polarization analyzer 10 reduce the intensity of the detected charge
scattering relative to the magnetic scattering. Scans along the [00L] axis near resonance
showed magnetic peaks which were separated relative to the Bragg peaks by Aqm=
0.25c*.

1.8 2.2 2.42.0
(0.0. L) tc»]

Fig. I: 0 -> JI scattering from a H015Y5 multilayer sample below, near, and above the
absorption edge. The two additional peaks in the middle curve are the magnetic
resonance scattering. (The two upper curves are shifted upwards for clarity.)

X22C
REFLECTIVITY STUDY OF Nb/Si MULTILAYERS

E. Ful lerton (Argonnc), X. Z. Wu (Exxon), and S. SInha (Exxon)

The physical properties of superlattices have been the subject of considerable

interest because a wide range of phenomena associated with very thin films, interfaces, and

coupling effects can be studied. It is of particular interest to quantify the interface

morphology as a function of growth conditions and supcrlattice thickness. We have

performed specular and diffuse low angle x-ray diffraction <X-22C NSLS) and XTEM

(Argonne National Lab) on a series of sputtered Nb/Si superlattices as a function of Ar

sputtering pressure, number of layers, layer thickness, and substrate temperature. Nb/Si

superlattices were chosen because Nb and Si have high contrast for both x-rays and

electrons i- .d this superlattt'ce system is very sensitive to the sputtering conditions. We are

presently analyzing the specular scattering (fig. 1) to determine the average interface

roughness and the diffuse scattering to determine the lateral coherence and conformality of

the roughness.1 Iso-intensity contours of the interface from digitized XTEM images gives

an independent determination of the interface morphology. Combining these techniques

should give a detailed understanding of the interface morphology which can be directly

compared to a number of recent theoretical models on thin film growth.2

1 S. K. Sinha, E. B. Sirota and S. Garoff, Phys. Rev. B 38, 2297(1988)
2 J.M. Thijssen, H.J.F. Knops, and A.J. Dammers, Phys. Rev. B 45, 8650 (1992); H.-

N. Yang, Y.-M. Lu. and G.-C. Wang, Phys. Rev. Lett 68, 2612 (1992); A. Mazor, D. J.

Srolovitz, P.S. Hagan, and B. G. Bukiet, Phys. Rev. Lett 60, 424 (1988); C. Tang, S.

Alexander, and R. Bruinsma, Phys. Rev. Lett 64, 772 (1990).
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Figure 1. Reflectivities of Nb/Si multilayers prepared with two different sputtering
pressures



X22C

X-ray reflectivity from Cu(110) surfaces

G. Helgesen, Doon Gibbs (BNL), A.P. Baddorf, D.M. Zehner (ORNL), and
S. Mochrie (MIT)

The specular relectivity from the surface of a Cu(llO) single crystal has been measured
for a wide range of temperatures from 300 K up towards the bulk melting point of 1356
K. It has earlier been suggested from different experimental and theoretical
investigations that there is a roughening transition of the surface at temperatures below
the bulk melting point. At a roughening transition the height-height correlation function
would show a logarithmic divergence.
Our X-ray specular reflectivity measurements showed a contraction by 5-6% relative to
the undistorted bulk lattice constant of the surface top layer at lower temperatures and an
expansion of the second layer. The perpendicular component of the mean square
vibrational amplitude <uz^> was about twice the bulk vibrational amplitude <ubulk2> a t

all temperatures. For a fixed value of Qz the reflectivity was typically reduced by a
factor of 2-4 between 500 K and 1000 K, and no sharp transition was observed.
However, we observed that sulfur contamination from the bulk of the sample diffused to
the surface when the sample was kept at high temperatures for longer times. It was
therefore not possible to conclude whether the reduced reflectivity at the highest
temperatures was caused by a roughening process or by reduced correlation length due
to impurities on the surface.
Submonolayers of (>2 and N2 gas were also deposited on the clean surface at room
temperature. The measured reflectivity for oxygen adsorption was in agreement with a
2x1 "missing row" reconstruction of the (110) surface.

0.5 1.0 1.5 2.0 2.5

Figure 1. Surface reflectivity in the rcsiprocal [HH0) direction in Cu (a" = 1.74 A"1).

X22C/X25

Temperature dependence of the resonant magnetic scattering In Ho

G. Helgesen, T. Thurston, Doon Gibbs, J.P. Hill, and G. Shirane (BNL)

Below the Neel-temperature TN= 131.5 K the magnetic moments in Ho are ordered in a
spiral structure perpendicular to the crystalline c-axis. Earlier X-ray investigations of the
magnetic structure [1] have shown that there are eight magnetic satellites for every
charge scattering Bragg peak (0,0,2L) spaced symmetrically at (0,0,2L±nr),
n=l,2,3,4, with relative separation T. Our resonant magnetic scattering experiments were
done at X-ray energy near the LJJJ absorption edge in Ho at the beamlincs X22C and
X25. They show that the magnetic wave vector T changes continuously from x= 0.28 (in
units of c ' , c*=1.118 A"1) at the transition to T= 0.19 at 30 K. The first and second
harmonic at (0,0,2-t) and (0,0,2-2T), respectively, were measured at the electric dipole
(El) transition energy E= 8070 eV. The third harmonic peak at (0,0,2-3i) does only
exist at the electric quadrupole (E2) energy E= 8063 eV and is considerably weaker than
the other two. For temperatures above 90 K the integrated intensity I of the harmonics
may be fitted 10 powerlaws of the reduced temperature t = (TN -T)/TN with exponent

B, ] oc tD (shown as solid lines in the figure). The measured values of B are B= 0.79,
1.8, and 3.7 for the first, second and third harmonic, respectively. The value B=2|5=0.79
is in close agreement with the critical exponent 2p= 0.78 found in neutron experiments.
However, the exponents for the second and third harmonic are not in agreement with
exponents calculated from the simplest mean field theory, B=4(i-].6 and B=6p= 2.4,
respectively.
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[1] Doon Gibbs, G. Grubel, D.R. Harshman, E.D. Isaacs, D.B. McWhan, D, Mills, and
C. Vettier. Phys. Rev. B 43,5663 (1991)



X22C X22C

DYNAMIC SCALING OF FRACTALLY ROUGH SURFACES.

J. Krim and G. Palasantzas (Northeastern U.), C. Thompson
(Polytechnic U, Brooklyn), Y.P. Feng and S.K. Sinha (Exxon)

We carried out reflectivity measurements on silver films
deposited onto silicon substrates held at 300K. The purpose of
these studies was to investigate the thickness evolution of the
film's surface roughness and to compare this with theoretical
predictions for nonequilibrium growth kinetics, "we were able
to document fractal growth behavior of the growing film's
surface, and measure both the static and dynamic scaling
exponents. Experimental observation of fractal scaling at
sub-micron length scales is in itself rather limited.[1J
A simultaneous measurement of the scaling exponents has not
previously been carried out. The exponents which we measure
are consistent with theoretical expectations for film growth
which includes particle diffusion at the surface. In the future,
we will contrast this with film growth on substrates held at
low temperature, where surface diffusion effects should be
less prominent.

3 I'EFUiCTIVITY

Figure 1. Specular reflectivity scans for five
silver film thicknesses. The inset demonstrates
the dynamic scaling exponent, beta.

Work supported by NSF Grant No. DMR-8657211(J.K.)

RESONANT MAGNETIC X-RAY STUDY OF UO2 SURFACE

G.H. Lander & Hj. Matzke (EITU Karlsruhe, FRG), W. Stirling & S. Langridge
(U. Keele, UK), D. Gibbs (Physics, BNL), and B. Gaulin (U. McMaster, Canada)

The very large enhancement of the magnetic signal in x-ray scattering when
the photon is tuned to the M-absorption edge in actinides (5f) systems has allowed
some new aspects of magnetism to be investigated.1 One possibility is to use this
resonant enhancement to attempt to observe the scattering from the surface spin
structure. In our first attempt along these lines we have prepared a highly pol-
ished and annealed (110) surface2 of UO2. Although the face is prepared with scat-
tering vectors [001] and [110] in the surface for glancing incidence studies, our
first attempts were with reflection from the (110) face. To our considerable sur-
prise no magnetic intensity was found at the Miv resonance of 3.73 keV. In an at-
tempt to eliminate uncertainties with respect to temperature (TN for UO2 is 31 K)
we then placed our old unpolished crystal alongside the polished surface. Both cry-
stals come from the same boule. The magnetic intensity from the (110) reflection
from the unpolished crystal was ~ 15,000 cts/s and less than 10 cts/s from the pol-
ished surface.

We do not understand this result at this time, but should emphasize two points.
First, we have no difficulty in seeing normal charge scattering, i.e. the (220) re-
flection, from both samples. Second, with these energies the beam penetration is
at least 1000 A so that in this configuration the near surface, rather than just the
surface layer, is being examined. It seems improbable that the surface preparation
would result in changing the magnetic properties to such an extent and to such a
depth. Further experiments are planned to investigate this interesting result and
other surfaces will be prepared.

References
1. D.B. McWhan et al, Phys. Rev. B 42, 6007 (1991); C.C. Tang et al, Phys. Rev.

(in press); E. Isaacs et al, Phys. Rev. Lett. 65,3185 (1990)
2. A. Turos et al, Phys. Rev. Lett. 65,1215 (1990)
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RESONANT ENHANCED MAGNETIC X-RAY SCATTERING IN NpAs X22C

S. Langridge, W .G .Stirling (Keelc U, UK), D Gibbs (Physics, BNL), G .H .Lander, J. Rebizant, and
J.C.Spirlet (EITU, Karlsruhe, Germany)

The actinide material neptunium arsenide initially or-
ders antiferromagnetically with an incommensurate wave
vector of q=(0,0,0.233) at T[sj « 173 K. Further cooling
to about 150 K results in a second transition to a 4+,-l-
(q=0.25) magnetic spin structure. Cooling below 140K
produces a triple-q type I (q=l ) antiferromagnetic spin
structure.

Since the pioneering measurements of Aldred et al [1],
various neutron studies have been carried out [2,3]. In
a previous experiment on X22C we have determined the
energy dependence of the scattering cross-section as well
aa a brief overview of the phase diagram. By tuning the
incident x-ray energy to the peak of the Mjy resonance of
Np we have now been able to study several aspects of the
magnetic structures.

Possibly the most interesting result has been the obser-
vation of magnetic critical scattering above the ordering
temperature. The motivation for this study is to compare
the development of the magnetic order of the near-surface
region, aa probed by X-rays, to the bulk, as probed by
neutrons, [3]. Fig.l shows the (0,K,2) satellite as a func-
tion of temperature above Tj^. The change in width is
due to the development of long range magnetic order.

The transition from the incommensurate to the com-
mensurate structure was also studied (fig.2). The incom-
mensurate satellite exists over a wide temperature range
( « 20 K) and then, as soon as long range commensurate J= '
order begins to develop, the satellite moves towards the 3 , 0 0 6

q=0.25 commensurate reflection. Further work is planned £
on this fascinating material. w 0.04

Beam Time 03-12-92 till 03-21-92 0.02

020 022 02« O2S 02S 0J0
[OKI]

Fig.l Critical scattering at
(0,0.233,2) above the 173K
transition as long range order
develops.

[1] Aldred et al, Phys. Rev. B9 3766 (1974). °.o
[2] Burlet et al, J. Magu. Magn. Materials 63-64 131 (1987).
[3] Jones et al, J.Phys. C3 3551 (1991).

2.24 2.25 2.26 2.27
(0 0 1)

Fig.2 The co-existence of the
incommensurate and commen-
surate wave-vectors near the
150K transition.

X22C

Resonant Magnetic X-Ray Scattering from

J.G. LuBsier, J.N. Reimers, B.D. Gaulin (McMaster U.); E.D. Isaacs (AT&T); D. Gibbs

(BNL); P. Zschack (ORNL).

We have continued our study of the magnetic properties of the heavy fermion super-

conductor URU2S12 using resonant magnetic X-ray scatteriig at the X22C beuuline. This

highly unusual metal is known to exhibit extremely weak antiferromagnetic long range or-

der (HORD ~ 0.04/jfl) for T < TJV ~ 17 K. Previous measurements on the X14 beamline

observed the (003) magnetic Bragg peak at the MJV edge of uranium, and followed the

temperature dependence of the order parameter. We have now studied all but one of the

accesible magnetic Bragg peaks at this energy (3.728 keV). Longitudinal scans at three of

these Bragg positions are shown in the figure below. Also, we have surveyed the magnetic

scattering at other M edges of uranium, and no additional magnetic scattering was seen.

This information should allow us to make a comparison between the integrated intensity at

diiferent Bragg positions and draw quantitative conclusions regarding the magnetic form

factor and polarization dependence of the X-ray scattering cross section for this material.

This study has clearly demonstrated that magnetic X-ray scattering can be used to study

magnetic phenomena even in materials with extremely small ordered moments.
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X22C

Resonant Magnetic X-Ray Scattering Study of Phase Transitions in

J.G. Lussier. J.N. Keiuiers, A. Schroder. 13.D. Ciaulin (McMiuster U.): E.D. Isaacs (AT&T);

D. Gibhs (UNI.); L. Taillefer (McGill U.); P. Zschack (ORNL).

We have initiated a study of the magnetic properties of the heavy ferurion supercon-

ductor UPd2Al3 usiug resonant magnetic X-ray scattering at the X22C beamline. This

material is one of four known heavy fermiim metals in which the electronic ground state

is believed to be characterized by a microscopic coexistance of antifcrroniagnctism and

superconductivity. The other memebers of this family of compounds are known to exhibit

cxtercmely small ordered moments. UPd^Ah is known to be the exception in this group as

it exhibits an ordered moment of conventional size (notlD ~ 0.85/ifl) at low temperatures.

We have studied a .single crystal grain of this material located on the face of a polycrya-

talliue ingot. We were able to survey several magnetic Bragg peak positions and observed

resonant magnetic X-ray scattering at the M/y edge of uranium. The order parmeter we

obtained on investigating the temperature dependence of the scattering is shown below in

the figure below, aud indicates the presence of three magnetically ordered phases below

7"^, ~ 14.5 K. The solid line in this figure are intended as a guide to the eye. This structure

to the order parameter was not seen in earlier neutron powder diffacrtion measurements,

although it is consistent with earlier bulk susceptibility measurements. We also searched

for evidence of a previously reported incommensurate magnetic phase at \\K < T < 22fl\

but none was found.
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X22C
High Temperature Structure of Vieinnl Au( l l l )

G. M. Watsnn(BNL), I,. D. Gibbs(BNL), S. Song(MIT), S. G. J. Mochrie(MIT), and B. M.
ZehnerfOHNL)

Below 865K, the Aud 11) surface reconstructs to form a chevron structure consisting of
ordered discommensurations and kinks.[11 In order to study the effect of terrace size on the
reconstruction, we have performed high-resolution grazing-incidence x-ray scattering ircasurenionts
of a Au( l l l ) surface which has been intentionally miscut by 1.75 degrees from the (111) direction.
Here wo report the high temperature structure of this surface.

At high temperatures, the surface phase separates into 3 facets. This is shown in figure 1.
One of the facets corresponds to the (111) orientation. This facet produces the rod shown by the
triangle. A second facet is responsible for the two rods shown by the circles. From the separatiun of
the two rods, we find that this facet is tilted by -1.8 degrees from the (111 ) direction, toward the
(1 0 Oljjox direction. Assuming single atom high steps, this corresponds to an average step-step
separation of-75 A. The remaining pair of rods are from the third facet. This facet is tilled -2.8
degrees from the (111) direction towards the {110)|]ox- Assuming single atom high stops, the average
step-step separation this facet is -50 A.

In addition to the rods shown in Figure 1, the diffraction pattern includes satellites
associated with each of the stepped facets. We believe that these satellites are due to a
reconstruction of the micro-terraces, in particular, from stripped domains in which the
discommensuralions intersect the stops at !)0° or (50°. In figure 2, the solid line shows a scan through
the reconstruction satellites associated with the facet which is lilted by 2 8 degrees. From the
wavevector, S2, the discommensuralion periodicity is determined to be 25 lattice constants. The
discommensuralion periodicity of the (111) surface is -22 lattice constants.! 11 The dotted line in
figure 2 shows a scan through the satellites associated with the facet which is tilted is by l.S degrees.
This wavevector. Si, corresponds to a periodicity of-50 lattice constants.

1'cctour Around ( i 0 0 3), 1075 IC Si

0015 0 OOiS COM
(1 2) dimtlcn In-]

Figure 1. Contour plot of the log of the intensity near the OOlhox rod for I,=0.3c*. For convenience,
we use a hexagonal coordinate system where the (OOl)hex direction lies along the cubic (111)
direction. The sample temperature is 1075K.

Figure 2. Scans through the reconstruction peaks associated with the stepped facets. Inset shows a
schematic of the diffraction pattern and the direction of the two scans. All features related to a
single facet type are shown by the same symbol.

[1] A. R. Sandy ct al, PRB 43,4667 (1991).
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EXAFS STUDIES OF SUPPORTED MoO;)/MgO CATALYSTS
X23A2

Simon R. Bare, Joe J. Maj, Gary E. Mitchell (The Dow Chemical Co., Midland,
MI). Fan-el Lytle (The EXAFS Co., Seattle, WA)

As port of a program to develop structure-activity relationships in oxydehydrogenation
catalysts, we have been investigating the structure of some model catalysts, namely MoO3
supported on MRO (1). We have recently performed XAS experiments a t the Mo L-edges of a
series of MoOg/MgO catalysts (see X19A). To develop a deeper understanding of the physical
structure of these catalysts we have performed EXAFS experiments at the Mo K-edge in the same
series of catalysts. These initial EXAFS data were recorded ex situ, but with the catalysts sealed
in capillary tubing. True in situ experiments, as a function of process conditions, are plnnned
in the future. Figure 1 shows the Mo K-edge XANES, recorded in fluorescence, as a function of
MOO3 loading on the MgO. The catalysts had been calcined at 600 °C prior to scaling them in
the capillary tubes. In agreement with the L-cdge XANES data, the amount of tetrahedrally
coordinated Mo species increases with increasing weight loading (indicated by the relative
intensity of the prc-odge feature). Full EXAFS analysis of these catalysts is underway, and
will he reported later.

1) Chang, S.-C, I.cugers, M.A., Hare, S.R. (1992) J. Phys. Chem., accepted for publication.

Mo K-cdge XANES as a function of loading of MoO3
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XAFS Stuily of Structural Changes Induced by Magnetic Fields in

Magneloslncuvi Materials

Y.H. llmiin ami F.l) Crozier. Physics llcparttiicni. Simon F t w r I'niversity. Buruaby. H.C Canada.
\T>A ISfi.

By far tin* largest room temperature inaguelostrictive elfeet occurs in rare cajl!i(RK)-transiliou cl-
ement binarj alloys. For example, for 'l'bl-V3 the strain A(/l. or the inagnctostrictive coefficient A is
*2.li xll)"3. three orders uf itiagnitii<li- greater than typical magnetostrictions.1 ID the binary alloys large
magnetostriction is accompanied b> a large magnetic anisotropy which makes tlirm unsuitable for trans-
ducer applications. However, ill tin- ternary alluys Tbi-rDyrrV-j the amount of earh rare earth ran be
tailored such that the magnetic anisotropy heroines relatively sniall while the magnetostriction remain*
large The u|>liiuuin nunpoMlion is Tim jrDyo nlVj (lirfenol-l)) for wliirb tlir large magnetohtriiiiim
(A «r2.lxlO"%t) saturaies i|uirkly with applied magnetic field making it useful fur various high power
transducer and actuator applications.

't'lii -.j-l'yrFi'v alloys form in the cubic Laves phase. Neutron and x ray diffraction studies have shown
that TbFe-j is not perfectly cubic hut has a slight rhoinhohednil distortion at room temperature. X-ray
diffraction on Ter^eno!-!) confirmed Ihi1 a rhonihohe>lrftl distonioit ocurs pbpvth11 spin reoriiiitation
temperature. 1U(V. and disappears helnw ibis temperature. Hui tlu^tructural effert of external magnetic
fields on the displacement* of the atoms from their cubic positions has not been studied.

Our initial measurement!.3 on 'Iwrmnl-O haw demonstrated the feasibility nf using KXAFS l« study
the structural changes produced by an applied magnetic lield. The sample was a twinned crystal with a
growth axis along the < 1V2 > direction. The thickness of the sample prevented the use of 1 ransinissioii
or fluorescence techniques to measure the XAFS. Thus an electron yield detector was specifically designed
to fit between the S.Oiinn separation of the pole pieces of an clcmomagtiel which was it* If built to be
used on a Mde station. In our initial experiments at the Fe K-edge the electric vector E of the x-ray
beam and the applied lield // were both parallel to the < 111 > direction. This is the direction in which
the magnetostriction is greatest. We have obtained high quality data in a magnetic field of I.** k()e
corresponding to Am = 1 7 x I0""1 with a sample temperature of fe'J!H) K.

I'll"- structural cflWi of / ; is small, with the changes in bond lengths Hj being close to the detection
limit of F.XAFS for differences and comparable to the errors. We conclude that there is no change
in the nearest neighbour IV-Fc distance which is expected according to tin' dnilhle '.elrahedron model
for magnetostriction in Tbl'e-j ' Hut we find the average second neighbour Ki'-HK distance dcrc^cs
by about -fl.Otlli . Additional polarization measurements for specific direetiotis of the applied field are
necessary to determine more fully the Fe-KF. displacement and to delerillilie the HF.-liF. displacements.

I) J.ll. Cullen and A.K. Clark l'h.vs llev D15 (11177) 15111. I'.W. K.I) Hathaway and J li Cullni: J
Appl. I'liys. 49(l!)7,s) I0.7:,.
'1) V liimin and F. Crozier. presented at Vlllli liilnrii.iliuii.il XAFS Conference, Japan. August. l!)!)2. To
appear in Jap. J Appl Pliys

Research funded by Natural Sclenres and K'tigllnvrillK HcMMrcIl Council. Canada,



X2.VA2

XAS STUDY OP ANODIC I l l M S HiRMHO ON Cu(l>) AND O1M1C Cu
UNDUK I'LIKTRODWOSITION CONDITIONS

Ci. S l-rankcl (IHM), A ( i . Schrott (HIM), and II S Isaacs (UNI.)

Anodes usfil in ctwlmdcpnsitiun of (\i from aciil sulfatc baths typically contain alwut 0.05 wt% 1'. Tllis
small amount of I' has been shown to have a large cffal in promoting tin' formation of an adherent black
film on the anode surface during plating. It) contrast, pure Cu antules form a brownish film which is non-
adherent ami can migrate to the cathode and degrade, the plated film. In this work, the anodic film formed
on Cu(l') a IU ' OI'IIC ("it under clcdrodcpo.silion coiulilions were studied by in .ulu x-ray absorption
spectroscopy (XAS). The plating solulinn used was 0.27 M CuSO4 + 1.7 M II2SO4 + 2inMIICl. XAS
was done in transmission on material scraped off an anode surface and also through a 0.005 cm thick CuP
foil coaled with .101) A I't for conductivity thai had been totally converted to black film by elcctro-
dissohnion in a solution containing II3SO4 and MCI only (with no CuSO4). The latter sample was dissolved
in a narrow (0.07 cm) crevice region attached to a plastic cell so thai the x-ray beam only needed to p.iss
through a small amount of solution The absorption edge for black film scraped off of an anode is shown
in Figure la; ii appears to be a combination of CuCI and CuSOd edges. The absorption edge of a black film
formed in situ in lire cell described above is given in l:igure lb. This film, which has been totally converted
from a thin Cn(l') foil in a solution without (""SO,,, exhibits an absorption edge very similar to CuCI. The
rather large amount of I' in the film may be responsible for the variations from the CuCI edge. These ob-
servations indicate that the black Him is similar to a porous sponge lliat is composed of CuCI and saturated
with concentrated CnSO4 solution. The difference between the samples of Pigs, la and Ib is that the black
film scraped off of a sample polari/.cd in the full plating bath is aclually a combination of the film and the
solution Hy dissolving a thin foil in a solution wilhoul CuSO4, however, only the substance of the black
film, or a Cud-tike material, is present The brown film formed by a similar treatment of a thin OPIIC
Cu foil in a solution with no CuSO4 appeared to be a combination of Cu and CuO, This XAS observation
is in agreement wiih XI'S analysis of lire brown film on Cu, which also found metallic Cu in the anodic film.
Since the sample was not rinsed prior to XI\S analysis, and thus dried CuSO4 was present on the surface,
C u ' : :uul S were also observed. In the absence of l\ C u ' ' likely disproportionatcs to result in a fine
mixture of Cu in the 0 and t 2 oxidation states. The I' inhibits the disproportionalion reaction.

Ir.r.ijy (rV)

1 runic 1 N-rav aheoriron edges of black film a) black film scraped ofl an anode b) in w'/M measurement

el CnP foil Intallv converted In Mack film in solution wilhoul C u ! ' Overlaid are edges from relevant

si..ml,mi-

l l >N I was siippoiivil bv the I ' S Department cif I'nergy. Division of Materials SITIICCS. Office of Basic

l iK- lp Scu-rue nuclei Contract \ o PI-AC02-7M IlllllOlfv

X23A2

EXAFS STUDIES O F ZNTE/CDSE SUPERLATTICES

K.M. Kemner, B.A. Bunker, H. Luo, N. Samarth, J.K. Furdyna, M.R. Weidmann, K.E. Newman,
Physics dept., U. of Notre Dame.

We have used low angle room temperature TEY EXAFS to study the local atomic structure
about the Se atom in two different short-period ZnTe/CdSe (001) superlattices grown by MBE. This
is interesting because the lattice mismatch between ZnTe and CdSe is only 0.4 % yet the difference
in binding energies of the different binaries that can be formed is relatively large. Also, high resolution
TEM measurements of these samples indicated a banded interfacial region of approximately 2
monolayers, quite distinct from the ZnTe and CdSe layers themselves. AH samples were grown on a
3 micron buffer layer deposited on a (001) GaAs wafer. The thick buffer layer was used to decrease
the dislocation density due to the 7 % lattice mismatch between ZnTe and GaAs. The structures
consisted of 250 periods of nominally 2/2 and 4/4 monolayers. One period of a 4/4 monolayer
superlattice would in principle consist of atomic layers Zn-Te-Zn-Te-Zn-Te-Zn-Te-Cd-Se-Cd-Se-
Cd-Se-Cd-Se(note left side of figure). Single crystal ZnSe and CdSe were used as standards. Counting
the number of Cd and Zn atoms in the first shell surrounding the Se atom, for the 4/4 monolayer
superlattice there are an average of 3.5 Cd and 0.5 Zn atoms. Similarly, for the 2/2 monolayer
superlattice, there are an average of 3 Cd and 1 Zn atoms.

Referring to the bottom table, in all cases the average number of Zn around Se is consistently
greater than that predicted by sharp interfaces. These results can be explained using the following
scenario. At each Cd-Te interface, the Se and Te atoms on each side of the interface switch sites, and
at each Zn-Se interface the Zn and Cd atoms switch sites (note figure). Although this proposed
switching at the interface seems unphysical because it appears to lead to higher strain { 0.08 eV/switch
of atomic pair), the resulting decrease in bond formation energy relative to the sharp interface (0.5
eV/switch of atomic pair) is much larger. The larger ZnSe bond above the simple ZnSe binary can
initially be understood by the tendency for the ZnSe to expand to the larger average crystal lattice
constant. The increased Cd-Se bond might present a problem being larger than the average crystal
lattice constant. This can be ascribed to the increased number of much larger Cd-Tc bonds near the
interface resulting from the switching mechanism proposed. Accommodation of these stretched Cd-Se
bonds and shorter Zn-Se bonds must occur in the form of bond bending (3.6 ± 0.3° into the growth
plane for the Zn-Se bonds and 1.0 ± 0.2° out of the growth plane for the Cd-Se bonds).
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Z23A2
IM-SITD XAS OP CARBON SUPPORTED Pt/Ni ALLOY ELECTROCATALVSTS

J. McBreen (BNL)

when compared to pure Pt, Pt/Ni alloy catalysts enhance the
kinetics of oxygen reduction in fuel cells. In situ XAS studies
were made in an electrochemical cell in 1 H HC1O4, at the Ni K-
edge and the Pt L, and L, edges. The goal was to determine if
the enhanced catalysis was due to electronic or structural
changes in the Pt or to redox processes involving Ni. The Ni
XANES (Figure 1) indicates that the edge position is identical to
that for pure Ni. However, there is a white line. The lack of
changes in the Ni XANES with potential rules out a redox
mechanism. The white line in the Pt Lj edge XANES (Figure 2) is
increased. The in situ EXAFS results at 0.3 v SCE are summarized
below. The enhanced catalysis must be due to electronic and
structural changes in the Pt.

Table 1 Analysis of EXAFS data for Pt/Ni electrocatalysts

Edge and Shell N R (A) Aoa (A2) AE0 (eV)
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Figure 1. Ni XANES for Pt/Ni at Figure 2. Pt XANES for Pt/Ni
-0.24 v and 0.3 v SCE. Also at -0.24 V, 0.3 v and 0.6 V.
shown are data for Ni and NiO Also shown are data for Pt.
Work supported by the U.S. DOE under contract No. DE-AC02-76H00016

X23-A2
X-RAY ABSORPTION STUDIES OF Ge AND Ga ENVIRONMENTS IN

BaO-Ga-jOj-GeOj GLASSES

Celia 1. Meizbacher (Optical Sciences Division, Naval Research Laboratory,
Washington. D.C. 20375)
David A. McKeown (Chemistry Department, Howard University, Washington, D.C.
20059; on leave from: N.I.S.T., Building 225, Room A305, Gaithersburg, MD 20899)

Ba-gallogermanates have been identified as possible ultra-low loss glasses for
optical fiber applications based on structural similarities with Ca-aluminosilicates.
Concern about the coordination of the network-forming cations arose from the
so-called "germanium anomaly" [1], For alkali germanate glasses, a maximum (or
minimum) in various properties, such as density and refractive index, as a function
of alkali content has been attributed to the conversion of Ge cations from tetrahedral
to octahedral coordination with the addition of 10-20 mol% alkali oxide, depending on
the oxide. In this study. X-ray absorption spectroscopy is used to directly investigate
the Ge and Ga coordination environments.

The XANES and EXAFS data analyses suggest that all glasses have similar
structures which are dominated by tetrahedrally coordinated Ge and Ga that can be
censiderably more disordered than the tetrahedral Ge and Ga environments in the
GeC>2 quartz or BaGa2Ge2Og (Fig.l). The Ge data show systematic trends with respect to
glass composition, while the Ga data show no such trends. The Ge first shell bond
distance increases with respect with Ba content in the glasses. The second shell
surrounding Ge in all glasses shows considerable disordering of Ge-(Ge.Gi) and
possibly Ge-0 pair correlations, especially for the GcO2-rich glasses; the Ge second
shell has larger bond distances and displays more disorder as BaO content increases
in the glasses. EXAFS results suggest that the more GcC>2-rich glasses may contain
disordered GeO2 quartz-like regions. Conclusions from the Ge and Ga X-ray absorption
data for the glasses indicate it is doubtful that Ge or Ga coordination changes can be
the structural cause behind the physical property variations. More likely, changes
in the second or higher shells around Ge ate the structural mechanisms that affect
physical properties.

0 1 2 3 4 5 6 7 8

Fig. 1. Partial Q* RDP« ol on* d «ht mom BtO-rioh g
glauM and • ciyMin* tttndaid raving Mahtdm O».

[1] M. K. Murthy, E M. Kirby, Phys. Chan. Glasses, v. S, p. I'M (1964).



X23A2
EXAFS INVESTIGATION OF THE STRUCTURAL CHANGES INDUCED IN MECHANICALLY
ALLOYED NB-SN POWDER

T. Nasu, A.M Edwards*. Y. Clio**, D.E. Saycrs* and C.C. Koch**
Faculty of Education, Yamagata U., Yamagata 990 Japan

• Dept. of Physics and ** Dcpl. of Materials. Sci. and Eng., NCSU, Raleigh, NC. 27695

X-ray absorption fine structure data were obtained from mixtures of niobium and
tin powders after various amounts of mechanical alloying. The pure, elemental
powders were blended in the proportion of 3Nb:Sn and samples were taken after
alloying times of 0, 1. } 6 and 12 hours. For comparison, spectra were also obtained
for the A15 N'MSn compound after mechanical milling for 0 and 15 hours.

The Fourier transforms over the
range 3.0 - 12.8 A ' of the XAFS
spectra around the Nb K-cdgc arc
shown in the figure as a function of
alloying time. One can clearly sec the
disintegration of the crystalline Nb
metal structure. (The arrows added to
the RDF of the 0 hour sample indicate
the position of the first four nearest-
neighbor peaks in the bec Nb metal
structure.) The peaks corresponding
to the long range order of the crystal
arc drastically reduced with alloying
lime, and almost vanish after 12
hours. Only I lie main peaks,
corresponding to the short range
order of the amorphous phase. w m i m c i i l i
remain.

On analysis, the interatomic distances of the 0 hour data show good agreement
with those of crystalline Nb. On alloying, there is a gradual insertion of Sn atoms
into the lattice resulting in the A15 NbjSn structure. A general trend of
increasing insertion of Sn atoms into (he Nb lattice was observed with further
alloying time, resulting in an amorphous Nb-Sn structure that resembled that
obtained after mechanical milling of the A15 Nb3Sn compound for 15 hours.

The A15 Nl>3Sn structure consists of connecting iclrahedral units. The three
peaks corresponding to the first three nearest neighbors in this unit still remain
after 15 hours of mechanical milling of the compound. These three peaks are also
observed in the amorphous structure obtained after 12 hours of mechanical
alloying. This indicates that the tetrahedral units still remain, albeit in a more
diffused slate, in the amorphous Nb3Sn structure. This result agrees with Finney's
idea that an amorphous metal is described topologically in terms of dense random
packing of spherical atoms constructed from letrahcdral units.

J.L. Finncy cl al., JNCS 43 (1981) 165.

T. Nasu and C.C. Koch were partly supported by the National Science Foundation
under grant number DMR-8A2O394-O2. A.M Edwards and D.E. Saycrs were supported
by the Department of Energy under contract number DE-FC05-89ER45384.
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X23A2
EXAFS STUDIES OF SPONTANEOUS ORDERING IN Ga^In^P THIN FILMS
DEPOSITED ON GaAs
Anne Tabor-Morru, Kenneth Kemner, Bruce Bunker
Physics Department, University of Notre Dame

Certain thin-film alloys deposited using epitaxial growth techniques have shown
spontaneous long-range ordering and band-gap reduction under particular growth conditions.
One film is GaojIn^P grown by MOCVD on single-crystal GaAs aligned 2° from the (100) axis
to achieve lattice match. The short-range ordering in these samples is explored by EXAFS
obtained using a liquid nitrogen cooled total-electron-yield detector to minimize thermal
Debye-Waller factor effects and maximize the contribution of higher order atomic shells in the
crystal structure.

Gallium nearest neighbor and second nearest neighbor contributions reveal that in an
ordered sample there is a notable difference in the second shell at two perpendicular orientations
of the sample. The two orientations highlight atoms in the plane of growth indicating that atoms
of different species and distances are probably present along the two directions. The first shell
around Gallium, which contains only the Group 111 atom Phosphorus, shows a subtle distance
shift of about 0.04 A between the two orientations, indicating the presence of two different
distances of the Phosphorus atoms from the central Gallium atom. These results support the
TEM evidence of (111 )B Superlattiee ordering and verify theoretical predictions of distance
shifts in the first shell due to this ordering.

A sample thought to be disordered by a Zn flux during growth displays no first shell
distance shift and identical peaks (within statistical error) for the second shell in die Fourier
transform in scans taken in the plane of growth at two perpendicular orientations. However, the
sample may not have a disordered alloy overlayer since the configuration resembles one
orientation of the ordered sample, indicating that the second nearest neighbors of Gallium may
be ordering in a chalcopyrite-like structure in the plane of the growth.

Figure 1: Total Electron Virld Data
Fourier Transform Magnitudes, k3 weighted.

Line: Sample oriented along (1,-1,0) axis,
Dashed Line: Sample rotated 90 degrees with respect
to the x-ray beam, polarization along (1.1,0),

Main Plot: Ordered sample (G130),
Insel: Zn-diffuscd Sample (OK-680)

u < * w o
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Supported by the Office of Naval Research (ONR) under contract N0O014-89-J-1108.
Samples provided by K. Bertness, National Renewable Energy Laboratory. Golden, CO.
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MICROSTRUCTIIRES OF AGED AND HIGH-PERFORMANCE MORTARS AND BRICKS

A. J. Allen (U. of Maryland/NIST) and D. Livingston (NIST).

These USAXS experiments were aimed at probing the undisturbed microstructures in
high-performance mortars and bricks, and at determining the mlcrostructural effects of
varying cement hydration times and temperatures in. mortar, and of salt-cycling in brick. An
ancient nr.oviar trom the dome of the Haghia Sophia in Istanbul was also included for comparison
with the modern mortars.

The samples were initially prepared as 5cm cubes. For the high-performance mortars,
hydration was arrested by immersion in ethanol. Fragments were cut from the centers of the
cubes, and powdered to less than a 50um particle size by mechanical grinding and sieving. The
choice of particle size was determined by the need to obtain a uniform powder specimen
thickness for X-ray measurements without disturbing the mlcrostructure under study. X-ray
powder specimens were obtained by encapsulating the powders between kapton film layers and
isoslatically pressing. Actual specimen thicknesses ranged from 75um to i30um - not
sufficiently small to escape some multiple small angle scattering at the smallest scattering
vectors, h, but thin enough for data in the range 0.001 < h < 0.05 A-' to be free from such
effects. Figure 1 summarizes some of the principal results. Data are presented as h*l(h> vs h*
on a iog-iog plot to emphasise variations from h-* Porod scattering associated with the powder
particle size.

The modern mortars are
typified by that given after 28 days
hydration at 40°C, which, in this
scale range, is indicative of the
fractally rough surfaces of the
cement grains. The ancient mortar
suffers from an advanced degree of
embrittling carbonation, which welds
the original cement grains together.
The SAXS from this sample Is much
closer to that from a clay or porous
rock than from cementitious
material. The SAXS from the 4 brick
samples measured form another
family of curves typified by the two
shown. The curves confirm that the

pore-structure in brick is simpler than in cements and porous rocks, and more similar to that
in ceramic materials. The salt damage results in a reduction in the scattering in this SAXS range
(but an increase at larger h values). For all of these samples, this experiment forms part of a
combined SAXS/SANS study applying fractal microstructural models over a large h-range to
extract quantitative parameters from the scattering'.

1. A. J. Allen; J. Appl. Cryst. 24 624-634 (1991).

Figure 1. USAXS Study ot Mortars and Bricks
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LIGHT SCATTERING. ULTRA-LOW g SAXS AND CONVENTIONAL SAXS
OF MICROPOROUS FOAMS*

G. Beaucage (Sandia Nat. Labs.), D. W. Schaefer (SNL), G. Long (Nat. Inst.
Stds. and Tech.), D. A. Fischer (NIST), R. Lagasse (SNL).

A double crystal camera has been used to obtain ultra-low q SAXS data on a
number of materials which display interesting structural scaling behavior.
These data bridge the gap between static light scattering (SNL) and
conventional pin-hole x-ray scattering (ORNL. SNL). By combining these
techniques we have performed structural investigations from the 100 urn to
10 A size scales. Figure 1 shows data from a microporous foam that display
power law scaling behavior over two orders of magnitude In size. We believe
that this power law scaling can be related to the mechanical properties of the
foam. The fractal scaling regime is limited on the large size scale by 1
micron structures and on the small size scale by 100 A structures. These
limiting structures have been confirmed by electron microscopy (SNL). Light
scattering data were obtained by imbibing the foam with a non-solvent. The
range of the NSLS data is shown by the double arrowed line for the
microporous polyacrylonitrile (PAN) foam.

Figure 1.
Microporous PAN
foam. Low-q data
are static light
scattering (SNL)
from a non-solvent
imbibed foam,
high-q are
conventional SAXS
(ORNL). NSLS
ultra-low q data
bridge the two as
indtcated by the
double arrowed
line in the figure.
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SMALL ANGLE SCATTERING STUDIES OF COMPACTED AMORPHOUS
MELANINS

J. Cheng, M. E. Eisner, S. C. Moss (U. of Houston); G. G. Long (NIST)

Melanin samples have been prepared both synthetically by precipitation from
colloidal solutions (tyrosine and L-dopa melanin) and from a purified natural sepia
source. All of these samples show similar wide angle scattering patterns indicating a
similarity in local atomic arrangements within a -15A domain size. Because, however,
they are dried compacts of aggregated amorphous (non-crystalline) units their SAXS
in both the solution and aggregated states is of great interest. Prior light scattering on
the aggregating colloidal solutions indicated mass fractal dimensions of 1.8 and 2.2 for
DLA and RLA kinetics, resp. [1], The present measurements, shown below in log-log
plots for tyrosine and L-dopa samples, indicate a Porod regime in which surface fractal
dimensions of 2.20 (L-dopa) and 2.47 (tyrosine) are observed over more than a
decade in q. In addition the sepia sample (not shown) indicates a bidispersity in its
scattering pattern. The tyrosine and L-dopa samples also show multiple SAXS in their
wavelength dependent behavior which is the subject of continuing study.
1. J. - Huang, J. Sung, M. Eisner, S. C. Moss and J. Gallas, "The Fractal Structure

and the Dynamics of Aggregation of Melanin in Low pH Aqueous Solutions,"
J. Chem. Phys. 90, 25(1989).

X23A3

IN SITU OBSERVATION OF PHOTOREFRACTIVE GRATINGS IN BARIUM TITANATE
BY MEANS OF HIGH RESOLUTION MONOCHROMATIC DIFFRACTION IMAGING

Gerard Fogarty and Mark Cronin-Golomb, Tufts U., and Bruce Steiner and Urj Laor\
NIST

High resolution diffraction imaging has been used to image lattice deformations
due to photorefractive space charge fields. Two beams split from a 50 mW
frequency-doubled YAG laser at 532 nm were used to form high contrast fringe
patterns (modulation 96%) with fringe periods between 7 and 50 jvm in barium
titanate. Diffraction images were obtained for the piezoelectric strain pattern induced
by the resulting charge redistribution.

Figure 1 shows a 40 //m period grating in a crystal grown by Deltronic Crystal
Industries in Laue geometry. Figure 2 is an image of a 40 pm period grating in the
same crystal in Bragg geometry. The non-sinusoidal character of the grating is
readily apparent in these images.

In Figure 2 antiparallel (180 °) ferroelectric domains are visible intruding into
the image from the [001] edge. The phase shift between the incident interference
pattern and the space charge field grating can be measured directly from the
observed spatial phase shift of the grating as it crosses a domain boundary.

Figure 1. Image of (002) diffraction at
12 keV from crystal with 40/jm period
grating in Laue geometry.

Figure 2. Image of (402) diffraction at
12 keV from crystal with 40 tim period
grating in Bragg geometry.

Research supported by the DOE/BES under contract no. DE-FG05-87ER45325.

Permanent address: Nuclear Research Centre - Negev, Israel

This work was supported by the Defense Advanced Research Projects Agency and
the Army Research Office.
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HIGH RESOLUTION MONOCHROMATIC DIFFRACTION IMAGING OF PHOTOREFRAC-
TIVE BARIUM TITANATE

Gerard Fogarty and Mark Cronin-Golomb (Tufts U), Bruce Steiner. Uri Laor', and
Ronald C. Dobbyn (NIST). and Mark Garrett" and Cardinal Warde (MIT)

Dislocations and ferroelectric domains are readily visible in high resolution
diffraction images of barium titanate. Figure 1 ia a Laue geometry image of a crystal
grown by Sanders Associates. Edge dislocations running in the t010] direction are
visible near the [001] edge of the crystal. Screw dislocations also running in the
[0101 direction are visible in the other {010} images in Laue geometry in the same
region of the crystal. Antiparallel (180°) [001]-oriented ferroelectric domains are aiso
visible as thin needle or tweezer-shaped features, especially near the edges of the
crystal. The mechanism by which these domains become visible is still unknown.
Separate experiments (see accompanying report) confirm these features indeed to be
180° domains.

Figure 2 is a Bragg geometry image of a crystal grown by MIT. Clearly visible
in this image are strains resulting from faceted growth of the crystal boule. Closer
examination of the boundaries between the facets in Figure 2 reveals evidence of
competition between adjacent facets during growth. Such behavior has been
observed also in BSO.'

Figure 1 . Image of (002) diffraction at
12 keV from crystal BTUC2 in Laue
geometry.

Figure 2. Image of (400) diffraction at
12 keV from crystal 20F18-2 in Bragg
geometry.

'_ Permanent address: Nuclear Research Centre - Negev, Israel
Present address: Sandoz Optoeiectronique, Huningue, France

B. Steiner, U. Laor, M. Kuriyama, G. Long, R. Dobbyn, J. Crystal Growth
87, 79 (1988)

This work was supported by the Defense Advanced Research Projects Agency, the
Army Research Office, and the NASA Langley Research Center.

SAXS INVESTIGATION OF COMPOSITIONAL EFFECTS IN BULK POROUS SILICA
H. M. Kerch, G. G. Long, S. Krueger, and A. J. Allen (NIST)

X23A3

Controlled pore ceramics fabricated by the sol-gel route are attractive candidate materials
for filters and membranes, catalysis supports, optical coatings, and sensors because they enable the
production of high purity materials at low temperatures. The success of these applications is linked to
the ability to control the pore microstructure of the gel. For example, in optical devices the
refractive index varies with pore volume as described by the Lorenz-Lorentz relation, while sensor
selectivity and sensitivity depends on pore size and surface area, respectively. Bringing the desired
microstructural design to fruition necessitates accurate pore structure characterization during
materials preparation and processing. To this end, a model porous material consisting of colloidal
silica (Ludox HS-40):potassium silicate (Kasil #1) is currently under investigation. Small-angle
x-ray scattering is being utilized to determine the effect of starting chemistry and dealkalinization on
the silica cluster size distribution and on the resultant underlying pore structure. Monolithic gels
were prepared with weight ratios of the two starting components varying monotonically from 10:90
to 30:70. The cluster size distribution was derived from a maximum entropy analysis of the SAXS
data for the extreme compositions in the unleached (fig. 1) and leached (f ig. 2) states. Referring to
the unleached specimens, the 10:90 gel has a broad solid size distribution centered around 850 A. The
30:70 gel possesses a bimodal size distribution with narrow peaks at 180 A and 150 A with the latter
corresponding to individual colloidal entities. With leaching (fig. 2), both composit'ons experience an
increase in the volume % of single colloids with a dramatic increase for the 10:90 gel. High resolution
T.E.M. studies (1) have shown that the larger solid sizes correspond to multi-unit colloid clusters
which comprise the gel skeleton. Dealkalinization produces pits in the gel skeleton where the
potassium rich phase was present, but fig. 2 shows it does not effect the nature of the polydispersity
of the solid phase. The compositional trends shown by SAXS directly oppose Nj sorption and Hg
porosimetry results which predict a more polydisperse silica cluster microstructure for the 30:70
gel. The SAXS data shed new light on the microstructural evolution as a function of composition of
these materials and ultimately will enable improved intelligent processing designs.

H. M. Kerch. F Cosantiey. and R. A. Gerhard! in J. Non-Cryst. Sohds to he published 1992.
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CREEP CAVITY DEVELOPMENT AND CREEP LIFETIME OF Si3N4

W. E. Luecke, S. M. Wiederhorn, B. J. Hockey, J. Barker and G. G. Long (N.I.S.T.)

Accurate lifetime prediction is essential to the acceptance of advanced ceramic
materials for high-temperature applications. Our research attempts to understand the
microstructural origins of processes that limit the lifetimes of such ceramics. Under low
stress at elevated temperatures, many advanced ceramics fail by a process known as creep
rupture in which they show up to several percent strain-to-failure over a lifetime of tens to
thousands of hours.

In an attempt to understand the microstructural origins of creep rupture, we
characterized the creep nipture process for a single commercially available Si3N4 (Norton
NT154). By testing several dozen specimens in uniaxial tension creep, we thoroughly
mapped out the stress-strain rate-temperature-lifetime response of material. From the suite
of deformation conditions we chose four specimens for further characterization by SANS,
TEM and SAXS. Especially important was the fact that we were able to examine using
TEM the same specimens characterized by SAXS. The results of the SAXS analysis gave
us new insight into the cavitation process. Specifically, we found that large (0.6-l(im), rare
cavities at three-grain junctions were dominating the volume fraction distribution, even
though smaller (0. l-0.2fim) cavities on two-grain junctions were much more common. An
maximum entropy analysis of the SAXS curves is shown in Fig. 1. Subsequent TEM
analysis confirmed the bimodality of the cavity size distribution. With this information in
hand, we are currently attempting to determine the mechanism by which the cavities evolve
with increasing strain by characterizing specimens that have not been tested to failure.
Knowledge of the cavity evolution mechanism will enable us to model the failure law, and
better predict lifetimes for this class of materials.
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X23A3
In Sim X-ray Diffraction Microscopy and Topography of Pressure Figures in Single Crystals
H.H.Schloessin, Geophysics Dept., U.Westera Ontario, London, Ont., Canada; R.D.Spal, NIST, Gaithersburg,
MD, U.S.A.; R.A. Secco, Geophysics Dept., U.Western Ontario, London, Onl., Canada.

A concentrated, static or impulsive, force applied to a single crystal, produces a characteristic, orientation-
dependent pressure or percussion figure (p-figure). The nucleation, growth and change of a p-figure under varying
force signify the redistribution of strains and stresses, initially concentrated at a Hertzian or Boussinesq-type nucleus
of strain at the point of contact, into the time- and space-variable strains and stresses associated with internal 'load
surfaces'. The latter become manifest by lattice imperfections, line and planar defects which may be analyzed
collectively in terms of surface dislocations. The mechanism of compliance of a crystal may include elastic and
permanent mechanical twinning, plastic yielding and relaxation by flow, climb, and fracture as well as polymorphic
lattice and electronic structure modifications. The study of p-figures is thus eminently suited to assess the cohesive
strength and structural stability of crystalline matter. Synchrotron x-ray diffraction topography and microscopy11',
in transmission and by surface Bragg reflections using monochromatic radiation, provide the resolution and short
exposure times needed for in-situ observations of the p-Figure in the diffracting crystal under varying force. The
latter is applied at the beam exit surface of the crystal by a small indentation device (designed and constructed by
R.D.Spal) mounted alongside the crystal on the goniometer axis. The force is exerted, at dc current controlled
rates, in the stalling mode of a small electric motor ( - 0.33 oz in) and transmitted by an exchangeable stylus with
a hard spherical lip (steel or ruby) of small (0.008-0.0155 in) radius. Up to now we have observed several stages
of the nucleation and growth of the fan-shaped p-ftgure which is generated under a point force applied to a
rhomhohedrat {1011} surface of calcite*. The observations made on three crystals include O- and H-beam
topography with images obtained in transmission and by surface Bragg reflection as well as diffraction microscopy
at 20x magnification in the form of both photographic and electronic records. Extended Laue spot images, obtained
by crystal oscillations, facilitate the selection of diagnostically interesting reflections and the setting of the
corresponding crystal angles. Sequences of images, recorded in the course of load incrementations, show the
gradual extension of the p-figure and, in one case, its termination by catastrophic fracture. The p-figure on the
{1011} face of calcite appears as a crystallographically oriented and faceted triangular fan in optical microscopy and
as triangular hole in the extended Laue spot images. By contrast, the diffraction microscope images reveal the more
irregularly bounded and farther extended patterns of lattice strain. These are associated with {0112} twinning, twin
boundary intersections, {1011} translation gliding and cleavage fracture. The outermost boundaries of the p-figure,
spreading with increasing force over ft region of 100-1,000 iim, are defined by blown-out and bowing segments of
dislocation loops punched out by the contact force. Most of these appear to remain pinned to the diametriciilly
opposed corners of a small, <50/xm, parallel-sided twin lamella which may represent the central nucleus. There
are indications of other loops being generated by cross slip and the extension of partial dislocations. The increasing
width of the rocking curves can be correlated with the increasing contact force and with the increase in area of the
projected strain lobe images. The latter may be considered as a measure for estimates of the elastic strain energy
stored in the crystal. Images corresponding to different reflections and those obtained at the rocking curve maxima
and minima, differ considerably in contrast, strain features and overall projected area which indicate varying
contributions from tottice strains and rotations. The extension of a p-figure may be relaxed or altogether terminated
by the spontaneous propagation of a fine twin lamella from the p-figure to the edge of the crystal. Our
observations, so far, suggest that the p-figure is nucleated by elastic twinning. The twinning becomes lock«l-in,
we presume, when due to the extension of its length the stress concentration at the head of the twin lamella reaches
a value 'o generate cleavage fracture. In terms of Hertzian contact pressure, this would occur at a stress of 0.12
GPa.

I l l A n a m l ) W.J Boaii^tr.H.E.Bunlcai.M Kumimi..i«lHlifitOTJr. Itev.Sc.lMrjJ.Mt. 1976.(2) R.I). Slul.R.C.DoMiJTI.H.E. UurJmr.liT
l « l , W.J. Botainitr ud M. Kuriyam. Nutl.Imu.Mclhod. 222. IS'. « " • (>) M. Kunym., R.C. Dotb)T>. II I: Danielle. K.I). Spd aid DR. Wai*.
J.Rta.NiLlatStHlanbt Tuh. »V 559. 1990 (4) R.W. Cahn. Advanoa i> IT.uk-. J. 202. 1954.
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X23A3
X-RAY DIFFRACTION MICROSCOPY OF PRESSURE FIGURES
IN CALC1TE

H.H. SchloesBin, U.W.O., R.D. Spal, N1ST, and R.A. Secco, U.W.O.

In continuation of our in—situ x—ray diffraction microscopy and
topography studies of the formation of pressure figures in single
crystals (last runs from 27/ii to 1/iii and from 3/iii to 9/iii/92) we
have observed, in two separate samples, the nucleation and growth
under incremental loading, of the fan—shaped and crystallographically
oriented p—figure on the cleavage rhombohedron of calcite. The fan
is known to form by a combination of mechanical twinning on
{0112}, translation gliding on {1011} and cleavage fracture or parting
parallel to two intersecting rhombohedral planes (Rose, 18B6; Friedel,
1923; Cahn, 1954). Fricdel (1923) classifies the twinning mechanism
as reticular pseudo—merohedry involving the rotation of the CO 3'
groups. The elements of the twinning mode and its conjugate, shears
and oblateness are well known by stereographic projections.
However, models for the nucleation and propagation of the twinning,
especially dislocation mechanisms and the part of twinning in the
creation of the fan need to be determined. Preliminary interpret-
ations of our observations suggest that the p—figure is nucleated by
elastic twinning, reversible by removal of the load with dimension of
1—5 /4m, This twin becomes locked in when the Hertzian contact
stress reaches a value of (2Y7/m)' /2 ("1.14 kbar for lflm crack
length c) which according to Griffith's criterion, is necessary for
fracture with a surface energy (Gilman,1960) of 230 [ergs cm"2]. Dis-
locations at the leading edge of the primary twin lamella seem to
concentrate the stress for the extension of the fan. Remembering
that a parallel—sided {0*112} twin, relaxed by cleavage fracture or
parting, causes very low strains, we arc aware that diffraction images
oi the p—figure show mainly the strains due to dislocations at the
tips of twins and cleavages as well as dislocation multiplication
mechanisms. The latter may involve punched—out dislocation loops
with the edges of the primary twin acting as pinning sites, cross—slip
by the extension of partial dislocations and pole mechanisms. The
compliance of calcite under a concentrated force appears to comprise
the extension of the fan at the indentation site, and as a separate
process, the propagation of a thin parallel—sided twin to the edge of
the crystal. Examples of (1014) transmission images, at 20x magnifi-
cation, of the p—figure at stages, separated by loading steps of 2.5
mA, equivalent to 0.84 kbar of Hertzian contact pressure, and by
times of 20—40 min are shown in figures la,b,c and 2a,b,c for the
maximum and minimum of the rocking curve. Reflections are
selected and their angles determined by intermittent extended Laue
spot photography.
References: Cahn, R.W., Advances in Physics 3:202, 1954; Gilman,
J.J., J.Appl.Phys. 3J.:2208, 1960; FricdeC G., LcconB de
Cristallographie, Bcrger—Levrault, Paris, 1923; Rose, G., Physik.
Abhandl. Kbn. Akad.Wiss. Berlin 57, 1866

CHARACTERIZATION OF WHITE BEAM POSITION FLUCTUATIONS ON X23A3
R. Spa l [SISTI ; R. K l a f f k y , 0 . S i n g h ar.d H. L i n k INSIS)

X23A3

A simple method of measuring photon bean position has beer, used to
determine the fluctuations of the white bean vertical position in the
frequency band 1-400 Hz. These fluctuations, which are a manifestation of
variations in the electron bean orbit, nay inpose noticeable noise on
experimental data. The results presented here are useful for determining
whether observed noise is actually due to bean position fluctuations.

The eKperiner.tal setup is illustrated in Fig. 1. After passing through
an attenuator and a 25 urn high slit, the white bean strikes a photediode,
20 m from the source point. The slit ar.d photodiode, which are nounted on a
vertical translator, are translated through the beam to measure its vertical
profile, fron which a position P of half-naximuu intensity is detemined, as
well as the slope at P. Since the absolute slope is nearly maxinun at P, so
is the sensitivity to bean motion. With the slit at P. a time series of 1024
current measurements is taken at a rate of 878 per second. The tine series
is analyzed by first converting the measured current to position, using the
slope at P. The tine series then directly gives the rns beam displacement,
and its Fourier trar.sfom gives the power spectrum of the bean displacement.

Ten time series were acquired on 3/2-4/92, between 7:50 ar.d 8:30 AM,
during normal ring operations. Three different aluminum attenuators were
used, ranging ir. thickness from 0.5 to 9.5 ram, in order to vary the profile
of the beam by changing its energy distribution. The near, rns displacement
was 22 uo, with a standard deviation of 0.8 ura. As expected, no systematic
difference was found among attenuators, confirming the method. The power
spectrum of one time series is shown in Fig. 2. About 55% of the
displacement power is contained ir. five peaks, centered at 24.0, 27.4, 30.0,
60.0, and 120.0 Hz, with widths of 2.6 Hz. About 92% of the power is
contained in the three bands 10.3-60.0, 89.1-120.0, and 166.3-195.4 Hz.

fRFDUENCY. Hi-

FIG. 1. Experimental setup, showing source point SP, white bear. K2
attenuator AT, slit SL, ar.d photodiode detector DT.

FIG. 2. Power spectrum of bean displacement.
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DEFECTS IN Ill-V MATERIALS AND THE ACCOMMODATION OF STRAIN IN
UNIFORMLY LAYERED SEMICONDUCTORS

Bruce Steiner, James Comas. Wen Tseng, Uri Laor*, and Ronald C. Dobbyn,
NIST, and Krishna Rajan, RPI

High resolution diffraction images of two high quality high electron mobility
epitaxial heterojunctions of Ill-V semiconducting materials and a germanium/silicon
superlattice on silicon suggest several factors in the establishment of irregularities
in layered semiconducting crystals. Lattice mismatch is demonstrated in each of the
systems by warping after layer deposition. In two of the systems, one severely mis-
matched while the other is not, no arrays of dislocations are obvious. Elaborate sets
of mixed linear dislocations are found in two of the other systems with intermediate
degrees of mismatch.

The nucleation of extensive arrays of dislocations during uniform one microme-
ter layer deposition appears to depend not only on the extent of lattice mismatch
and layer thickness but also on the regularity of the substrate. Establishment of a
non-pseudomorphic layer mismatched with the substrate by several tenths of a
percent is an important factor, as previously determined. However, localized irregula-
rity, either dislocations in the substrate (Figure 1) or surface scratches (Figure 2),
appears to assist the nucleation of observable arrays of interface mismatch
dislocations. The absence of an equivalent orthogonal array in Figure 1 suggests
that propagation of these arrays depends on the character of the unit cell.

Figure 1. Image of (040) symmetrical
diffraction at 10 keV from mismatched
HEMT structure on InP substrate in
Laue geometry,

Figure 2. Image of 14441 symmetrical
diffraction at 10 keV from mismatched
HEMT structure on InP substrate in
Bragg geometry.

Permanent address: Nuclear Research Centre - Negev, Israel

The support of the NASA Microgravity Science and Applications program is gratefully
acknowledged.
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THE REGULARITY OF TRIGLYCINE SULFATE GROWN ON SPACE SHUTTLE IML-1

Bruce Steiner, Uri Laor', and Ronald C. Dobbyn, NIST, and Ravindra Lai, Alabama
A&M U.

The triglycine crystal solution-grown on space shuttle IML-1 has been
examined with high resolution diffraction imaging, both before and after slicing for
the formation of infrared detectors. The local acceptance angle for diffraction from
the uncut crystal, 1-2 arc seconds, (Figure 1) indicates extraordinary crystal
regularity.

Polystyrene fluid flow markers that had been included in the space growth are
observed as small imperfections in Figure 1. Also clearly distinguishable in Figure 1
was the faceted growth mode during space growth. Two sets of edge dislocations
in the seed, one [101]-oriented and the other [001 ]-oriented, were noted as well in
images taken in Laue geometry; but they appear not to have affected the space
growth.

Observation of the cut edge of the final crystal, Figure 2, shows continuity
between the seed at the bottom and the space growth at the top, indicating a high
degree of epitaxy of the space growth. The demarkation between the seed and
space growth is indistinct.

Preceding high resolution imaging of terrestrial crystals had shown that the
surface treatment of the seed crystal was critical to growth perfection. As a result,
the quality of the space growth had been optimized through the earlier NSLS
imaging.

Figure 1 . Image of 1060) symmetrical
diffraction at 8 keV from the entire
crystal in Laue geometry.

Figure 2. Image of (036) asymmetrical
diffraction at 8 keV from a cut edge of
the crystal in Bragg geometry.

Permanent address: Nuclear Research Centre - Negev

The support of the NASA Microgravity Science and Applications program is gratefully
acknowledged.
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DEFECTS IN Ill-V MATERIALS AND THE ACCOMMODATION OF STRAIN IN NON
UNIFORMLY LAYERED SEMICONDUCTORS

Bruce Steiner, Uri Laor", and Ronald C. Dobbyn, NIST. and Krishna Rajan, RPI

High resolution diffraction images of a heterojunction consisting of a HgCdTe
grid on a uniform layer of CdTe, on a GaAs buffer, on a Si substrate, display the
induction of pure edge dislocations by
the grid. Figure 1 shows the generally
good epitaxy of the CdTe layer as well
as pure edge dislocations induced by
one set of the elements of the HgCdTe
grid on top. Figure 2 shows the ortho-
gonal set of dislocations extending into
the GaAs layer. Figure 3 shows that
both sets of dislocations extend down
into the Si substrate, as well as war-
ping due to lattice mismatch.

[100]

Figure 1 . Image of (220) symmetrical
diffraction at 12 keV from CdTe layer
in Laue geometry.

Figure 2. Image of 1220) symmetrical
diffraction at 12 keV from GaAs buffer
layer in Laue geometry.

Figure 3. Image of (040) symmetrical
diffraction at 12 keV from Si substrate
in Laue geometry.

Permanent address: Nuclear Research Centre - Negev, Israel

The support of the NASA Microgravity Science and Applications program is gratefully
acknowledged.

THE ACCOMMODATION OF LATTICE MISMATCH IN HEMT STRUCTURES ON INP

Bruce Steiner, Wen Tseng. James Comas, Uri Laor*, and Ronald C. Dobbyn, NIST,

High resolution diffraction images of series of high electron mobility transistor
(HEMT) structures display five types of accommodation to lattice mismatch,
depending on its extent: 1) lattice warping, 2} the formation of an non pseudomor-
phic layer, 3) the formation of extended arrays of linear mismatch dislocations at the
interface between the substrate and a non pseudomorphic layer, 4) the formation of
oval regions of tweed-like local lattice variation imbedded among these arrays, and
5) extended tweed-like focal lattice variation over large peripheral areas in which the
formation of straight mismatch dislocation arrays is not observed.

All of the features in Figure 1, which is an image of a highly lattice matched
HEMT structure, resemble those of the substrate. Thus effective epitaxy can indeed
be achieved. However, warping of the lattice is found in mismatched systems, both
those with pseudomorphic layers and
those that are non pseudomorphic. A
non pseudomorphic layer without visi-
ble misfit dislocations is formed with a
mismatch of 0.27 %. With increase of
the mismatch to .5 %, the other three
forms of accommodation are observed:
arrays of <011> mismatch disloca-
tions; oval regions of tweed-like irregu-
larity, oriented in the [011 ] direction;
and peripheral regions of extended
tweed-like local lattice variation. The
first two of these are visible in Figure
2.

Figure 1. Image of (004) symmetrical
diffraction at 12 keV from lattice
matched structure in Laue geometry.

Figure 2. Enlargement of comparable
image of 0.5 % lattice mismatched
system.

' Permanent address: Nuclear Research Centre - Negev

The support of the NASA Microgravity Science and Applications program is gratefully
acknowledged.
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THE DEFECT STRUCTURE IN LEC GALLIUM ARSENIDE

Bruce Steiner, Wen Tseng, James Comasj

High resolution diffraction ima-
ges of a high quality 5 cm (2") com-
mercial substrate of LEC gallium arse-
nide confirm predictions of the anti-
phase boundary model proposed earli-
er.'2 Figures 1 and 2 show the same
region of this substrate in two different
symmetrical diffractions. In this sam-
ple, the cells are sufficiently regular
that the predicted edge dislocations are
clearly distinguishable when not a-
ligned with the diffraction vector. The
filling in of the cellular structure in
Figure 3 indicates that the cells have a
columnar structure whose axis is a-
ligned with the crystal growth.

v
Figure 1. Image of (022) symmetrical
diffraction at WkeVin Laue geometry.

Figure 2. Image of 1040) symmetrical
diffraction at WkeVin Laue geometry.

Figure 3. Image of (333) asymmetri-
cal diffraction at 10 keV in Laue geo-
metry.
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THE DEFECT STRUCTURE IN LEC INDIUM PHOSPHIDE

Bruce Steiner, Wen Tseng, James Comas, Uri Laor*, and Ronald C. Dobbyn, NIST,

A high quality commercial substrate of LEC InP has been observed in high
resolution diffraction imaging in the first such study to have been completed. This
material does not display the very low angle grain boundaries characteristic of LEC
GaAs. Figure 1, an image of the central part of the wafer in Laue geometry, is
characteristic; the entire illuminated area is in diffraction.

However, the individual features
resemble those in LEC GaAs under
comparable diffraction conditions.12

The antiphase boundary model attribu-
ted to GaAs thus appear applicable to
this material as well. Nevertheless, in
contrast to their appearance in GaAs,
the sharp features in InP do not display
a pure edge character: they are visible
even when aligned with the diffraction
vector. More important, these features
and their accompanying linear streak-
like features suggesting antiphase
boundaries, are not arran

looi)
500um

Figure 1. Image of (022) symmetrical
diffraction at 12 keVin Laue geometry.

Figure 2. Enlargement of left of center
portion of Figure 1.
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2 M. Kuriyama, B. Steiner, R. C. Dobbyn, U. Laor, D. Larson, and M.
Brown, Phys. Rev. B 38, 12421 1988)
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DIFFRACTION IMAGING OF QUARTZ RESONATOR STRUCTURES

B.R. Whitlock and M.I. Bell, NRL, and B. Steiner, NIST

Crystalline a-quartz is a unique material well known for its chemical
inertness, mechanical stability, and piezoelectric response, with extensive
applications in electronic oscillator and timing circuitry. Nonetheless, the
theoretical ultimate performance of the quartz crystal has yet to be achieved.
With the advent of improved synthetic crystals having low dislocation counts,
research has been conducted toward the development of micromachined quartz
crystalline devices. High value timing and freguency devices naturally come
to mind as primary candidates. The number Jf extended lattice imperfections
found within the device decreases with the size of the device, as does the
probability that the device response will be influenced by the imperfections.

We are examining quartz blanks and machined quartz devices, and are
seeking to determine how the production and operation of the devices relates
to extended lattice imperfections, and what effects these imperfections have
in the devices. We have examined quartz blanks and pre-existing micromachined
quartz resonators of moderate size by monochromatic diffraction imaging on the
X23-A3 line. The A3 beamline enables us operate with very high collimation
and good monochromaticity, and to orient the crystal to select particular
diffractions from the lattice.

Exposures were made at a magnification of 13.4 in the 8.0 keV incident
beam, and recorded at high resolution on nuclear emulsion plates having an
emulsion thickness of 25 /zm in which the crystal size was 0.11 /im. Figure 1
shows a quartz structure which serves_as a vibrating beam in the device.
Extended defects are seen in this (210) diffraction. While kinematical
increases in x-ray reflectivity at machined edges do occur, this sample
remains sufficiently dynamical to obtain unencumbered images of both face and
side features simultaneously. Shape defects in the beam are plainly visible.
In other views, diffraction contrast is observed which may represent a
twinning boundary. Figure 2 sho\is a section of quartz blank having a few
extended defects in view in the (211) diffraction. The beam of Fig. 1 is not
related to the blank of Fig. 2. Work is underway to follow particular blanks
through the fabrication process and on into device operation.

i-igure 1. Figure 2.

X23B

Detection and chemical state of environmental trace metals

W. T. Elam, Naval Research Laboratory

A number of DOD manufacturing processes and mission activities
release trace metals into the environment. Evaluation of the chemical
form of these metals is necessary for effective and appropriate
remediation at reasonable cost. The chemical compound in which the
element is present can be obtained using x-ray absorption
spectroscopy (XAS). The fine structure near the absorption edge for a
particular element contains information about that element's oxidation
state and local chemical bonding geometry.

Our first experiments involved copper released into seawater
during ship hull cleanings. Even during this process, the amounts of
copper released were very small - a few parts per billion.
Consequently, the first step was to obtain a spectrum at these low
concentration levels. Such a spectrum is shown below, where the
copper K x-ray absorption edge was measured using fluorescence
detection in seawater samples containing less than 100 parts per
billion of copper.

The sample was concentrated by about 70x using vacuum
evaporation. This method is not as effective as chemical methods, but
it is simple and doesn't disturb the chemical state of the metal.

Copper in seawater
than 100 parts per billion(less

•T3.5
o

Our detection
limits are dominated by
the remaining Cu
fluorescence from
beamline components,
probably brass plates
and screws. The
sample cells were
made from teflon with
plastic windows, but
the windows are sealed
to the teflon by an
aluminum plate. The
ionization detector

chambers have brass plate electrodes. The direct beam did not hit any
copper, brass, or aluminum, but excitation from the scattered beam
was enough to cause problems at the Cu levels in these samples. An
empty cell (no liquid) gave a worst-case signal equivalent to 1.7 mg
Cu/1 (implying a detection limit of 34 ng/1 with 50x sample
concentration). The noise level in the data (rms) is 1.2xlO'4. implying
a detection limit (3a, assuming 50x concentration) of 16 ng/1. The
sample cells hold approximately 0.03 ml of liquid.

50 100
Energy (eV, relative to copper edge)



X23B
EXAFS studies of Cu- and Fo-rich precipitates in heat treated

KC0.74CU0.0lNbo.o3Sio.13U0.09 ribbons

KG. Harris, J. Aycrs. and II'. 7'. Elian,
Naval Research Laboratory, Washington, DC. 20375-51)00

Fc-Si-D amorphous alloys containing small amounts of Cu (•= 1 al-'/L) and Nl> (= 3 at-%) have recently received
much attention for their superior sut't magnetic properties which result from a unique niicroslructurc that forms after
a critical heat treatment (typically 5M)('C for a period of I hr). Tlie microstructure is reported to consist of ultraline
grains of bcc-Fe-Si embedded in an amorphous matrix. The grains arc sufficiently small (less Ihan the exchange
length) that the magnetocrystalline anisotropy arising from the Fe-Si crystallites average 10 a very small value
allowing for the ultra-soft magnetic properties of this alloy. It is widely believed that the presence ol'Cu facilitates
the nucleation of the tKe-Fe grains. In an effort to gain insight into the role of Cu in the crystallization kinetics of
this alloy we have examined the local environment of Cu in a scries of heat lreaicil ribbons.

11XAFS spectra of the Cu and Fe K absorption edges were collected on X23B using transmission and
conversion-electron modes, respectively. The spectra were subjected to standard HXAFS analysis procedures. Figs. 1
a and h present Fourier transforms of the Cu and Fe F.XAFS collected from a sample annealed at 55O"C for 1 hr.
while Cu and Fe standards arc presented for comparison in Figs. 1 c and d. The transformed data of Fig. I was
obtained using a k2-wcighling ami a range of 2.5-10 A ' 1 with thinning windows (HW) of 0.5 on cither side of the k-
range. It is clear by comparison to the standards that Cu is not in a body-centered configuration and, although
differences exists, more closely resembles the close-pack structure of the fcc-Cu standard. The environment of Fe in
Ihe heal treated sample is clearly in a body-centered configuration. These, results reveal that the small amount of Cu
is not in liie bec lattice of the dominant crystalline phase, hut instead remains largely insoluble.

1

"5.

1 5 6 7 0 1

Radial Coordinate (A)

Figure I. Fourier transformed EXAFS data of Cu (a) and Fe (1>) in heal treated ribbons. Transforms
acquired from Fe and Cu .standards are presented for comparison.

X23B
EXAKS studies of Heat Treated Cuo.goCoo.15Feo.os Melt-spun ribbons

V.G. Harris. B.N. Das, and W.T. Elam.
Naml Research Laboratory, Washington, DC. 20375-5000

We have performed a study of the structural properties of a series of heal treated Cuo.snCoo, isFcn .05 melt-spun
ribbons. The ribbons are examined by x-ray diffraction (XRD), extended x-ray absorption fine structure (EXAFS).
and transmission electron microscopy. The aim of this work is to correlate precipitate chemistry, size, er.d density
with measured values of magnetorcsisar.re. In this abstract we present preliminary EXAFS and XRD results.

EXAFS spectra of the Cu, Co and Fe K absorption edges were collected on X23B using the transmission mode.
The spectra were subjected to standard EXAFS analysis procedures. Fig. 1 arc Fourier transformed Co EXAFS data
acquired from a scries of heat treated samples. Similar data for Cu and Fc standards arc presented for comparison.
These data were transformed using a k?-wcighting, a k-rangc of 2.5-12 A 1 , and Hanning window parameters of 0.5
on cither side of the k-rangc. Fig. 2 arc portions of x-ray diffraction patterns collected on the same samples using a
rotating anode diffractometer operating at 10 kW and are presented to illustrate the forniation pf secondary phases.

Comparing the Fourier transformed data of Co EXAFS displayed in Fig. 1 to standards of fcc-Cu and bcc-Fe it
is clear that Co is originally in a close-packed configuration in the as-spun and 200°C annealed samples. In the
500°C sample the Fourier transform appears qualitatively to be a mix of fee and bec type features. This is consistent
with the precipitation of a bcc-(Fe-Co) phase seen in the XRD pattern. After a 650°C anneal the Co is seen to be
predominantly in this bec phase. This is evident by the agreement between the transform profile of this sample with
the profile of the bcc-Fe standard. Surprisingly, the transform profile of the sample annealed at 800°C again
illustrates a mix of bec and fee fixtures. The XRD pattern for this sample indicates that Co has begun to segregate to
an fee phase.
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Fig.l Fourier transformed data of Co EXAFS in heat treated
Cuo.8OCoo.15Fco.05 ribbons.

Fig. 2 X-ray diffraction ptuems of hel l trested
CuO.80CoO.15FeO.05 ribbons.



EXAFS studies of epitaxial FcxCoi.x films on ZnSe(OOl)

V.G. Hams. C. Gutierrez. J.J. Krebs, GA. Prinz. and H'T. Elam.
Naval Research Laboratory, Washington. D.C. 20375-5000

X23B

films over the entire
compositional range o 0 y g p gg : 0 < x < 0.75 exist ni
stable fonn as body-centered cubic materials. However, above JC=().7S the structure changes to a close-packed atomic
arrangement (cither fee or hep depending upon x). Through the use of epitaxy metastable atomic configurations can

We have applied EXAFS to identify the structure of epitaxial-grown Fcx
compositional range of 0 < x < 1. Bulk alloys having compositions ranging from Fe

b i l H b ( )7S h t ha

-50

Photon Energy (eV)

50 150 250 350

We have performed a series of EXAFS measurements on Fc-Co film samples grown on ZnSc (001) epitaycrcd
on GaAs (001) substrates. These measurements were performed using beamline X23B in a conversion-electron mode.
Because of difficulties arising from the presence of diffracuon peaks over the EXAFS energy range of interest several
scans were coHtxtcd with the incident radiation at varying off-normal angles, In some instances these scans provided
.spectrum havins few peaks. These could be removed by a 'cut-and patch' routine or by linear interpolation through
the peak: methods which we have found to have little adverse affect on the nature of the EXAFS oscillations.

Figure 1 illustrates Co K-edge EXAFS data
acquired from a 90 A thick Fco.|Con.9 f'1"1-
Figure ! (a) illustrates these data in energy-space,
while panel (b) are Fourier transformed data. The
data presented in Fig. l(a) have been corrected for
two diffracuon peaks by linear interpolation, one
at -32 eV and the other at 225 eV (relative the
absorption edge). Although the data shown in
panel (a) is used here mainly to illustrate the
quality of the signal-to-noisc it has several
recognizable features which are commonly
associated with body-centered structure materials,
most notably, the prominent splitting of the
stnicture near 100 cV. However, comparisons for
the purpose of structural identification arc best
made in radial coordinates where features in the
Fourier transform can be identified with higher
order coordination shells and often with local
atomic geometries which lead to unique
photoclcctron scattering behavior. We therefore
locus our attention to panel (b) of Fig. 1. This
panel contains the Fourier transform of the data
presented in Fig, I (a) as well as several known
standard materials. The later are presented for
comparison purposes. In comparing the
transform of Co in the Fcn.iCon.9 film to the
transforms of the standards it is clear that Co is
in a body-ccmcrcd configuration in this alloy.
This is most clearly seen by the appearance of
the bec-signature peak near 4-4,5 A. This
particular feature arises from a focussing effect of
the phoiocleciron wave by the body-centered and
body-diagonal sites in ihe bec structure. Similar
analysis on other composition have show that
the mciasiablc bec structure can be extended over
tile inure He-Co alloy system.

Radial Coordinate (A)

X23B

The Stabilization of Cholesterol-Induced Ripple Phases in
Dipalmitoylphosphatidylcholine Bilayers

S.B. Qadri1, B.A. Cunningham2, and D.H. Wolfe3

Hj.S. Naval Research Laboratory, Washington, D.C. 20375-5000.
2Physics Department, Bucknell University, Lewisburg, PA 17837.
department of Astronomy & Physics, Lycoming College, Uilllamsport, PA 17701.

The ripple or undulated phase has been observed In a variety of pure
phosphatidylcholinos including dipalmitoylphosphatidylcholine (DPPC). This phase
appears to be stabi l ized when small amounts of cholesterol are introduced into
bilayers formed from phophattdylchollne. Previous studies have shown clearly the
role of cholesterol in modulating the phase behavior of saturated phospholipid
bilayers and a ripple-ripple transition has been clearly demonstrated in fully
hydratcd systems (1). We examined various sal t and ethanol solutions using
s ta t i c x-ray diffraction techniques. The x-ray diffraction data for temperature
equilibrated samples were collected using x-ray film and image plates . Both
small and wide-angle measurements wore performed to investigate the structures
of the Hpid lamellae and acyl chain, respectively. Additionally, ripple and/or
interdigitated phases were identified and characterized. Figure 1 shows typical
lamellar and ripple diffraction patterns obtained with an imaging plate .

[1J D.H. Wolfe, L.J. U s , O. Kucuk, K.P. Westerman, B.A. Cunningham, S.B. Qadri,
W. Bras, and P.J. Quinn (1992) Phys. Rev. Lett . 68, 1085-1088.

Figure 1.
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Interface Roughness Studies of AlAs/GaAs Superlattices Using X-ray Diffraction

Syed B. Qadri
U.S. Naval Research Laboratory,

Washington,D.C. 20375

J. Pellegrino
National Inst i tute of Science and Technology,

Caithersburg, Md 20899.

The interface sharpness plays a significant role in device-related
applications using AlAs/GaAs superlat t ices . In this study we have focussed on
obtaining information about interface roughness by measuring diffraction and the
resulting sa te l l i t e peaks from the superlattice structure. Superlattices with
periods as short as 3 monolayers were grown under different growth conditions of
column V to column II I ratios using molecular beam epitaxy (MBE) technique. One
important aspect of the X-23B beam line is the tunability of the x-ray photon
energy to optimise the diffraction signal from the superlatt ice structure. Since
the diffraction signal from GaAs(002) is not resolved from that of the 0Ul order
of the superlat t icc, the rat io of the 0th and other-order s a t e l l i t e peak
intensi t ies will be complicated by the inabil i ty to subtract out the substrate
peak. We selected 7600eV photons to obtain the diffraction signal using the
Huber four circle difflactometer. Our studies indicated that a buffer layer of
GaAs or AlAs contributed to the interface roughness in the i n i t i a l stages of the
growth. However, without the buffer layer, sha^p interfaces were observed as
evidenced by the well defined s a t e l l i t e peaks extending to several orders. The
simulated data and the observed data were in remarkable agreement. Figure 1
shows the diffraction spectra of 12X12 AlAs/GaAs superlatt ice grown under
standard conditions with no buffer Further studies are underway to ascertain
the effect of the buffer layer on the in i t i a l stages of superlatt ice growth and
their effect on the interface roughness.
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X23B
In Situ X-Ray Diffraction at the Electrode/Electrolyte interface

K.M. Robinson and W.E. O'Grady, NRL

High intensity synchrotron x-ray radiation has increased the feasibility of studying
the solid-liquid interface in situ. Recent work on the structure of Au single crystal
electrodes has shown the need to merge appropriate electrochemical cell designs with
standard four-circle diffractometers. In this report, an electrochemical based methodology
for use with in situ x-ray diffraction from the electrode/electrolyte interface is discussed.
The cell in this work, unlike traditional reflection cells, provides the necessary
electrochemical control of the electrode surface, as determined by the cyclic-voltammetry,
in conjunction with the x-ray studies. Initial studies into a comparison of the oxidation, as
observed by cyclic-voltammefcy, and the surface uniformity of the Au(100) support earlier
assesments that the preoxidative peak at 1.05V (SCE) is related to the surface defects.

Table 1. FWHM of the rocking curves for the surface and bulk reflection points.

(h,k,r)

(1,1.0.3)

(1,1,1)

(0,0,2)

HNO3 cleaned

0.17° ± 0.05°

0.15° ± 0.01°

0.17° ± 0.01°

High Temperature
Flame Annealing

0.18° ± 0.05°

0.31° ± 0.02°

0.32° ± 0.02°

Low Temperature
Flame Annealing

1.0° ± 0.5°

0.31° ± 0.02°

0.45° ± 0.07°



Structural and Electrochemical Comparison of Water and Air Cooled
Flame Annealed Au(100) Single Crystal Surfaces

X23B

K.M. Robinson and W.E. O'Grady NRL
A comparison of the surface structure and the cyclic voltammagrams of a Au(100)

single crystal surface after various non-UHV preparation techniques has been made.
Comparisons were made between two flaming temperatures, above and below the annealing
transition temperature, and between two cooling methods, air and water quenching. A
chemical cleaning method was also used as a standard for the flame results. None of the
preparation techniques produced a (5x20) reconstruction as measured by surface x-ray
diffraction. The high temperature annealings produced the smoothest surface, however the
bulk mosaics, as measured by the FWHM of the (0,0,2) reflection, were increased. Upon
emersion in 0.1 M HC1O4 at 0.4V (SCE) the asymmetry in the (0,0,/) specular rod, associated
with the (5x20) reconstruction, was observed.
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Figure 1. The (1,1,0 CTR for the flamij annealed surfaces and the HNO3 cleaned
surfaces, (O) HNO3, (D) <800°C air cooled, (•) >800"C air cooled, f>)
< 800°C water cooled and (») >800°C water cooled. Theoretical calculations
for a perfectly smoothe ( ) surface is shown for comparison. The rise at
/ = 0.12 is the surface enhancement at the critical angle.

X-23B

X-Ray Diffraction from Stlf-AsMmbta! MultlUytr Structurtt

K.M. Robinson (NRL), A.V. Ulman (Kodak), J.B. Lando and J.Adin Mann. Jr.(Case WEstem Reserve

University)

Synchrotron x-ray diffraction studies were performed on a fifteen-layer thin film formed by self-

assembly of methyl 23-(tHchloros>yl) tricosanoate. The specular profile suggests a compression of the

outermost layers from an average spacing of 31.90 ± 0.02A, which is Interpreted as an increase in

disordering near the fHm/alr interface. Rocking curves of the specular profile suggest extremely rigid -S(O •

layers. In-plane results also depict rigid -SIQ,-, with a d-spacing of i.35± 0.03A, layers with an Incrnse

in disorder at below critical angle measurements. The alkane chains are shown to be hexagonaliy packed

between these rigid layers, however the rocking curves suggest these chains to be very liquid like. There

was no observance of a chain tut.

n 5 1 1 3 2 2 5 3 3 5

Figur« 1: integrated reflectivity of the 15-layer self-
assembled alkylsilane.



X-RAY STANDING WAVE STUDY OF Sb ON GaAs(l 10)
X-24A

T. Kendelewicz*, J. C, Woicik**, K. E. Miyano*, A. Herrera-Gomez*, P. L. Cowan***, B.
A. Karlin****, C. E. Bouldin**, P. Pianetta*, and W. E. Spicer*
•Stanford U., **NIST, ***ANL, ****NSLS

One monolayer of Sb on GaAs(l 10) is the most studied compound semiconductor interface.
This emphasis arises because while most metallic overlayers either react or cluster, Sb forms an
ordered epitaxial structure on GaAs. The near ideal morphology of this system makes it tractable
for both theoretical calculations and quantitative structural studies.

In our study, the X-ray Standing Wave signal and reflectivity is detected by sweeping
not sample angle but the incident photon energy in the back reflection diffraction configuration.
The data from the 1 ML Sb/GaAs(t 10) interface were collected by monitoring the background
corrected Sb MNN Auger yield at 450 eV as a function of photon energy around the Bragg
condition. The Sb yield with the theoretical fit is presented in fig.l. Our results support the
epitaxial continued layer structure [1] of the Sb epitaxy. Table 1 compares our structural
determination with prior energy minimization calculations [1,2,3] and ELEED data [4,5]. The
distances obtained from ELEED [4,5] are larger than the XSW ones, but they are within the
combined experimental error. Our upper bound of the vertical shear of 0.34 A between the two
nonequivalent Sb atoms obtained from the coherent fraction appears to be excessively large, but
it may be brought into quantitative agreement if one assumes a finite amount of structural and
thermal disoider (-10 %). For details see ref. 6.

Table 1

XSW GaAs 220
XSW GaAs 400
Theory[1]
Theory [2]
Theory [3]

ELEED [4]
ELEED [5]

D
2.27 ( + 0.05) A
1.60 (±0.05) A
2.29 A
2.35 A
2.30 A

2.39 (±0.1) A
2.34 A

5 ' *
k

- I
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1 ' 1 ' .' l 1
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~ 220 reflection

- D-2-28 * 0.05 A
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Fig.l. Energy dependence of the background
corrected Sb MNN yield from the 1 ML Sb
CaAs(l 10)plxl interface and theoretical fit.
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X-24A, X-26C
HIGH-ENERGY BEHAVIOR OF THE DOUBLE PHOTOIONIZATION OF

HEUUM FROM 2 TO 12 KEV

J. C. Levin (NIST), I. A. Sellin (UT/ORNL), B. M. Johnson (BNL). D. W. Lindlc (UNLV).
R. D. Miller (UT/ORNL), N. Berrah Mansour (WMU), Y. Azunia (ANL), H. G. Berrv
(ANL), and D.-H. Lee (BNL)

We have measured the ratio of double-to-single photoionization of helium at several
photon energies from 2 to 12 keV. The measurements have been performed using time-
of-flight(TOF) methods during NSLS single-bunch operations. Germanium crystals were
employed on X-24A to obtain data at 2.05, 2.4, 3.3, and 4.0 keV. At higher energies, where
the rapidly diminishing photoionization cross section makes use of monochromatic light
less practical, filters of Cu, Zn, and Al were used to obtained He TOF data at energies
centered around 8.24, S.70, and 11.56 keV, respectively.

We find a ratio consistent with an asymptote at 1.5% ± 0.2%, reached essentially by he
a -i keV. Fair agreement is obtained with older shake calculations of Byron and Joachain, of
iberg, and with recent many-body perturbation theory (M13PT) of Ishihara el al. The result
lies below earlier MBPT by Amusia ct al (2.3%), and well above semiemperical predictions of
Samson, who expects no asymptote and predicts He++/Hc+ = 0.37% at 10 kcV. The results
are of interest because of implications in calculations of electron-electron correlation.
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FIG. 1. Comparison of present H«>++/He+ TOF data with data obtained at lower photon
energies and with several theoretical predictions

This work was supported in part by the NSF and by tin- V. S. DOK, Division of Chemical
Sciences, under Contract No. DIvACO5-SI0R21400, with Martin Marietta Energy Systems.
Inc., and bv U. S. DOK under Contract No. W-31-I09-KNG-38.
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POST-COLLISION INTERACTION IN ARGON PHOTOION DISTRIBUTIONS
MEASURED IN COINCIDENCE WITH K-L23L23 AUGER ELECTRONS

J. C. Levin (NIST), 1. A. Scllin (UT/ORNL), D. W. Lindlc (UNLV), R. D. Miller
(UT/ORNL), N. Brrrali Mansour (WMU), Y. Azuma (ANL)

The photoion charge distribution of argon following K-shcIl ionization or excitation is
a strong function of incident photon energy in the vicinity of the K-shell binding energy.
This is because of the large number of processes, both radiative and nonradiative, by
which a K vacancy can decay. We have measured Ar charge distributions, by time-of-flight
methods, in coincidence with Ar I\-L33I^3 Auger electrons selected by a cylindrical-mirror
analyzer. The coincidence requirement produces a much simplified charge distribution
whose properties as a function of photon energy can be more readily studied.

Using x-rays monochromatized by silicon crystals to narrower(« 0.4 eV) than the nat-
ural width of the Ar K vacancy level (x 0.7 eV), we find that essentially only Ar3+'Jl+^+ are
produced in coincidence with K-L23L23 Auger electrons. The relative abundances of these
three charge stales varies .strongly over just, a few eV as the photon energy is swept from
just below to just above the K binding energy of a 3206 eV. We find Ar3+ persists well
above threshold due to recapture of the K photoelectron into bound states of the residual
io
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FIG. 1. Excess Ar3+ in the vicinity of the K-ionization threshold measured in coincidence
with K-LJJL^ Auger electrons.

This work was supported in part by the NSF and by the U. S. DOE. Division of Chemical
Sciences, under Contract No. DE-AC05-840R21400, with Martin Marietta Energy Systems,
Inc.. and by V. S. DOK under Contract No. W-31-109-ENG-38.

X-Riy Resonance Raman Scattering al tht X* L3 Edge
X-24A

M. A. MacDonakJ (Daresbury), S. H. Southworth, J. C. Levin, A. Henins, R. D. Deslattes (NIST).
T. LeBrun, Y. Azuma, P. L. Cowan (ANL), B. A. Karlin (BNL)

Photoionization of an atomic inner-shell electron gives rise to an x-ray fluorescence
spectrum having characteristic energies, intensities, and line shapes. As the energy of the
incident x-ray is lowered to the region near and below the ionization threshold, virtual states
may be produced corresponding to excitation of the inner-shell electron to Rydberg orbitals. In
this case, the energies, intensities, and line shapes of the emitted x-ray spectrum are modified
and are sensitive to the precise energy and bandwidth of the incident x-ray beam. The x-ray-
in/x-ray-out process may be described as inelastic scattering, and the spectrum observed near
and below threshold corresponds to resonance Raman scattering [1].

We have recorded the Xe Lai , ; and LP2.is x-ray emission lines as a function of excitation
energy across the La edge. As shown, for example, in Fig. 1, the spectra exhibit variations of
energies, intensities, and lineshapes in qualitative agreement with the theory of x-ray
resonance Raman scattering [1].
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Fig. 1. Xe Lcti,2 x-ray emission spectra recorded across the La edge.

[1] J. Tulkkl, Phys. Rev. A 21, 3375 (1983).
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PHOTOFRAGMENTATION OF CF3C1 FOLLOWING PHOTOADSORPTION
IN THE Cl Is THRESHOLD REGION

W. L. Manner (UNLV), I- Steinbeck (UNLV), D. W. Lindlo (UNLV), J. C. Levin (NIST),
K. D. Miller (UT/OUNL), N. Keller (UT/ORNL), I. A. Sellin (UT/ORNL). V. Azuma
(ANI.). N. Berrah Mansour (WMU), and Magnus Westerlind (UT/ORNL)

Measurements of the photofragmentation of CF3OI in t h c d Is threshold region (photon
energies near 2.83 keV) have been performed. Following photoexcitation of a Cl Is electron,
Auger electron emission is the dominant decay mode. Furthermore, Auger decay of a
deep core level often occurs sequentially in a vacancy cascade, leading to high degrees
of iouization of the parent molecule. As a result of this high degree of ionization, the
photofragnient spectra of CF3CI contain primarily singly and multiply charged atomic
fragments, many with significant amounts of initial kinetic energy due to the fragmentation
process. A few ionic fragments (e.g. 01+ and CI!+) exhibit decreases in kinetic energy
following resonant excitation, relative to the kinetic energies observed off resonance. Also,
considerable amounts of kii,.-tic energies measured for C+ and C2+ fragments are attributed
to sequential fragmentation of CF3C1"+.
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X-24A

CHARACTERIZATION OF Sb ON GaP(llO) USING X-RAY STANDING WAVES

K. E. Miyano, T. Kendelewicz (Stanford), J. C. Woicik, P. L.
Cowan, C. E. Bouldin (NIST), B. A. Karlin (NSLS), P. Pianetta,
and W. E. Spicer (Stanford)

A variety of models for Sb / III-V-semiconductor interfaces
have been suggested in the literature.1-2 In the Epitaxial
Continued Layer Structure (ECLS) , the Sb atoms form zigzag
chains along the (110)-direction, occupying positions close to
those that the next layer of substrate atoms would have
occupied. The so-called p3-structure again involves zigzag
chains of Sb atoms, but in this case the chains are bonded to
the substrate only through Ga bonds to alternating Sb atoms in
the chain. Consequently, the chains in this model have a large
buckling, &±, with respect to the surface. The p3-structure has
been emphasized particularly for phosphide substrates3 because
the Sb-P bond is not found in any bulk compounds. Additionally,
total energy calculations2 have found that another pair of
structures provides local minima. These are called the
Epitaxial On Top Structure (EOTS) and the Epitaxial Overlapping
Chain Structure (EOCS). Both models involve Sb chains bonded
directly above the surface-most chains of substrate atoms.

The XSW technique has been used to determine key structural
parameters from the 1 ML Sb / GaP (110) interface and
distinguish between the various models. The buckling of the Sb
chains has been measured to be 0.04 ± 0.10 A, and the
displacement of these chains above the extrapolated GaP bulk
plane is established to be 2.31 ± 0.10 A. The latter value is
asserted to represent the distance between the Sb chains and the
Gap surface layer. This distance clearly disagrees with the
EOTS value computed by LaFemina et al.' Also the experimental
buckling strictly rules out the p3-structure/ implying the
existence of the Sb-P bond at this interface. The standing wave
results are in best overall agreement with the ECLS geometry in
which the Sb atoms occupy sites near the next extrapolated layer
of substrate atoms.''

1. P. Skeath, I. Lindau, C. Y. Su, and W. E. Spicer, J. Vac.
Sci. Technol. 12, 556 (1981).

2. J. P. LaFemina, C. B. Duke, and C. Mailhiot, J. Vac. Sci.
Technol. B £, 888 (1990).

3. R. H. Williams, D. R. T. Zahn, N. Esser, and W. Richter, J.
Vac. Sci. Technol. B 2, 997 (1989).

4. K. E. Miyano, T. Kendelewicz, J. C. Woicik, P. L. Cowan,
C. E. Bouldin, B. A. Karlin, P. Pianetta, and W. E. Spicer,
Phys. Rev. B M., 6869 C992).



X-24A
Ar K-Shell-to-L-Shell Vacancy Cascade Processes

S. H. Southworth (NIST) and M. A. MacDonak) (Daresbury)

The decay of inner-shell vacancy states by the emission of Auger electrons is a commonly
observed process in electron spectroscopy studies. Direct ejection of an L-shell electron from
Ar by excitation using soft x-rays or an electron beam produces the well-known LMM Auger
spectrum [1].

We have used beamline X-24A to record electron spectra of Ar produced by photoexcitation of
a K-shell electron into the 4p Rydberg orbital or into the continuum. The K-shell vacancies
decay primarily by KLL Auger processes, leaving the atom in double L-vacancy states, which
further decay by LMM Auger processes. As shown, for example, in Fig. 1, the LMM Auger
spectra produced by vacancy cascades are strongly modified in comparison with the direct
excitation spectrum [1]. The cascade LMM spectra exhibit strong underlying continua and
discrete peaks resulting from transitions between complex arrays of multi-vacancy states.

X - 2 4 A
Ar K-Shell Electron Spectroscopy

S. H. Southworth (NIST), M. A. MacDonald (Daresbury), T. LaBrun, Y. Azuma (ANL),
B. A. Karlin (BNL)

Electron spectroscopy can provide a sensitive probe of atomic inner-shell excitation and
decay processes. We have recorded Ar 1s photoelectron spectra and KLL Auger electron spectra
produced by photoexcitation of a 1s electron into the 4p Rydberg orbital or into the continuum.
Variations in the KLL Auger spectrum were observed as the incident x-ray energy was tuned to
the 4p resonance, to just above the ionization threshold, and to above the region of double
excitations [1].

As the energy of the incident x-ray beam was lowered close to the ionization threshold, the
1s photoelectron line was observed to become increasingly broad and asymmetric. This effect is
attributed to the post-collision interaction (PCI) between the slow photoelectron and fast Auger
electron (2). PCI connects the photoionization event with the Auger decay and demonstrates that
they must be considered as a single, unified process.
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Fig. 1. Ar LMM Auger spectrum produced by K-shell vacancy cascades

[1] L. O. Werme, T. Bergmark, and K. Siegbahn, Phys. Scr. a, 149 (1973).
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X24A
THE ROLE OF SUBSTRATE SYMMETRY ON Sb ADATOM STRUCTURE AT Si

SURFACES AS DETERMINED BY THE X-RAY STANDING WAVE TECHNIQUE.

J.C. Woicik (N1ST), T. Kendelewicz (Stanford U.), K.E. Miyano (Stanford U.), A.

Herrcra-Gomez. (Stanford U.), P.L. Cowan (ANL), B.A. Karlin (NSLS), C.E. Bouldin

(NIST), P. Pianetta (Stanford U.), and W.E. Spicer (Stanford U.).

The x-ray standing wave technique has been used to study the role of substrate symmetry

on the bonding structure of Sb adaioms on Si surfaces. Using the back reflection diffraction

geometry from (111) and (400) planes, we determine the Sb adatoms to reside 2.52 and 1.64 A

above the topmost Si atoms of the Si(l 11) and Si(100) surfaces, respectively. This large

difference in perpendicular distance is attributed to the Sb atoms either sitting atop or bridging

the first layer Si atoms and is a direct consequence of the different substrate symmetry. In the

former case, Sb trimers occupy threefold sites where each first layer Si atom previously had one

dangling bond. In the latter case, Sb dimers occupy twofold sites where each first layer Si atom

previously had two dangling bonds. In both cases, the Sb atoms are threefold coordinated.

Top

Si(111)V3xV3-Sb

&

Si(100)2x1-Sb

Side 2.52 A 1.64 A

X24C

EFFICIENCY OF SOFT X-RAY DETECTOR PHOSPHORS
E. L. Benitez, D. E. Husk, and S. E. Schnatterly (University of Virginia)

Phosphors arc used in detectors to convert soft x-rays to visible light. We have per-
formed photoluminescent efficiency measurements in the 5-50 eV range on a variety of
phosphors: Y2O2S:Eu, Y2O3:Eu,.La2O2S:Tm, Gd2O2S:Tb, ZnO:Zn, and Sr5Cl(PO4)3:Eu.

We have modeled the phosphor efficiencies using a formula based on surface recom-
bination of electron-hole pairs and inelastic electron scattering data for the absorption and
reflection coefficients of the materials. In previously published papers' we have fit the
model to the measured efficiencies up to 160 eV. We have obtained excellent fits which
provide values for the diffusion length, surface recombination velocity, and bulk quantum
efficiencies of the materials. Fig. 1 shows the absorption coefficient of La2O2S:Tm as
measured by inelastic electron scattering. Fig. 2 shows our measured efficiency of the
phosphor (squares) and the efficiency obtained from the model and the absorption coefficient
(line) The efficiency of the phosphors below 40 eV is of particular interest since the ab-
sorption coefficients in that energy re-
gion are on the order of the diffusion
length and contain multiple peaks. In
addition, removing the effects of
surface recombination from the data
may reveal structure due to other pro-
cesses affecting the photoluinines-
cence near the bandgap energy.

At X24C it is now possible for
us to reduce the uncertainties in our
earlier data and to extend our mea-
surements down to 5 eV. Initial an-
alysis indicates that at the lower
energies surface recombination re-
mains the dominant source of struc-
ture in the energy dependence of the
efficiencies of these phosphors.

40 80
Energy (eV)

120 160

>• E. L. Benitez, D. E. Husk, C. Tarrio, and S. E. Schnatterly, Appl. Phys. Lett. 59, 396

(1991); E. L. Benitez, D. E. Husk, S. E. Schnatterly, and C. Tarrio, J. Appl. Phys. 70,

3256(1991).
Research supported by National Science Foundation Grant DMR-88-19052.



X24C
REFLECTANCE INTERFERENCE FILTER FOR HARMONIC REJECTION IN THE VUV
W.R. Hunter (Sachs Freeman Assoc.) and J.P. Long (Naval Research Lab)

Synchrotron radiation which has passed through a grating monochromator contains
radiation at harmonics of the fundamental. The presence of harmonics complicates most
VUV spectroscopies, but unfortunately the means of its elimination are limited. Transmission
filters are often inadequate because they lack tunability and unduly attenuate the
fundamental in experiments with low count rates such as the photoelectron spectroscopy of
laser-excited states as pursued on X24C. Here we show that a thin-film reflection
interference filter (RIF), designed to have an interference-notch in its reflectance at the 2nd
harmonic, as seen in Fig. 1, is a promising alternative. It is an attractive feature of the RIF
that the energy-location of the interference-notch can be tuned by adjusting the angle of
incidence. In fact, the interference condition (modified Bragg law) is mathamatically identical
with the grating equation, with the result that if one of th j qratings in a double plane-grating
monochromator is replaced with a RIF, the reflectance minimum at the 2nd harmonic will
automatically track the fundamental over a range limited only by the hv-dependence of the
RIF's optical constants.

We have compared the harmonic rejection of a:; oxide-stripped Si mirror, denoted
here as a CAM (critical angle mirror), to a RIF formed by an oxidized silicon film on a SiO2

substrate. In Fig. 1, which shows an extended hv scan of the reflectance of the RIF, two
strong interference notches are evident. Figure 2 compares the hv-dependence of the
reflectance at the fundamental and its 2nd harmonic for the Si CAM and the RIF, where at
each hv the angle of incidence was set to the value which would have obtained for that hv
if the mirror had been used as an element in our monochromator. Because the fundamental
throughput of these two reflectors differs, which is best for a particular application depends
on the initial signal-to-noise ratio.
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PHOTOEMISSION FROM LASER-EXCITED STATES ON GaAs (110)
X24C

J.P. Long, S.S. Goldenberg, M.N. Kabler (Naval Research Lab)

Within the last decade, the domain of photoelectron spectroscopy has been extended
with the use of laser-based UV sources to include surfaces electronically excited by pulsed-
laser pumping. Unfortunately, the tunability and wavelength range of laser-derived sources
is presently extremely limited compared to that available from synchrotrons. Here we
demonstrate that the large instantaneous intensity of synchrotron pulses in single-bunch
operations makes possible synchrotron-based photoemission measurements of states which
have been transiently populated by laser pumping.

Cleaved GaAs possesses a normally unoccupied surface state band with a local
minima at 5C in the surface Brillouin zone. This minima is nearly degenerate with the
conduction band minimum and is accessible to electroi . promoted by visible laser radiation.
The electron energy distribution curves in Fig. 1 show the band gap region for both n- and
p-type samples as measured by overlapping the 0.5-ns synchrotron pulse with a 5-ns copper-
vapor laser pulse (hv=2.43 eV). The narrow, resolution-limited peak originates from laser-
pumped electrons residing in the X" surface state pocket. By varying the relative time delay
between synchrotron and laser pulses, we find this laser-excited population decays within
about 2 ns. The results of tuning the synchrotron photon energy hv are given in Fig. 2. As
anticipated for states in a dispersionless pocket of k-space, the excited-state peak advances
linearly with hv, as substantiated in the inset. The upper hv-range is limited here by a LiF
filter, without which the weak excited-state signal is obscured by electrons photemitted by
higher harmonics in the grating-dispersed radiation, a problem which must be solved if the
tuning range is to be extended.
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SOFT X-RAY OPTICAL PROPERTIES OF DIAMOND

J.C. Rife and J. Nithianandam (Naval Research Lab)

We have determined the optical constants of bulk diamond with

high energy resolution near the carbon K edge from reflectance

measurements. The sample was a bulk crystal polished to a rms

roughness of better than 7 Angstroms over the spatial periods

leading to scattering losses at these photon energies and grazing

angles. We measured the reflectance at 5 degrees grazing in s

polarization at energies from 200 to 600 eV. Resolving power of

the GCM monochromator was better

than 1200 with two 2400 g/mm

gratings used on—blaze and in—

tandem. We derived the optical

constants n and k from a

Kramers—Kronig inversion of data

from 1 to 10,000 eV where

extrapolations were made to match

reflectivities based on Palik's

optical constants at low energy

and Henke's scattering factors at

high energy. The glitch at 270 eV

is due to background subtraction

difficulties at the very low pre—

edge reflectivities. The

extinction coefficient, k, reveals

spectral features due to

conduction band final states and

EXAFS. Photoemission partial-

yield measurements show values of

the absorption coefficient in

qualitative agreement.

PERFORMANCE OF CONCAVE MULTILAYER-COATED GRATINGS
OPERATING NEAR NORMAL INCIDENCE IN THE 136-300 A REGION

X24C

ENERGY ( eV )

100

J. F. Seely, H. P. Kowalski, J. C. Rife, W. R. Hunter, G. E. Holland, C. N.
Boyer, C. H. Brown (NRL), and T. W. Barbee, Jr. (LLNL)

Newly-developed multilayer coatings
that have high reflectance below 300 A
have opened the possibility of building
high-throughput spectrometers that
operate near normal incidence. The
multilayer coating can be matched tc the
blaze angle of the grating substrate so
that the grating operates on-blaze in
wavebands of spectroscopic interest with
an efficiency that can be orders of
magnitude higher than that of a similar
gold-coated grating.
Multilayer Mo/Si coatings were applied

to ruled replica grating substrates.
The grating substrates were concave with
2.2 meter radius of curvature, had 2400
g/itim, and nominal blaze angle of 2°.
The reflectances of the witness flats
and the efficiencies of the multilayer-
coated gratings were measured using the
reflectometer-monochromator on NSLS
beamline X24C. Typical results are
shown in the Figure, (a) shows the
reflectance of the witness flat in the
first (n=l) and second (n=2) Bragg
orders measured at an angle of incidence
of 20°. The calculated reflectances of
the witness flat at 20° and 4° angles of
incidence are shown by the solid and
dashed curves in (b), and for comparison
the normal-incidence reflectance of a
gold coating is shown by the dot-dashed
curved in (b). The measured
efficiencies of the multilayer and gold
gratings are shown in (c) for an angle
of incidence of 14.5° and in the first
outside grating order. The peak

f f i i i 25% d 15%

ENERGY ( eV )

g g p
efficiencies were 2.5% and 1.5% at
wavelengths of 290 A and 151 A. These
efficiencies were factors of 4 and 200
greater than the corresponding
efficiencies of the gold grating.
Research was supported by ONR project
AHCORS.
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X24C
Optical Characterization of Densities of Traps and Dielectric
Dispersions in Si/SiO2 Interfacial Region of Si-MOSFETs
H. F. Wei (Dartmouth College), W. R. Hunter (SFA, Inc.), J. C. Rife (NRL),
T. L. Hochwitz, A. K. Henning (Dartmouth College), J. Slinkman (IBM)

This work establishes the experimental procedure to characterize densities of traps and
dielectric dispersions in the interfacial region of gate dielectric (S1O2) with bulk silicon of Si-
MOSFETs. Variable-angle-of-incidence spectral reflectance experiments were performed on
thermally oxidized silicon wafers, at photon energies from 5 eV to 12 eV, for a total of 5 angles
of incidence at each photon energy.

Four-phase Fresnel reflection equations were solved numerically by tracing angle-of-
incidence-dependent isoreflectance curves in the refractive index and extinction coefficient (n
and k) plane, to yield spectral complex index of refraction (n-/k) of the Si/SiC>2 interfacial layer,
such as shown in Figure 1, using a robust tracing algorithm' based on the isoreflectance
tracing concept of Hunter.2 Optical data of bulk a-SiO2 film is from Philipp.3 The absorption
spectra and dielectric dispersion of the interfacial layer in a sample (57 A bulk thermal SiO2
film with an interfacial layer of 13 A on silicon) are determined, as shown in Figures 2 and 3
respectively, compared with those of a-SiO25 and a-SiO/* Shown in Figure 4, this inierlayer
absorption spectrum in excess to that of a-SiO2 is deconvolved into the 6.5 eV (unknown
chemical origin) and 7.8 eV (OH) bands. Using an optical sum rule^ the defect stales in each
band are found to be 2.1xlO21 cm3 for the 6.5 eV band, and 1.6xlO21 enr3 for OH band.
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[1] H. F. Wei, A. K. Henning, J. Slinkman, and W. R. Humor, J. Eleclrochcm See, 139(6) p.1783 1992
[21 W. R. Hunter, J. Opt. Soc. Am., 55(10), p.l 197, 1965
[31 H. R. Philipp, in Handbook of Optical Constants of Solids, cd. E. D. Palik, (Academic Press, 1985), p.749
[4] H. R. Philipp, in Handbook of Optical Constants of Solids, cd. E. D. Palik, (Academic Press, 1985), p 765
[5] D. L. Dexter, Phys. Rev., vol.101, no.l, p.48, 1956
This work was supported by an IBM-Shared University Research Grant.
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AN ADAPTIVE CRYSTAL BENDER FOR HIGH-POWER SYNCHROTRON RADIATION BEAMS

L.E. Berman and J.B. Hastings (NSLS)

Perfect crystal monochromators cannot diffract x-rays efficiently, nor
transmit the high source brightness available at synchrotron radiation
facilities, unless surface strains within the beam footprint are maintained
within a few arcseconds. Insertion devices at existing synchrotron sources,
such as the X25 hybrid wiggler at the NSLS, already produce x-ray power
density levels that can induce surface slope errors of several arcseconds on
silicon monochromator crystals at room temperature, no matter how well the
crystal is cooled. The problem will worsen by as much as a factor of 100 at
third-generation insertion device beam lines. One method of restoring ideal
x-ray diffraction behavior, while coping with high power levels, involves
adaptive compensation of the induced thermal strain field. A silicon crystal
bender that was designed for this purpose is shown in the photograph below
right, and has been tested and installed in the X25 beam line. A bending
torque about the base of the triangular silicon wafer is applied via a
piezoelectric inchworm actuator that pushes on the apex from below, inducing
a concave-upward cylindrical bending of the wafer. A gallium-indium liquid
eutectic interface thermally couples the wafer to a water-cooled copper
block. Shown below are rocking curves for (a) the Si(111) fundamental
reflection at 6.17 kev and (b) the simultaneous si(333) harmonic at
18.51 keV, which illustrate how the convex thermal distortion can be
compensated through application of the proper bending moment. These were
measured using the unfocussed wiggler white beam in the X25 hutch, with a
beam power density of 0.5 w/mm and total power of 125 W. The uncompensated
curves were associated with the wafer as
installed, prior to bending. The
compensated curves show modest intensity
and width improvements for the
fundamental, but substantial ones for
the sensitive harmonic. The compensated
harmonic curve is even slightly better
than the heat-filtered curve, which was
measured from the wafer as installed
(without bending) under very low power
loading. This shows that in addition to
compensating for the thermal distortion,
the bender can also partially compensate
for the intrinsic mounting distortion.
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This work was supported by the DOE under Contract No. DE-AC02-76CH00016.



X25,X27A,X27C

DIAMOND CRYSTAL X-RAY OPTICS FOR HIGH-POWER-DENSITY SYNCHROTRON
RADIATION BEAMS

L.E. Herman, J.B. Hastings, D.P. Siddons, M. Koike, and V. Stojanoff (NSLS)
and H. Hart (U. Manchester)

In order for perfect crystals to both diffract x-rays efficiently and
faithfully preserve the high source brightness, Bragg plane slope errors and
dilations induced by the incident power should be considerably smaller than
both the Darwin angular width of the Bragg reflection and the photon beam
opening angle, typically a few to several arcseconds alike. Traditional
silicon and germanium crystal moncchromators used at existing insertion
device beam Jines have already failed in this regard; the problem will worsen
by up to a factor of 100 at third-generation beam lines. To solve this
problem, we have examined the feasibility of using diamond as a
high-power-density x-ray monochromator crystal by performing tests using the
X25 doubly-focussed wiggler white beam, which is capable of providing a
200 W/mm power density. Diamond, if available as a perfect single crystal,
is an attractive high-power monochromator material, since its thermal
conductivity at room temperature can be 15 times higher than silicon's while
its thermal expansion coefficient is about half as much, yet its x-ray
scattering power is similar to silicon's. Artificial high-purity single
crystals are available commercially, and they can be grown using
isotopically-enriched carbon so as to further increase the thermal
conductivity by as much as 50%. Two synthetic (100)-oriented diamond crystal
slabs, grown from carbon enriched to 99.99% C, were purchased from
GE Superabrasives. From rocking curve and transmission Laue topography
examination on the bending magnet beam lines X27A and X27C respectively, one
of the samples was found to be perfect, and was subsequently tested on X25.
For cooling, the crystal was set afloat a gallium-indium liquid eutectic
layer spread over a water-cooled copper block. The (400) Bragg reflection
from the diamond was probed using a slightly-dispersive Si(440) analyzer
crystal at 21.7 keV. The observed rocking curves under high- (91 W/mm p
density) and low-power conditions are shown below left. The two curves
overlap, indicating no thermal distortion at high power. For comparison,
another Si(440) crystal of the same thickness as the diamond was substituted
for the diamond, and its rocking curves under similar high- (67 W/mm ) and
low-power conditions are shown below right. The excess curve width under
high power arises entirely from substantial thermal distortion. In another
rocking curve test of the diamond at 207 W/mm power density, an integrated
thermal distortion of just 1 arcsecond was revealed.

Intensity Fluctuation Spectroscopy using Coherent X-rays Beamline X25
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This rfork was supported in part by the DOE, Contract No. DE-AC02-76CH00016.

E. Dufitsne, R. Brining, M. Sutton (McGill University), G.B. Stephenson (IBM), B. Rodriclcs (APS),
C. Thompson (Polytechnic University), S.E. Nagler (University of Florida).

a-

Figure 1: Speckle pattern of C113A11 (100)
obtained at room temperature after the sam-
ple was ordered for 16 h at 373"C The beam
was collimated with a 7.5 jim pinhole and the
pattern was collected for 2 minutes. The data
is converted to an inverted grey scale ranging
from 0 to 40 photons.

Time

Figure 2: Time series of a row of the CCD
array. The patterns were collected for 1 minute,
obtained with a 15 /xm pinhole and the sample
was quenched from T - 436 to 365° C. The
time axis ranges from i = 120 s to i = 6.3 h.
Black corresponds to 30 photons.

We previously demonstrated the use of coherent x-rays
to observe a speckle pattern. The speckle pattern is caused
by the coherent diffraction from antiphase domains in C113A11
[Ij. If the domains structure coarsens, then the speckle pat-
tern will fluctuate in time [2]. In order to better understand
these fluctuations in the time domain and in q space, we
have used a CCD detector to acquire speckle patterns of
CU3AU as it orders in a quench from above to below Tc.

We use a double crystal Si(lll) monochromator set to
1.77A. Transverse coherence over the scattering volume is
obtained by placing a 7.5 /xm diameter pinhole 28 m from
the source. The detector is a virtual phase CCD array [3],
directly exposed to the x-rays and placed 1 m behind the
jiinhole. It contains 584x400 square pixels of size 22.4 /im.
The size of a single speckle is of the order of the Fraun-
hofer diffraction pattern of the pinhole and the size of a
pixel matches the calculated speckle size of 25 /im. With a
counting time of two minutes, we can take several hundred
diffraction patterns during the annealling of our crystal.

Figure 1 shows the central 200x200 pixels of the CCD
array for the diffraction pattern of CusAu (100). The sample
has been quenched to room temperature after ordering for 16
h. One can notice large intensity variations modulating the
peak, which are typically a few pixels wide. The modulation
of the overall peak is the speckle produced by the coherent
interference of the scattering by the domains. Each pixel
corresponds to an angular range of 22 /iradians.

Figure 2 shows a single row of the CCD array as a func-
tion o( time. These patterns were obtained using a 15 /im
pinhole during an anneal at 365°C after a quench from
T = 436°C. One can observe the global increase of in-
tensity and a sharpening of the overall peak due to domain
coarsening. The streaks indicate that the dominant speckles
arc fixed in q and that they grow in intensity. A single pixel
has a behaviour in time similar to that shown in the last
report[2].

We are in the process of analysing the time dependence
and the q dependence of these speckle patterns in more de-
tail.
[1] M. Sutton et al, Nature, 352, 608 (1991)
[2] M. Sutton et al, NSLS Annual Report, BNL 52317, 293
(1991)
(3) R. Clarke, B. Rodricks and R Smither, Rev. Sci. In-
strum.,60(7),2280(1989)
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X-RAY POWDER DIFFRACTION OF COMPRESSED FUILERITE (C™)

S.D. Kosowsky. C.-ll. Hsu. Nil. Chen, F. Moshary. l.F. Silvia, and l'.S. Pershan (Harvard H.)

X-ray powder diffraction has been utilized to sluily a new phase or carbon called collapsed fullcntc
(CF) 'J'iii' samples were prepared In placing f',;„ powder in a gasket then pressurizing it to -50 GPa in a
diamond anvil cell (DAC) al room •<••.iporal.ur.-. Tl,«- released sample shows a semi-transparent yellowish
color and its Hainan spectrum and optical absorption si nun an- different from that of .uncompressed
C6o and amorphous carbon'.

In addition to the parasitic HiagK peak* from the lead shield and the stainless steel gasket of sample # 1 ,
and the rhenium gasket of sample '#-'. no sharp structure was observed in Hie powder diffraction spectra of
cither CF sample. The wave vector region near the diamond! Ill) peak for sample #1 (•), Ceo powder (•)
and 1-2 micron sized powdered natural diamond gril ( - ) . which are placed in almost identical gasket/shield
assemblies, are displayed in Fig. la. The absence of Ihe intense diamond! 111) peak at Q=3.05<. in CF and
Coo samples indicates «o measurable residue of diamond in either sample. The broad peaks at 3.02A and
3 09A-' arc identified as the stainless steel peaks by comparing the above spectra with powder diffraction
data of a piece of T301 stainless steel flow I lie same stock (A). Fig. lb depicts a superposition of the data
from CF sample #1 (•) and from (V,n (•) in the region near the Cro(lll) peak, Q=0.77A '. The absence
of any measurable- trace of the (l.TTA"1 peak in the CT data demonstrates that the C'co content Or the CF
sample is less than 1%.

From the x-ray powder diffraction results, we conclude that no measurable traces of diamond, graphite
or residual Cm wen; found in our C T samples; CF appears to have a flat featureless sped rum in the region
of study, Q< 5.8A"1.

Figure 1. X-ray scattering data
from CF sample #1 (•), Ci0 (D).
find tliiiinoml grit {~ ) ill 'lie re-
gion nt-ar (a) diamond(lll) peak
and (l>) Cco(lll) peak. (A) depicts
(lie Wilfiaction data from .1 piece of
T:)l)l stainless stoll.

' F . Moshary, N.ll . Chen. l.F. Silvera. C.A. Urown, II.C. Horn. M.S. de Vries and D.S. Bethune, l'hys. Rev.

Lett., GO, 466 (1!M)2).

Work supported by the 1)01). Materials Scien.e and Division of Chemical Sciences under Contract. No.
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THK I;1-THCT OF TUB LONOITUPINAl. COHfcRENCU LbNC-lH ON THE
CROSSOVER FROM INCOHERENT TO COHERENT DIFFRACTION

R. Pindnk. R M Fleming. 1 K Robinson (AT&T Bell I.abs) and S B. Dierker <U. of
Michigan)

In anticpation of our proposed experiment to measure the dynamics of charge
density waves (CDWs) in K() ,MoO3 . we studied the constraints placed on this
experiment Hy the size of Ihe longitudinal coherence length of the beam, zc. We
used Sif 1.1.1) monochromator crystals and 1 5A x-rays which resulted in
zc=X(X/A>.)=l lum For diffraction from Bragg peaks along the crystal normal
direction, the maximum optical path length difference. OPI.D. which occurs in the
scattering volume depends on the scattering angle and the x-ray absorption length,
S. through the relation OPLD'2osin ;(H). For coherent diffraction to occur, the
condition zc>OPLD must be satisfied In Ku 3MoO3 this condition will be met
provided 2#; i I9 o The accompanying figure summarizes our measurements which
demonstrate this effect. In the curve for the (804) peak, the OPDL>zc and only a
single incoherent Bragg peak is observed (neglecting the "ripple" which is an
artifact due to angular fluctuations in
the incident beam) In striking _
contrast, in the curves for the (402) and
(20T) peaks, the OPLD«z,. and
"speckle" structure appears within the
Bragg peaks due to the interference of
coherent x-rays diffracted from
different crystal domains
Unfortunately, the preeceding result
had a negative impact on our proposed
experiment. Since CDWs are a
displacive phenomena, the intensity of
the CPW peaks scales with Q : and only
for 26 values 5: 30° was there
sufficient intensity in the CDW peaks.
As seen in the accompanying figure.
such peaks were slightly outside our •
coherent diffraction range In our next
run, we will use Si(2,2.0)
monochromator crystals which will
provide a factor of two gain in energy
resolution, and hence, in longitudinal
coherence length bringing the intense
CDW peaks in range.
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The APS Photon Transmitting Beam Position Monitor Tests at NSLS
X-25 Beamline*

D. Shu, J. T. Collins, J. Barraza and T. M. Kuzay
(Advanced Photon Source, Argonne National Laboratory)

A synthetic diamond-based photon transmitting beam position monitor (PTBPM) has been
studied by focused white beam at the NSLS X-25 wiggler beamline. Of particular interest are the
possibilities to design an integral window and filter/photon beam position monitor for the APS high
heat flux insertion device beamlines,

The preliminary PTBPM measurements were taken using two synthetic diamond blade samples
with different thickness and cooling configurations. The PTBPM (consisting of a vacuum vessel, an
ion pump, a water cooling base, a blade mounting block and electric feedthroughs) was mounted on
a three-dimensional (x.y.O) stepping-motor-driven stage with a 0.064 /im stepping size and a 0.1
urn linear encoder resolution. A infrared camera system was used to monitor and record the
diamond blade surface temperature field through a sapphire window.

Figure 1 shows the photoelectron total yield from the PTBPM as a function of its vertical position
during scanning across the X-25 white beam focal spot. Submicron monitor sensitivity was
observed during the test. Figure 2 shows the infrared camera image when the focused beam
impinged en the blade at a 45 degree incidence angle. The total power of the focused beam was
about 61.5 W with 0.8 mm X 0.4 mm FWHM spot size as reported by Dr. Lonny Berman INSLS,
BNL).

APS/XFD PTBPM TEST AT X-25

MonitorVtnical Poiiiion (mm) FiaUrfi 2

Figure 1

"Patent applied for ANL-IN-92-28,1992

Research supported by the Department of Energy under Contract W-31-109-ENG-38.

CONSIDERATIONS IN THE CHOICE OF A WAVELENGTH RANGE FOR
WHITE-BEAM LAUE DIFFRACTION

Robert M. Sweet1, Paul T. Singer2, Arne Smalas3

Biology Department, Brookhaven National Laboratory, Upton, New York 119731; Biology
Department, Argonne National Laboratory, Argonne, HI. 604392; Inst. of Math, and Phys,
Sci., Univ. of Tromso, N-9000 Tromsd, Norway3

Ttw white-beam Laue diffraction method is a useful tool for rapid measurement of
crystallographic intensities with synchrotron radiation. Data collected at beamline X25 on
crystals of the protein trypsin suggested that there waj a strong wavelength dependence to
the signal-to-noise ratio that one observes. This effect comes largely from the X2

dependence of scattering: long wavelength background swamps short wavelength data. This
suggests that it will pay to limit the wavelength range to something like an octave. This
rule-of-thumb has the added advantage that there will be significantly fewer diffraction spots
that are overlapping harmonics of one another. To maximize the number of reflections
recorded in a single stationary-crystal exposure, one should choose this octave of
wavelengths in a region where the curvature of the Ewald sphere is greatest, that is at the
longest wavelength allowable after considerations such as specimen damage and x-ray
absorption are taken into account. Beamline X25 of the National Synchrotron Light Source
at Brookhaven National Laboratory is supported by the Division of Basic Energy Sciences
of the U.S. D.O.E. One of us (PTS) was a Hollaender Fund Fellow.
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Magnetic Critical Scattering in Holmium

T. Thurston (BNL),D. Gibbs (BNL),). Hill (MIT), G. Shirane (BNL) and B. Gaulin (McMastcr)

A number of studies have shown thai the the critical exponent v-0.5 for neutrons and
order parameter of a phase transition can be di-v~1.0 for x-rays.
rectly measured using magnetic x-ray scattering A number of factors could explain the differ-
techniques.1 However, until now no measure- ence between the x-ray and neutron results. The
mem of the short range critical correlations most likely explanation is that the magnetism
above a magnetic transition has been per- within a mesoscopic distance of the surface
formed. This report describes measurements of comparable to the x-ray penetration depth
the short range magnetic correlations in the <~0.3|im at 8064eV) is drastically different
spiral antiferromagnet holmium at X-25. Pre- from the bulk. Evidence which lends credence
liminary x-ray experiments were done at X-22, to this conclusion is that the nonresonant x-ray
and neutron scattering measurements were also results where the penetration depth is -l[im
performed on the same sample at the HFBR so are closer in magnitude to the neutron results
that the x-ray and neutron techniques could be than the resonant x-ray results. Further, analo-
comparcd directly. The neutron work confirmed gous surface sensitive mesoscopic magnetic cf-
and extended previous results on a different fects have been observed4 in Mno.5Zno.5F2. Fu-
sample.2 ture experiments where the surface is prepared

Holmium was studied because of its large in different ways should resolve this issue,
moment (-10 Bohr magnetons) and because it
has already been carefully examined in previ- 'A. Goldman el.al. Phys. Rev. B 36, 5609 (1987)
ous3 resonant scattering work. The system un- 2B,D. Gaulin et.al. J. de Phys. C8 327 (1988).
dergoes a number of magnetic phase transitions, 3D. Gibbs el.al. Phys. Rev. B 43, 5663 (1991).
but the one of current interest occurs at 131.1K. 4 J P , H m eU\. p n v s . R e v . Lett. 66,3281 (1991).
The spin system is disordered above this tem-
perature, and below it orders in an incommensu- Holmium ( 0 , 0 , 2 - T )
rale spiral structure. 10"*

The figure shows the inverse correlation
length, K, extracted from fits to lorentzians of
transverse scans at temperatures above the
transition. In one set of x-ray experiments, the 1" '
photon energy was set at 8064eV, the t/// ab-
sorption edge for holmium. In a second set of x-
ray experiments, the photon energy was set at f^..-;
7800eV, far away from the edge. It is clear "£
that the peak broadens significantly above the
transition, indicating that x-rays are measuring
short range magnetic correlations. The x-ray IQ-
results at the two photon energies also appear
to be systematically different. However, the
most striking result is that the x-ray and neu-
tron results disagree in both their magnitude 10"
and temperature dependence, with the neutron NT4 10"3 10'2 10"1

results for K one order of magnitude larger and (T-TK)A»
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X-ray fluorescence microprobc measurements o f trace e lements in kamacite in
octahedri tet

S. Bajt, S. R. Sutton
Department of Geophysical Science! and Center for Advanced Radiation Sourcef, The University
of Chicago, Chicago, IL 60637

K. L. Rasmur^en
Department ol Fhysics, University of Odenie, Campusvej 55, DK-5320 Odenie M, Denmark

Kamacite competition! have been determined using the X-ray microprobe (XRM) at the beam-
line X26A at the National Synchrotron Light Source (NSLS), Brookhaven National Laboratory,
USA. The XRM utei synchrotron radiation and has been used to itudy trace element chemiitry
of varioui material! (e.g., Sutton et al. 1987, Flynn and Sutton, 1992). The XRM has detection
limit! near 1 ppm in tern of (jm' for many element!.

The concentrations of Fe, Co, Ni, Cu, Ga, Ge and Ai have been measured in different generations
of kamacite lamellae in the iron meteorites Cape York (1IIAB), Buenaventura (I1IAB), Odessa
(IAB) and Toluea (IAB). In the Cape York meteorite the differences in concentrations of Ni
between earlier and later generation! of kamacite lamellae (Rwmujien, 1989) are found to be
less than 1%. It is conceivable that nucleation controlled differences between different generations
of kamacite lamellae will result in differences in trace element contents of the kamacites. An
alternative explanation could, however, be that the diffusion induced disequilibrium profiles are
present in the kamacite lamellae, and that these are dominant. Presently we have too few data
to distinguish between these two scenarios.

Measurements of trace element partitioning between taenite and kamacite with the PIXE-probe
have shown that other elements besides Ni might be used for cooling rate determination, pro-
vided their diffusion speeds and phase diagrams are investigated (Bsjt and Rasmussen, 1991).
Precise measurements of kamacite composition might reveal at what temperatures the kamacites
nucleated, and help establish the high temperature thermal history of octahedrites.

Referenced [I] Sutton S. R., Delaney J. S., Smith 1. V., and Print M-, Geochim. Cosmochim.
Acta, 51, 2653-2682 (1987). [2] Flynn G. J. and Sutton S. R., Proc. Lunar Planet. Sci. Vol. 22,
171-184 (1992). [3] Rasmuisen K. L. Icarus, 80, 315-325 (1989). [4] Bajt S. and Rasmussen K.
L., Meteoritics (abstract), 26, 314 (1991).
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Toxic Metal Oxidation States in Low-level Radioactive Wasteforms: Initial
Chromium X A N E S Resul ts

S. Bajt, S. R. Sutton, M. L. Rivers, i. V. Smith
Department of the Geophysical Sciences and Center for Advanced Radiation Sources, The
University of Chicago, Chicago, 1L 60637

S. B. Clark, D. Hunter, P. Bertsch
Savannah River Ecology Laboratory, Drawer E, The University of Georgia, Aiken, South
Carolina 29802

C. A. Langton
Wcstinghousc Savannah River Company, Aiken, SC 29808

K. W. Jones
Department of Applied Science, Brookhaven National Laboratory, Upton, NY 11973.

The chemical speciation of toxic metals and radioactive species in low-level tadioactive
wasleforms is of interest in understanding leaching properties. X-ray absorption near-edge
structure (XANES) is being explored as a method for oxidation state determination. X-
ANES spectra arc obtained with the synchrotron-based X-ray microprobe at the National
Synchrotron Lighi Source (beamline X26A), Brookhaven National Laboratory. Quantifi-
cation of Cr'+ contents has been the target of our initial work. Spectra of pure oxide
compounds of known Cr'+ composition (e.g., NajCrOj) were used to generate a calibra-
tion regression line of pre-edge peak intensity versus Cr'+ content. The initial results
show that Portland cement based wasteform contains predominantly Cr'+ whereas slag
cement based wuteform contains predominantly Cr . Chromium reduction in the p-
resence of Fe3+ and S~ containing phases in ground and raw slag-bearing sample) was
a roughly exponential function of temperature with an activation energy of about 0.1
eV. The presence of a calcium hydroxide catalyst had little effect on this reduction. In
addition to other metals, applications of the XANES technique to radioactive species is
planned. Preliminary analyses of Re-bearing samples have been done a* a model for Tc
speciation.

Acknowledgment: Research supported by NASA NAG9-106, NSF EAR89-15699, DOE
DE-FGO2-92ER14244, DOE DE-AC02-76CH00016 and the Consortium for Advanced
Radiation Source*.
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Uranium speciation in toil* and sediments by /i - XANES

P. M. Bertsch and D. B. Hunter
Savannah River Ecology Laboratory, University of Georgia, Aiken, South Carolina 29802

S. R. Sutton, S. Bajt and M. L Rivers
Department of the Geophysical Sciences and Center for Advanced Radiation Sources, The Uni-
versity of Chicago, Chicago, IL 60637

Specific information on the chemical speciation of U in contaminated soils and sediments is
required for predicting its potential mobility and fate as for providing information essential to
developing environmentally effective, yet cost efficient remediation strategies [1,2]. We have been
investigating the chemical speciation of U in contaminated soils and sediments and in groundwa-
ter colloids by indirect chemical extraction techniques. Recently, we initiated X-ray absorption
ipectroscopic investigations to provide collaborative data on solid phase U associations inferred
from the indirect extraction methods and to provide more specific information on the oxidation
states, chemical associations, and/or binding environments of the U within these sediments and
suspended materials. Becnuse of the small amount of sample that is typically available (10-500
nig) and because of the possibility that the U speciation varies on a /im scale within the con-
taminated sediments, XANES measurements utilising standard XAS beam lines is not possible
or very difficult. In these studies we exploited the microprobe capabilities of X-26A to examine
both minute samples and grain to grain variability in U speciation [3]. Both end members and
physical mixtures ofU(IV) and 'J(VI) solid phases demonstrated that proportional shifts in the
/-,,, absorption edge (17.163 keV) are obtainable and that a linear relationship exists between
the proportional amounts of U(IV) and U(VI) in the mineral mixtures and the central location
of the edge position (A3-0.987). Examination of contaminated sediments (beam site ranging
from 50 to 200 fin) demonstrated that U oxidation states vary spatially, having grains and/or
regions of pure U(1V), pure U(VI), and regions of mixed oxidation states. Ftathermore, some
regions within sise fractionated contaminated sediments having absorption edges representative
of U(VI) had distinct differences in the XANES region, suggesting different V bonding environ-
ments. This was further supported by differences in elemental associations revealed by the full
XRF spectra collected on identical regions within the sediment samples.

Referencesi [1] Lovely, P. R., Philips E. J. P., Gorby Y. A. and Landa E. R., Nature, 350,
413-416 (1991). |2] Macaskie L. E., Empson R. M., Cheetham A. K., Grey C. P. and Skarnulis
A. J., Science, 257, 782-784 (1992). [3] Sutton S. R., Jones K. W., Gordon B., Rivers M. L.,
Bajt S, and Smith J. V., Geochim. Cosmochim. Acta (in press) (1992).
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Partition Coefficient of Ti, Cr, Ga, Rb, Sr, Y, Nb, and Zr Between Pargasite
and Ncphelinic Melt at 1.5 GPa

C. Dalpe and Don R. Baker
Department of Earth and Planetary Sciences, McGill University, 3450 University, Montreal QC
H3A2A7, Canada

S. R. Sutton
Department of Geophysical Sciences and Center for Advanced Radiation Sources, The University
of Chicago, Chicago, 1L 60637

Partitioning of trace elements between a nephelinitic melt with 10 wt.% water and high-titanium
pargasite at 1.5 GPa and temperaturci between 1075 and 1125°C were determined. Mixtures of
natural pargasite+water in graphite capsules sealed inside Pt or AgmPdM capsules were totally
melted at 1200"C, 1.5 GPa for 1 h, then isoWically cooled to temperatures of interest and
held at those conditions for times between 1 and 100 li. Run products consisted of pargasite
(TiOj: 3.4-5.0 wt.%, !fatO + K-,0: 3.9-4.2 wt.%, and Al^Oy. 14.8-16.1 wt.%), phlogopite,
olivine ( f O W - M ) «nd quenched glass of nephelinitic composition (>10% normative ne, Mg#:
0.48- 0.66, fiaiO + K-,0: 2.6-3.9 wt.%, and Cr > 2000ppm).
Analysis of pargasite and quenched glass for major elements was performed by electron micro-
probe and for trace elements by x-ray fluorescence microprobe at Brookhaven National Labora-
tory, Beam sizes used in both instruments were approximately 10 fim; an aluminum filter was
placed between the sample and the detector of the XRF and the counting times were 300s.
Based upon experiments of 1, 10 and 100 h duration at 1100°C, constant partition coefficients
(presumably equilibrium) appear to be reached within 10 h. Replicated experiments with Pt and
AgPd outer capsules demonstrate no significant differences in measured partition coefficients.
The measured partition coefficients at 1100'C [o1'""""'"1" with 1 standard deviation) are:
Ti: 0.73±0.25, Cr: 0.59±0.17, Ga: 0.58±0.11, Rb: 0.28±0.16, Sr: 0.43±0.17, Y: 0.54±0.14, Nb:
0.36±0.15, and Zr: 0.34±0.15.

X26C
ARGON, IRON, AND COPPER tf-AUGER ELECTRON PRODUCTION*

D.H. Lee,1 B.M.Johnson,1 N.A.Guardala,2 J.L. Price,2 G.A. Glass,3 M.F. Stumborg,2

and K.W. Jones1

'Department of Applied Science (BNL), 2Naval Surface Warfare Center, White Oak Lab-
oratory, 'University of Southwestern Louisiana.

Focussed, filtered broad-band synchrotron radiation
was used to produce energetic if-Augcr electrons
from Fe and Cu solid-film and Ar gas-jet targctsjl].
Bending-magnet synchrotron radiation was first fil-
tered by a Be window (10 mil thick) and then focussed
by a cylindrical x-ray mirror into a spot whose size
was smaller than 1 mm XI mm. After passing three
more Be windows (total 40 mil thickness) and an Al
filter (1-22 mil), the x-ray beam then entered the ex-
perimental chamber. Auger electrons, emitted at 0°
with respect to the photon beam direction, were first
energy-analyzed by a hemispherical electrostatic elec-
tron spectrometer with an energy resolution of about
3% and then counted by a channel electron multiplier.

if-shell photoabsorption was the dominant ionization
mechanism, because the energy distribution of the
incoming photon beam ranged from 5 to 16 keV, The
low energy photons below ~ 5 keV were absorbed
mostly by the Be windows and Al filter, while high
energy photons above ~ 16 keV were absorbed in the
platinum coating of the x-ray mirror.

AUGER ELECTRON ENCRCV (leV)

In general, Auger-electron spectra for core-level photoionization of noble-gas targets ate
very different from spectra obtained with solid films. However, the figure above shows that
the Fe, Cu and Ar X-Augcr electron spectra are very similar. This result was expected,
since the Fe and Cu KLL,KLM, and KMM Auger-electron transitions do not involve
the valence-shell electrons. Above 3 keV in electron energy, there have been few previous
Auger electron measurements.

1. D.H. Lee, B.M. Johnson, N.A. Guardala, J.L, Price, G.A. Gluis, M.F. Stumbotg, and K.W. Jones,
(submitted to pioceedings of the Xllth International Conference on the Application of Accelerators
in Research and Industry).

'Work at BNL supported by the Division of Chemical Sciences, Office of Basic Energy
Sciences, US Department of Energy under Contract No. DE-AC02-76CH00016. Work at
NSWC/WOL supported by the Independent Research Fund of the US Navy.
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PHOTOELECTRON PRODUCTION FROM NEON AND ARGON USING
FOCUSSED, BROAD-BAND SYNCHROTRON RADIATION*

D.II. Lee,1 B.M. Johnson,1 N.A. Gnardala,2 J.],. Price,2 C3.A. Glass,* M.F. Stumborg,2

and K.W. Jones'
1 Department of Applied Science (I3NL), 2Naval Surface Warfare Center, White Oak Lab-
oratory, 'University of Southwestern Louisiana.

Focusscd, filtered broad-band synchrotron ra-
diation was used to produce energetic photo-
electrons from Ne and Ar gas-jet targets] 1].
Bending-magnet synchrotron radiation, filtered
by lie windows ('10 mil total thickness) was £ o)
focussed by a cylindrical x-ray mirror into a
spot whose size was smaller than J ininX I mm,
Further absorption in Kapton (2 mil) and/or
Al (1-22 mil) filters and the I't coating of
the focussing mirror resulted in an incident
while light x-ray beam with a broadband (5 to
16 keV) photon-energy distribution. Electron
energy spectra for Ne and Ar were recorded
at 90" with respect to the photon beam direc-
tion using a hemispherical electrostatic electron
spectrometer with a constant energy resolution,
&E/E sa 3%.

The figures above (representative data for 9 mil Al absorber) show that the experimental
results are in good agreement with predicted K-shell photoelcctron distributions. The
predictions (solid curves) were obtained by first calculating the incident photon llux dis-
tribution (corrected for absorption), next convoluting the result with the predicted Ne or
Ar photoabsorption cross section, then subtracting the K-shcll binding energy, and finally
multiplying each data point by the corresponding photoelcctron energy. The final step
is necessary because the resolution of the electron spectrometer Alt m Q.03E causes the
measured photoclcctron yield to h(! proportional to the photocleclron production cross
section times electron energy. At high photoelectron energies, the underestimation of
the measured photoelectron yield is attributed to L-shell photoelectrons, which are not
included in the calculations, The relatively narrow peaks (oflsciilc) arc Auger-electron
lines.

1. 1)11. l.ce. II.M. Johnson, N.A. (Juardnla, J.I.. Price, Ci.A. Glass, M.F. Slumborg, nnil K.W. Jones,
(Miljmittcfl to Physical llevicw A).

'Work at BNI, supported by the Division of Chemical Sciences, Office of Basic Energy
Sciences, l\S Department of Knergy under Contract No. I)E-AC0'2-7GCH0O01O. Work at
NSWC/WOL supported by the Independent Research Fund of the US Navy.
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X-RAY SCATTERING STUDIES OF STRAIN AT THE SiO,/Si(001) INTERFACE
S.D. Kosowsky, C-H. Hsu, P.S. Pcrshan (Harvard U.), i. Bevk, B.S. Freer (ATi;T Bell Labs)

We are conducting a study of the role of strain in the structural transition from crystalline Si(001) to
amorphous silicon oxide. Current theories claim that strain-dependent energetics factor into the structure
and stoichiometry of the oxide/silicon interface1 To investigate these effects, we have induced an external
strain at the SiO«/Si(001) interface by dilating the Si lattice to match a Ge(001 ) substrate. Four mono-
layers of Si were epitaxially deposited on the substrate; the sample was then oxidized in dry 0? at room
temperature.

Specular reflectivity data along with a theoretical fit are shown in the figure below. The model is
composed of an abruptly terminated miscul Ge(001) substrate, two intermediate ordered layers and 10A
of a-SiO;. Tile densities of the two intermediate layers are about 98% and "OSf of that of Ge. which
are significantly greater than that of crystalline Si {ps, =r O..Vc«).indicating that the transition region is
composed of germanium oxide or a germanium-silicon alloy The a-SiO? layer is approximately twice as
thick as the oxide found in similarly prepared, unstrained SiCh/SUOOl) samples.- Within the o-SiO? are
two layers representing decaying residual laminar order along the surface normal within the oxide. This
laminar component was found previously at the SiO^/SifOOl) interface.' A profile of the average electron
density perpendicular to the surface is shown.in the inset of the figure.

1 For example, see A.M. Stoneham. C.R.M. Grovcnoi Mid A. Ccrezo, Phil. Mag. B 55, 201 (1987).
! T.A. Rabede»u, I.M. Tidswell. P.S. Pershin, J. Btvfc and B S. Freer. Appl. Phy«. Leu. 50. 3(22 (1991).

Specular reflectivity data (D) and
fit (—) for the oxidized Si on
Ge(OOl) sample. Inset: electron
density normal to the surface.
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