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EDITORS' NOTE

The Editors of the 1990 NSLS Annual Report would like to recognize Sheree Flippen for her
dedicated effort in typing and assembling this report. Her knowledgeable input and never-ending
efficiency made this report a smoother, more productive project. For all this, and more, we thank her
very much.

To keep costs in check after last year's large report and the receipt of an evet increasing number
of abstracts, it was decided to reduce the size of the abstracts by 26% in order to fit two per page. We
realize that we did not give prior warning to abstract contributors in time for them to compensate for the
lack of space available for each abstract. For this we apologize. We feel that the abstracts, even
preserved at a smaller scale, still acknowledge and represent the large amount of state-of-the-art science
currently being done at the NSLS.

We added a new section to this year's report, Beamline Highlights at the NSLS. For this
section we solicited voluntary contributions from all beamline spokespersons. We wanted to offer a
section, aside from the abstract section, in which beamlines could show interesting upgrades or
improvements, work on new projects or novel developments or accomplishments. We thank all those
spokespersons who responded. We hope that next year more will contribute their Highlights so that we
may offer a larger selection of interesting projects which are ongoing at the NSLS.

In a final note, we would like to thank all the Users and NSLS staff who were "bugged to death"
to provide their abstracts, reports, summaries and other contributions. It is difficult to gather all the
information which is truly representative of the work done in a year at the NSLS. We thank everyone
for their efforts, but especially Editor, Steve Hulbert, the "Majority Whip" of the operation, who spent
long tireless hours on the phone and 3-mail tracking down contributions.

The use of additional color on the cover of this document was
paid for with non-Department of Energy funds.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
Slates Government. Neither the United Slates Government nor any agency thereof, nor
any of their employees, nor any of their contractors, subcontractors, or their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency, contractor, or subcontractor thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United Stales Government
or any agency, contractor or subcontractor thereof.
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U.S. Department of Commerce
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COVER PHOTOGRAPHS

Front Cover from right to left:

1. New UHV SEXAFS chamber on AT&T Bell Labs Beamline X15B for experiments at 10~13 Torr.

2. A double focusing toroidal platinum coated silicon mirror, installed in the NSLS Beamline X25,
condenses the hybrid wiggler's radiation fan from a 2mm (vertical) x 35mm (horizontal) beam at
the mirror into a lmm2 area at the focal position in the hutch. The intense "pencil" beam seen in
the photo is the air fluorescence trail left behind by the focused beam as it emerges into the
hutch.

3. X-ray absorption computed tomogram of a piece of a freeze dried rat sciatic nerve imaged with 1
urn resolution at the BNL - Department of Applied Science/University of Chicago X26A
Deamline. Individual axons (nerve cells) can be distinguished. The field of view is 420 fim.

4. The new Spectra Technology, Inc. undulator, installed in the straight section upstream of
Beamline U5U, provides a high flux of photons in the energy range from 20-150 eV. The U5U
beamline is being used for spin-polarized photoemission studies or magnetic surfaces and thin
films by an NSF-funded Materials Research Group.

5. Scientist Michael Sansone of EXXON works on a Huber diffractometer in EXXON Beamline
X10B hutch. Crystallography and x-ray scattering comprise the research program at X10B.

Spine Photograph

6. National Synchrotron Light Source, Building 725.

Back Cover from right to left:

7. The Phase I Superconducting X-Ray Lithography Source (SXLS) Storage Ring. Commissioning
commenced in September 1990.

8. The measured two dimensional Fermi surface for Pt(l 11). The hashed area indicates the
projection of one of the bulk bands. The surface electronic structure of clean Pt(l 11) was
measured using high resolution angle-resolved photoemission on Beamline U4A (AT&T Bell
Labs/University of Oregon).

9. X-ray micrograph of a chick embryo skin tissue fibroblast cell. Higher absorption is rendered by
warmer colors, so the two cell nuclei are red, the nucleoli yellow. Numerous small granules are
seen in the cytoplasm, mostly too small to be resolved with visible light microscopy. The cell
was grown in culture and then fixed, but remained wet and unstained when imaged with the
scanning x-ray microscope at X1A (NSLS/SUNY at Stony Brook/IBM/LBL).

10. The apertures used to define the vertical acceptance angle of the X17B and X17C branches of the
X17 Superconductor Wiggler Beamport. At an X-Ray Ring current of 250 mA and a wiggler
magnetic field of 4.4 Testa, they absorb over 2.5 kW of x-ray power. X-ray beams defined by
these and similar horizontal apertures are used for high pressure diamond anvil research (X17C),
a wide variety of high energy materials science research (X17B1) and a digital subtraction
coronary angiography project (X17B2).

11. Computer chips printed at the IBM U2A beamline using x-ray lithography techniques developed
on the IBM U6 beamline. Operational chips with line widths of 0.6 pm have been fabricated.
The current focus of U6 is to investigate the practical limits of x-ray lithography while U2A is
addressing the implementation of this technology on a large scale industrial basis.
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National Synchrotron Light Source,
Building 725.



INTRODUCTION

Denis McWhan
NSLS Chairman

The National Synchrotron Light Source
(NSLS) continues to grow and to expand the
capabilities of the existing rings while planning
for the 4th generation of radiation source. This
year the number of Users passed the two thou-
sand (2000) mark, and the number of papers
based on work done at the NSLS was 361. This
is essentially a paper a day. The figure of
number of published papers as a function of
year over the whole history of the NSLS (see
Fig. 1 below) indicates that we have not reached
saturation yet and that we can look forward to a
"bright" future.

There are operational insertion devices in
all the available straight sections of both the
VUV and X-Ray Rings. The new BNL/ANL
undulator has been installed on U5, and it is the
source for an active program involving spin-
polarized photoemission. The U13 undulator
has two beamlines. One supports a program in
coherent optics development which will be
important to the future of x-ray optics using
synchrotron radiation. The branch line is pres-
ently equipped to provide radiation from 1 -u to
1200 eV with a flux (in wiggler mode) approxi-
mately ten times greater than bending magnet
beamlines. As the AT&T program on projec-
tion x-ray lithography moves to a bending mag-
net beamline, a third station will be built to

cover the energy range from 5 to 30 eV, where
the brightness of the U13 undulator is compara-
ble to that expected at the third generation syn-
chrotron sources that are presently under con-
struction. Extra gratings will be purchased for
the branch line so that U13 will cover the entire
range from 5 to 1200 eV.

On the X-Ray Ring, XI and X5 continue to
improve their operating performance. The 30
poie hybrid magnet wiggler on X25 delivers a
focused white beam into the hutch with a power
density of 100 Watts per square millimeter.
This is the highest power density presently
available. The program on high heat load optics
has led to a monochromator design that can
handle the wiggler radiation; focused mono-
chromator beam is available from 5 to 22 keV.
The high q-resolution scattering station is opera-
tional and a number of exciting experiments are
being done. The X17 superconducting wiggler
beamlines have made impressive progress. The
transveneous coronary angiography research
project has had its first human patients. The
two high pressure programs are in full swing.
The X17C station uses diamond anvil devices
and X17B has a large volume press. A wide
variety of programs which require high energy
photons are being done on the X17 materials
science line. A small gap undulator project for
installation on our R&D straight X13 is well
underway. This is both an accelerator physics
project to see if one can have an insertion device
with a 4 mm gap in a low beta straight section
and a source of high brightness undulator beams
at 2.5 and 7.5 keV using the 1st and 3rd har-
monics, respectively.

The operation of the two rings is constantly
being upgraded. After the installation of the
global harmonic feedback system on the VUV
ring last year, our attention turned to installing
the fourth harmonic RF cavity with the intent of
lengthening the bunch. As a result, the lifetime
on the VUV ring has been doubled. On the
X-Ray Ring the high power insertion devices on
X17 and X25 have been brought into operation.
The requirement of active interlock systems to



protect the vacuum chambers together with the
introduction of local feedback systems for all the
insertion devices has substantially increased the
complexity of the operation of the ring and has
resulted in a temporary reduction of reliability.
Aside from the improvement of reliability, the
key improvement anticipated during the coming
year is the stabilization of the orbit by a global
orbit feedback system. The receivers for the
position monitors are being installed for the
global harmonic feedback system on the X-Ray
Ring and we hope to begin testing the system
during the winter of 1991. We have initiated a
program of monitoring the beam position, water
temperature, and electrical power as a function
of time in order to get a better understanding of
how to improve the performance of the X-Ray
Ring. We have also initiated a program to im-
prove the injection/booster system. Despite the
added complexity of the X-Ray Ring, currents
above 200 mA are routine and the lifetime is 40
hours. The agreed upon restriction on LEGS is
that their partial lifetime cannot be below 30
hours, and this leads to an operating mode in
which there are two fills a day.

The superconducting x-ray lithography
(SXLS) project has made substantial progress
this year. The compact storage ring with warm
magnets has been assembled and commissioned.
Currents of 500 mA have been achieved and an
active program of accelerator physics studies on
injection and beam dynamics of compact storage
rings is underway. The contracts have been let
to our industrial partners, Grumman and Gen-
eral Dynamics, to build the superconducting
dipole magnets for the cold version of the com-
pact ring and to the Beta Corporation for the
200 MeV linac needed for injection into the
ring.

As we look to the future, two workshops
have been held on science that could be done
with a fourth generation source such as a free
electron laser operating in the UV. The avail-
ability of high peak power in short pulses rang-
ing from 0.2 to 5 picoseconds which can inter-
act with X-radiation from insertion devices on
the X-Ray Ring or with high power lasers would
open up a number of exciting pump probe ex-
periments in both non-linear optics and chemical
dynamics. A preliminary design for a UV-FEL
is being developed by the NSLS and the ATF.
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USERS EXECUTIVE COMMITTEE

Peter Johnson
BNL Physics Department

UEC Chairman

The Ussrs Executive Committee serves as
the principal communication channel between
the Users, the NSLS Management, and the
Directorate of BNL. Meeting every three
months, the committee continues to work on
improving both the working environment in the
NSLS and the access to different User facilities
at the Laboratory. As in the past, Town Meet-
ings, held on the afternoon before the UEC
meetings, allow the larger community to have
input into the committee's agenda.

Current and ongoing issues include the
possibility of establishing a User lounge within
the NSLS, improvements in the communication
between Users and the operating staff, and in-
creased involvement in the long-range schedul-
ing process. At the same time, the committee
has been talking to the Laboratory Staff Services
on different issues regarding on-site housing,
including changes in the reservation system, the
cleaning services available, and the summer
housing for those many visitors. The UEC has
also encouraged the NSLS in its endeavors to
enhance the general operating condition of the
storage rings, an example being the stability of
the stored electron beam. The good news is that
there have now been clear indications that the

full installation of the global feedback system
will lead to a marked improvement in this area.

The Annual Users Meeting held in May
was extremely successful. With four parallel
workshops on topics of interest to the commu-
nity, the meeting has become an important
scientific as well as business event. The atten-
dance again set new records with the number of
registrants exceeding 400, a reflection of a User
community fast approaching 2000.

Budgets at this time do not allow for ex-
pansive plans on the part of Users. However,
the storage rings are reaching an impressive
level of maturity and we may look to the future
with the confidence that the NSLS will continue
to play an important and dominant role in our
scientific lives.

The present members of the UEC include:

Peter Johnson
BNL-Physics Dept.

Mark Rivers
BNL-Dept. Appl. Science

Chris Jacobsen
SUNY at Stony Brook

Kevin D'Amico
EXXON

Eric Jensen
Brandeis University

John Kirkland
Naval Research Labs

Dale Sayers
South Carolina University

Neil Shinn
Sandia National Labs.
Brian Siephensoa
IBM Research Center

Susan White-DePace
BNL-NSLS

Dave Zehner
Oak Ridge National Lab.

Chairman

Vice Chairman

Secretary

Member

Member

Member

Past Chairman

Member

Member

Ex-Officio

Member



ATOMIC AND MOLECULAR SCIENCE

Dennis Lindle
National Institute of Standards and Technology (NIST)

Special Interest Group Representative

This special interest group represents a
diverse community of researchers, loosely con-
nected by the title of "atomic and molecular
science." Members of this group are active at
both the VUV and X-Ray Rings performing a
wide variety of experiments on samples ranging
from low-Z atoms to molecules of biological
interest. Perhaps the most common feature of
this group's work as a whole at the NSLS is the
constant attempt to push the limits of capability
at the facility, whether they be related to flux,
resolution, time structure, etc. Because

individual scientists can best explain their work,
the reader is strongly encouraged to look to the
Abstracts section of this document for more-
detailed discussions of the experiments being
done within this special interest group. Group
members also will be participating in occasional
departmental seminars at BNL intended to high-
light the work of the atomic and molecular
science special interest group, and to give mem-
bers and other interested parties an opportunity
to learn more about each others' recent experi-
ments.

ENERGY DISPERSIVE DIFFRACTION

Earl Skelton
Naval Research Laboratory (NRL)

Special Interest Group Representative

Energy dispersive diffraction techniques at
the NSLS are principally used for high pressure
research. Extreme pressures, in excess of those
found at the center of the earth ( -360 GPa),
are developed in the submillimeter regions
between the tips of opposed diamond-anvils.
During the past year, some work was pursued
on X7A, but most efforts have been switched
over to the line built by the High Pressure IDT
operating on the superconducting wiggler side-
station, X17C.

Instrumentation of X17C for ambient tem-
perature high pressure energy dispersive work is
nearly complete; current activities are focussed
on expanding these capabilities to include high
and low temperature operations. Some of the
research issues addressed by the group from
Carnegie Institute of Washington (CIW), viz.,
D. Mao, L. Finger, R. Hemley, Z. Hu and
J. Badding, during the past year include,
1) compression measurements of graphite to
extreme pressure, where it was found to become
extremely hard, 2) single crystal studies of D2 to
38 GPa, and 3) investigation of FeH, one of the

most important minerals in the earth's mantle.
The FeH was examined to temperature of
2000°C by heating the pressure cavity with laser
beam, the first time this was done on a wiggler
line. R. LeToullec, J.P. Pinceaux sad
P. Loubeyre, from the University of Paris, and
the group from CIW performed the first low
temperature energy dispersive high pressure
measurements on a wiggler line studying He;
these experiments confirmed the room tempera-
ture HCP-phase to persist down to 40 K.
E. Skelton, S. Qadri and N. Moulton from NRL
carried out several "light pipe" experiments to
measure the transmission efficiency of > 20 keV
photons through hollow fiber clusters. The
teams from NRL and CIW collaborated in a
study to characterize the structure of ultra-thin
metallic filaments encased in a glass sheath. In
one case, single crystal energy dispersive dif-
fraction data were collected from a 0.38
femioliter volume of Bi. The fiber thickness
was about 0.22 /xm and based on linear strain
measurements, the Bi was under a radial stress
of approximately 1.4 GPa.



LITHOGRAPHY AND MICROSCOPY

Chris Jacobsen
SUNY at Stony Brook

Special Interest Group Representative

The NSLS continues to be a major center
for activity in x-ray microscopy and lithography.
This is in part due to the high brightness of bom
the VUV and X-Ray Rings, and in part a conse-
quence of the heavy investment in manpower
and facilities which has been made by several
groups.

X-ray lithography offers the promise of
maintaining the historical trend of decreasing
device size (with corresponding increase in the
number of transistors per chip and microelec-
tronics performance) beyond the limit of optical
lithography. There are two main approaches
being studied at the NSLS. IBM has an ad-
vanced program in x-ray proximity lithography,
in which 1 nm x-rays are used to make a
shadow print from a mask onto a wafer located
a few tens of microns away. The IBM effort
began with Beamline U6, and now includes a
commercial x-ray stepper at the U2 beamline as
well as a custom-built clean room with SEM
facilities. Using these facilities, IBM has made
a 64K DRAM chip with 0.5 pm features in-
volving eight separate x-ray exposure steps.
More recently, Motorola has joined IBM as a
partner in further research in this area. AT&T
Bell Labs continues their work on x-ray projec-
tion lithography, in which optics are used to
project a reflecting mask pattern onto a wafer at
longer (10-14 nm) wavelengths. Using a
Schwarzschild objective, they have achieved
< 0.1 fim resolution in 20:1 reduction printing
over a 50x50 pm image field. More recently,
they have begun to explore the use of a ring-
field imaging system which can print 0.1 /im
features at 1:1 magnification over a 20x0.1 mm
field. These efforts plus the commissioning of
the SXLS ring put the NSLS in the forefront of
work in x-ray lithography.

X-ray microscopy continues to be the focus
of activity at Beamline XIA (Stony Brook/
NSLS/LBL/IBM/UCSF). Many of these activi-
ties are described in the February 1991 issue of
Scientific American, and in a Spring 1991 issue

of Synchrotron Radiation News. Described in
the experimental abstracts is a scanning photo-
emission microscope developed by H. Ade et
al., in which 0.1-0.4 pm spatial resolution has
been achieved in the study of thin film aluminas
and microelectronic devices. Gabor holography
utilizing photoresists has been used by
C. Jacobsen et al. to image biological samples at
0.05 fim resolution, and the experimental ab-
stract notes that efforts are underway to extend
the technique to handling wet samples in air
Fourier transform noiOgrams or test objecis have
been recorded with a soft x-ray CCD camera by
I. McNulty et al, and 0.1 /zm resolution images
of test objects are presented in the experimental
abstract. The workhorse instrument of X1A is
the scanning transmission x-ray microscope
developed by a group led by J. Kirz. This
instrument is able to image wet, unsectioned
biological samples in air at 0.05 nm resolution,
and with image collection times of a few min-
utes. Work described in experimental abstracts
includes the study of structure and mass density
of mitotic chromosomes from bean plants by
S. Williams et al., and of calcium mineralization
in tendon tissue by C. Buckley et al. A group
led by S. Rothman has used the instrument to
study the enzyme secretion process from rat
pancreatic zymogen granules. Radiation damage
effects in cultured tissue has been studied by
J. Pine et al.; these studies have included the
imaging of initially live fibroblast cells at 0.1
lira resolution. Now that the scanning transmis-
sion x-ray microscope has entered into routine
operation, other biological studies are also being
initiated. Finally, it should be noted that X1A
maintains a laboratory equipped with Nomarski
and phase contrast microscopes and limited
biological sample preparation facilities. These
experiments are benefiting tremendously from
the fabrication of Fresnel zone plates (made by
E. Anderson of LBL's Center for X-ray Optics
in the lab of D. Kern at IBM Yorktown Heights)
as soft x-ray focusing elements.



NUCLEAR PHYSICS

Andrew M. Sandorfi
BNL Physics Department

Special Interest Group Representative

This was the first full year of normal data
taking operations at X5. Although long periods
of time were allocated to improving and cali-
brating existing equipment and to installing new
equipment, the major effort in the past year has
been the experiment to measure differential
cress sections for photodisintegration of deuteri-
um with polarized, photons of 90 to 318 MeV.
The first data on this experiment was modified
to reduce sources of error in the measurements.
In the last six months of 1990 most of the avail-
able beam time was spent in collecting photodis-
integration data, first operating the laser in the
visible (the months of June and July) and then in
me ultraviolet (the second half of October
through December).

The deuterium photodisintegration mea-
surements, at energies up to 227 MeV, have
been presented by members of the LEGS collab-
oration at several international confer-
ences. Kieth Mize, a graduate student at the
University of South Carolina, presented a talk at
the Annual Meeting of the American Physical
Society in April. In June, Sam Hoblit, of the
University of Virginia, presented an invited
paper entitled, "Photon-Beam Polarization
Asymmetries in d(7,p)n," at the International
Conference on Particles and Nuclei at MTT, and
Gianni Matone, of INFN Fraseati, spoke about
our data at the European Physical Society
Workshop on Polarization Observables in
Hectronuctear Physics. A summary of all
work through July was presented by Steve
Whisnant at the Gordon Research Conference on
Photonuctear Reactions in Tilton, New Hamp-
shire.

Finally, Lmo Miceli, of INFN Frascati,
discussed the measurements at the 70th National
Congress of the Italian Physical Society in
Trento, Italy, hi October.

The initial year of operation with the LEGS
photon beam proved that data can be collected
for about 55% of the time beam is scheduled to
be in the storage ring. Throughout this tune,
the photcm beam rate was maintained at 6xlO6

per second, integrated over all energies, which
is the maximum flux allowed by the agreement
with the NSI 7 that the partial lifetime of the
stored electrons due to LEGS be no less than 30
hours. An analysis of the average duration of a
ring fQI during the past year shows no correla-
tion with the extended periods v>f LEGS opera-
tions: LEGS appears to have negligible impact
on NSLS operations.

This was also the first year in which useful
production of photons up to 318 Mev was possi-
ble, by operating the laser in the ultraviolet.
Previously, problems with the laser beam optics
had limited the flux and polarization for UV
operation to small values. The replacement of
several optical components with elements de-
signed to minimize the effects of synchrotron
x-rays and the high power density laser beam
have made operation in the ultraviolet as routine
and trouble free as hi the visible.

Nuclear physics research on Beamline X5
is performed by a collaboration of physicists
from BNL, INFN Frascati, Unfversita di Roma,
University of South Carolina, University of
Virginia, Virginia Polytechnic Institute and State
University, Tel Aviv University and Renssellaer
Polytechnic Institute.



UV PHOTOEMISSION AND SURFACE SCIENCE

Kevin Smith
University of Oregon

Special Interest Group Representative

This year has been a particularly productive
one in the area of UV photoemission and sur-
face science. Photoemission spectroscopy has
been pushed to new frontiers both in terms of
the energy resolution that can be attained and
the information it can deliver. Unfortunately,
during the past year the Users have experienced
some difficulties in ring performance and gener-
al work environment. The continued high level
of scientific output of the UV photoemission and
surface science community is a testament to the
dedication and perseverance of this group.

In the little space I have available, I wish
to draw attention to some of the significant pho-
toemission and surface science experiments mat
have occurred on the UV ring this year. The
reader is referred to me beamline publication
lists in this book for a comprehensive view of
the output of the UV community. I apologize to
anyone whose work is not mentioned; this is a
subjective list, and I am sure I have missed
some noteworthy work.

To begin, the Bell Labs PRT on U4B con-
tinue to use the Dragon monochromator to
produce soft x-ray photoemission spectra of
extraordinary resolution from solids, surfaces
and gas phase samples, furthering our under-
standing of many aspects of photoemission and
surface science. Next door, the U4A Bell team
have produced significant results on the detailed
bonding of alkali metals to semiconductor and
metal surfaces using photoemission lineshape

analysis. In an exciting development, IBM (U8)
is using photoelectron spectroscopy to construct
holographic images of the structure of surfaces
and buried interfaces. With their new undulator
installed, the U5 PRT has entered a new phase
in their study of magnetic phenomena using
spra-polarized angle resolved photoemission.
Intriguing aew data for Ag films deposited on
Fe(001) have recently been obtained. The
Brandeis/Rutgers/ NSLS team persist in the
painfully low signal photoemission-Auger elec-
tron coincidence experiment. Fortunately, their
hard work has produced new information on
electronic processes and structure in metals and
compounds such as Ta and TaC. Mention must
of course be made of the University of Oregon
group on U4A, who have achieved great success
in measuring two dimensional Fermi surfaces of
metal surfaces and correlating these structures
with surface vibrational phenomena. Finally,
the infrared radiation Beamline U4IR continues
to produce significant data on the vibrational
and electronic properties of the surfaces of
everything from Cu to high Tc superconduc-
tors.

In conclusion, the UV community is highly
active at this time, and is producing ground
breaking science in many fields. The UV com-
munity will continue to lobby for improvement
in beam stability and lifetime in order to in-
crease the level of scientific output and enable
more sensitive experiments.



EXAFS

Timothy Morrison
Illinois Institute of Technology

Special Interest Group Representative

The NSLS EXAFS subgroup continues to
grow, placing greater demands on support from
both the NSLS and from the PRTs that support
EXAFS experiments on their beamlines. In
particular, experimenters have been faced with
the problem of locating various types of equip-
ment for their experiments that were deemed to
be "generic."

In an effort to relieve this situation, funds
were secured to start an EXAFS equipment
"pool." Largely through the efforts of a number
of people, including Bill Thomlinson and Nancy
Lazarz and Tim Elam, the previous EXAFS
Special Interest Group Representative, this
equipment pool has been established. Currently
available are:

• ion chamber fluorescence detector with fil-
ters,

• standard metal foils,

• electron yield detector,

• liq** id nitrogen cryostat,

• closed-cycle refrigerator, and

• chilled water recirculator.

At the time of this report, mechanisms by
which this equipment can be borrowed are being

developed by the NSLS and will be distributed
to the general User community.

A number of PRTs have contributed short
reports on what was deemed to be significant
accomplishments on their beamlines. These
include:

• metal site determinations on a broad range of
metalloproteins,

• scattering studies from Langmuir-Blodgett
films,

• in-situ electrochemical studies,

• ferroelectric transitions in FV-VI and II-VI
semiconductors,

• confirmation of fee Fe in Fe/Ni multilayers,

• extension cf electron detection techniques in
single crystals, and

0 energy dependent fine structure in the dif-
fraction intensity of a single crystal. This
measurement technique has been shown to
contain the same structural information as
EXAFS, extending the applicability of
EXAFS to systems which are presently inac-
cessible (e.g., buried interfaces and inequiva-
lent sites).
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X-RAY IMAGING

Michael Dudley
SUNY at Stony Brook

Special Interest Group Representative

Detailed accounts of the activities and ac-
complishments of the X-Ray Imaging Special
Interest Group members can be found in the
experimental abstracts of the individual beam-
lines engaged in imaging: X2, X57, X19C and
X23A3. This report briefly highlights some of
these accomplishments.

The X2 Microtomography beamline was
commissioned during 1990 and has now begun
routine operation. The beamline is run with a
second generation CCD-based detector capability
and a new design for the x-ray optics. In addi-
tion, data acquisition and analysis software have
been installed in a common workstation at X2,
which allows a significant amount of reduction
and analysis to be done on line. These capabili-
ties are augmented by a graphics workstation
located at the EXXON laboratory in Clinton,
NJ. Current research programs are centered on
the application of the technique to the imagining
of the internal structure of heterogeneous materi-
als. Problems include the structure of porous
sandstones with emphasis on flow of fluids,
structure of composite materials, defects in
extruded aluminum shells and welds in alumi-
num tubing, defects in wiring packages, and
structures of porous adsorbants.

On Beamline X23A3, D. Black, R.
Dobbyn, M. Kuriyama and R. Spal used an
x-ray microscope, based on magnification by
asymmetric diffracticn and direct detection by a
CCD area array, to study a SiC fiber-reinforced
TiAlNb metal matrix composite at 1 fim resolu-
tion. R. Dobbyn, M. Kuriyama and R. Spal
studied the optical resolution limit of the micro-
scope by observing a test pattern of 1 /im wide
lines, which showed Fresnel diffraction effects.
D. Black, H. Burdette, M. Kuriyama and R.
Spa! have applied diffraction imaging to
polycrystalline materials to directly measure
grain size and shape. Standard abrasive pow-
ders of SiC were examined as well as sintered
Si3N4 and A12O3.

The Grazing Bragg-Laue Imaging Tech-
nique was developed on Beamiine X19C by M.
Dudley and coworkers. This technique enables
the non-destructive determination of the line
directions, Burgers vectors, and positions with
respect to the surface, of defects within the first
several tens to several thousand angstroms of
crystal. It is particularly weil suited for the
non-destructive characterization of defect micro-
structures in thin epilayers. The technique was
successfully applied by M. Dudley and his
group, in collaboration with D. Paine from
Brown University and R.N. Sacks from United
Technologies Research Center, to the analysis of
defects as a function of depth in a 200 ran thick
InxGaUxAs/GaAs strained layer system. Obtain-
ing depth information from such thin crystals is
unprecedented. This technique was also used,
in collaboration widi H.-Y. Liu of Texas Instru-
ments, to determine the defect structure as a
function of depth in thick (3 fim) GaAs on Si
epilayars.

M. Dudley, in collaboration with C. Fazi
of Harry Diamond Laboratory and D. Gordon-
Smith of die University of Warwick have used
white beam synchrotron topographic imaging in
grazing Bragg-Laue geometries on Beamline
X19C to examine the nature and distribution of
the damage associated with the electromagnetic
breakdown of PN junctions on silicon. Clear
differences were revealed between the damage
associated with breakdown induced, in forward
bias to that in reverse bias. Depth profiling of
the damage distribution correlates well with the
predictions of theoretical models. This tech-
nique constitutes an accurate diagnostic tool for
the evaluation of such damage.

M. Dudley and his group on X19C, in col-
laboration with R.C. Liebermann, Y. Wang and
X. Liu in the Department of Earth and Space
Sciences at Stony Brook, solved the twin struc-
tures observed in LaGaO3 single crystals using
white beam topography. In situ observations

11



were also made of these crystals as they under-
went a phase transition at 145°C. Results pro-
vided an explanation for why this material is not
ideally suited for use as a substrate for high-TV,
superconductor epilayers.

M. Dudley, in collaboration with B.M.
Foxman of Brandeis University made in situ
observations, on X19C, of the x-ray induced
polymerization of zinc propiolate single crystals.
This reaction involves a single crystal to amor-
phous transition. If the reaction occurr. prefer-
entially at dislocation sites, the strain fields of
the dislocations should relax, as amorphous
material precipitates along the dislocation lines.
Clear evidence for such relaxation was obser-
ved.

M. Dudley and his group on X19C, in col-
laboration with D. Hodul of the Varian Re-
search Center made observations of dislocation
motion in Si induced by rapid thermal process-
ing.

M. Dudley and his group on XI9C, in con-
junction with T. Myers, R. Green and
G. Ramseyer of G E. made observations of
defects in CdTe crystals pertinent to the under-
standing of the general influence of defects on
device performance.

M. Dudley and his group on X19C, in col-
laboration with I. Baker of Dartmouth, have
initiated a new thrust in the examination of ice
single crystals. The plastic deformation behav-
ior of these crystals is primarily of interest.

John Benci of the Naval Air Development
Center in collaboration with D.P. Pope of the
University of Pennsylvania have demonstrated,
on X19C, the applicability of microradiography
to the characterization of the bulk microstructure
in Aluminum-Graphite composites. High reso-
lution images were recorded dearly revealing
this microstructure. The success of this applica-
tion provides the basis for planning in situ de-
formation studies on these composites. They
also successfully applied the technique to the
characterization of fiber and matrix cracking in
intermetallic matrix composites. The com-
posites, consisting of SCS-6 silicon carbide
fibers in a titanium aluminide matrix were pre-
deformed in compression, then thinned down
and investigated using microradiography. Clear
evidence for fiber cracking was obtained,
whereas no evidence for matrix cracking could
be found.

R.E. Green, Jr. and J. Winter of the
Center for Non-Destructive Evaluation at Johns
Hopkins University carried out real time imag-
ing of defects in bulk GaAs single crystals.
This research is significant from the point of
view of demonstrating the capability for rapid
non-destructive evaluation on Beamline X19C.
W. Hanson and R.E. Green, Jr. of Johns Hop-
kins University also conducted mode shape
analysis of precision quartz resonators using
synchrotron x-ray topography.
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X-RAY CRYSTALLOGRAPHY

Robert Sweet
BNL Biology Department

Special Interest Group Representative

Two dozen or so abstucts in this year's
NSLS Annual Report describe chemical crystal-
lographic studies. These include studies of high
Tc superconductors, high pressure single-crystal
studies, tv.o-dimensional studies of metallic
surfaces, and three-dimensional structure deter-
minations from tiny crystals of zeolites.

New ground has been broken in several
directioiis. The group of H. King et al. at
XlOA has succeeded in obtaining high precision
crystallographic structure solutions of two new
microporous molybdenum phosphates,
(NH4)3Mo4P3O16 and NH4[Mo2P2O10]«H2O.
Using a vertically defocused beam, they defined
two coincident-path x-ray beams using three slits
and the small aperture provided by the diameter
of the sample (~30^m). One beam illuminates
the sample and the other is directed into a moni-
tor for use in tracking temporal fluctuations of
the beam. This enables sensitive correction for
intensity variations arising from small changes

in the electron orbit in the storage ring, which is
of critical importance because the intensity
measurements for a structure determination are
taken over several days of beam time.

Another important advance in crystallogra-
phy in 1990 has been the advent of very rapid
diffraction data measurement with an electronic
area detector for protein crystallography. A
video-based diffractometer has been in operation
throughout the year at the BNL Biology Depart-
ment Beamline X12C. With this instrument and
its associated computers, workers can measure
and reduce complete three-dimensional data
from single crystals of biological macro-
molecules very quickly. This is quite different
from the previous data collection method where-
in data were measured on x-ray films. These
films were processed at the NSLS and then
usually were carried to a visitor's home labora-
tory for digitization and processing. Often this
process would take several months; now the data
are ready within a few hours.
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X-RAY FLUORESCENCE

Allan Kolker
University of Nebraska

Special Interest Group Representative

The x-ray fluorescence microprobe at
Beamline X26A uses highly collimated white
synchrotron radiation for fine-scale x-ray fluo-
rescence analysis, with z minimum spot size of
5-10 microns. A Kirkpatrick Baez microscope
system was operated using the white-light beam
from the X26C beamline (Thompson, Under-
wood, Giauque, Chapman, Rivers, Sutton and
Jones). Spatial resolutions of around 2 fim were
obtained with the instrument. Fluorescent
EXAFS/XANES investigations were begun
(Jones, Sutton, Spane and. Gordon) with resolu-
tions down to the 200-fim size using a Si(220)
monochromator. The operation of the system
was demonstrated on different standards and the
first experiments were done on specimens of
moon rock and rat kidney. Beamline modifica-
tions under way on X26A offer the potential for
improved synchrotron-radiation-induced x-ray
fluorescence (SRIXE) capabilities. Preliminary
tests of a Cameca curved crystal spectrometer
give an increase of 5-10 times in peak/
background and a decrease of 4-8 times in mini-
mum energy resolution, relative to values cur-
rently obtained on X26A using an Si(Li) detec-
tor (Shea, Rivers and Sutton). During the past
year, this technique was used for a wide variety
of contributions to the earth, atmospheric, ru2te-
rial biological and environmental sciences.

(SRIXE) is being used to document the
distribution of trace-metals in several types of
ore deposits, in order to test models for ore
formation (Ripley, Lee and Taib; Kang and
Xue). A study of Cu partitioning between melt
and vapor in volcanic systems (Lowenstern and
Mahood) may help explain the origin of por-
phyry copper deposits, as Cu is strongly parti-
tioned into vapor that could accumulate near the
top of silicic magma chambers. Trace-element
variation in hydrothermal plume particles from
seafloor "black smokers" (Campbell and Sutton)
suggests that extensive elemental exchange takes
place between the particles and seawater. Re-
connaissance work on sulfide minerals in upper
mantle xenoliths from several African

kimberlites (Rivers, Dawson and Smith) reveals
surprisingly high apparent concentrations of
some lithophile elements (e.g., Rb up to 1000
ppm), the source of which is presently unclear.
A study of fracture-filling mineralization in
Illinois Basin coals (Kolker and Chou) shows
that late-stage calcites probably formed from
meteoric (and not deep basin) fluids. Subtle
changes in fluid chemistry resulted in complex
trace-element zonation in the calcites, as shown
by two-dimensional SRIXE scans. In order to
understand the early igneous history of the
moon, Delaney and Sutton examined the Fe and
Mn distribution in lunar feldspars. This study
emphasized distinguishing primary composi-
tional trends from those resulting from shock
metamorphism. Several additional studies have
determined patterns of trace-element distribution
during igneous processes (Carroll, Sutton,
Woolum, Lewotsky and Rogers; Salpas and
Pass).

Measurements continue on micrometeorites
collected from the stratosphere (Sutton, Bradley
and Flynn), with recent emphasis on distinguish-
ing igneous particles from those similar to chon-
dritic meteorites, a study having potential impli-
cations for understanding lunar evolution.
SRIXE analyses have also been used to identify
toxic elements present in atmospheric aerosol
particles (Grant and Schulze), and to classify
cosmic dust particles trapped in NASA Large
Area Collectors (Flynn and Sutton). Pro-
nounced gradients in the concentrations of Ni,
Fe, Cr and Mo were determined for stainless
steels that were corroded under controlled condi-
tions in an electrochemical cell (Isaacs, Daven-
port, Cho, Hanson and Rivers).

Using SRIXE analyses, trace-element dis-
tributions were determined for fly ash particles
emitted by coal burning power stations (Tuniz,
Jones, Rivers, Sutton, Torok, Hirschberg and
Beyerlein). This technique is particularly useful
in assessing the environmental contribution of
toxic elements released as fly ash. The relation-
ship of copper content and distribution in the fly
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ash with dioxin formation is being investigated
as part of this experiment.

Several investigations of biomedical topics
were carried out. A study of the microdistribu-
tion of gallium in rat bone was made to study
the uptake of gallium in the femur as a function
of the bone growth status. The results deter-
mine the therapeutic agent, gallium nitrate, in
the treatment of hypercalcemia in human cancer
patients (Bockman, Schidlovsky, Xue and
Jones). Chromium is a known carcinogen and
is a common environmental pollutant. The
distribution of chromium in the kidney of rats
was determined. The oxidation state of the
chromium was found by use of XANES. The
results supplement the values obtained for the
bulk concentration of the chromium using atom-
ic absorption (Squibb, Schidlovsky, Xue and
Jones). The distribution of lead in human bone
was measured for a number of different speci-
mens of tibia and other bones (Schidlovsky, Xue
and Jones). The results will aid in the interpre-
tation of in-vivo x-ray fluorescence measure-
ments of bone lead and will also help in devel-
oping a better understanding of the long-term
storage mechanisms of lead in bone. Other
experiments covered several applications in the
study of glucocorticoids and involved the deter-
mination of molybdenum and the attempt to
observe the location of zinc in the electrophore-
sis gel.

Progress on development of tomographic
systems using either fluorescence or absorption
detection o ntinued. The dual detection ap-
proach has been useful to have in the examina-
tion of different types of specimens. A tomo-
gram with a volume of 5 /*m3 was obtained on a
thin section of rat sciatic nerve (Spanne). The
tomogram showed an individual neuron with an
overall size of about 10 ^m. The system was
applied to many other types of systems. For

example, it was used to study porosity in two
types of plasma-sprayed coatings (Spanne,
Jones, Herman and Riggs).

The role of catalyst fragmentation during
polymerization was examined through high-
resolution computed tomography of catalyst
fragments in polyethylene polymerization parti-
cles (Conner, Webb, Spanne and Jones). This
technique appears to offer considerable promise
in monitoring the course of polymerization, and
as an aid to catalyst design.

Several fluorescence experiments were
done on the X17 superconducting wiggler beam-
line with the collimated x-ray microscope.
Detection limits were evaluated and samples that
included the zeolite catalysts, mantle garnets,
and Bishop Tuff rare-earth ores from China, and
pitchblende for searching for super-heavy ele-
ments were measured. The feasibility of using
the beam for in-vivo bone-lead measurements
was investigated by using plaster-of-Paris phan-
toms with known compositions.

Investigations of several catalysts were
made (Jones, Spanne, Gordon Schidlovsky,
Conner, Beyerlein, Dautzenberg and McKenna).
The materials included rare-earth exchanged
zeolites and hydrotreating catalysts for petro-
leum refining and several types for production
of polyethylene. The experiments included the
use of fluorescence coupled to the determination
of linear attenuation coefficients. Specimens in-
cluded thin sections for fluorescence and virgin
matsrials for study with absorption tomography.

Research supported in part by the Division of
Chemical Sciences, Office of Basic Energy
Sciences, U.S. Department of Energy Contract
No. DE-AC02-76CH00016; National Institutes of
Health Research Resource Grant No.
P41RR01838; NSF Grant No. EAR-89-15699;
NASA Grant No. NAG 9-106.
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X-RAY SCATTERING

Gerald Liedl
Purdue University

Special Interest Group Representative

Those beamlines which have x-ray scatter-
ing capabilities have again provided the Users
with the opportunity to expand our understand-
ing of many fundamental materials problems.
Over the past year grazing incidence techniques
have been exploited for surface or interface
studies; high flux, resolution and tunability have
been used to unfold the mysteries of the high Tc

superconductors, high pressure phase transitions
and small angle scattering studies of polymers;
and research continues to expand or develop
new techniques.

Just a few years ago grazing incident tech-
niques for probing surfaces and near surface
structural changes were being developed theoret-
ically and experimentally. The large number of
projects reporting on studies using grazing inci-
dence techniques attest to the fact that these
methods have become a useful approach for
scattering studies of materials phenomena. An
example of this type of work is that of Gibbs et
al. (X22C) to characterize Pt(OOl) surface
changes with temperature. They show clear
evidence of three distinct phases and provide an
understanding of the transitions. Another exam-
pie is from the work of Renaud et al. (X16A).
They show the ability for studies of surface
morphology at the two atomic layer scale.
Their work shows step correlations in Si depos-
ited upon atomically smooth Si(OOl) surfaces.
Such information is critical to the understanding
of surface electronic behavior.

Also, interface studies have benefitted from
grazing incidence approaches. Two examples
illustrate this area of application. First, Lee et
al. (X10A,B) demonstrated that this approach
can be used for interface dislocation studies at
an epitaxial interface. Second, Ocko et al.
(X22C) illustrated the application of in situ stud-
ies of liquid-solid interfaces. In addition, liquid
crystals adsorbed on single crystal graphite was
the focus of work by Dai et al. (X18A).

A large number of people utilized the x-ray
scattering beamlines to explore structural ques-
tions relative to the high Tc superconductors.
Anomalous scattering capabilities were used to
explore details of site occupancy as shown by
Coppens et al. (X3A2).

High resolutions studies of Kan et al. (X14)
shows some new insight into the modulated
structure of a (2212) crystal. High pressure
capabilities have opened the exciting areas of
study in pressure effects on phase changes and
transitions. Examples of such work include that
of Zhou et al. on XIOA.B who examined the
transitions in metal dichalcogenide intercalation
compounds. Also, the combination of the radia-
tion from the superconducting wiggler port
(X17B1) with high pressure apparatus has been
exploited by a number of studies.

Small angle scattering studies continue to
be a focus for large molecular studies. An
example is the work of Chu et al. (X3A2).
They report on studies which can lead to a
schematic model of the ionomer morphology
using differential scattering results.

In the normal evaluation of a facility oper-
ating at the forefront is the continued develop-
ment of new techniques, methods, equipment,
etc. People involved with scattering are active
in these endeavors. The work by Rodricks et
al. (X16B) on a real-time x-ray scattering meth-
od using a CCD detector is an excellent exam-
ple. Another area of emerging interest is time
resolved studies and the work of Brauer et al.
(X20C) to study crystallization illustrates an
ability to collect useful data in 3 ms using a fast
linear photodiode array detector.

This year has again shown the high level of
productivity from various x-ray scattering
groups. Further, the work has incficated that the
X-Ray Scattering Special Interest Group is
working on problems at the forefront of research
in materials.
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1990 SCIENTIFIC PROGRAM SUPPORT COMMITTEE

Alastair MacDowell
AT&T Beli Laboratories

SPSC Chairman

The 1990 Scientific Program Support
Committee (SPSC90) was formed in August of
1990 to report to the UEC and NSLS Chairmen
on ways to improve the scientific productivity
and working conditions at the Light Source.
The 1990 members were:

Dino Costas
Steven Kemp
Steven Kramer
GeraWini tumble

Alastair MacDowell

Mohan Ramanathan
Robert Sweet
Susan White-DePace
Paul Zschack

IBM
NSLS
NSLS
NSLS/NCSU
(Secretary)
AT&T Bell Labs.
(Chairman)
Argonne National Lab.
BNL/Biology
NSLS
Oak Ridge National Lab.

Users see the Light Source as the working
of three general areas:
1. The X-Ray and VUV sources themselves.
2. The general infrastructure of the place - is a

system in place that allows work to be car-
ried out efficiently?

3. The working environment.
Each area will be discussed and the main areas
for recommendation are made. Recommenda-
tions are made in the final SPSC90 report, to be
completed early in 1991.

The storage ring sources themselves have
to be working for any science to be done. This
year has seen lots of amp hours in both rings
and Users have carried out ever more demand-
ing experiments. This has highlighted the main
concern of the Users - beam stability. The
Light Source already has an ongoing program to
deal with the long and difficult problem of
beam stability. Nevertheless, the main recom-
mendation of the SPSC90 is to urge the Light
Source to commit adequate resources to ensure
that beam stability is improved soon. For many
Users this represents a limiting aspect to the
type of experiment that they can do. Progress
has been made with the global orbit feedback

system on the VUV ring which, to the Users,
does improve beam stability considerably. In
early 1991, the initial stages of installing a
global orbit feedback system on the X-Ray Ring
will have commenced. A further recommenda-

a is to have the real-time electron beam posi-
tion signal that is used for the feedback system
be displayed on the local TV monitors. Users
will then be able to study the orbit without
having to bother the control room operator.

The problem of how to get information
from the Control Room to the Users when there
are problems with either ring, still needs a
solution. In an attempt to address this problem,
an additional TV channel is about to be imple-
mented with the sole aim of providing this
information. This is to be an easy to use stand
alone system that does not depend on complicat-
ed computer systems. The Users will see how
this idea works in 1991. A further recommen-
dation is for the Light Source to set up a system
whereby Users can purchase a personal pager.
This will allow Users to be immediately in-
formed of ring status even when at a reasonable
distance from the BNL site.

Over the last ten years, the infrastructure
of the NSLS has been set up. It is now general-
ly in place and working. Users at the Light
Source who want to get something done (e.g.,
ship something, get something out of the stock-
room, get a radiation badge, etc.) generally have
a mechanism in place to follow that allows them
to do just that. The ever increasing stream of
Users (estimated to be -2500 for 1991) still
have to wander the corridors to fully complete
the NSLS registration procedure. A recom-
mendation is to consolidate all the registration
and administration departments near the main
NSLS entrance. New Users could then be
rapidly processed by the system.

The committee has looked into the working
environment at the Light Source. Several rec-
ommendations have been made. Progress has
already been made with improved janitorial
support on the experimental floor and additional

17



food vending machines that accept dollar bills.
A coffee vending machine is to be installed
early in 1991. The committee has discussed at
length the requirement of a common room/User
Lounge - an informal quiet area where there can
be interaction and exchange of ideas between all
people who use the Light Source. For the
NSLS, which has such a large throughput of
scientists from numerous fields, such an infor-
mal area would undoubtedly bear numerous
ideas and collaborations. The committee has

suggested various locations. The preference for
the long term is to build an extension to the
building, adjacent to the Control Room, to
accommodate this User Lounge. In view cf the
current lack of financial resources and the long-
time scale for such an undertaking, the commit-
tee recommends in the meantime that the floor
space within the Light Source experimental area
and the basement of Building 535 be used more
efficiently. This would free up sufficient space
to provide a quiet area.
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The new Spectra Technology, Inc. undula-
tor, installed in the straight section
upstream of Beamline U5U, provides a high
flux of photons in the energy range from 20-
150eV. The U5U beamline is being used for
spin-polarized photoemission studies of
magnetic surfaces and thin films by an NSF-
funded Materials Research Group.



VUV MACHINE OPERATIONS

Norman Fewell
VUV Ring Manager

Average VUV ring performances for 1990
are given below:

Average Filling Current
Average Charge Rate
Average 300 mA Lifetime
Total User Ampere Hours

845 mA
49 mA/minute
199 minute
2470 AH

The above figures compare well with the previ-
ous running year. High machine reliability,
coupled with increased operational periods, has
resulted in a 20% increase in the user ampere
hours for this fiscal year. With the completion
of the TOK experiment, its allotted experimental
time periods have reverted back to normal oper-
ations. The study schedule o." a four day block
per month, has been changed to one plus two
days per month, with the option of a six-hour
study period each Friday. This more flexible
study schedule has made machine developments,
such as the vertical global feedback system,
much easier to bring into operation, and also
allows for weekly investigation into problems
arising during normal operations.

Maintenance of the water cooling towers
and systems by Plant Engineering, require the
accelerators to be turned off for a period of at
least a week, in the spring and fall of each year.

This sets the periods for major machine changes
and shutdowns.

During the spring shutdown the TOK mag-
net and vacuum chamber were realigned to
achieve a minimum gap of 34 mm for U13.
Also, new TOK magnet electronic controllers
were installed and tested. Unfortunately, how-
ever, during U13 commissioning, some TOK
magnet blocks became detached. This necessi-
tated removal of the TOK, during a two-day
maintenance period in August, for repair. The
magnet blocks were replaced, and new clamping
bands added to all magnet periods to prevent
future failure. The TOK magnet was reinstalled
during the fall shutdown and U13 commission-
ing continues.

During the spring shutdown a newly de-
signed undulator for U5 was installed, filling the
straight section once occupied by the FEL undu-
lator. The U5 beamline is complete and com-
missioning has begun.

The fourth harmonic RF test cavity was
replaced by a new all copper version. It had
been shown (NSLS Annual Report 1988) that
the electron bunch could be stretched, thus
reducing the electron density, with the test
cavity. This reduces the loss due to electron/
electron scattering while retaining the horizontal
and vertical parameters of the beam. However,
the test cavity was not constructed with this
purpose in mind, and although it demonstrated
that lifetime improvements could be made, this
cavity was not an operational device due to
thermal runaway. The new cavity was designed
with thermal stability uppermost in mind, and
we look forward to commissioning this device
and the expected increase in beam lifetime.

Work has proceeded with upgrading the
trim magnet power supplies. New horizontal
trim magnet power supplies have been installed,
together with the previously upgraded vertical
trim magnet supplies onto die mezzanine. The
sextupole magnet power supplies have also been
transferred to the mezzanine. These transfers
allow space for the installation of a new dipole
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magnet power supply in the coming year. This
new supply will have improved stability and
reduced ripple.

Orbit stability continues to be our major
objective in the coming year. We will upgrade

the present vertical feedback system and work to
install a horizontal system also. Installation of
PUE RF receivers will allow us to improve our
monitoring and history programs such that we
cari record and locate beam movements and their
causes.

RING TIME USAGE

INJECTION/UNSCHEDULED DOWNTIME (J.5X)

MAINTENANCE (19.3%) /

COND/COMM (2-3%)

STUDIES OPERATIONS

Figure 1. Utilization of the VUV Ring for FY 1990.
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VUV BEAMLINE OPERATIONS

Roger Klaffky
VUV Beamline Operations Manager

Major beamline changes occurring in FY
1990 included the early commissioning of the
U13U-A high resolution/high flux soft x-ray
spectroscopy branch line, the operation on
U13U-B of a projection x-ray lithography exper-
iment, and the installation in April of a new
undulator magnet for the U5 beamline. In
addition to these changes there were a number
of beamline upgrades, as discussed below.

On the U2 lithography beamline the
mirror/mount was stabilized, substantially reduc-
ing beam drift from fill to fill and within fills.
On the U3A detector calibration line a new high
throughput fixed exit/fixed entrance beam mono-
chromator with a two parallel crystal arrange-
ment was installed with operations expected in
1991. Pairs of plane gratings, multilayers or
mirrors can be used in addition to the crystals.
The energy resolution of the U3C line was
improved by a careful alignment of optical
components. On the U4IR line a high resolution
wavefront dividing interferometer was commis-
sioned, which won an R&D 100 award for i*s
spectra; a polyethylene window was installed
extending the maximum wavelength to 200 p.m;
and nanosecond IR detectors were installed to
utilize the pulsed structure of the synchrotron
beam. The efficiency of photoabsorption and
photoemission experiments on small samples

was enhanced on the U4B Dragon beamline
when a horizontal refocusing mirror was in-
stalled reducing a 3x8 mm2 (vertical x horizon-
tal) beam spot size down to 1.5 x 1.8 mm2.
With the installation of the new U5 undulator,
the spectral range was extended down to approx-
imately 11 eV for a minimum gap of 34 mm
and a K value of 3, and the flux from the higher
harmonics was increased. A refocusing mirror
tank and a valve were installed after the mono-
chromator tank to isolate the monochromator
from the sample chamber and to produce a
smaller beam spot on the sample. A higher
efficiency second generation NIST spin detector
was installed which incorporates additional
electron focusing and utilizes hot channel plates
for higher count rates. On U7A, a new cham-
ber was installed which will house a refocusing
mirror in the future, and a spherical refocusing
mirror was installed on U7B to isolate the sam-
ple chamber from the PGM. The front focusing
toroidal gold coated metal mirrors on U8A and
USB were recoated with platinum yielding an
order of magnitude increase in reflectivity.
Also, a hemispherical electron analyzer on U8A
was replaced with a high resolution ellipsoidal
mirror display analyzer.

On the U9B beamline a new, single grating
emission monochromator was installed to cover
a wider UV range for fluorescence spectroscopy
measurements. The entire U9A fluorescence
lifetime program was moved to the U l l beam-
line, and the U9 mirror tank was modified so as
to permit white beam operation in the future.
Beamline U10A installed a cryostat to permit
measurements at 20 K. Initial alignment of the
U12A 3 degree TGM grating mechanism was
carried out and a surface chemistry chamber was
built for NEXAFS/SEXAFS measurements.
There is a possibility that the 3 degree and 15
degree TGMs, presently in a time sharing
piggyback arrangement, will be separated
horizontally with a corresponding modification
of the front mirror box. First spectra were ac-
quired on the U13U-A line, which demonstrated
the performance expected from design. An
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upgrade of the U14A PGM paraboloidal mirrors
was initiated which should lead to substantial
improvements in flux and resolution. On U14B
a vertical beam position monitor began to log
orbit position on a full time basis. On U15 a
new solid state spectroscopy chamber was built
and a high dynamic range <ns proportional
chamber, built by the BNL Instrumentation
Division, was commissioned. Cryogenic sample
cooling and cleaving capabilities were imple-
mented on the U16A beamline.

Over the course of FY 1990 there were
195 different experiments performed, as deter-
mined from Safety Approval Forms. The insti-
tutional breakdown of scientists participating on
these experiments was 42% from universities,
26% from industry, 23% from BNL, 6% from
other DOE labs and 3% from abroad. The

0000-0800 hour template shifts continued to be
useful for special operating conditions and
beamline conditioning. There were 1 and 3
bunch shifts for IR4, Ul and U9B as well as
high current operations for U4B. An upgrade of
the VUV beamline safety systems was imple-
mented to allow users to use a toggle switch to
select an automatic open mode where both
shutter and mask reopen when shutters are re-
enabled after injection. This feature has proven
useful on x-ray beamlines with automated data
acquisition systems, which run in an unattended
(pink card) mode.

Plans for installing emergency lighting and
a new generator were finalized and should be
completed during FY 1991. Also, an additional
40 tons of air conditioning will be added to the
present 60 tons to properly cool the VUV floor.
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VUV Storage Ring Parameters as of January 1991

Parameters VUV Storage Ring

Normal Operating Energy
Maximum Operating Current (multibunch operation)
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 OIJ current per

bunch and vertical emiuance
Lattice Structure (Chasman-Green)
Number of Superperiods
Magnet Complement

Nominal Tunes v , v
Momentum Compaction
RJF. Frequency
Radiated Power
R.F. Peak Voltage (typical)
Design R.F. Power
v (Synchrotron Tune)
Natural Energy Spread
Natural Bunch Length (2a)
Number of RF Buckets
Typical Bunch Mode
Horizontal Damped Emittance (t )
Vertical Damped Emiitance (E ,)
Power per Horizontal milliradian, 1A
Source Size: o . , a ,

Lifetime variable up to -350 minutes depending on use of bunch
lengthening 211 MHz RF cavity.

**
Current and RF voltage dependent.

0.745 GeV
1.0 amp (1.1 x 10 1 2e ' )
51.0 meters
17
2

-2.5 meters
25.3 A (486 eV)
1.28 Tesla (1.91 meters)
170.2 nanoseconds
xx = z = 17 msec; i = 9 msec
200 min @ 200 mA

Separated Function, Quad, Doublets
4
8 Bending (1.5 meters each)
24 Qu£.drupole (0.3 meters each)
12 Sextupole (0.2 meters each)
3.14, 1.20
0.023
52.887 MHz
14.7 kW/amp of I , i:
100 kV
50 kW
0.002
4.5 x 10"4 (I < 20 mA)
7.6 en; (I < 20 mA)
9
7
1.5 x 10 meter-radian
> 2.8 x 10 ' 1 0 meter-radian (adjust.)
2.3 Watts

0.5 mm, > 0.06 mm

Source of Data: NSLS Parameters, January 1983, compiled by A. van Steenbergen;
updated values provided by Anne-Marie Fauchet and Norman Fewell (NSLS).

27



X-RAY MACHINE OPERATIONS

Sam Krinsky
NSLS Deputy Chairman

This has been a very active and challenging
year in the development of the X-Ray Ring.
The high power wigglers on X17 and X25 have
been brought into full operation, but at the cost
of a temporary reduction of reliability. The
superconducting wiggler for X17 presently runs
at 4.4 T and the hybrid wiggler for X25 at 1.1
T. Since these wigglers are situated in low-/S
insertions, it has been necessary to provide
active interlock systems to protect the vacuum
chamber from damage due to heating in the
event of a large angular orbit deviation in the
wiggler straight. The protection systems are
quite complex and are subject to stringent QA
oversight. In particular, there must be periodic
checks of their performance. These "prefill
tests" have added to the time required between
fills, however, recent work has significantly
reduced the test duration. The active interlock
systems for X17 and X25 have performed reli-
ably, anH the X21 system will be installed by
Spring '91.

The X-Ray Ring has been running at 230
mA with a lifetime of about 40 hours without
LEGS and 20 hours with LEGS. Our major

goals during the coming year are to improve
reliability and orbit stability. In the recent past
we have experienced RF trips, X17 magnet
trips, and saturation or oscillation of local orbit
feedback systems. These problems have been
resolved and long fills of 14 hours or more are
again common. We are presently making plans
to upgrade the computer, water and injection
systems to improve their reliability.

Over the last few years there has been a
very active R&D program underway to provide
state-of-the-art monitoring and control of the
orbit. In particular, RF receivers for the storage
ring pick-up electrodes have been developed by
J. Bittner and R. Biscardi, and x-ray position
monitors by E. Johnson. The RF receivers
allow orbit measurement to 20 pm, and they are
presently used in the X-Ray Ring for the active
interlock systems on X17 and X25. In addition,
receivers have recently been installed for use in
a real time harmonic global orbit feedback
system, similar to that now in operation on the
VUV Ring. The commissioning of the vertical
global orbit feedback system will take place
during the Winter '91, and we expect this to
result in a dramatic improvement in the opera-
tion for the bending magnet beamlines. Installa-
tion in the future of RF receivers for all of the
pick-up electrodes will provide real time orbit
readout to the Control Room and eventually the
experimental beamlines.

A task force on orbit monitoring has been
established, headed by Erik Johnson, with the
goai of providing a reliable record of orbit
movements on both storage rings. This should
provide the basis for a search for the cause of
orbit problems, and facilitate communications
between the experimental beamline scientists and
the accelerator physicists. Implementation of
the planned improvements in reliability and orbit
stability will allow the full potential of the ex-
perimental program to be realized.



RING TIME USAGE

INJECTION/UNSCHEDULED DOWNTIME (8.0%)

MAINTENANCE (19.551)
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OPERATIONS (53.15!)

STUDIES (14.055)

Figure 1. Utilization of the X-Ray Ring for FY 1990.

AMP HOURS
ao.o

60.0

50.0

I 40.0

30.0

20.0

10.0

0.0

n i p
H I i
ii I I

H I I
OCT 89 NOV DEC JAN 90 FEB MAR APR MAY JUN JUL AUG SEP

MONTH

Figure 2. Total Monthly Amp Hours Stored in the X-Ray Ring During FY 1990.
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Figure 4. Average Monthly Charge Rate into the X-Ray Ring During FY 1990.
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X-RAY BEAMLINE OPERATIONS

Roger Klaffky
X-Ray Beamline Operations Manager

Over the course of FY 1990, an additional
9 x-ray beamlines entered a routine operational
mode, bringing the total number to 51. These
included the new insertion device beamlines
XIA2, X17B1, X17B2, X17C, X25 and the new
bending magnet lines X3A1, X8C, X27B and
X27C. High current operation began on the
X17 and X25 beamlines after the active inter-
lock protection systems for the X17 and X25
vacuum chambers were commissioned. Beam-
line construction and/or early commissioning
took place on the X1B, X4A, X6B, X8A,
X13B, X13C and X17B2 (Angiography) beam-
lines. High current white beam operation on
X21 will begin with the completion of final
beamline transport sections and the commission-
ing of the X21 active interlock and local orbit
feedback systems.

During FY 1990 there were 763 different
x-ray experiments carried out (as determined
from NSLS Safety Approval Forms) which
represents a 20% increase over FY 1989. The
institutional breakdown of scientists participating
on tnese experiments was 50% from universi-
ties. 18% from industry, 18% from BNL, 8%
from other DOE labs and 5% from abroad. The
template shifts proved to be useful for align-
ment, calibration and commissioning of

components on the X4 through X8, X12, X17,
X21 and X25 beamlines.

This year there have been a number of
significant improvements in beamline capabili-
ties. On the X1A1 transmission microscopy line
a better zone plate and stage (step size reduced
from 300 to 50 A) led to improved resolution of
approximately 500 A. The X1A2 scanning
photoemission microscope (SPEM) performed
high spatial resolution (1/2 /:m) ESCA. The
X2B tomography beamline added an extra mir-
ror for harmonic rejection. X4A, which ob-
tained its first protein diffraction pattern in May
1990, has installed an x-ray energy calibration
system which utilizes a computer-controlled
carousel holding nine different foils. The optics
on X5 were upgraded by using metallic mirrors
to direct the laser beam onto the stored electrons
thereby shielding the quartz windows from
exposure to damaging synchrotron radiation.
This upgrade led to the production of 98%
polarized 300 MeV ?-rays when backscattering
an argon ion laser (3511 A) off the stored elec-
tron beam. A 400 element sodium iodide array
detector was also installed on the X5 beamline.
A liquid deuterium target began full time opera-
tion at the beginning of 1990. The X7A energy
dispersive diffraction line installed a new 10°
linear position sensitive detector, designed and
fabricated by the BNL Instrumentation Division,
which operates at a pressure of 4 bar of kryp-
ton. The high resolution (.025°) and efficiency
allow scans in a few minutes which is useful for
in situ kinetic studies (e.g., phase transitions).
On the X7B crystallography line front end slits
were installed, a high speed (4 MHz) detector
and a 120° linear detector were acquired and
low temperature capabilities were implemented.
X8C installed a collimating mirror.

A double flat crystal monochromator with
side-by-side Si( l l l ) and Si(220) crystals, allow-
ing coverage of the 2 to 19 keV range, was
implemented on the X9A line and testing began
on a sagittally focusing monochromator. The
X10C EXAFS beamline succeeded in using the
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third harmonic reflection of Si ( l l l ) crystals to
cover the 15-25 keV range. The X10C hutch
was enlarged to accommodate a diffractometer
and cryostat, and a gas handling system for in
situ catalysis studies was completed. A design
was completed and testing began on using the
second monochromator crystal for sagittal focus-
ing to give a three-folJ increase in flux on the
XI1A EXAFS line. On XI IB, a UHV mono-
chromator for soft x-ray EXAFS (scannable
above 2.7 keV with Si(lll)) was commissioned
and a toroidal focusing mirror was aligned. On
X12B a SiC toroidal mirror was installed and a
submillisecond time slicing diffraction data
system was implemented which is ideal for
studying systems that can be cycled without
degradation from synchrotron radiation. Com-
missioning of a new high rate 108 cps 100 chan-
nel 10 cm proportional counter array and a 10
cm x 10 cm 256 x 512 channel 2D detector also
began. The slit tank on X12C was moved
closer to the X12C hutch (and focal point) re-
ducing the background levels and providing a
more convenient access to the X12A beamline.
The X13B and C NSLS R&D soft x-ray undu-
lator lines took first light. Daily data logging of
the x-ray vertical beam position began on X13
and X14. A new XUV sample chamber was
commissioned on X15B and design work was
completed for converting the X16C white beam-
line to a monochromatic beamline. The X17B2
dual beam monochromator began operation and
was used to image excised pig heart and spinal
column in March and two human patients in
early October. On the X17B1 beamline, dif-
fraction experiments with a large volume-high
pressure press and x-ray fluorescence measure-
ments were performed. The X17C beamline
achieved single crystal diffraction from

sub-femtoliter samples. On X18B the channel
cut crystal monochromator was converted to a
two crystal monochromator with helium cooling
of the first crystal, which accepts one horizontal
milliradian.

A full scale general user program was
initiated on X19A in FY 1990. A 13 element
Ge fluorescence detector was permanently added
to this beamline, covering the 3 to 20 keV range
with a resolution of 200 eV at 6 keV. On the
X22C beamline a new UHV monochromator, a
crystal polarimeter and a variable temperature
liquid reflectometer were installed. On X24C,
multilayer coated gratings were installed to
cover the 800 eV to 1500 eV range replacing
long lattice spacing crystals (e.g., beryl) which
degrade rapidly in x-ray beam. A 150
groove/mm grating was installed to cover low
energies, with the potential to go out to the
infrared region. Also a reflectometer was up-
graded by replacing worm gears with computer-
controlled stepping motors.

The X25 high field wiggler bcamline began
full current white beam operations in February
1990. Focussed white beam operations followed
in September. On the X26A x-ray fluorescence
beamline, testing was carried out on a curved
crystal spectrometer which has superior energy
resolution (0.5% or better) for energies below
30 keV. Testing of a dual Si channel cut crystal
monochromator also began. On X26C a 1:1
cylindrical platinum-coated Zerodur mirror was
commissioned and produced a 100 fold increase
in flux through a pinhole.

An upgrade of the NSLS UHV two crystal
monochromators on X7B, X12B, X12C and
X19A was also completed in FY 1990. The
upgrade consisted of rebuilding the bearing
assemblies to produce smooth, reproducible
energy scans.
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X-Ray Storage Ring Parameters as of January 1991

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)
Election Orbital Period
Damping Times (2.5 GeV)
Touschek (2.5 GeV, 0.25A)
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
v (Synchrotron tune)
Natural Energy Spread (a IE)
Natural Bunch Length (2a)
Number of RF Buckets
Typical Bunch Mode
Horizontal Damped Emiuance (EX)
Vertical Damped Emittance (E )
Power per Horizontal milliradian, 0.25A
Typical Arc Source Size: a . , a

0.75 - 2.5 GeV
0.25 amp (101 2 e")
-20 hours
170.1 meters
30
5
< 4.50 meters
2.48 A (5 keV)
0.60 A (20.8 keV)
1.22Tesla (6.875 meters)
567.7 nanoseconds
x = x = 6 msec; t = 3 msec
> 16 hrs (v_ r = 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^
10.5 cm
30
25
10 meter-radian
10" meter-radian
20 watts
- 0.35 mm, - 0.15 mm

Source of Data: NSLS Parameters, January 1983, compiled by A. van Steenbergen;
updated values provided by Anne-Marie Fauchet and Norman Fewell (NSLS).
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SUPERCONDUCTING X-RAY LITHOGRAPHY SOURCE

Richara Heese
SXLS Project Manager

Present Status of the SXLS

The Phase I ring has now been commis-
sioned and has exceeded its design current of
500 mA at 200 MeV by a considerable margin.
The commissioning was done in a very short
time, commencing in September 1990 and using
the NSLS booster synchrotron parasitically to
normal NSLS operations and study time. Acce1-
erator physics studies to determine the best
operational parameters are now in progress.
This important and very successful step also
serves to commission the ring hardware not
associated with the superconducting magnet.

A linear accelerator, which will serve as an
injector for the superconducting storage ring,
has been ordered. This machine is a 200 MeV
high-current short-pulse electron accelerator and
will be able to fill the superconducting ring in
about 15 seconds.

The superconducting dipole has been the
subject of intensive study during the past year.

It is a warm bore, iron-free magnet, and the
NSLS engineering staff designed a novel support
structure to allow extraction of synchrotron
radiation from nine ports in each dipole while
preventing distortion of the coils due to 200 tons
of electromagnetic forces, and keeping the coils
at cryogenic temperature.

Due to the strong curvature of the magnet
coil structure, large values of higher harmonics
in addition to the required quadrupole and sex-
tupole terms are generated which seriously
reduce the dynamic aperture of the machine.
Therefore, in addition to the basic coils, higher
order correction coils are incorporated in the
magnet along with trim coils for the quadrupole
and sextupole components. Particle tracking
with sophisticated codes developed both at
NSLS and elsewhere confirm the effectiveness
of these coils.

The detailed engineering design of the
superconducting dipole magnet by General
Dynamics is presently underway, after a favor-
able review by a committee of this country's top
superconducting magnet experts. The first
magnet is expected to be delivered in the Spring
of 1992 after which our magnetic measurement
group will evaluate it and then give the go-ahead
for construction of the second magnet.

The Technology Transfer Program is in full
swing—five people from Grumman Aerospace
Corporation are on site and working with us as
part of this project, along with the team at Gen-
eral Dynamics involved in the design and con-
struction of the superconducting dipole.

The project is proceeding well and will
result in a superconducting dipole synchrotron
suitable for x-ray lithography and the technology
will be transferred to a U.S. industrial firm, so
that prospective customers can turn to a domes-
tic supplier of these devices.
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SXLS Storage Ring Parameters as of January 1991

Parameters SXLS Phase I SXLS Phase II

Normal Operating Energy
Dipole Magnet Type
Maximum Operating Current

Circumference
Numoer of Beam Ports on Dipoles
Number of Insertion Devices

w
B(p)
Field Index, n
Election Orbital Period
Damping Partition Numbers
Damping Times

Uncorrected Chromaticity
Lattice Structure
Number of SuperperiGds
Magnet Complement

Nominal Tunes v , v
Momentum Compaction
R-F. Frequency
Radiated Power
Radiated power

per horizontal milliradian
RJF. Peak Voltage (typical)
Design RJ7. Power
/ (Synchrotron Frequency)
Natural Energy Spread (a IE) "
Natural Bunch Length (2a) •*
Number of RF Buckets
Typical Bunch Mode
Horizontal Emittance (E )
Vertical Emittance (£v)
Source Size: a, , a v

0.2 GeV
Electromagnetic
0.50 amp (8.8xl010 e')

(measured)
8.503 meters
-i

0
424 A (29 J eV)
1.1 Tesla (0.6037 meters)
0.1759
28.3 nanoseconds
Jx = 0.53, Jy = 1.0, J£ = 2.47
x = 91 msec; x , = 48 msec:

x = 20 msec '
£x = -0.49, 4V = -L32
Gradient FODO

SF Sextupole (0.05 meters)
QF Quadrupole (0.155 meters)
Dl Drift (0.8965 meters)
B Dipole (1.896 meters)
Dl Drift (0.8965 meters)
QF Quadrupole (0.155 meters)
SF Sextupole (0.05 meters)
1.415,0.415
0.32
211.54 MHz
0.234 k\V/amp of beam

0.696 GeV
Superconducting
0.5 amp (8.8xl010 e")

(design)
8.503 meters
18
0
10.0 A (1240 eV)
3.87 Tesla (0.6037 meters)
0.1759

28.3 nanoseconds
Jx = 0.53, Jy = 1.0, J£ = 2.47
x = 2.16 msec; x = 1.15 msec;

x = 0.46 msec
qx =-0.49, £ =-1.32
Gradient FODO
2

SF Sextupole (0.05 meters)
QF Quadrupole (0.155 meters)
Dl Drift (0.8965 meters)
Dipole (1.896 meters)
Dl Drift (0.8965 meters)
QF Quadrupole (0.155 meters)
SF Sextupole (0.05 meters)
1.415, 0.415
032
211.54 MHz
34.4 kW/amp of beam

O.OJ / W/amp of beam
45 kV
15 kW

225 kHz
2.0xl0~*
1.6 cm
6
1,6
5.92x10 meter-radian
5.92x10" meter-radian
>0.34 mm, >0.2 mm

5-5 W/amp of beam
250 kV
65 kW
368 kHz
6.9x10^
3.8 cm
6
1,6
7.17x10" meter-radian
7.17x10 meter-radian
0.75 mm, 1.0 mm

"Current and RF voltage dependent.

Source of Data: Jim Murphy (NSLSj.
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THE ACCELERATOR TEST FACILITY

Dan Ben-Zvi
Project Head, ATF

The Accelerator Test Facility (ATF) is a
linac-laser complex for research on the interac-
tion of intense electromagnetic radiation and
high-brightness electron beams. This includes
various schemes of laser acceleration and free-
electron lasers. To carry out these experiments
the ATF provides very low emittance, high
current electron beams at energies of up to 50
MeV and short-pulse, high power lasers. The
A T F is operated as a users' facility for accelera-
tor physicists.

Funding for the ATF is being provided
mostly by the High Energy Physics division of
the DOE through the BNL Center for Accelera-
tor Physics (CAP). The BNL directorate has
provided additional support through the explor-
atory research program. Research and develop-
ment at the ATF are being done by personnel
from the NSLS, Physics Department and Instru-
mentation Division as well as collaborators from
Los Alamos National Laboratory, Princeton
University, UCLA and Rocketdyne, Inc.

The high brightness electron beam of the
ATF is produced by a special electron gun, a
laser-photocathode rf gun. Such a gun can
generate a high current and low emittance by
irradiating a high quantum efficiency metal
cathode in the presence of very high electric
fields. The generation and careful manipulation
of such beams is an area of intense activity in
accelerator physics. It is also the key to short
wavelength FELs. Theoretical and experimental
work is being done at the ATF on laser photo-
cathode rf guns, looking into various aspects of
photoemission, increased brightness by cathode
and laser pulse shaping, rf and solenoid focus-
ing, etc.

The Brookhaven rf gun is a Vh cell, ir-
mode, side-coupled structure operating at 2.856
GHz. The rf gun peak cathode electric field is
100 MV/m at 6.5 MW input power. The photo-
caihode is yttrium metal installed on the back
plane of the half cell. The design performance
calls for 1 nC pulses, 6 ps long at a repetition
rate of 80 MHz in a 2 /is macropulse. The

normalized nns emittance in this high current
mode is expected to be 7 mm mrad.

The other key components of the BNL
ATF are an electron linac, a 100 GW Nd:YAG
laser capable of producing 10 ps pulses, a 100
GW CO-, laser system producing 6 ps pulses and
synchronization of the CO2 and electron beam
pulses.

The linac consists of two SLAC-type, 3
meter, S-band accelerator sections. At present
these two sections are serviced by one-half the
power from a SLAC XK-5 klystron. This will
provide a boost of 45 MeV to the electron
beam. The remaining half of the klystron pow-
er is available to the rf gun.

The CO2 laser system consists of a 10.6
y.m oscillator and an optical switch made of
germanium crystals. These crystals shorten the
CO2 laser pulse when suitably irradiated by
Nd:~YAG laser light. The resulting 6 ps CO,
pulse is amplified to higher power by an isoto-
pic mix wide band amplifier and sent to the
various experiments. Since both the electrons
and the COT laser pulses are initiated by the
same Nd:YAG laser, the two beams can be
synchronized with each other. This permits an
interesting class of coincidence experiments
which can be uniquely serviced by the ATF.

The beamline design includes various high
precision electron beam diagnostics in order to
characterize and control the beam to the re-
quired high stability. These include a high
sensitivity, strip-line beam position monitor, a
silicon microstrip detector with 1 \LWL resolution
for measuring the beam profile of extremely low
emittance beams as well as a fast beam profile
monitor which will allow the measurement of
position or energy profile of a single micropulse
or a pulse train. Work is in progress to enhance
the stability of the linac energy and beam
position by stabilizing the amplitude and phase
of the rf and laser fields.

Besides construction, experimental work is
being done in testing and characterization of the
laser photocathode rf guns. Initial results are in
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good agreement with the design and simulations.
A (rms) normalized emittance of 1 mm mrad
was measured in recent runs. The major con-
struction task remaining is the extension of the
beamline to the experimental area. The ATF is
scheduled to be completed and experiments to
begin in the Spring of 1991.

The ATF's experimental program centers
on the production of high brightness beams,
studies of new methods of particle acceleration,
and new techniques for producing short wave-
length radiation. The CAP Steering Committee
has given approval to six experiments for use of
the electron and/or laser beams. In addition, a
number of other well-developed proposals and
letters of intent have already been submitted.

The approved experiments include the Visi-
ble Wavelength FEL Experiment (BNL and
Rocketdyne), which will employ a superconduct-
ing microundulator (68 period, period of 0.88
cm and 0.5 Tesla peak field at a gap of 0.44
cm). Prototypes of this undulator have been
built (up to 7 periods long) and have performed

extremely well in superconducting tests. The
field errors of the undulator are very low as
constructed, making this perhaps the first undu-
lator that will require no trimming after manu-
facture. The FEL experiment makes use of the
short period of the undulator and of the low
emittance beam generated by the rf photocathode
gun in order to operate at 5000 A with a 50
MeV electron beam. Emittance scales with
energy so that at 250 MeV a wavelength of
1000 A would be practical.

Other approved experiments are the Grat-
ing Acceleration Experiment (BNL, LANL,
Princeton and UCLA), a Nonlinear-Compton
Scattering Experiment (Princeton, BNL and
LANL), an Inverse Cerenkov Acceleration
Experiment (Spectra Technology, BNL and
LANL), study of Spiking Phenomena in FELs
(Columbia) and a room temperature, pulsed
microwiggler experiment (MIT).

Six graduate students (from Stony Brook,
Columbia, Princeton, MIT and UCLA) are
involved with various aspects of the ATF and its
experimental program.
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EXPERIMENTAL PROGRAM SUPPORT

William Thomlinson
Associate Chairman, User Programs

The activities of the Experimental Program
Support Section (EPSS) are quite varied as
illustrated by the tasks accomplished in FY
1990. The primary goal is to assist Users of the
NSLS in successfully carrying out their experi-
mental programs. Much of what we do is not
immediately noticeable to the scientists who visit
the NSLS, and the Users may not associate
many of our responsibilities with the EPSS.
The primary groups in our section consist of
Scientific Staff, Experimental Operations Man-
agers, Beamline Technical Support, Operations
Coordinators, and NSLS Facilities Manager. I
will discuss the highlights of each of these activ-
ities for FY 1990.

One major scientific activity was the com-
missioning of the X17 superconducting wiggler
beamlines. Working closely with the NSLS
X-Ray Ring managers and controls group, we
were able to bring the high field wiggler into
full operation during normal operations. Of
course the early glitches with the active inter-
lock systems occurred at X17 as much as at the
other insertion devices, but the wiggler now
operates at a field of 4.4 Tesla with very little
effect on X-Ray Ring performance. Some
problems with the wiggler cryogenic system and
the associated interlocks created some downtime

during the early days of operations. Those have
been fixed and stable operation is the rule.

At the same time that the wiggler was
being commissioned, the X17 scientific program
was starting. All three major beamlines are
now 100% occupied with programs. The pri-
mary B line is used 75% of the time by the
material science community. The program
centers around high pressure physics, atomic
physics, and high heat load optics instrumenta-
tion. A new monochromator is being developed
in collaboration with the R&D Section and the
BNL Medical Department. The most visible
program, and one of the most successful thus
far, is the human coronary angiography project.
This project utilizes the remaining 25% of the
beam time and occupies the SMERF facility at
the end of the line. The X17C beamline is fully
utilized by the high pressure diamond anvil cell
programs of the IDT.

The other primary beamline for which
EPSS staff have responsibility is the U4IR Infra-
red beamline on the UV Ring. This line had a
very successful year, capped off by the award-
ing of an R&D 100 Award for the development
of the Infrared Wavefront Dividing Interferome-
ter. The experimental program this year cen-
tered around the measurements of surface vibra-
tional spectra, high T= superconductor bandgaps,
and fast IR detection mechanisms in high Tc

materials.

In a joint effort with the R&D Section, the
U14 Photoemission Bjarjine is undergoing
upgrades in both hardware and general user
support. This effort will continue along with
increased NSLS support for other beamlines and
programs. One of our highest priorities for FY
1991 is to extend User support into new areas.
We hope to have additional scientific and techni-
cal staff available to the Users.

The X-Ray and VUV Experimental Opera-
tions Manager positions were brought together
in 1990 into one position. The Operations
Manager has responsibility for the coordination
and supervision of the Operations Coordinators.
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The Coordinators are one of the primary groups
interacting with the User community. They are
always present to assist in the safe turn-on of
beamlines, and should be the first call many
users make to get assistance from the many
sources available to them at the NSLS. They
work very closely with the technical support
staff. This past year their responsibilities were
increased to cover the monitoring of the LEGS
hydrogen target. In 1991 they will be involved
in new initiatives to increase communication
between the NSLS control room and Us :s.

The other group of personnel available to
users is, of course, the Technical Support
Group. This is where the NSLS has mechanical
and electronic technicians who are available to
assist Users with planning, problems or opera-
tions. This is also the group which is responsi-
ble for the installation and maintenance of the
extensive personnel safety interlock systems on
the beamlines. This is a major task, and one of
the most critical at the facility. Just this past
year alone the interlocks were completed on
about 10 beamlines, including the extensive
system needed for patients on X17. The me-
chanical technicians support many NSLS beam-
lines when not assisting Users on their projects.

At the moment, this group also takes care of the
User shop facility in Building 535.

If a User needs assistance in obtaining BNL
or NSLS services, they go to the NSLS Facility
Manager. That office is responsible for obtain-
ing and scheduling the services of riggers,
plumbers, electricians, carpenters, surveyors,
etc. This office also is heavily involved in the
safety and housekeeping efforts necessary to
keep the NSLS a safe, efficient workplace. This
past year, the facility manager worked closely
with the User community to prepare for the
Tiger Team Reviews. This is also the office
where the NSLS initiative in recycling is also
headquartered.

The responsibilities of the section extend
beyond the technical assistance. For example,
in cooperation with the NSLS Chairman, our
section does much of the publicity for the de-
partment. It prepares the Community Directory
and assists in the production of the Annual
Report. Each year the EPSS section manage-
ment works to obtain capital and operating funds
for a myriad of User support tasks. In 1990
some of these were the establishment of a pool
of EXAFS equipment, a Berkner Hall TV moni-
tor, computer networking equipment, and User
shop upgrade.
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MECHANICAL ENGINEERING AND VACUUM TECHNOLOGY

Hank Hsieh
Section Head, Mechanical Systems

The Mechanical Engineering and Vacuum
Technology Group of the NSLS Department has
developed into a broad disciplined entity. We
are able to tackle many difficult heat transfer
and thermal stress calculations using finite ele-
ment analysis. In addition, magnetic calculation
capability has been developed during the SXLS
project. It is our plan in the near future to train
our staff to be familiar with the calculations
needed for designing insertion devices.

This group is fully computerized at the
present time, with all the mechanical engineers
and designers using AUTOCAD, a computer
aided design software tool. We are in the pro-
cess of networking all the stations, so that all
die files will then be controlled according to
quality assurance procedures.

A great effort was made during this year to
finish the SXLS Phase I storage ring and vacu-
um system for the Phase II superconducting
ring. The contract was finalized with General
Dynamics Corporation to complete the detailed
design and fabrication of two superconducting
dipole magnets for the SXLS Phase II machine.

The group's other efforts this year include
the following: supporting the NSLS operational
needs, the X-17 medical branch line, the small
gap ur.i ilator, ATF facilities, the X-rav

diagnostic beamline, the U13 TOK branch line,
monochromator development work and 52 MHz
cavity improvement program.

The NSLS Vacuum Group is participating
in a search for low photon stimulated desorption
materials and coatings. This task is especially
important for the SXLS project because approxi-
mately 9 kW beam power will impinge on two
meters of vacuum chamber, where only limited
pumping speed can be provided. Some experi-
ments have been conducted on U10B, and re-
sults for stainless steel, copper and TiN coated
copper have been published. In the next few
months, gold plated copper, beryllium, and
diamond film coatings will be studied. The
results of the experiments which have been
performed to date are shown in Figures 1 and 2.

An extensive study of the NEG St-707 strip
type pumps has determined the pumping speeds
for H2, CO and CO-, as a function of adsorbed
gas exposure; the results are shown in Figure 3.

I U

D. 
110101

LJ
1U

Q

~ 10

" 10

in
n i i

H
ill i 

1 i

•4

-6

1015

OF

10

Cu Run =2

: 9 10 K l

ACCUMULATED

102 ' 1O22

PHOTONS 1 m"p

0

A

10

)

H?

CO

co2

23

r

1 
1 

:1
11

:1
1 

1 
1 1

.1

102'1

Figure 1. Molecular desorption yields for
oxygen free copper after vacuum bake.

42



o
10 b i l l IHIII 1 I II

10-3

o
"o

tio"4

CD
O
CD

IiO"5

10"6 =,

10-7

10.18 019

Ti N - Cu Run #3

I i i I M i l l I I I I M i l l I 1 I M l l l l I I I I M i l l I I I I

,201019 1 0 - u 1 0 £ l 10 '

ACCUMULATED PHOTONS ( nrf1)

10 2 3 10 2 4

10V

Figure 2. Molecular desorption yields for glow discharge conditioned
Titanium Nitride coated copper.

NEG St-707
Activation 400-450°C 30 min

v> —

a.
CO

10
3

Q_

I I I I I I 1 1 | I I I I I I I \ I I I I I I I I I I I I I | I I I I I I

H,and CO

CO

10-4
I

i

10"4

I I I I I
, 10'3

III i

I

10

I

-3

i i Mil

I

10-2
I

i

10

|

-2

i 11

i

,10"1

11 i

i

10"1

1 1 1 1Mil

1 ^

1

Virgin NEG =

After
10 exposures to dry N2

and
68 exposures to air —

C 0 -

10-4 10
-•3 . 9 . 1
6 10 ^ 10 ] 1

Gas Adsorbed ( Torr«r rrf1)

Figure 3. Pumping speeds of H2 and CO versus amount of pumped H2, CO and CO2

mixture for different treatments of NEG St-707 strip type pumps.

43



ELECTRICAL SYSTEMS

John Keane
Section Head, Electrical Systems

Have you noticed the roar of silence as you
pass through the middle of the X-Ray Ring?
Yes, the x-ray dipole supply has been replaced
with a new power supply. The electrical as well
as acoustical noise has been reduced. With its
new control system, the regulation has im-
proved. As the result of extensive studies, the
System II RF system in the X-Ray Ring was
treated to a new high voltage power supply.
There will be no more flames from the diode
stack, we hope. At the start of the year the
vacuum window of an X-Ray Ring RF cavity
was troublesome, but the problem was over-
come. A new window design vas completed
that should reduce heating effects and improve
the ceramic to metal seal. Since the window
prob'em was fixed, all three X-Ray Ring RF
systems are capable of being ramped from the
low power required at injection to the higher
power level required at 2.5 GeV. By eliminat-
ing the complicated phase-back scheme previ-
ously used, the X-Ray Ring routinely charges to
over 200 mA.

Frequent trips during the summer months
were an unwanted occurrence in the X-Ray Ring
RF System. The culprit turned out to be false
firing of a thyrator in the power tube protection
system. An improved thyratron tube has solved
this problem.

A new ferrite tuner that could rapidly (40
millisec) tune the VUV RF cavity during injec-
tion has been received and is undergoing evalua-
tion. Damping antennas were inserted in the
VUV accelerating cavity that eliminated a trans-
verse mode that was causing intermittent beam
dumps. Machine studies with the fourth har-
monic RF system were performed in anticipation
of operation with the new harmonic cavity.
Oscillating trim supplies continue to be a thing
of the past, as more are replaced by commercial
power supplies.

Final testing of a new RF system in the
SXLS ring was successful. After some coaxing,
the injection system and the low level beam
detection system proved their worth. Numerous
hours were spent interfacing power supplies, the
RF system, etc., to a work station based com-
puter system.

It is anticipated that knowledge gained from
studies on the SXLS capture process will trans-
fer to both NSLS storage rings. The lifetime of
the stored beam in the VUV ring should im-
prove when the new fourth harmonic cavity
becomes operational. A fourth harmonic cavity
will be installed in the X-Ray Ring. The addi-
tional cavity will allow for continued operation
of the ring even if one system should fail. The
reduced RF requirements on the other three sys-
tems should increase reliability. This paves the
way for either increased X-Ray Ring beam
current or higher electron energy in the future.

Finally, a new injection timing system will
provide less time jitter and, hopefully, better
injection rates into all of the storage rings.

44



PHOTON BEAM POSITION MONITORS

Erik Johnson
Physicist, Beamline R&D Section

As part of our beamline instrumentation
effort, we have developed several photon beam
position monitors. At present, we have two
types of detectors, one which is tailored for use
on insertion devices, and another which is a
more general diagnostic instrument. The undu-
lator detector operates by sensing the fringes of
the radiation with tungsten blades and passing
the central cone of the photon beam on to the
experiment. The device is made quite compact
by consolidating several of its important features
through the use of a machined copper monolith.
Beryllia shims support the blades and keep them
electrically isolated from the monolith, so photo-
current from each blade can be measured. The
monolith itself is electrically isolated from the
vacuum system, so it can function as a biased
collector. The monolith is also water-cooled
and keeps the blades parallel to each other via
precision machining of the clamping surfaces.
While these devices have proven their reliability
on U14B, XI and X13, they are best suited to
feedback applications. For this reason, we have
developed dedicated vertical position monitors
for use in the X-Ray Ring front ends. These
devices are based on variations in the illuminat-
ed area of their triangular elements to sense the
beam position. One such device has been in
service in the X14 front end for more than two
years with no measurable change in its transfer
function. During the March 1991 shutdown,
these monitors are scheduled to be fitted with
elements to sense horizontal as well as vertical
motion. Beam position data from these devices
has been continuously acquired for much of
1990 to test the monitor operation, and to pro-
vide some added machine diagnostic capability.
Extensions of these measurements are planned
for the next fiscal year. In parallel with this
program, we have been working on a more
compact version of the diagnostic device for
application on user beamlines. Testing of these
new devices should commence during 1991.

Insertion device monitor head.
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The Phase I Superconducting X-Ray Lithog-
raphy Source (SXLS) Storage Ring. Commis-
sioning commenced in September 1990.



FIFTH WORKSHOP ON SYNCHROTRON X-RAY LITHOGRAPHY

November 16-17, 1989

Gwyn Williams, NSLS
Workshop Organizer

The Fifth Workshop on Synchrotron X-Ray
Lithography was hosted by the National Syn-
chrotron Light Source at Brookhaven National
Laboratory on November 16-17, 1989. The
goals were to review progress and goals since
the last workshop and to establish a blueprint for
the future. The workshop was attended by 104
people representing industry, universities and
national laboratories.

Semiconductors comprise a greater part of
the United States economy than the aircraft,
steel and automobile industries combined. In
the future, the semiconductor manufacturing
industry will be forced to switch away from
present optical manufacturing methods in the
early to mid 1990's. X-ray lithography has
emerged as the leading contender for continuing
production below the 0.4 micron level.

Brookhaven National Laboratory began a
series of workshops on x-ray lithography in
19861"4 to examine key issues and in particular
to enable United States industry to take advan-
tage of the technical base established in this
field. Since accelerators provide the brightest
sources for x-ray lithography, most of the re-
search and development to date has taken place
at large accelerator-based research centers such
as Brookhaven and the Universities of Wiscon-
sin and Stanford.

The present meeting focused on the "Expo-
sure Tool," that is, a term defined as the source
plus beamline and stepper. In order to assess
the appropriateness of schedules for the develop-
ment of this tool, other aspects of the required
technology such as masks, resists and inspection
and repair were- ulso reviewed. To accomplish
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this, two working groups were set up, one to
review the overall aspects of x-ray lithography
and set a time frame, the other to focus on
sources.

The overall conclusions of the workshop3

were as follows:

• The target for x-ray lithography production
should be the 64Mb it DRAM in 1995.

• The U.S. has a strong research program in
x-ray lithography through such organizations
as IBM, DARPA and th • "\)E, whl-ii has a
1-2 year lead over the rest of the world for
most, but not all. program elements.

• The present pathway to the commercializa-
tion of x-ray lithography in the United States
is severely limited. Specifically:

1. The superconducting ring on which both
the IBM and Brookhaven (DARPA)
programs are based involves an emerg-
ing technology which carries risks and
there is no safe backup.

2. There is no link to industry for technol-
ogy transfer and no backup for the
University of Wisconsin (DARPA)
beamline development program which is
also based on emerging technology.

3. The DARPA funded stepper program
has no backup.

Based on these conclusions, the following
recommendations were made:

• That the areas of risk identified above be
regarded as areas of opportunity for United
States industry in collaboration with universi-
ties and government laboratories to develop
the technology of x-ray lithography and
maintain world leadership.

• That a strong National X-Ray Lithography
Program be established whose initial goals
are to establish a prototype XRL facility as
the integration point for research programs
underway at a number of locations. This
facility must be sited at a semiconductor
manufacturing operation and must be opera-
tional by 1993. High capital costs and risks
mandate strong Government support and
leadership.
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SOURCES AND APPLICATIONS OF fflGH INTENSITY
UV-VUV LIGHT WORKSHOP

January 22-23, 1990

Erik Johnson. NSLS
Workshop Organizer

The purpose of this workshop was to ex-
plore potential applications in the biological,
chemical, and materials sciences of high intensi-
ty ultra violet (UV) radiation and to determine
what types of sources could be developed to
meet these needs. The source question arises
when the properties of the "third generation"
sources currently under construction are consid-
ered. The 1 GeV Advanced Light Source (ALS)
and 7 GeV Advanced Photon Source (APS) are
insertion device based machines which span the
soft to hard x-ray range, but are %• from opti-
mal for the production of radiation from 5 to 30
eV. Although some plasma lasers exist which
operate above 10 eV they are generally line
sources, and extensions of current laser technol-
ogy are unlikely to produce tunable radiation
with significant intensity at these energies.

It was clear from many of the talks that not
only are average and peak intensity important
issues, but that the time structure of the radia-
tion source may in the end determine what types
of experiments are possible. Examples include
time resolved fluorescence, pump-probe photo-
chemistry, and a host of non-linear optics exper-
iments. For diese flux hungry experiments,
peak powers up to 1 mJ per pulse in a Iff4

bandwidth are required in pulses of a few ps
duration. At the other extreme, experiments
like high resolution photoemission suffer from
space charge limitations, and are best served by
a high average power source, achieving a flux
the order of 1O10 photons/sec. The clearest
message from the discussion was mat wave-
length tunability is of critical importance to
almost all of the proposed science, and that
whatever sources are developed must be fairly
agile in order to meet the requirements of the
fields represented in the workshop.

Several types of sources including lasers,
low energy storage rings, and free electron
lasers (FEL) were discussed. It was also deter-
mined that an existing source, the NSLS U13U
undulator, could provide an important stepping
stone for science in this energy range. Subse-
quent work has focused on the development of a
UV-FEL described in a separate contribution to
the Annual Report by Dan Ben-Zvi. More in-
formation about the workshop can be found in
an informal report, BNL-45499.

It is useful to compare peak output power
of die proposed UV-FEL with that of conven-
tional and synchrotron-based sources. Figure 1
summarizes the peak output power for a variety
of radiation sources in a wide wavelength range
from microwaves to hard x-rays. Included are
conventional microwave sources, lasers, plasma
lasers, second-generation (NSLS) and third-
generation (ALS, APS) synchrotron sources,
and the range of possible infrared and ultraviolet
free electron lasers (FELs). A relative photon
energy bandwidui (AE/E) of Iff3 was used to
calculate peak power for the synchrotron
sources, although a monochromator is needed to
achieve this bandwidth. The bandwidfhs used
for the other sources are typical values for each
source, e.g., 10"3 to Iff4 for FELs and much
narrower for lasers. The data for microwave,
laser, plasm.., and FEL sources is taken from
Science 250, 88 (1990), except the most power-
ful plasma source, which is taken from Science
247. 1553 (1990). The IR and UV FELs oc-
cupy regions of the peak power spectrum which
are not presently reachable by the other types of
radiation sources. The UV-FEL proposed here
will produce approximately 108 Watts peak
power in the 1000A wavelength range, placing
it at the top of the cross-hatched UV-FEL
region.
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PROPOSED UV-FEL USER FACILITY AT THE NSLS

Han Ben-Zvi, S. Krinsky and L-H. Yu
National Synchrotron Light Source

The National Synchrotron Light Source
(NSLS) is preparing a proposal for the construc-
tion of an accelerator-based UV/VUV radiation
source capable of providing coherent radiation,
easily tunable over a 30% bandwidth, and cov-
ering the range from 3000 A to 1000 A at 10s

watt peak power. Nano-Coulomb electron
pulses will be generated at two laser photo-
cathode rf guns at a combined repetition rate of
10 kHz. The 6 ps pulses will be accelerated to
250 MeV in a superconducting linac.

The FEL1 consists of an initial wiggler
(about 2.0 m long) resonant at 3000 A. a disper-
sion section (about 0.2 m long at 0.4 T) and a
second wiggler (about l l m long) resonant at
1000 A. The interaction of the 3000 A seed
pulse with the electron beam produces an energy
modulation at 3000 A. This energy modulation
is converted into a spatial bunching with a
strong third harmonic component at 1000 A in
the dispersion section. When this coherently
bunched beam enters the second wiggler mag-
net, there is a rapid coherent generation of 1000
A radiation within the first meter. This radia-
tion process lias a characteristic quadratic depen-
dence on distance traversed in the wiggler.
There is then a transition to exponential growth
which continues until about 8 m into the wig-
gler. where tapering begins.

This approach eliminates the resonator
mirrors which are a difficult aspect of oscillator
FEL designs. The amplifier input is an harmon-
ic of a tunable infrared laser generated in the
final step by the nonlinearity of the FEL itself.
The FEL is a high quality nonlinear medium,
offering a high conversion efficiency, high
power handling capability, high stability of the
nonlinear operation parameters and wide band
runability in a single device. By using a short
pulse seed laser (shorter than the electron pulse
length), a wide range of pulse length, from 100
fs to a few ps is made possible, offering addi-
tional science possibilities.

Unlike FEL's utilizing UV/VUV oscillator
cavities, the laser amplifier scheme proposed
here will provide high peak power VUV

radiation with the mode structure, bandwidth
and frequency stability of an input seed laser.

The FEL output in 104 bandwidth is 1 mJ
per pulse, resulting in an average power of 5
watts per wiggler in two wigglers. The avail-
ability of radiation with these characteristics
would open up new opportunities in photochem-
istry, biology and nonlinear optics, as discussed
in a recent workshop held at BNL.2 Wave-
length tuning will be done via energy modula-
tion rather than via wiggler gap change. (Natu-
rally the seed lasers will tune in synchronism.)
This final energy modulation will be done by
special purpose accelerating cavities placed just
before each of the two wigglers, thus necessitat-
ing no transport element adjustments. This
method offers the following advantages: 1)
simpler wiggler design; 2) wiggler operation at
its highest K; and 3) much faster wavelength
tuning, limited in principle only by the seed
laser tuning speed.

At the energies required for a UV-FEL, the
best combination of peak current, stability,
energy spread and time structure is available
from a superconducting linac at a low frequen-
cy, say about 500 MHz. With such a machine
it is possible to run either short (sub-picosecond)
bunches or long (a few tens of picosecond)
bunches with little degradation of energy spread
due to wake fields or fundamental mode curva-
ture. At about 500 MHz it is possible to oper-
ate at a temperature of 4.5 CK, simplifying the
cryogenic system. Superconducting linacs are
available commercially from a number of manu-
facturers. To reduce the cost of the linac a
recirculation scheme with about three passes
through the linac will be used. This arrange-
mf.it has additional advantages, such as the
possibility of extracting bunches at ' " ious
energies, destined for a number of FELs operat-
ing at various wavelengths as well as the option
to do bunch compression at an intermediate
energy.

The low emittance electron beam needed
for the UV-FEL will be generated by a laser-
photocathode RF gun of the type which is being
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developed at the Accelerator Test Facility. We
assume a normalized emittance of 6x10"^ m-rad
and 300 A current (inc'Mding pulse compres-
sion). Two guns w,; De tunneled into the linac.
Each gun will ope: ate at a pulse repetition rate
of 2.5 kHz and produce two micropulses per
gun pulse with a spacing of 10 ns. Thus, the
total electron pulse rate will be 10 kHz. The
pair of micropulses with 10 ns spacing will be
separated by rf methods after the linac.

The cost effectiveness of die facility is
enhanced by two features. One is the high pulse
repetition rate which is made possible by the
superconducting linac, the other is beam sharing
in real-time by multiple users. The accelerator
will provide photon pulses to two wigglers with
about 10 ns separation. In each wiggler die rate
will be up to 5 kHz with 200 /is spacing. In
each wiggler these pulses will be split between
two experimental stations by rotating mirrors.
Thus the machine will serve simultaneously four
users. Each of die independent users will be
able to tune his or her wavelengdi completely
independently of die odiers, using rf modulation
of die energy of die individual electron micro-
pulses.

Our proposed FEL will have two options
for performing unique pump/probe experiments.

One is the FEL in conjunction widi die X-Ray
Ring and the odier is a unique FEL pump/FEL
probe at two independent colors. The first will
be provided by bringing one of die FEL photon
lines to the X13 beamline of the NSLS. The
second will be provided by simply bringing
togedier the output from die two wigglers at one
station. Tne 10 ns delay between these pulses
may be varied by optical means to a larger, or
smaller (down to zero) delay time. This option,
in conjunction widi the sub picosecond pulse
lengdi and high power of die FEL beams will
open up exciting new science possibilities.
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AREA DETECTORS IN PROTEIN
CRYSTALLOGRAPHY WORKSHOP

May 16, 1990

Robert Sweet, BNL Biology
Workshop Organizer

This workshop, attended by over 30 scien-
tists, was intended to serve as a first exposure to
synchrotron science for practicing protein crys-
tallographers. The focus of discussion was the
area diffractometer that had recently been in-
stalled at Beamline X12C.

Several lectures introduced the theory and
practice of use of area detectors for crystallogra-
phy: "Direct photon detectors based on gas
chambers and solid state technology," by
Graham Smith, BNL; "Theory of operation of

integrating electronic area detectors," by
Michael Strauss, Argonne National Laboratory;
and "Details of operation of the FAST
television-based area diffractometer by Enraf
Nonius," by R.M. Sweet, BNL.

There was a brief description of the sort of
x-ray optics that are used for synchrotron beam
lines and then Jim Pflugrath of the Cold Spring
Harbor Laboratory gave a demonstration of and
tutorial in the use of MADNES, the software
package used for area detector data reduction.

MATERIALS SCIENCE RESEARCH AT HIGH X-RAY
ENERGIES WORKSHOP

May 16, 1990

Dean Chapman, NSLS
Workshop Organizer

This workshop highlighted the experimental
programs and capabilities of the X17 supercon-
ducting wiggler materials science beamlines.
The workshop occurred just as the supercon-
ducting wiggler and beamlines were becoming
operational and represented the groups which
intended to use this unique source of intense
high energy x-rays.

Presently, there are two beamlines con-
structed to use diis source. The X17C beamline
is operated by a high pressure diamond cell
team. The central beamline, X17B, timeshares
between two experimental programs, the Digital
Subtraction Coronary Angiography Program
(X17B2) and the Materials Science Program
(X17B1).

The presentations covered the capabilities
and experimental programs of both of the mate-
rials science beamlines, X17C and X17B1.
Each presentation was 30 minutes with a 15

minute discussion period and were on the fol-
lowing topics:

• Wiggler and Beamline Characteristics
Dean Chapman - NSLS

• High Energy Fluorescence
Mark Rivers - University of Chicago

• Large Volume - High Pressure Research
Don Weidner - SUNY at Stony Brook

• Diamond Anvil Cell Research
Earl Skelton - NRL

• High Energy Scattering
Jerry Hastings - NSLS

• In-Vivo Lead Measurements
Keith Jones - BNL/DAS

• Tomography
Per Spanne - BNL/DAS

Xeroxed copies of the transparencies used
by the speakers in their presentations are avail-
able on request from Dean Chapman.
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CALCULATIONAL METHODS IN XAFS ANALYSIS*

May 16, 1990

W.T. Elam, Naval Research Laboratory
Workshop Chairman

The morning session concentrated on meth-
ods for calculating spectra when suitable stan-
dards are not available. The program was
modified several times to permit presentations
not on the original program, and an informal
atmosphere prevailed. The speakers are listed
below in the order they appeared with a short
synopsis of their talk.

John Rehr of the University of Washington
gave the overview talk on state-of-the-art XAFS
calculations, including a list of required ingredi-
ents and grades on how they are handled by
current codes. The grades ranged from A to C;
with A for the current curved wave theory and
C for some many-body corrections. He also
explained the workings of the University of
Washington's XAFS Program FEFF, written in
collaboration with S. Zabinsky, Jose Mustre de
Leon and R. Albers of Los Alamos. It was
clearly the most convenient code and gave an
excellent match to experiment for the first-shell
EXAFS region, and provides a replacement for
tables of XAFS phase shifts and scattering am-
plitudes. FEFF is currently limited to the first
shell by its prescription for the molecular poten-
tial and the lack of multiple scattering. Rehr
emphasized the importance of a fast energy
dependent exchange-correlation potential for
accurate XAFS phases and amplitudes.

Don Ellis of Northwestern presented his
results on applying molecular-orbital methods to
calculating near-edge structure. He explained
the procedures in his codes, including their
choice of basis set to provide a compromise
between completeness and complexity, and
emphasized the need for self-consistency. They
are very successful at predicting the position of
features i? the absorption edge, but have as
much as a vactor-of-two errors in peak ampli-
tudes. These calculations take about 1-3 hours
on a Cray and cannot be easily extended to the
EXAFS region at present. Nevertheless, they
represent a method which does not assume a
spherically-symmetric muffin-tin potential, and

thus provide a hope for handling asymmetric
materials such as ferroelectrics, oxide supercon-
ductors, etc.

Steven Gurman of the University of
Leicester and Norman Binsted of Daresbury
gave a joint presentation on the theoretical basis
and operation of EXCURVE, the principal
analysis program at Daresbury. Gurman not
only covered the methods used in EXCURVE,
but also gave some of its history. The emphasis
on biological problems at Daresbury meant that
standards were seldom available and they had to
rely on calculational methods from the start.
The heavy user support fostered the develop-
ment of a complete, interactive analysis pro-
gram, including multiple-scattering. Binsted
described the operation and use of the program.
Pre-calculated atomic data are used to speed the
calculations. The experimental data is then
processed, and the structural parameters are
combined with the atomic calculations and used
to fit the experimental spectra. Fourier filtering
is optional, and is typically not used to avoid
distorting the spectra.

Trevor Tyson of Stanford described a
program being written in collaboration with
Rino Natoli, Maurizio Benfatto and others at
Frascati. Some of it's ingredients were bor-
rowed from FEFF, and it also includes multiple
scattering and a self-consistent potential. Tyson
also discussed the concept of a spectral radius to
determine the energy at which the multiple
scattering expansion fails to converge.

Alex McKale presented an overview of his
tabulated curved-wave phase shifts. The tables
are very complete, extending out to 20 inverse
angstroms in photoelectron momentum and cov-
ering elements from Z= 1 to 100. He showed
some trends in the data and the physics which
underlie them.

The afternoon session was devoted to meth-
ods of treating experimental data as well as
several on-line demonstrations of the programs
described in both sessions.
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Bruce Bunker of Notre Dam? gave an
overview of the steps in analysis and the advan-
tages and disadvantages of different approaches.
He also mentioned some of the weak points in
present analysis.

Ha Kim of NRL described the University
of Washington/NRL analysis package, which is
a realization of the methods described by Bunk-
er. The package was originally written at the
University of Washington about 10 years ago.
The package is fairly complete and the numeri-
cal methods used are well-tested and robust.
The graphics and ratio programs are interactive,
but the majority of the programs run on a
VAX/VMS system, but the recent upgrades at
NRL make them more portable. A MicroVAX
was available in the conference room, and Kim
demonstrated the use of the programs.

The newest addition to the package is the
SYNDAT program, which calculates single-she!!
data using the McKale tables and suitable input
parameters. The program was run with a set of
parameters for Cu foil and the data plotted using
the interactive graphics program.

Tolek Tyliszczak from McMaster Universi-
ty brought his 80386-based lap top computer
containing his analysis package, BAN. It was
connected to the overhead display and he gave a
short demonstration of his programs. It was
soon apparent that it was a fast, very interactive,
and flexible and complete package, and also
included FEFF. It was the only package dem-
onstrated which runs on a PC, and attracted
wide interest.

Norman Binsted and Gerry Lamble per-
formed a minor miracle by establishing several
(slow) telephone links and providing a demon-
stration of an older version of EXCURVE which
was running on the XI1 VAX. In spite of the
adverse conditions and very slow graphics, they
managed to perform an entire sample calculation
and compare it to experiment. It conveyed the
flavor of using this program which has been a
major force in EXAFS data analysis for years.

Sol Pearlstein of the National Nuclear Data
Center at BNL gave a half an hour presentation
on the NNDC proposal to expand their database
and related activities to include photon data. He
gave a short history of NNDC and explained
and demonstrated some of their capabilities.
The highlight was a demonstration of the on-line

capabilities for retrieving and plotting data,
sending mail, etc. They are particularly inter-
ested in XAFS data because our field would find
a database immediately useful and has outlined
the particulars for a database in the report of the
International Committee on Standards and Crite-
ria (Physica B 158, 701, 1989).

The desired equipment for a possible NSLS
sponsored equipment pool, several options for a
database, and the possibility of forming an
association were discussed and a survey taken.
The results of die survey are at the end of this
report.

Trevor Tyson brought his programs on a
tape which could be read on the MicroVAX.
He installed them the evening before and ran
them for a typical calculation. In spite of die
slow machine, the multiple scattering calculation
ran in a few minutes. These programs are in
the final stages of debugging before being re-
leased to odiers.

John Rehr and Jose Mustre de Leon estab-
lished a connection to a VAX at LANL and ran
FEFF 3.0 as the last demo. They showed the
input format consisting of only atomic numbers
coordination numbers, and a Debye-Waller
factor, and ran a complete calculation of a Cu
foil first shell in 5 minutes. The results were
compared with an experimental spectrum and
showed good agreement.

The results of the equipment survey taken
at the workshop (in order of priority):

1 - a set of standard metal ."oil samples,
2 - a set of filters for fluorescence EXAFS,
3 - either a closed-cycle He refrigerator or a

variable-temperature LN2 cryostat,
4 - a detector for fluorescence EXAFS (see

below),
5 - a simple LN2 temperature cryostat,
6 - a refrigerated (4°C) holder for biologicai

samples,
7 - a He-filled electron EXAFS detector, and
8 - a furnace equipped for fluorescence EXAFS.

The favorite fluorescence detector is a
multi-element Ge detector, but they are
expensive, subject to breakdowns, have complex
and expensive electronics, and are hard to use.
An ion chamber similar to what XI1 uses is
much cheaper, simpler, and more rugged. I
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recommended getting the ion chamber first and frequently mentioned roles for such an associa-
purchasing a multi-element Ge detector if money tion were communication (journals, meetings,
and support are available. newsletters, etc.) and managing a database.

There were 26 responses to the survey, and
of these 19 favored the NNDC proposal as the
first choice for a database. Five respondents *This report was prepared by W.T. Elam,
would join an association if dues were nothing. Workshop Chair, and first appeared in the
17 would join if dues were $20/yr, 8 if dues Sept./Oct. 1990 issue of Synchrotron Radiation
were $50/year and 4 for $100/yr. The most News.
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THE USE OF SYNCHROTRON RADIATION IN THE STUDY
OF MAGNETISM WORKSHOP

May 16, 1990

Denis McWhan, AT&T Bell Labs/NSLS
Workshop Organizer

Over a dozen beamlines on the X-Ray and
VUV Rings have done experiments during the
past year in the field of magnetism. Different
measurements such as linear and circular dichro-
ism, Faraday effect, magnetic reflectivity and
scattering studies are all related to various com-
binations of the same quantities within the dipole
approximation. The object of the workshop was
to have the researchers using these different
techniques compare their results and assess
what is being learned about magnetism using
synchrotron radiation. Approximately seventy-
five people attended the one day meeting. The
program was:
1. Magnetism: What do we need to know?

Peter Levy - N.Y.U.
2. X-Ray Resonance Exchange Scattering

Jim Hannon - Rice
3. Magnetic Scattering in Rare Earths

Doon Gibbs - BNL/Physics
4. Magnetic Scattering in Heavy Fermions

and Actinides
Eric Isaacs - AT&T Bell Labs.

5. Spin Polarized Photoemission: Adsorbates
on Ferromagnetic Surfaces
Peter Johnson - BNL/Physics

6. Dichroism in the X-Ray Absorption
Spectra of Magnetically Ordered Systems
Paola Carra - ESRF

7. Kerr Effect in Ultra Thin Magnetic Films
Sam Bader - ANL

8. Faraday Effect at X-Ray Energies
Peter Siddons - BNL/NSLS

9. Magnetic Reflectivity at L Edges of Iron
Chi-Chang Kao - BNL/NSLS

10. Magnetic Circular Dichroism at the L(2)
and L(3) Edges of Nickel
Francesco Sette - Bell Labs.

11. Magnetic Compton and Beyond
Phil Platzman - Bell Labs.

Peter Levy discussed the giant magnetore-
sistance that is observed iron-chromium multi-
layers and indicated that magnetic x-ray studies
could provide important information on the: 1)
the magnetic state of the Cr layers, 2) the mag-
netic state of the interfaces, and 3) the rough-
ness of the interfaces. Peter Johnson showed
how spin polarized photoemission can be used to
study the effects of oxygen on the Fe(001)
surface. Jim Hannon developed the theory of
the resonant enhancement of the magnetic scat-
tering cross-section near atomic absorption
edges and showed the relationships between the
different types of experiments. Paola Carra
applied this theory to absorption measurements
and compared experiment with theory obtained
from realistic band structure calculations. Doon
Gibbs showed detailed comparisons between
theory and experiment in many rare earth met-
als, intermetallics and even magnetic multilay-
ers. Eric Isaacs demonstrated similar agreement
between theory and experiment in UAs and
showed how the very large enhancement could
be used to study heavy fermion superconductors
where the moment is only a few hundredths of a
Bohr magneton. Peter Siddons pointed out that
there are advantages to measuring the rotation of
the polarization directly rather than measuring
circular dichroism and he presented results on
Co-10%Fe alloys. Reflectivity and circular
dichroism measurements at the L edges of Fe
and Ni were presented by Kao and Sette respec-
tively. In each case comparisons with band
structure calculations were made. Phil Platzman
emphasized how higher resolution was needed to
see details of magnetic Compton profiles and
speculated that inelastic magnetic Compton
measurements could be used to study many
important properties of the ground state of
strongly interacting systems.
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NSLS USERS' MEETING 1990

May 17-18, 1990

Peter Johnson, BNL Physics
Conference Chairman

The NSLS Annual Users' Meeting was
held on May 17th and 18th. The preceding day
was devoted to a series of workshops on topics
of particular interest to the user community.
These workshops and their organizers included
Magnetism (Denis McWhan), Protein Crystal-
lography (Bob Sweet), EXAFS (Tim Elam) and
Materials Science Research at High Energies
(Dean Chapman). The numbers attending the
meeting continued to increase with over 400
registered for the main meeting and nearly 300
distributed between the workshops.

The magnetism workshop brought together
people from both the UV and x-ray communi-
ties. Topics or experimental techniques dis-
cussed ranged from magnetic x-ray scattering
through MCD to Spin Polarized Photoemission.
The Protein Crystallography and EXAFS work-
shops both concentrated on the experimental
methods and analysis associated with the use of
synchrotron radiation in these different fields.
The High Energy workshop covered experi-
ments that would be possible on the new super-
conducting wiggler on X17.

The main meeting was led off with the Lab
Directorate introducing and welcoming our new
Chairman, Denis McWhan. Sam Krinsky was
also thanked for doing an excellent job as Act-
ing Chairman over the past year. Keynote
speaker, Don Stephens followed with a perspec-
tive from Washington. John Axe gave an as-
sessment of the relative merits of neutrons and
x-rays telling us that both had their place within
research.

Sam Krinsky reported on the present status
of the NSLS storage rings. A number of inser-
tion devices are now operational including U5
(Spin Polarized Photoemission), IR4 (Infrared
Studies), XI (Soft X-Ray Microscopy), X13,
X17 and X25. It was anticipated that the Angi-
ography Program on X17 would be operational
shortly and indeed it now is. Sam reported on
the continued important role played by Lithogra-
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phy at the NSLS with two beamlines devoted to
th.. topic on the UV ring and the development
and commissioning of the SXLS ring.

Two invited talks covered the design,
implementation and uses of UV FEL's. This is
seen as a possible new area of interest for the
NSLS. A complete session was devoted to
Phase Transitions with Bob Birgenau (MIT)
giving an exciting review of Liquids, Crystals

and Liquid Crystals and Mike Wortis (Washing-
ton University) talking on Wetting and Phase
Transitions. Other invited talks included Studies
of Solid Hydrogen, Crystal Cooling, X-Ray
Microscopy, White Light Laue Diffraction and
Infrared Studies of Adsorbates. Aside from
these talks, a Poster session with over eighty
posters allowed every beamline to present and
discuss important results.
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INTERNATIONAL CONFERENCE ON VIBRATIONS AT SURFACES

September 10-14, 1990

Yves Chabal, AT&T
Fritz Hoffman, EXXON
Gwyn Williams, NSLS
Workshop Organizers

The 6th International Conference on Vibra-
tions at Surfaces was held on Shelter Island,
Long Island (New York) from September 10-14,
1990. In addition to a solid contribution of
EELS, IR, Inelastic Helium scattering and
Raman spectroscopies to the understanding of
surface physics, this conference was highlighted
by two areas that have developed since the last
such conference (VAS5, Eibsee, Wes? Germany,
1987): 1) direct measurements of vibrational
lifetimes using picosecond IR lasers and 2) the
effective use of all vibrational spectroscopies to
study the surfaces of technologically important
materials (insulators, semiconductors and real
world catalysts). In addition, infrared syn-
chrotron radiation has begun to be applied to
the study of low frequency modes. Work on
liquid/solid interfaces was underrepresented and
there is little doubt that the next conference
(Genova, Italy) will see a strong participation
from this community, as well as the growing
materials community.

There were 177 participants, from the fol-
lowing countries:

Belgium(4); Canada(2); Denmark(l);
England(19); France(8); Germany(26);
Hungary(l); Italy(6); Japan(13);
Netherlands(l); Sweden(5); USA(88);
USSR(3).
One hundred fifty-one papers were present-

ed (18 invited talks, 42 contributed oral talks,
84 posters and 7 postdeadline oral presenta-
tions), during the four and a half day confer-
ence. An important fact was the participation of
47 students, among whom 29 came from
abroad. Such a large number (more than a
quarter of the attendees) is certainly the sign of
a healthy meeting and reflects an expanding
area.

The 112 papers in these proceedings were
submitted and refereed during the meeting.
They have been published in the Journal of
Electron Spectroscopy, Volumes 54 and 55,
1990.

We are extremely grateful to Pat Powers,
Carol Hirschmugl and Jean Byrne for their
considerable help in organizing this meeting.
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DOE HIGH SCHOOL HONORS RESEARCH PROGRAM

William Lynch, BNL Office of Educational Programs
Program Advisor for the DOE High School

Honors Research Program

The DOE (Department of Energy) High
School Honors Research Program, now m its
fifth year at Brookhaven National Laboratory,
was host to 59 high school students this year.
The two week program, held this year between
July 25 and August 7, was designed to provide a
top high school student from each state access to
several of the premier research machines at the
Laboratory, as well as expose them to the day to
day "business" of scientific research. In addi-
tion to 49 states, a student from the District of
Columbia and Puerto Rico, as well as eight
foreign countries (Canada, England, France,
Italy, Japan, Northern Ireland, Mexico, and
West Germany) attended this year's program.

The first two full days of the program were
devoted to familiarizing students with the NSLS

and the BNL environment. They heard lectures
on safety (T. Dickinson), properties of synchro-
tron radiation (S. Hulbert), applications of syn-
chrotron radiation (W. Thomlinson), and relativ-
ity (B. Moskowitz). Sessions were aiso held to
discuss physics in general and the specific ex-
periments the students would be doing at the
NSLS and the Medical Department. To meet
and work with their team members, as well as
to apply their new knowledge, the students were
then asked to work in ten groups of about six
students each, to calculate the theoretical photon
flux output of the NSLS at two different photon
energies. In addition, the students toured both
the NSLS and the Laboratory site during these
initial two days. After a day's visit to New
York City, the next three days were devoted to
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doing their experiments. Thanks to the com-
bined efforts of the scientific staff and the Office
of Educational Programs, there was a total of 6
experiments available for the students to do. A
total of 26 three-hour shirts at the NSLS, and 4
three-hour shifts at the Medical Department
enabled the 10 teams of students to perform 3
different experiments. The six 1990 experi-
ments are described below.

Experiment XXX: Optical Diffraction
(D. Chapman). This experiment used a He-Ne
laser and simple objects to introduce principles
of diffraction from periodic structures and com-
puter controlled data acquisition. The students
measured the wavelength of a He-Ne laser with
a machinist's ruler and using this data, deter-
mined the spacing of a Ronchi ruling.

Experiment U41R: Fourier Transform Infra-
red Spectroscopy (G. Williams). The students
studied the operation of the FTIR on U4IR and
obtained spectra of glass, black polyethylene
film, clear polystyrene film and polycarbonate
plastic.

Experiment U14: Monochromator Efficiency
and the Photoelectric Effect (C-C. Kao,
R. Garrett). The students determined the
monochromator Tansmission efficiency between
100 and 300 sV by measuring the photoelectric
current generated by illuminating a metal with a
known photoelectron yield with light from the
NSLS and comparing the flux calculated from
this measurement (monochromator output) to the
previously determined theoretical photon flux
(monochromator input). Yanjun Ma. (AT&T
Bell Labs) graciously volunteered U4B beam
time when a problem developed with U14.

Experiment X14: X-Ray Diffraction in Alloys
(G. Ice). Cu-Au. and Cu-Au-Pd samples were
measured with powder diffraction techniques,
and then, from the diffraction peaks and Miller
Indices for the peaks, the students were able to
calculate d-spacings for the alloys. They then
speculated on why the alloys behaved as they
did.

Experiment X19: Oxygen Absorption in
Hemoglobin (S. Cramer). Students determined
the change in the iron K-electron binding energy
as a function of oxygen loading, and used this
relationship to predict the K-shift for partial
oxygen loadings.

SPECT: Single Photon Emission Computed
Tomography (D. Weber). Students used the
Toshiba gamma camera and medical data pro-
cessor in the Medical Department to image a
line source in planar and tomographic modes.
They then deternuned the resolution and sensi-
tive of the system and compared their data to
tht r_olished specifications. A 'phantom' was
also imaged in tomographic mode to verify these
results.

During the three days that the experiments
were being done, when the students were not at
the NSLS or the Medical Department taking
data, they wrote up the experiments that had
been completed. Ten members of the scientific
staff (mentors), then reviewed these first drafts,
which were returned to the students with com-
ments in time for them to complete a second
draft of their papers. These staff members
were: M. Bhat, DNE; E. Bozoki, NSLS;
L. Epel, DNE; S. Hobbie, DNE; W. Kane,
DNE; R.B. Klemm, DAS; M-S. Lu, DNE;
E. Premuzic, DAS; M. Rivers, DAS; J. Skalyo,
DNE; R. Thomas, OEP. After their first draft
was completed the students toured four of the
BNL departments (Chemistry, Applied Science,
Medical and Physics), to expose them to the
comprehensive research program undertaken by
the laboratory. In addition, during the week,
the students heard two special lectures, entitled
"Advanced Biochemical Processes for Geother-
mal Brines" (E. Premuzic) and "How Genes are
Packaged and Distributed" (J. Van't Hof).

During the entire time that the studeits
were at BNL, there were six program advisors
available 24 hours a day to assist the students in
all aspects of the scientific program as well as to
provide supervision. The six program advisors
were local high school teachers who lived with
the students on the laboratory grounds for the
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two weeks that the students were there.
(J. Callaway, E. Islip H.S.; L. Celenza, Central
Islip H.S.; L. Hainan, Dayton Avenue School;
C. Hudson, Central Islip H.S.; N. Coggins
Lynch, E. Islip H.S.; and W. Lynch, E. Islip
H.S.).

After a weekend spent visiting Port Jeffer-
son and the beach at Watch Hill, the students
formally presented their papers to their peers,
their mentors, the program advisors and the

scientific staff. Monday evening a formal
awards ceremony was held in Berkner Hall,
with each student receiving a laser-engraved
plaque commemorating their participation in the
program.

Information regarding the program and
copies of the student reports or a videotape of
±eir formal presentations can be obtained by
contacting Karl Swyler or Don Metz in the
Office of Educational Programs, (516) 282-
7171.
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1990 NSLS Highlights



Transvenous synchrotron radiation coro-
nary angiogram of a volunteer human
patient taken on the NSLS X17B2 beamline.
In 1987, the patient experienced severe
stenosis of the mid-portion of the right
coronary artery (RCA), and balloon angio-
plasty was successfully performed to reopen
the RCA. This coronary artery x-ray image
was taken in Fall 1990 and shows that the
mid-portion of the RCA (see arrow) is still
open.
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Beamline U4A
The AT&T Bell Laboratories team on Beamline U4A has investigated the broadening of the core-electron
photoemission lines originating from atoms in the outermost atomic layer of oriented alkali metal surfaces.
Data from Na. K and Rb. covering a wide range of temperature above the Debye temperature, show
that the square of the Gaussian widths of both bulk and surface are proportional to temperature, as
predicted by phonon broadening theory, see above figure. For Li, where the data lie below the Debye
temperature, the expected leveling-off at low temperature is observed. The extra width of the surface lines
in data for Li. Xa. K and Rb have been shown to arise from the soft vibrational mode perpendicular
to the surface suggested some years ago by Jackson. Changes in lifetime width and singularity index
in the surface layer have negligible effect on the line shape of the heavier alkalis, but are not excluded
in Li. It has also been shown that the excess phonon broadening of certain transition metal surfaces
is satisfactorily explained by the theory developed for the alkalis. (D.M. Riffe. G.K. Wertheim, and P.H.
Citrin. AT&T Bell Laboratories)
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Beamline U4IR
The NSLS won a 1990 R&D 100 award for a "Wave-front Dividing Infrared Interferometer NSLS-U4IR".
The recipients were (L to R in picture) Carol J. Hirschmugl (Yale University and NSLS), D. Peter Siddons
(NSLS), K. Dieter Moeller (Fairleigh-Dickinson U.) and Gwyn P. Williams (NSLS).
An infrared beamline (U4IR) was recently constructed on the VUV ring at the NSLS which provides light
from visible wavelengths to cm wavelengths. It is around 1000 times brighter than the conventional black
body radiation sources usually used in this region and is also more stable. An additional property of
the source is that of spatial coherence. This property allowed a "Michelson" type interferometer to be
buili in which the normally amplitude dividing semi-silvered beamsplitter was replaced by a spatially
dividing beamsplitter. In this instrument literally the upper half of the emission from the source was
used as one beam whose path difference was varied with respect to the lower half of the emission to
produce an "interferogram". The Fourier transform of this yielded the spectrum (see abstracts).
The implementation of the above principle allowed a very wide wavelength range — in this case from
10 microns to 1000 microns — in a single scan without changing beamsplitters. Furthermore, since the
reference beam contains phase information this principle allows one to measure the phase as well as
amplitude change for a beam passing through a sample and thus measure both real and imaginary
components of the dielectric function. In addition, the idea could in principle be extended to the vuv
and soft x-ray region to allow Fourier transform spectroscopy to be performed in this region with very
high resolution in both phase and amplitude for i.e lower half.
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Beamline U5U
The new U5U undulator,
manufactured by Spectra
Technology, Inc., provides
a high flux of photons in the
energy range from 20-150
eV. The 2.3m long undula-
tor consists of 27.5 periods,
each 7.5cm in length. The
minimum gap is 34mm,
producing a peak magnetic
field of 0.46T. The U5U
Beamline is being used for
spin-polarized photoemis-
sion studies of magnet sur-
faces and thin film, by an
NSF-funded Materials
Research Group.
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View Port

SIP Photon Post km Monitor
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View Port

Pivot

Stationary Platlorm Movable Platlorm

Beamline U10B
Photon stimulated desorption (PSD i of neutrs 1 species is the major dynamic gas load in electron synchrotron
storage rings. The U10B PSD experimental station is used to investigate the degree of PSD from primary
vs. secondary scattered photons for a variety of storage ring chamber materials and surface treatments.
The results of these experiments will help choose the proper beam tube materials for future accelerators,
e.g.. the Superconducting X-ray Lithography Source (SXLS), the Ultraviolet Free Electron Laser (UVFEL),
the Superconducting Super Collider (SSC). etc. In the cutaway diagram shown here, the rotating drum
selects one of three samples for investigation and the movable platform provides a horizontal adjustment
of oz in order to expose different regions of the sample surface.
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Beamline U13UA
Water-cooled entrance slit
chamber for the U13UA
High Flux, High Resolution
Spectroscopy Beamline.
The design is based on the
use of rigid parallelograms
and provides a continu-
ously adjustable bilateral
slit opening from 10^m to
lmm. The entire mecha-
nism is mounted on an 8-
inch Conflat flange with
two bellows for cooling
water tubes and linear feed-
through tu control the size
of the slit opening.

Grating chamber and scan
drive built by Physical
Sciences Laboratory (Uni-
versity of Wisconsin) for the
U13UA beamline. The
chamber houses five
180mmX35mmX30mm
gratings and can scan a
range of 12°(-4" to ^) with
respect to the incoming
beam direction.
In this picture, the wiggler
beam enters the grating
chamber from the right and
exits to the left.
The gratings can be
switched and precisely
indexed while under the
ultrahigh vacuum at any
scan angle and are mechi-
cally isolated from the vac-
uum chamber to prevent
inaccuracies due to cham-
ber distortions.
The gratings can separ-
ately be adjusted for height,
yaw, pitch, and roll, with
the latter three performed
in VF.CUO.
The scan drive provides a
resolution of 0.03 arc sec
with linearity over the 12:

range of —1.5 arc sec and
absolute reproducibility of 1
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Movable exit slit chamber
for the U13UA beamlino,
sandwiched between long
welded bellows and mount-
ed on a 880mm-travel linear
slide. Dispersed soft x-ray
radiation emerging from
the grating chamber lo-
cated in the upper left of
this picture is energy-fil-
tered by the exit slit and
passes through the valve in
the lower right corner of the
picture en route to the sam-
ple chamber (not shown).
The linear motion is
required in order to position
the exit slit at the energy-
dependent focus of the dif-
fracted soft x-ray radiation.
The distance from the sam-
ple chamber to the center of
the U13 undulator/wiggler
is 23 meters.

Beamline U15
An example of an ion-ion
coincidence map obtained
using energy-resolved
Auger-electron multiple-ion
coincidence mass speciros-
copy (ERAEMICO) on N2O.
Each dense area in the map
of a pair of ion flight times
indicates the coincidence to
two ions, which in turn are
in coincidence with Auger
electrons with energies in
the range 363 to 383 eV
produced following excita-
tion of the terminal and
central nitrogen Is elec-
trons to the shape reso-
nance. The projections of
the dense area onto the x
and y axis match mass
peaks displayed in histo-
grammed mass spectra.
This work was performed at
Beamline Ulo by C.-I. Ma,
D.Y. Kim.K. Lee.D.A. Lapi-
ano-Smith. and D.M. Han-
son (SL'NY at Stony Brook).
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Beamline X2
The picture depicts the wiring inside a ceramic substrate used for mounting computer chips. The wires
are 75fim diameter molybdenum and are imbedded in the ceramic. The structure was imaged using 17
keV radiation and the data were surface-rendered to show the ceramic-molybdenum interface, with the
cera-.iic appearing transparent. Separation between the wires is about 300^m.
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Beamline X9A
The photograph shows the bending stage of the sagittally focusing monochromator. It is designed for
rectangular crystals accepting up to 200 mm beam width. Bending of the crystal plate is achieved by
applying a bending couple at both ends of the crystal. The angular orientation of the bending stage
is coupled to the first (flat crystal) stage by a high precision mechanical linkage. The presently used
focusing crystal has been made from a thin crystal plate onto the back of which thin steel ribs have
been glued in order to stiffen the plate against anti-clastic distortion.

vertical
(mirror focus)

0.5 mm

-0.25
0.0

0.0

0.25 mm -0.5
horizontal

(sagittally focusing monochromator)

The graph shoivs the measured intensity distribution in the point focus produced by the combination
of the horizontally focusing monochromator and a vertically focusing mirror. In this measurement, the
focal length was 5.5m and the size of the focus was 0.55 mm X 0.32 mm (horizontal X vertical, FWHM).
The flux into the focus was 4 X 1011 photons/sec at 7.4 keV and 170 mA beam current. At a focal length
of 3.8 m, a point focus of 0.38 mm width and 0.29 mm height has been obtained. The horizontal focus
has no measureable aberration.
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Beamline X15B
New UHV SEXAFS chamber
on Beamline X15B for
experiments at 101:1Torr.

Beamline XI7
A curved-crystal monochromator used to provide good energy resolution and high throughput at high
photon energies. It is a transmission device working in the region above 100 keV. it has been used at
XI7 to observe photon-induced nuclear fluorescence in manganese and fluorine. The energy resolution
was source-size limited at around 25eV.
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Beamline X19C

142.5°C 2 mm 147.5°C
Series of synchrotron white beam reflection topographs of LaGaO3, recorded in situ on X-19C
during the orthorhombic to rhombohedral phase transition experienced by this crystal at 145°C.
Note the accompanying changes in twin configuration. These observations have serious
implications regarding the potential use of this system as a substrate for high Tc superconductor
epilayers (see G.-D. Yao, M. Dudley, Y. Wang, X. Liu and R.C. Iieberman, Mater. Sci. & Eng.,
A132, (1990), and Y. Wang. X. Liu, R.C. Lieberman. G.-D. Yao and M. Dudley, Mater. Sci. &
Eng., A132, (1990) for details).

Series of synchrotron white beam topographs recorded on X-19C, in the grazing Bragg-Laue
geometry, of a InmujGangisAs GaAs strained layer system. Images of interfacial dislocations,
which are located at a depth of 114.6nm in the crystal, are made to appear and disappear by
slightly changing the penetration depth of the beam through manipulation of the diffraction
geometry. Attainment of such fine depth resolution in the topography, enabling a complete three
dimensional picture of defect structures to be developed, is unprecedented. For details of this
technique, which was developed on X-19C, see: G.-D. Yao, M. Dudley, and J. Wu, J. X-ray Science
& Technol. 2. 195-213 (1990). For details of the strained layer work see: G.-D. Yao. M. Dudley.
D. Paine. D. Howard and R.N. Sacks, Mat. Res. Soc. Symp. Proc. 209 (1991) and G.-D. Yao,
M. Duidley. D. Paine, D. Howard and R.N. Sacks, Mater. Sci. & Eng. B, (1991).
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Beamline X22C
On beamline X22C Doon
Gibbs (foreground), Ben-
jamin Ocko (background,
center) and Sunhil Sinha
(background, left) align a
spectrometer for a surface
x-ray diffraction experi-
ment in order to study the
characteristics of the sur-
face of gold at various
temperatures.

Beamline X23B
Two of the architects of the NRL Materials Analysis Beam Line, X23B, Johnny Kirkland and Richard
Neiser. The NRL line is a combination EXAFS and diffraction line, with a little X-ray fluorescence analysis
thrown in for variety.
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Beamline X25
A double focusing toroidal platinum coated silicon mirror installed in the X25 beamline condenses the
hybrid wiggler's radiation fan from a 2mm vertical x 35mm horizontal (70mm-) beam at the mirror into
a 1mm- area at the focal position in the hutch. The intense "pencil" beam seen in the photo is the air
fluorescence trail left behind by the focused beam as it emerges into the hutch from the beryllium exit
window at the right. A total power of 100W has been measured in this beam at 230mA of stored x-ray
ring current giving a power density of >100W mm2 at the focal point! This is comparable with the densities
that the first optical elements at the next generation of synchrotron sources wiil have to withstand and.
hence. X25 offers an ideal environment for optics testing for these facilities. A water-cooled silicon
monochromator crystal sits in the beam path.

A jet cooled silicon crystal
monochromator, fabr-rated
at the University of Man-
chester and tested on the
X25 multipole wiggler beam
line. The top diffracting
surface of the crystal (the
Long bos-like object in the
center: is directly cooled
with coolant sprayed
against its underside via a
jet manifold. Also attached
to the crystal is a pneum-
atically actuated bellows
•assembly, used to actively
correct residual tl ermal
distortions
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Beamline X27A
The analyzer mechanism for the precision x-ray polarimeter. The silicon crystal monolith can he rotated
about the incident beam direction and also about a direction (roughly) perpendicular to this. The first
rotation establishes the polarization direction, and the second determines the photon energy. Prof. Michael
Hart or the University of Manchester. U.K.. is examining another of the silicon devices which allow
the instrument to maintain a high extinction over a useful range of energies.
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Beamline X27C
The ultra-high resolution x-ray monochromator used for synchrotron-based Mossbauer experiments. The
device produces a 14.4keV x-ray beam with an energy spread of only 5 meV. It consists of three consecutive
silicon channel-cut crystals, one low-order and two high-order, arranged dispersively. The crystals are
temperature controlled by paitial immersion in water which flows through an external controller.
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Computer chips printed at the IBM U2A
beamline using x-ray lithography tech-
niques developed on the IBM U6 beamline.
Operational chips with line widths of 0.6;um
have been fabricated. The current focus of
U6 is to investigate the practical limits of
x-ray lithography while U2A is addressing
the implementation of this technology on a
large scale industrial basis.

The measured two dimensional Fermi sur-
face for Pt(lll). The hashed area indicates
the projection of one of the bulk bands. The
surface electronic structure of clean Pt(lll)
was measured using high resolution angle-
resolved photoemission on Beamline U4A
(AT&T Bell Labs/Universitv of Oregon).

X-ray absorption computed tomogram of a
piece of a freeze dried rat sciatic nerve
imaged with l^m resolution at the BNL
Department of Applied Science/University
of Chicago X26A beamline. Individual axons
(nerve cells) can be distinguished. The field
of view is 420,uni.

X-ray micrograph of a chick embryo skin
tissuo fibroblast cell. Higher absorption is
rendered by warmer colors, so the two cell
nuclei are red, the nucleoli yellow. Numer-
ous small granules are seen in the cyto-
plasm, mostly too small to be resolved with
visible light microscopy. The cell was grown
in culture and then fixed, but remained wet
and unstained when imaged with the scan-
ning x-ray microscope at Beamline >'1A
(NSLS/SUXY at Stony Brook/IBM/LBL).
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1'ltOTON Si ] Ml l.AI l-.l) ION liKSOKI'TIIJN I'I'.OM C.i, S r, AND lia FI.UOIU UK THIN FILMS

, II koyers, T. Tli-il 11-, i:l(C, .I.K. l);ihn, Simon Kraser U.,
Jul >rh.

K.M i:.i 11., .w, V. Can

W. l-.berh.irdl, KFA,

I'hoton si Irani.HIM) Jesm pt l.in from thin films oT C.il̂ i Sli'2 Mild Ba!"2 exhibits

distinctly different di'HurpLlon channels fnr ions depending on LIIL' si te where

Lht' Initial icri' hoKI was created, 'i'hu most prominent ionic species observed

l'i CalS anil Srl-S Is I"1", wltli smaller quantities of ll+. The V+ inn yield in

fi'il'., I ̂  comp.ir.'ijl e to Lht- other two maLerlni , however the 11+ yield is much

higher. No La , Sr or Ba ions were detected from freshly prepared (no

radiaLlou damage) samples. The l-*+ desorptlon occurs upon the creation of a

lr Is core exclton (see Figure) whereas the desarption following, the total F

Is inn I /.at ion is not enhanced compared to the background desnrption Induced

bv Mt'rntvl.irv electrons. Moreover, the excitation of Ca 2p or Ba 3d core

excitons lines nnt directly lead to the production of ions, but rather the

deHorptinn is caused quite unspecif leally through the enhancement of the

secondary electron current through the surface. The hydrogen ion yield was

,i!.sn jiroport J ona 1 to the secondary electron yield, In all cases.

W.ilkup auu AvourLs have shuwn thnt In alkali halides, the coulomb explosion

Ion ihsnrptinn mechanism is Inhibited by fast- relaxation of the lattice

around the newly created ion. Our data suggests that when the excited

electron remains localized near theion in an exclton, the fast lattice

relaxation is hindered, causing enhanced ion desorption.

The ion mass analysis required for these experiments was carried out with a

time-nf-fIight mass spectrometei, and with the storage ring operating in

Hinf^lr bunch mode.

'K.K. W.I ! l< ii|i, P. Avouris, t'hys. Rev. Lett. M^, 524 (19S6).
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PHOTOEMISSION STUDY OF THE FORMATION OF THE ZnSe/GnAa (100) INTERFACE

K.M. Colbow, T. Tiedje, Y. Gao (U ol British Columbia). J. Dahn (Simon Frasar U.) and W. Eberhardt
(KFA-JUIIch)

The formation ol the Interface between ZnSe and GaAs (100) after deposition and during
subsequent annealing has been studied by high resolution photoemission spectroscopy using synchrotron
radiation. The ratios of the Ga 3d to As 3d and the Se 3d to Zn 3d pholoemission peaks increase with
increasing annealing temperature. We attribute this to the formation of an interfacial GaSe layer where
Se atoms substitute for As atoms at the interface while Zn and As atoms are evaporated.

ZnSe was evaporated from a Ta boat under UHV conditions onto GaAs (100) substrates cleaned
by heating to desorb the surfac oxides followed by a repetitive Ar sputter-anneal process. The
sample/basket temperature was onitored with an infrared pyrometer sensitive to 2 urn radiation,
which was calibrated by the temperatures at which the Ga and As oxides were desorbed. A crystal
thickness monitor was used for relative thickness measurements during deposition. The thickness of the
deposited ZnSe films was estimated from the ratios of the integrated intensity of Zn 3d and Se 3d
photoomlsslon peaks to the intensity of IIIB Ga 3d and As 3d photoemission peaks from the underlying
substrate.

Photoelectron spectra measured at hv = 105.2 eV /or a series of anneals increasing in
temperature lor approximately 10 ML (1 ML = 1.4 A) of ZnSe deposited on GaAs (100) are shown In the
figure, which includes the Se 3d, As 3d, Ga 3d and Zn 3d photoemission lines. Notice the increase of the
relative intensity of the Ga 3d photoemission line with increasing annealing temperature as well as the
disappearance of the Zn 3d photoemission line when the sample has been annealed at 590°C. We
attribute this to tho evaporation of zinc from the surface leaving behind a stable gallium selenide
interfacial layer.
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ELECTRONIC STRUCTURE OF MASS SELECTED /U-CIUSTERS
DEPOSITED QN SILICA SUBSTRATES
D.H.Cox, W.Eberhardt, P.Fayet(J), Z.Fu, B.Kessler, R.Sherwood,
D.Sondericker and A.Kaldor, Exxon Research and Engineering

Aun
+-clusters with n-1 to 7 are produced by a Xe-ion sputtering

technique and mass selected with quadrupole mass filters /I/. With an
energy of about lOeV per particle the Auclusters are deposited onto Si(100)
with a natural oxide layer. The coverage is kept to be about 10% of a
monolayer. After deposition the samples are transferred under vacuum
(10-8mbar) to the Ul-beamline to allow photoemission studies using a
hemispherical electron analyzer /I, 2/.

Figure 1 shows photoemission
Spectra of the 4f-core level electrons for
different Au-cluster sizes. The fine-
structure splitting between the 4f-7/2
and the 4f-5/Z peaks is identical to the
value for bulk Au of 3.65eV /3/ within
the experimental uncertainty. Although
the energy of the 4f-7/2 peak is not much
vary'ng between cluster sizes of 1 and 7
atoms it is shifted compared to the bulk
value of -83.9eV /3/ by more than 0.5eV.
This experimental result is clearly
different to earlier data from small
supported Pt-clusters on silica substrates
where the differen.-es between the photo-
emission structures are much more
pronounced with varying cluster size /2/.
We are presently carrying out experiments
under differing deposition conditions to
shed liijht on the question of whether the
uniformity of the core level shifts for
Au could be due to a higher mobility of
the clusters on the surface compared to Pt.

(+) present address: University de
Lausanne, Lausanne, Switzerland

/!/ M.Sai.sone, R.Hewitt, W.Eberhardt,
D.Sondericker, Nucl. Instrun.
Heth.A266, 422 (1988)

11/ W.Eberhardt, P.Fayet, D.M.Cox,
Z.Fu, A.Kaldor, R.Sherwood, and
D.Sondericker, Phys.Rev.Lett .64.
780 (1990)
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Slructural Sludies ol Fluorides and Oxides by Soil /-Ray Fluorescence Yield Spectroscopy

S.M. Davis', D. A. Fischer', J.L. Gland2,and G. Meitzner'
1Exxon Research and Engineering Co., 'Un'versily of Michigan, Ann Arbor, Ml

Nickel and copper form random
substiiutional binary alloys | 1 |
The determination by Ahem, filaL
[2] lhal magnetization of these
alloys depended on copper content,
and disappeared al about 50 ai.%
copper, stimulated much work
because it supported the existence
of a rigid band comprising nickel
d and copper s electrons. .We have
examined the occupancy of the
nickel 3d orbilals with soft x-ray
absorption spectroscopy. The
nickel LM I and L l t near-edge
resonances ariba from 2p to 3d
transitions. Accordingly, Ihe
cioss sections at Ihfi energy
positions of the L1U and L,,
resonances are sensitive to d-
level occupancy. We analyzed
nickel spectra from alloys
ranging from 5 to 95 atomic
percent copper. Cur spectra
showed slight attenuation of Ihe
nhkel L near-edge resonances as
shown in figure 1, which result
in i ic j ted thr.t d vacancies on
nickel atoms were occupied
slightly more in the alloys than in
pure nickel. This change
correlated wish the atomic
percent copper in1 the alloy as
shown in figure 2. The evident
electronic perturbation ot Ihe
nickel may partly explain the
effect of added copper on catalysis
by nickel.

H tw Io3l!i memo*

c.;at(pa)'r-1 •? wi/i/iViAu"

. J .
wo

figure I. ihe absorption spectrum of fluorapelite in ttip vicinity of the
onygen and fluorine K Hges, at M : and S97 eV. respectively. Is shown In
the le f t f ie ld . The upper f ie ld at right shows the EXAtS c«tracted rrom
the spectrum above the fluorine I" absorption edge. The lower right f ie ld
shows the Tourier lran-.fom> of the fluorine [HATS.
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111 M. Hansen, "Constilution of Binary Alloys", 2nd ed. (McGraw-Hill, New York, 1958).

[ 2 ] S.A. Ahem, M.J.C. Martin, and W. Suckcmith, Proc. R. Soc. A248, 145(1958).
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Soft X-Ray Transmission of Thin Film Diamond

Daniel A. Fischer, Exxon Research and Engineering Co., Annandale, New Jersey 08801

Thin film diamond windows are emerging as a high technology answer for a variety of
soft x-ray window applications In detectors and high pressure gas cells. This innovation
provides a soft x-ray window with no measurable diffusion of gas between the high pressure
(>1atm) and vacuum sides of the thin film diamond. We have measured the absolute soft x-ray
transmission Junction of a thin film diamond window1 for the energy range 275eV to 750eV
using a calibrated photodiode. As a detector window Ihe 0.3 micron window shows high
transmission (>20%! for C,O,F Knand about 12% for N Kn Wo propose to use this window as
an entrance window in our in situ cell described elsewhere.?

ABSOLUTE SOFT X-RAY TRANSMISSION OF
0.3 AND 0.5 MICRON OF THIN FILM DIAMOND WINDOW
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1) Diamond windows supplied by: Crystallume Inc.

2) D.A. Fischer, J. Colbert, J ! aland, Rev, Scl. inst. £JL 1989

THE OXIDATION AND REDUCTION OF Ni(IOO): A FLUORESCENCE YIELD NEAR EDGE SPECTROSCOPV
STUDY

D. A. Fischer, J. Chen. J. Hardenburg, and R, Hall (Exxon)

We observed the oxygen uptake (at room temperature) on a clean NK100) surface
using fluorescence yield and electron yield simultaneously during a 4001 dose. The yields were
measured by tuning the ERG to a n resonance in 1he near edge oxygen spectrum andiaking
data as a function of time (oxygen exposure) as shown below.
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Interestingly, the yield from both techniques agrees and saturate at the same oxygen
exposure. This Implies that the oxide formed Is close to ihe surface since the fluorescence
technique has much greater bulk sensitivity (10,000 angstroms).

The oxide layer was subsequently annealed In stages to 800 K. The resulting near edge
spectra show very little change which suggests that the NIO doesn't change its electronic
structure upon annealing. However, we did observe that upon reducing the oxide In hydrogen
that annealing slows down the reduction kinetics dramatically as shown below.
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CARBON K NEAR EDGE SPECTRA OF POLV-NUCLEAR AROMATICS: COKE IN ZEOUTES

D. A. Fischer, George Melrzner, Ylng Zhau, Mark Davis (Exxon)

We have obtained carbon K edge NEXAFS spectra of two poly nuclear aromatlcs
shown below. The spectra for the materials 2,3 Benzathracene and Coronene look very
different. These differences highlight the geometrical sensitivity of NEXAFS since these
materials are the result of bonding benzene rings linearly (2,3 Benzathracene) and In a ring
(Coronene).

I'

Finally, we have compared these spectra qualitatively to a coked zeolite catalyst and noted
the remarkable similarity of coke to 2,3 Benzathracene as shown below.
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X-Ray Absorption Spectroscoplc Measurements of Nl 3d Occupancy in NiCu Binary Alloys

George Meltzner, J. H. Sinfeh, and Daniel A. Fischer, Corporate Research, Exxon Research and
Engineering Co., Annandale, New Jersey 08801

Nickel and copper form random substitutlonal binary alloys [1]. The determination by
Ahem, e l a L j 2 ] that magnetization of these alloys depended on copper content, and
disappeared at about 50 at.% copper, stimulated much work becau$9 it supported the existence
of a rigid band comprising nickel d and copper s electrons. We have examined the occupancy of
the nickel 3d orbltals with soft x-ray absorption spectroscopy. The nickel Llnand L,,near-
edge resonances arise from 2p to 3d transitions. Accordingly, the cross sections at the energy
positions of the Lluand L,, resonances are sensitive to d-level occupancy. We analyzed nickel
spectra from alloys ranging from 5 to 95 atomic percent copper. Our spectra showed slight
attenuation of the nickel L near-edge resonances, which result Indicated that d vacancies on
nickel atoms were occupied slightly more In the alloys than in pure nickel. This change
correlated with the atomic percent copper In the alloy as shown In the figure. The evident
electronic perturbation of the nickel may partly explain the effect of added copper on catalysis
by nickel.

|1 ] M. Hansen, "Constitution ol Binary Alloys", 2nd ed. (McGraw-Hill, New York, 1958).
[ 2 ] S.A. Ahem, M.J.C. Martin, and W. Sucksmllh, Proc. Ft. Soc, A24B, 145(1958).
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The attenuation by copper of nickel L n i and Lyr edge
resonances correlated with the fract ion of copper in the al loys.
For this figure the differences shown in figure 1 were integrated,
and then expressed as fractions of the shaded areas in the inset.
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HYDROGENOLYS1S OF METHYLTHIOLATE ON THE P((l 11) SURFACE

T. Rufacl (U. of Michigan). J. Prasud (U. Michigan), U. Fischer (Exxon PRT) and i.
Gland (U. Michigan)

Fluorescence Yield Near Edge Spcctroscopy (FYNES) above the carbon K edge was
used us an in-situ probe lo measure the kinetics of hydrogen induced carbon-
sull'ur bond activation in adsorbed meiliylihiolate on the Pt(lll) surface. Our
previous work has established that hydrogcnalion of mcthylthiolatc results in the
formation of gas phase methane and adsorbed atomic sulfur; nil the carbon is
removed from ihc surface for hydrogen pressures above IO"4 |Orr. Both
isothermal and temperature programmed hydrogenation experiments were
performed over a wide range of temperatures and hydrogen pressures to
characterize (he kinetics of this process. Kinetic experiments were run at a
photon energy of 31SeV so that total surface carbon concentrations could be used
lo characterize the kinetics of this process, Figure 1 illustrates carbon removal as
a function of temperature during hydrogcnatioii of adsorbed nicthyllhiolatc in
vacuum and in 0.02 torr of hydrogen. Note the decrease in removal temperature
with increased hydrogen concentration. Figure 2 shows that hydrogenation of
mcthylthiolaic proceeds more rapidly at 33OK than at 3O5K and that Ihc reaction
rale is first order in adsorbed mclhyliliiolatc concentration. High quality FYNES
spectra were also obtained for two incident polarizations from well defined
monolaycrs of mcthylthiolatctCHjS) and mcthylcne sulfidc(CH2S). These spectra
will allow us lo substantially refine the slruclurcs of the surface intermediates
since previous NEXAFS spectra for these species were obtained under poorly
defined chemical conditions.
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RE-EXAMINATION OF THE KONDO RESONANCE: INCONSISTENCIES WITH THE
GUNNARSON-SCHONHAMMER MODEL

A. J. Arko, J. Joyce, R. S. List, R. J. Bnrtlctt, P. Canfield, Z. Fisk. J. L. Smith, J. D. Thompson
(Los Alamos), J. Lawrence, J. Tnng (U. C. Irvine), D. Dessau, B. Wells (Stanford U.)

It has been generally accepted for some time now that in highly correlated electron systems like
heavy fcrmions, the electronic behavior can be described via the single impurity Anderson model
extrapolated to the Kondo lattice that has an impurity on every site. The Gunnarson-
Schonhammer extension of this model then predicts the particle-hole excitation spectrum
expected for heavy fermion systems. Within this model the localized f-electron is situated at
energy E (<= -2 eV) below EF, and it is only because of the Kondo-like magnetic interaction that
f-electron density is pulled to the Fermi energy. The result is an extremely sharp resonance at E F
of width kTR (where TK is the Kondo temperature) and a strong temperature dependence such
that at T » T K the amplitude of the resonance is dramatically reduced. Presumably such
temperature dependence has been observed in the past in the heavy fermion system CeSi2 in
which the Kondo resonance is located just above Ep.

We have re-examined the heavy fermion system YbCu2Sl2 in which, because of the particle-hole
symmetry of the Anderson model, one would anticipate a Kondo resonance of width =6 meV
(TK™ 60 K) located just below the Fermi energy. The Gunnarson Schonhammer model would
predict that by room temperature only a small broadened remnant of the resonance remains (=1/6
of the intensity). We chose this system because the Kondo resonance is expected to be on the
occupied side of Ep so that we see the entire temperature dependence, and because the spin-orbit
spliting is large, thus avoiding resolution problems such as are encountered in Ce compounds.
We have measured the photoemission spectrum in a single crystal of of this system from 20 K to
300 K with resolution from 60 meV to 120 meV and find to our surprise an almost total lack of
temperature dependence. Indeed, what is observed are two sets of spin-orbit split doublets near
the Fermi energy (at 0 eV and -1.5 eV for the bulk features, and at -0.75 eV and -2.25 eV for the
surface related features) corresponding to the f2* configuration. The natural linewidth of the bulk
features is -125 meV which is at least 10 times broader than anticipated, while the Lorentzian
lineshape suggests core level behavior. Some temperature dependence is observed but is no
larger than » 10% and can easily be understood from Fermi function smearing and from lattice
contraction if one assumes a valence fluctuation system rather than a Kondo system.

Similar results were also obtained in CeSi2 (and several other Ce compounds). While not as
clear cut as above owing to reduced resolution and the merging of the two spin-orbit split peaks
at E F (the splitting here is only 0.28 eV), they nonetheless show a lack of temperature
dependence and confirm the universality of our data. We are convinced that heavy fermion data
in both Cc and U compounds should be interpreted in terms of well screened and poorly screened
satellites rather than the Anderson model and the Gunnarson-Schonhammer predictions for the
excitation spectrum.

Partial support of this work provided by DOE Office of Basic Energy Sciences.
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ANOMALOUS SPECTRAL WEIGHT TRANSFER AT THE SUPERCONDUCTING
TRANSITION OF Bi2Sr2CaCU2O8,8

D. S. Dessau, B. 0. Wells, Z.-X. Shen, W. E. Spicer, D. B. Mitzi, A. Kapituintk
(Stanford U.), A. J. Arko, R. S. List (Los Alamos Nat'l. Lab.)

In weak coupling DCS theory the Fermi sea is unstable to attractive
interactions mediated by phonons. A superconducting gap of magnitude 2A
is formed when the near Fermi edge electrons condense to form pairs at
low temperatures. The spectral intensity in the region between the Fermi
energy (Ep) and and A is completely lost at the superconducting transition,
and this density of states is transferred to a region just below A thus
resulting in the so-called pile-up, or the BCS density of states which obey
the BCS function. The spectral weight in this pile-up is equal to the weight
lost from the gap region; i. e., all of the additional intensity in the pile-up is
transferred from the gap region.

V3C

We report results from a photoemission study of
which show an anomalous transfer of spectral weight at Tc which on the
surface is not consistent with a simple BCS picture. (While the gross
features of the valence bands were determined using the U3C beam line,
the high resolution required for the gap study could only be provided with
the 2 1.2 eV line from a helium lamp simultaneously attached to the
system.) We found that not only is there spectral weight transferred from
the gap region into the pile-up at Tc, but also some spectral weight is
transferred into the pile-up from lower states (higher binding energy).
This extra spectral weight comes from a temperature dependent dip in the
spectrum at = -80 meV, which first manifests itself just below Tc. This
result is highly anisotropic in k-space, being quite strong along the r-M
direction, but very weak or non-existent along the T-X direction.
Understanding this spectral weight transfer may contribute important
information as to the microscopic mechanism of superconductivity.
Presently we are investigating whether this may be a manifestation of
strong coupling to some attractive boson (i. e., the oe2F oscillations
analogous to the strong phonon coupling observed in Pb or Nb), but we do
not r<!fe out entirely new physics.

ARPEFS STUDY OF Ni(lll), CONi(Oll), K/Ni(lll) and Co/Cu(001j*

Z. Q. Huang, Z. Hussain, T. Huff, E. Moler, and D. A. Shirley (U. of
C , LBL)

Angle-Resolved Photoemission Extended Fine Structure (ARPEFS) has
proven to be a powerful tool in the accurate measurement, of the local
geometry of "inorganic" atomic adsorbate on metal and semiconductor
surfaces!. In this study we attempted to apply the ARPEFS technique
to the structural determination of molecular and metallic overlayers.
Measurements were made for the adsorption systems of p(2xl)CO/Ni(011).
p(lxl)K/Ni(lll), p(lxl)Co/Cu(011) and the clean Ni(lll) surface using
photoemissions from the CIS, K2p, Co3p and Ni3p core levels,
respectively. The experiment was performed on beamlirf U3C at NSLS
using the 2m and the 5m grating monochromators. Elections are
measured along the surface normal and one or more off-normal
directions for each of the above-mentioned systems. In each direction
the dependence of the photoemission intensity on the electron kinetic
energy over a range of 5O-A00eV is then monitored by varying the
photon energy and the corresponding electron analyser energy.

Preliminary analysis of the ARPEFS data of p(Zxl)CO/Ni(0ll) showed a
strong energy dependent oscillation of the Cls photoemission
intensity, arising from the interference between the outgoing "direct"
photoelectron wave nr.d the same wave that is scattered by nearby ator,s
on its way into the electron detector. More detailed data analysis,
including Fourier Transformation and comparison of experimental data
with Multiple Scattering Spherical-Wave (MSSW) calculation, is
currently under way.

;, for example, L. J. Terminello, X. S. Zhang, Z. Q. Huang, S. Kim,
A. E. Schach von Wittenau, K. T. Leung, and D. A. Shirley, Phys. Rev.
B38, 3879(1988).

This work was supported by the Director, Office of Energy Research,
Office of Basic Energy Sciences, Chemical Sciences Division of the U.
S. Department of Energy under the Contract No. DE-AC03-76SF00098.
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ANGLE-RESOLVED PH0T0EMISS10N STUDIES ON YBa2Cu3Ox WITH VARYING
OXYGEN CONCENTRATIONS

R. Liu, B. W. Veal, A. P. Paulikas, J. W. Downey, H. Shi (Argonne National
Lab.), A. j . Arko, R. J. Bartlett, R. II. Gaylord (Los Alamos National Lab.)

Angle-resolved pholoemission experiments on YBa2Cu3Ox with
various oxygen concentrations were performed at the Los Alamos U3C
beam line in order to determine the effects of doping on the band
structure of these compounds well below the Fermi energy, primarily to
elucidate the rigio vs. non-rigid band behavior. A distinctive sharp peak
(less than 200 meV FWHM) located at about -1 eV binding energy is
observed in YBa2Cu3Ox with x varying from 6.65 to 6.9. This feature
resonates at the Cu 3d Fano resonance energy i.74 eV), indicating that it
has predominantly Cu 3d character. The intensity of the peak is maximum
at the X and Y points in the Brillouin zone, and disperses towards slightly
higher binding energies away from the X and Y points. The peak intensity
also continuously decreases as a function of time, leaving open the
possibility that this may be a surface related feature. However, inasmuch
as other clearly bulk features such as the Fermi edge likewise display
some time dependence as the surface slowly deteriorates, the question
remains unresolved. There is preliminary evidence that this peak is absent
in a YBa2Cu3Ogjg single crystal which is known to be non-superconducting
from bulk property measurements. This gives rise to the possibility that
the existence of this state is related to superconductivity. Comparing
valence band photoelectron spectra with different oxygen concentrations
shows that the electronic structure does not follow a rigid band behavior
as the hole doping level is changed.

Pd-Ge MULTI-LAYERS FOR OHMIC CONTACT TO n-GaAs(l 10)

P.L. Meissner, C. J. Spindt, W. E. Speicer, J. C. Bravman (Stanford U.).. A. J.
Arko, R. J. Bartlett (Los Alamos National Lab.)

Ohmic contacts have successfully been made to GaAs devices using
annealed multi-'ayers, typically including a metal which reacts strongly
with GaAs, such as Pd, Ni. or Au, and a column IV semiconductor. While
considerable attention has been paid to the study of ohmic contacts, there
are still fundamental issues remaining as to whether these multi-layers
form ohmic contacts by causing the Fermi level to move at the interface, or
by forcing the substrate to accept unusually high doping.

To study these effects quantitatively, GaAs crystals were cleaved in
UHV and the clean surfaces were examined using high resolution UV
radiation. Arsenic 3d core levels were examined at 100 eV, 80 eV, and 60
eV, while Ga 3d levels were studied at 80 eV, 60 eV. and 40 eV. In each
case, the lower energy photons produced spectra which were less sensitive
to the spectral components arising from surface reconstructions. Using the
position and line-shape of the surface and bulk components as a baseline,
Pd and Go layers were deposited sequentially on the GaAs surface, and the
movement of the bulk component was followed in order to determine the
interface Fermi level position. It was found that changes in the Ga and As
line shapes are consistent with movement of the Fermi level in the
direction of lower barrier height. These results do not appear to support
the idea that ultra-thin layers can be used to lower the barrier enough to
be solely responsible for the ohmic behavior in this system.

In addition, by characterizing surface and bulk sensitive Ga and As
spectra together with changes in line-shape of the Pd i d and Ge 3d core
levels, it was found that reactions take place between Pd and GaAs and Pd
and Ge. The multi-layer was annealed at about 200°C and again at about
300°C. The minimum barrier height occurs upon annealing the multi-layer
system at higher temperatures and can be correlated with increasing
reaction between Pd and Ge.
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ELECTRONIC STRUCTURE OF NiO----LOCALIZGD AND BAND EFFECTS

Z.-X. Shen, D. S. Dessau. B. 0. Wells. I. Lindau, W. E. Spicer (Stanford U.), A. J.
Arko. R. J. Bartlett, R. S. List (Los Alamos Nat'l. Lab), 0. Jepsen, (Max Planck
Jnst.. Stuttgart)

We have performed angle-resolved photoemission experiments and
local-density functional (LDA) calculations along the NiO (100) and (110) to
study the localized and band effects of this conceptually important
compound. The measurements were done on the Los Alamos U3C beam
line, although some previous work was done at SSRL and SRC. The material
is important in view of the controversy raging in high-Tc materials
regarding the role of band effects vs. localized effects. NiO has been
described as the prototype Mott insulator.

While we do find some duality about this material, the results are
indeed quite interesting. Surprisingly, the LDA calculation appears to have
substantial relevance to the electronic structure of NiO, and the inclusion of
antiferromagnetic order is essential, The LDA calculations give a good
description of the relative energies between the oxygen bands and the
nickel bands. This result is different from our previous conclusion that one
has to shift the relative energy between the oxygen and the nickel bands
by about 2 eV in order to fit the angle-resolved photoemission data. For
the Ni 3d bands, the LD/. calculation gives essentially the correct energy
positions. For the lower 02p bands, the LDA calculation nearly perfectly
describes both the energy positions and the band dispersion.

Some discrepancies between the band calculations and experiment do
exist, however. This is especially true for the Ni 3d bands and the 0 2p
bands that are heavily admixed with the Ni 3d bands. The main
discrepancies concern the magnitude of the insulating gap and the
existence of valence band satellites which cannot be readily described by
an LDA calculation. Not only the bands themselves, but even the satellites
display substantial dispersion - a result not predicted by any of the
standard models. This is the first observation of such an effect. These
results show that angle-resolved photoemissions studies can indeed gain
much insight into the behavior of materials and can be used to distinguish
between the various models touted to explain their behavior.

SANDIA SPECTROMETER READY FOR NTS AFTER SYNCHROTRON CALIBRATION

N. D. Shinn, T. J. Tanaka, M. A. Palmer, and A. Widman (Sandia
National Laboratory)

A Sandia soft X-ray spectrometer, designed by the Test Planning and
Diagnostics Division 9312, is ready to be fielded at the Nevada Test
Site after being evaluated and calibrated on the Los Alamos/Sandia
beamline at the National Synchrotron Light Source (NSLS). The
spectrometer consists of eight broad band pass channels which,
together, quantitatively measure the distribution of radiation over
the energy range 100 eV < hv < 1500 eV with < 1 nsec temporal
resolution. Tunable, monochromatic UV and X-ray radiation was used to
define the spectrometer response function, thereby greatly improving
the confidence level and accuracy of critical field test data. A
four-channel version of this instrument was previously calibrated at
the NSLS and successfully fielded at the NTS last year.

In addition, alignment procedures at the NTS occasionally require
minor changes in the spectrometer optical geometry, which introduces
uncertainties in the data analysis due to the angular-dependent X-ray
reflectance of the spectrometer mirrors. These uncertainties have
been eliminated by explicitly measuring the angular-dependent
reflectivities at the synchrotron, thereby providing empirical
information which is otherwise unavailable. Such procedures assure
that the Sandia experiment will yield diagnostic data of the highest
possible accuracy io the NTS sponsors. It is anticipated that future
Sandia programs involving X-ray optics will continue to exploit the
unique capabilities of Sandia's synchrotron facilities.

COMPARISON OF THE MEASURED AND CALCULATED SYNCHROTRON BEAM
POLARIZATION - LINE U3C AT THE NATIONAL SYNCHROTRON LIGHT SOURCE

Leif Singman (EGSG), Richard Blake and Robert Ilockaday (Los Alamos)

The ratio of the parallel to perpendicular synchrotron beam
polarization has been calculated for a one milliradian spread in
vertical angle for perfect alignment with the electron orbital plane
and various degrees of misalignment. The calculation was done for the
critical energy of the synchrotron. The calculated ration were
compared to ratios previously measured. The results are consistent
with the mean angle of the observed radiation being nine tenths of a
milliradian off the electron orbital plane. The results suggest that
by measuring the polarization ratio, the alignment of the optic axis
with the plane of the electron orbit can be done easily and
accurately.
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PHOTOELECTRON SPECTROSCOPIC STUDIES OF ACTIVE SITES

E. I . Solomon, P. M. Jones, J . A. Guckert and J . May (Stanford U.)

ZnO is the high temperature, high pressure ca ta lys t for the
CO+2H2=CH3OH reac t ion . We have previously shown the CO binding s i t e
to be the Zn(II) ion residing in a coordinatively unsaturated C31/
oxide environment. In addi t ion, previously reported HREELS and PES
data indicate that charge is donated from the surface to the adsorbed
CO molecule (6 donation). The chemical sh i f t of the CO carbon Is peak
i s thought to be an effective indicator ( if extra-molecular re laxat ion
can be factored out) of the charge on the carbon within the molecular
environment.

Beamline U3C was u t i l i z ed for the accurate measurement^ of the Cls
binding energy of the adsorbed CO molecule -m ZnO (1010). Since the
heat of adsorption of ZnO\CO i s only 12 kcal/mol, a t zero coverage,
l iquid nitrogen sample temperatures and high CO pressures were
important to the success of t h i s experiment. The a b i l i t y to maintain
a high pressure of CO in the experimental chamber, while not
sacr i f i c ing the in t eg r i ty of the vacuum of the r ing, was accomplished
using a d i f f e r en t i a l pumping »t=fion which maintained the experimental
chamber at 10-6 t o r r . Sample preparation included both the argon
bombardment of the ZnO single c rys ta l and high temperature annealing
(750K). Surface c leanl iness was checked by the absence of any carbon
Is s igna l . All experimental spectra were accumulated with 4 ev t o t a l
energy resolut ion and were signal averaged un t i l suf f ic ient s igna l - to -
noise was achieved. Preliminary resu l t s show a carbon Is signal
(discernible from background) of good s ignal - to-noise shifted toward
deep binding energy. In addit ion to the carbon Is work, CFS spectra
were col lected a t the carbon edge by monitoring the carbon Auger.
This data appears to show both the c h a r a c t e r i s t i c carbon Is to 2T*
signal and sigma shape resonance peaks. Further data analysis i s
needed to es tab l i sh the bound CO bond length.

STUDY OF ARSENIC CAPPED GiAs (100) SURFACES

C. J. Spindt, P. L. Meissner. W. E. Spicer
Bartlett (Los Alamos National Lab.)

(Stanford U.), A. J. Arko. R. J.

The stoichiometry of the GaAs surface is of fundamental importance
in determining i ts electronic properties such as the surface recombination
velocity and the Scholtky barrier height. While a large body of data is
available from the non-polar cleavable (110) surface, relatively little has
been done on the (100) surface grown by MBE and given a protective
arsenic coat. By varying the temperature at which the arsenic coat is
desorbed in UHV, both Ga rich and As rich surfaces were produced.
Roughly a monolayer of excess As is produced with 300° C anneals, while
anneals above 580" C left approximately 10% of the surface terminated by
As. These differently prepared surfaces have been used to study the effect
of the surface stoichiometry on the electronic properties.

The escape depths of the Ga 3d and As 3d electrons were varied in
order to determine the surface shifted components in the clean surface
spectra. Both the As and the Ga core levels were found to have two surface
shifted components. The As 3d surface component at higher binding
energy varies in intensity with annealing temperature, and is used to
determine the amount of excess As. This component is the best way to
characterize the anneal, as there is no evidence for the excess As in the
valence band spectra. It was found that the n-type barrier height for the
clean surface increases as As is removed from the surface. This change in
barrier height is consistent with the antisite defect model of GaAs surface
states.

In addition to the clean surface, we have also studied the effect of
the different surface As to Ga ratios on the metallization. An important
case is that of a gold overlayer, which has been reported previously by
Brillson, et al.1 to have an n-type barrier height as high as 1.2 eV for the
Ga-rich case. The Ga 3d and As 3d core levels are monitored as a function
of Au coverage and then used to correlate the chemistry and Schottky
barrier height of the different stoichiometries at the Au/GaAs interface.

1. L.J. Brillson, et al., J. Vac. Sci. Tech. B6 (4), 1263(1988).
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NEXAFS STUDY OF CONDUCTING LANGMU1R-BLODGETT FILMS.
X.O. Yang, K. H. Xac, and T. A. Skotrfim. (BNL). J. Cheung, R. B. Rosncr, and M. F. Rubncr. (MIT).

The LB technique provides a rational approach to fabricate films with well defined composition, structure and
thickness and a technique for engineering electrically and optically active superstructures. In the NEXAFS spcclroscopy,
core level electrons arc excited by the incident photons to unoccupied orbitals near the ionization threshold. The technique
takes advantage of the high degree of polarization of the x-ray beam emanating from a synchrotron storage ring. The
excitations we arc concerned with in this study arc core level excitations to the unoccupied IT and T orbitals. By scanning
the incident photon c n e r ^ and monitoring the Auger electrons resulting from the relaxation processes of the excitation,
the empty states, such as C-C o*, O C a' and i* and (C-H) , can be identified. By comparing the polarization
dependence of each peak, the degree of ordering and direction of the bonds relative to the substrate plane can be
determined.

The samples were put in a vacuum chamber separated by a very thin tin window from the beam line. Therefore,
it is not necessary to bake the chamber after changing samples. This is very important because baking would damage the
sample. The NEXAFS spectra were obtained by collecting the sample current. Figure 1 shows the carbon Jfc-cdge NHXAFS
spectra of the LB film of 3-octadccanoyl(3-ODOP). The peak labeled 1 which corresponds to transition to the » C - C
bond of the pyrrole hcadgroup has the largest intensity at grazing incidence. This indicates that the pyrrole ring is closed
to parallel to the substrate. However, the intensity of the (C-H) resonance peaks labeled 2 arc almost The same at both
normal and grazing incidence. Our previous studies show that the (C-H)* peak has the largest intensity at normal incidence
for the spectra of poly(octadccylthinphcnc) (PODT) LB film in which the hydrocarbon tails are parallel to the surface
normal. Therefore, the lack of polarization dependence of (C-H)* peak in Fig. 1 indicates the hydrocarbon tails are tilted
about 45 TO 55 degrees from the surface normal in the 3-ODOP LB film. This is in a good agreement with our FT1R and
x-ray diffraction studies. Fig. 2 shows the Ncxafs spectra of the LB film of the mixture of PODT and^ 3-ODOP. The
polarization dependence of the t C » C is the same as in Fig. 1, but the polarization dependence of (C-H) peak is similar
but weaker as in the spectra of PODT LB films.
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Figure 1. NEXAFS spectra of 3-octadccanoyl LB film.
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Figure 2. NEXAFS spectra of PODT/3-ODOP LB film

1 X.O. Yang, J. Chen, P.D. Hale, T. Inagaki, TA. Skolhcim, DA. Fischer, Y. Okamoto, L. Samuclscn, S. Tripathy,
K. Hong, 1. Watanabc, M.F. Rubncr, and ML. denBocr, Langmuir, 5, 1288 (1989).

ACKNOWLEDGEMENTS: This work was partially supported by the U.S. Department of Energy, Division of Materials
Science, under contract No. DE-AC02-76CH00016.

D
INFRARED RESPONSE OF YI^ClljO, FILMS USING PULSED SYNCHROTRON RADIATION

G.L. Carr*, D.B. Romero and D.B. Tanner (Univ. of Florida)*, S. Etcmad, B. Dutta. F. DeRosa, T. Venkalcsan.
X. Xi, and A. Inam (Bellcore), G.P. Williams and C.J. Hirschmug! (Brookhavcn Nal'l. Lab.)°

We have studied the transient voltage response of superconducting YBa2Cu3O7 (YBCO) films on MgO
substrates when exposed lo pulsed, broadband, infrared radiation from the NSLS port U4-IR. The films were
lithographically patterned into narrow bridges with silver pads for electrical conlacls. The 1R synchrotron
radiation was focusscd to a 300 (im diameter spot, comparable lo (he YBCO bridge width. In figure I we show
the voltage response for a current biased bridge (48 nm thick and 200 Jim wide) at temperatures near !he
resistive transition. The response shows a fast rise (comparable lo the 800 ps pulse duration) followed by a 4 ns
exponential decay. The temperature dependence of the response was found to agree with dR/dT (the slope of
the resistive transition) and we conclude thai !he response, though very fast, is bolomctric. Measurements of ihc
spectral character (using bandpass filters and the unique broadband output of synchrotron radiation) for two
films reveal less rcsponsivity towards long wavelengths (Fig. 2) consistent with ihc known absorption of
YBCO, again supporting a bolomctric response mechanism.
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Fig. 1 Transient voltage response of a Ihin YBCO film on MgO to a Ins duration, broadband, infrared pulse.
The response is maximum for tempcralurcs near 81K and deceases with temperature, consistent with the
measured dR/dT. In addition, the decay time (- 4 ns) does not change with Icmpcralurc.

Fip. 2 Spectral dependence of the response for a 48 mn thick film (circles) and a 160 nm ihick film (triangles).
Both films show less response toward longer wavelengths, consistent with decreasing absorption.

•Present Address - Grumman Corporate Research Center, Mail-Stop A02-26. Bcthpagc, NY 11714-3580
+Rcscarch supported by DARPA through contract MDA972-88-J-1006.
"Research supported by DOE through contract DE-AC02-76CH00016.
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Search for Fractional-Charge Impurities in Silicon Using IR Photoionization and Field Ionization

D. D. Coon, Byungsung O and A. G. U. Perera, V. Pittsburgh
G. P. Williams and C. 1. Hirschmugl, NSLS

Preliminary results of a search for unconfined fractional charge impurities (FCI's) in silicon is
reported. The search is based on FCI energy level predictions of Chaudhuri, Coon and Derkits[l]
and the experimental observations of integer charge impurity energy levels.(2]

IR photoionization provides the experimental signature for FCI's. A detailed calculation of
the field ionization dynamics following IR photoionization has been performed. [3) From that anal-
ysis the field ionization current will be proportional to ^p, t.e., i[i) = U^f] = gN0Rexp(— ^Rdt),
wbere R is the field ionization (tunneling) rate. This gives a very short pulse of current involving
a small amount of charge. During an applied voltage pulse (10 /isec), this charge will be dumped
onto the load capacitance.

Our experiment utilizes a 0.95 inches diameter, 400 /im thick silicon p-i-n diode with the i-
region representing the sample. Charge is initially injected into the device by a fast forward biased
pulse which neutralizes the ionized impurity sites in the i-region. Next the diode is reveres biased
to establish the appropriate field to sweep photoexcitcd carriers out of the i-region. This reverse
bias voltage is maintained throughout the infrared exposure time (integration time). Readout is
accomplished by a large negative pulse. Another similar silicon p-i-n diode is placed inside the
dewar and not exposed to infrared is used as a reference. The same input signal was supplied to
both diodes (sample and reference). The NSLS IR4 beam line was used as the infrared source.

For each wavelength (rt 78 f»m and 69 /im) above and below the photoionization threshold for
fractional charge impurities, extensive data sets are taken with the shutter open and closed. The
data sets are averaged and the differences between the open and closed shutter data are calculated.
Since the signal duration is expected to be about 30 /isec, the signal is Fourier-transformed to the
frequency domain and re-transformed to the time domain after high frequency components are
removed. The digitized signal is fitted to an exponential decaying function of S = Soexp(-t/r)
with r = RC the time constant.

The data analysis implies a sensitivity of 2 FCI's per 1019 atoms or 5 X 10* FCI's/cm3.
This sensitivity is higher than LaRue, tt al.'a 1 per 1018 atoms [4] and van de Steeg, et al.'s
10r/cm3 [5] and comparable with van de Steeg's suggested theoretical sensitivity 105 /cm3.
Further improvements have a good chance of improving the already high sensitivity.

This work was supported in part by the U. S. DOE under contract #DE-AC02-80ER10667.
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Surface infrared reflection-absorption measurements for CO on Cu(100) in the fre-
quency range 200-500 cm'1 reveal two peaks. Double isotope substitution using
i2C18O and 13C18O allows the assignment of the peak at 345 cm'1 for 12C)6O to the
Cu-CO stretch mode and the sharp derivativelikc feature at 285 cm'1 to the frustrated
rotation. The Fano line shape of this latter peak arises from coupling to substrate elec-
tronic transitions associated with CO-induced surface states. These were revealed by
broad-band scans as a function of CO coverage.
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Figure 1. Infrared-reflection absorption spectra (p polarization) in the low frequency
region for CO adsorbed in a c(2x2) structure on Cu(100), (coverage=0.5 monolayers),
at 100K. The spectra are the ratio of CO covered Cu to clean Cu.

Reference.

C. J. Hirschmugl, G. P. Williams, F. M. Hoffmann and Y. J. Chabal, Physical Review
Letters 65 408 (1990).



U4-IR
Surface Vibrational Spectroscopy Extended to 50 cm- i f

F. M. Hoffmann, Exxon Research and Engineering, Annandals NJ 08801 C. J. Hir-
schmugl. Vale University, New Haven, CT 06520, Y. J. Chabal, AT&T Bell Labs,
Murray Hill, NJ 07974, G.P. Williams, NSLS, Brookhaven National Laboratory,
Upton, New York
tSupported by US DoE Contract #DEAC02-76CH000i6

We have extended the range of the grazing incidence (p-polarized) surface infrared
reflection-absorption measurements down from the -180 cm"1 limit of the Csl win-
dows to -50 cm"1, by the use of Si windows. Preliminary results indicate no degra-
dation in noise down to the new limit. We have previously demonstrated reproducibil-
ities of 0.01% using infrared synchrotron radiation in the range 180-750 cm'1 in spec-
tra averaged for only a few minutes. There is some evidence, however, in this low
frequency region, that structures in the Si itself may limit our repeatibility in this

200 350
Frequency [cm"1}

range. The figure shows preliminary vibrational spectra taken in the range 50-500 cm '
after the interaction of oxygen 18 with a potassium layer on Cu(100) and annealing to
620K. Three peaks at 154, 195 and 286 cm'1 are visible. Plotted are the ratios of
the potassium and oxygen covered Cu(100) to the clean Cu(100). Further experiments
including effects of potassium to oxygen ratios and isotopic shifts are required in order
to identify the peaks observed.

TRANSMISSION OF HIGH T,: SINGLE CRYSTALS U4IR

D. Mandrus, L. Forro, L. Mihaly (Stony Brook), L. Carr (U. Florida)
G.P. Williams (BNL)

We performed infrared transmission measurements on several high
quality, free standing single crystals of BizSrjCaCuzO* (2212) and
BijSr-CuOy (2201) at temperatures between 15K. and 350K and in the
wavenumber range of 80cm"1 to 700cm*1. The radiation was perpendicular to
the samples so that the electric field was in the a-b plane ot the
crystals. The good collimation and high brightness of the U4/R beamline
was an essential condition of successfully measuring the transmission of
th(> unusually small samples. Representative spectra are presented in the
figure.
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We evaluated the plasma f requency , the temperature dependence o f the
relaxation rate and the parameters of the so called "mid in f ra red
abso rp t i on ' in the normal state. We found that the relaxation rate
exhib i ts a l inear temperature dependence. For the 2212 compound we studied
the transmission p roper t ies in the superconduct ing state as WJM. The
transmiss ion approaches zero at low f requenc ies , as i t should to r a g^cd
qual i ty superconduc t ing f i lm. However, the onset ot opt ica l conduc t i v i t y
at h«r2A, t yp ica l l y observed in w superconductors , has not been seen here.
We attribute this finding to strong pair breaking processes in the high
temperature superconductors.

This work has been suppor ted by the Department of Energy (DEAC02-"6-
•KJO16) and by the NYS grant 431-N027A.



U4-IR
Far Infrared Transmission Measurements of Lysozyme Protein^

K.D. Moeller, Physics Department, Fairleigh Dickinson University, Teaneck New Jer-
sey 07666, J. Smith, C.E.A.,C.E.N. France, S. Steinhauser, ARDEC, Picatinny Arsenal,
Dover, NJ 07806, C. J. Hirschmugl, Yale University, New Haven, CT 06520, G.L.
Carr, Grumman Corporate research Center, Bethpage, NY 11714, G.P. Williams,
NSLS, Brookhaven National Laboratory, Upton, New York 11973. tSupported by US
Dr.E Contract #DEAC02-76CH0O016

It is suspected that much of the action in proteins such as the lysozyme water system
derives from the presence of low frequency vibrational modes involving large parts of
the molecule. Lysozyme has been studied in both the crystalline and powder state
using far infrared and Raman specrroscopy as well as neutron scattering but no
definitive conclusions have yet been drawn about low frequency modes. We have
made preliminary transmission measurements in the far infrared of crystals of the lyso-
zyme protein at the U4IR beamline at the NSLS in the far infrared region. The exper-
iments covered the range from 10 cm'1 to 55 cm'1 (-1-6 meV). The lysozyme powder
was placed in a wedged polyethylene cell (to avoid fringes) which could be cooled to
4K.
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The results, shown above, indicate three distinct modes at -20 , 36 and 47 cm-l which
are temperature dependent. Note that the lower curve has been shifted upwards by
0.2. These modes appear in a region where bands are expected theoretically. We are
currently studying several different forms of lysozyme to try to determine the origin of
these absorption features.

U4-IR
Wavefront Dividing Interferometer for the Infrared Spectral Region*

K.D. Moeller, Physics Department, Fairleigh Dickinson University, Teaneck New Jer-
sey 07666, D.P. Siddons, C.J. Hirschmugl, G.P. Williams, NSLS, Brookhaven National
Laboratory, Upton, New York 11973. t Research supported by the US DOE under
contract number DE-AC02-76CH00016

We have demonstrated the operation of an interferometer which utilizes the spatial
coherence of the NSLS. The emitted wavefront from the ring is physically divided by
a two component mirror which eliminates the need for a conventional, amplitude-
dividing semi-silvered beamsplitter. In this instrument, radiation emitted above the
orbit plane follows a fixed path whereas radiation emitted below the orbit plane fol-

I
jjo.so

in

lows a path whose length is changed with respect to the reference beam. This pro-
duces an interferogram as shown above whose Fourier transform yieids the spectrum

vf [ ( ) )
shown in the lower figure. The advantages of such an instrument are its extremely
wide scanning range and its ability in principle to work at vuv and soft x-ray
wavelengths with resolving powers of up to 10 . In addition it should be possible to
use such an instrument to measure both real and imaginary dielectric functions by
measuring both phase and amplitude changes with respect to the reference beam.
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STRUCTURE OF METAL SILICIDE INTERFACES*
D. D. Chambliss, T. N. Rhodin and J. E. Rowe
Cornell University and AT&T Bell Laboratories

A major effort has been directed towards clarifying the electronic and crystallographic
structure of the Co/Si (111) 7x7, the Co/Si (001) and Co/Si (110) interfaces using combined
angle-resolved photoemission spectroscopy and low energy electron diffraction. The objective is
to understand the initial stages of formation of the silicide interface formed on the metallized silicon

Angle
J. Vac. Sci. Technol. A7, 2449 (1989)]

The electronic and crystallographic interface structure for the Co/Si (001) interface is
distinctly different. Direct electron transitions can occur for this interface but not for the former.
In addition, epitaxial fit is favored for the Co/Si (001) interface. While interfaces with (111)
orientation are easiest to produce, conduction through the ideal Si(l 1 l)/CoSi2 (111) interface is
poor. The Si (001)/CoSi2 (001) interfaces have electronic states in the CoSi2 matching energy and
parallel momentum with states near the Si conduction band minimum. Angle-resolved
photoemission and low energy electron diffraction measurements in this study discuss atomic
models for a more detailed analysis of Co/Si (001) interface formation. ["Crystallography and
Electron Structure of the Co/Si (001) Interface," D. D. Chambliss, T. N. Rhodin and J. E. Rowe,
Surface Science (in preparation 1990)1

Cobalt states in the nonbonding region have been calculated for a typical atomic model of
the unreconstructed CoSi2 (001) surface shown in Fig. la (atomic model viewed from side) and
Fig. lb [symmetry and k (parallel) selective local density of states curves at inner "bulk" and other
"surface") Co-atoms.
•Support from the Cornell Materials Science Center contract NSF DMR 8818558-A02.
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U4A

FERMI SURFACES OF OXYGEN COVERED W(llO) AND Mo(110).

S. Dhar, K. E. Smith and S. D. Kevan, Univ. of Oregon.

The oxygen covered W(110) and Mo(110) surface «ere studied using high
resolution angle resolved photoemissipn^ The clean W(110) and Mo(llO) fermi
surfaces had been determined earlier.1 '^ This study is an attempt to understand
the influence of an adsorbate on the clean fermi surface. We determined the fermi
surface for p(2xl)-O/W(110), p(2xl)-O/Mo(110) and p(2x2)-O/Mo(110). The
experimentally observed spacing between the fermi surface segments of the (2x2)
O/Mo(110) system ia one-seventh of the lxl surface Brillouin zone in the N
direction(fig.l). Grzelakowski et. al3 have observed an additional periodicity in this
structure which is seven times larger in the N direction than the substrate
periodicity. This leads us to believe that fermi surface nesting is playin" an
important role in this reconstruction.

N

H

Fig 1. Fermi surface of p(2x2)-O/Mo(110)

^R. H. Gaylord, K. Jeong and S. D. Kevan, Phys. Rev. Lett. 62,2036(1989).
^K. Jeong, R. H. Gaylord and S. D. Kevan, Phys. Rev, B 39,2973(1989).
JK_ Grzelakowski, I. Lyuksyutov and E. Bauer, Surf. Sci 2X6,472(1989).

Work supported by the U.S. Department of Energy, Division of Material Science.
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FHRMI SUFACD AND SURFACE KOHN ANOMALY OF Pl(! 1 i)

Wei Di, Kevin 13. Smith, and Stephen D, Kevan, U. ot Oregon

A surface electronic structure study of the clean Pl(l l l) has been made using high
resolution angle-resoved photoeniission. Beside the surface band structure along
symmetry line rM and l ie of the surface brillouin zone, a complete Fermi surface for the
surface-localized electronic states was determined and is shown belr \v:

There exist two electron pockets. One is centred atf, shaped roughly like a hexagon.
of the SBZ, is shaped like anThe other one, located around each corner point

equilateral triangle. One of our intentions is to investigate the relationship between the
geometry of the 2D Fermi surface and the two anomalies in the surface phonon
dispersion relations observed on Pt(l 11) several years ago, •*• These two. anomalies havevq anomalies I

I ' ' nnrl 1 0
dispersion relations observed on Pt(111) several years ago,
crystal momenta in the direction of TR and magnitudes of 0,8 A and 1,2 A" ,
respectively. The above Fermi surface suggests that the surface Kohn anomalies on
Pt(lll) are most likely to occur along the ?R direction, but with different crystal
momenta than previously reported. Further analysis of these discrepancies is in progress,
1 U.I larteiU.Peter Toennies.Christof Wolltmd G.Zhang Phys.Rev.Lctl, 55, 2308(1985)
2 D,Neuhaus.F..looaiul B.Feuerbacher Surf.sci.lelt. L90 I65(1'J86)L9Q

Work Supported by the US Department of f£ilergy.Division of Materials Science

WA

PHONON BROADENING AND THERMAL, SHIFT OF BULK AND SURFACE Rb CORE LEVELS

D. M. Riffe, G. K. Wertheim, and P. H. Cilrin (Al AT dell Laboratories)

Core, level phoinemission spectra of metallic Rb were obtained as a function of photon energy and temperature.
Tlic samples were prepared by condensation of Rb vapor from an SAES dispenser onlo a clean Ni(100) iubsirate
cooled to liquid nilrogen temperature. On wanning, some annealing was found in ihe vicinity of 125K, bui ii
resulted in only minor changes in the phoioemission spectra. Data could tie taken up to 240K, where (lie vapor
pressure reaches 3x10"" lorr. At higher lemperalure the sample evaporates rapidly, leaving only the first adsorbed
layer, which has a smaller core-electron binding energy and is greatly broadened. Data were taken with a VSW
100 mm hemispherical analyzer, at a total instrumental resolution better than 90 meV.

The temperature dependence of the Rb 4p3/2
spectrum is illustrated in the Figure. Wider scans,
encompassing Ihe entire 4p spectrum, gdve spin-
orbit splittings of 0.857 and 0.8-14 eV for the bulk
and surface atom?, respectively, in excellent
agreement with the free atom value of 0,845 eV for
lite 4ps5s- config ration. The surface-aiom core-
level shift in the .-jinealed condition is 1901 j meV,
i.e. slightly smaller thai of Na [1].

The thermal shift and broadening were determined
by fitting two Doniach-Sunjic line profiles to the
data. Satisfactory fits were obtained with the
lifetime width and singularity index constrained to
be the same for bulk and surface. (Analysis with
independent values for bulk and surface did not
yield consistent values with changing temperature.)
The resulting Lorentzian widlh of 31 meV is largely
attributable to Ihe core-hole lifetime, but a small
contribution from the instrument cannot be ruled
out. The singularity indes was 0.193 * 7, i.e. very
close to thai of metallic Na. The thermal shift 12]
of the bulk component is 0.29 meV/°K in the
interval from 125 to 240K, The thermal shift of the
surface component is comparable. The phonon
broitdenings at 125K are approximately 65 and 96
meV for bulk and surface, respectively. The bulk
phonon widlh is proportional to T"2, but the
surface width increases at a larger power above
200K.

19.5 20.0
KINETIC ENERGY (eV)
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IS] R. Kamrnerer,etal.,Phys, Rev, B. 26,3491 (1982),
(2) P, H. Cilrin, O, K. Wertheim, ands Y. Haer, Phys. Rev, B 16,4256 (1977),

Work supported by AT&T Bell Laboratories,
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K ON Si(100)-2xl: STRUCTURE, CHARGE TRANSFER, AND METALLIZATION

D. M. Riffc, G. K, Wertheim, P. H, Cilrin, and J. E. Rowe (ATAT Bell Laboratories)

Tlie adsorpiion of alkali moms on mclnl and semiconductor surfaces has challenged the theoretical community ID
understand the bonding of small species to a macroscopic surface. Implicit in the description of chemical lionding
to a surface are questions of structure, charge transfer, and metallization at the interface, In order to delineate these
aspects about alknlis on semiconductors, wo have measured core-level spectra from (lie K/.Si(iflO)-2xl interface.
Both the K 3p and Si 2p core levels were monitored as a function of K exposure onto »room-temperature Si(lOO)-
2x1 sample. K was deposited from SAES dispensers; coverages were determined from workfunction
measurements and a previous workfunclion-covcrngc calibration [11.

Overall, the pholocmissinn data exhibit two
different regimes of adsorption behavior. This is
reflected in Fig. I which shows the K 3p binding
energy as a function of K coverage. Below 0,25
monolnycr (ML.) the binding energy is
approximately constant, suggesting K island
formation at one adsite. At higher coverages new
adsorption behavior is evident in the 0,2 eV
binding-energy decrease. The two different
adsorption regions ore also born out by the
singularity index of the K peak in Fig. 2, At low
coverages it is relatively small, -0.05. Near
saturation, however, much stronger screening
occurs as reflected by a value of -0,2, Tho increase
in the singularity index signifies a transformation
from a weakly metallic or semiconducting behavior
to u .strongly metallic response at the highest K
coverages.

The division In adsorption behavior Is further
characterized by the Si spectra. Below 0,25 ML the
Si 2p core-levels show that K increases the
reconstructive buckling of the first layer with
bonding that is best described as covalenl (charge
transfer < 0,04e to each bonded Si). At higher
coverages, it appears that some charge transfer
(~0,I5e per affected SI) may occur and that some
(0,5 ML) of the Si-surfes buckling is reduced.
Both the increased charge transfer and shift of the K
3p level are likely evidence for multisile adsorption
near saturation,
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[11 P., E. Weber and R, T. Peria, Surf. Sci, 14,13 (1969),

Work supported by AT&T Dell Laboratories.
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PHOTOEMISSION STUDIES OF SURFACE SEGREGATION AT GeSl(10O)2xl,

J. 12. Howe, P. M. Riffo, and G. Iv. Wertheim (AT&T Dell Labontoriet)

Although surface segregation has boc.n widely observed ill binary metallic alloy? it is quite rarely seen
in binary or pseudo-binary alloys of semiconductors. This is likely due to the surface reconstruction
usually present whose energetics may well dominate the energies of segregation. Recently a detailed
thr-iretical simulation has predicted equilibrium segregation of Ge at the (100) surface of a SO-SO GeSi
alloy, | l | Wo have performed high resolution core-level photoemission experiments using the UlA Orn
TGM benmline in order to verify the existence of such Ge segregation.

Tile experiments used a combined
resolution of ~ 90-120 meV for
photons and electrons and were
performed at 300 K on GeSi(IOO),
Si(lOO), and Ge(100). All of these
surfaces exhibit a simple 2x1
reconstruction caused by surface
dimers so that to a first
approximation reconstruction effects
should cancel. In Fig. 1 we show the
Si(2p) core-leve| spectra for the Ge-
Si alloy and for Si(IOO) taken under
identical conditions. Since the
surface line widths are relatively
broad the second derivative,
-d2N/dEs, is also shown.

It is clear that the low binding energy component labeled S in Fig. l(b) is absent in the alloy data, Fig.
l(n). This shoulder is due to the up atoms of .he asymmetric dimers formed in the 2x1 recontruction
and the data suggest that for the alloy surface these dimcrs nre Ge atoms and not Si. If this is correct
then similar spectra for the Ge(3d) core level will show the surface dimer shoulder even larger for the
alloy surface than for puro Gc. Figure 2 shows these data as well as the second derivative curves
taken at a photon energy of (10 «V
such that the kinetic energy (and OwuSioi(ioo)
surface sensitivity) is the snme as for
the Si(2p) spectra in Fig. 1, It is
clear tbal these dnta are
consistent with surface segregation
of Ge for the GeSi alloy surface.
Thus our measurements are
consistent with the theoretical
predictions of Kelircs and Teisoff
jlj. It is interesting to note that
similar measurements havo been
reported for GeSi(l 11)5x0 and
interpreted in terms of an outer
complete layer that is 88% Ge and
only 12<^ Si. |2|

1. P. C, Kelires and .1, Tersofr, Phys. Rev. Lett. 68, 1101 (iflRO).
2, T. Miller, T, C, Haieh, and T. -0, Chiang, Phys. Rev. I) 33, 0083 (1880),

also I

Work supported by AT&T Bell Laboratories.



U4A

SURFACE CORE-LEVEL EXCITON SPECTRA OF 31(100)—2X 1.

,1. B Rowe, I) VI. Hiffe nml G. K. Wertheim (AWT Btll Lahonloritt)

Ht'ccut improvements in the reHolution of the U>|A Um TOM beamline have lend to more completely
resolved surface core-level pholocmiasion spectra of Si(IOO)2xl surfaces which have three surface
components. One component nt +240 rneV with respect to the hulk core level due to the down atom
of asymmetric surface dimers|l| and crytal-field-split components of the up atom at -475 meV and -285
meV |2| Wo have performed high resolution (~ 30-50 ineV) near-edge absorption spectroscopy using
partial yield (constant final state, CFS) and total yield (TY) detection schemed for surface-sensitive
and hulk- sensitive dnta respectively. Measurements were performed nt both 300 K and 80 K and
showed considerable temperature dependent broadening (~850 meV for AT=22O K). Typical 80 K
spectra are shown in Fig. I which compares the OFS surface duta and TY hulk data. The striking
feature of the surface spectrum is tho appearance of n single spin-orbit-split sharp doublet (AE~ 250
meV) at an energy 1,2 eV below the bulk threshold. These are due to core exritons as previously
suggested in the early work of Ilimpsel ft fl/.|3], but do not seem to correspond to the asymmetric

split dimsra seen in core-level pholoeim'ssion |2,3]
since only a single doublet is observed instead of the
expected three doublets.[2]

It is tempting to try to use one electron energies
from photoeinission experiments to correlate with
surface exciton peak positions allowing for shifts due
to the attractive electron-hole interaction. For the
single spin-orhit doublet observed, this suggests that
the empty surface states arc split by the same
energy as the core-hole states in the asymmetric
dimer, causing an accidental coincidence of exciton
peaks. An alternate interpretation is that the
exciton potential is a superposition of states of both
pairs of the asymmetric dimcr atoms; i, e. the
dimers are dynamically oscillating between the two
orientations of tilted dimcrs and the electronic
excited state is a superposition of both dimer

For this interpretation the one-99 100 idT
PHOTON ENERGY (eV)

orientations.
electron hole state energy ifl 0.07 cV less than

that of the bulk atoms and the empty surface stales are 0,8 eV below the bulk conduction band
minimum at ~ 80 K.[l| Tims the 1.2 cV surface shift observed represents only a 0.33 eV decrease from
the sum of one-electron energies. This is likely due to a larger electron-hole binding for the more
localized surface exciioii.Jii] The bulk absorption edge has been interpreted as due to a weakly bound
Wannier excilon with electron-hole energy of 0.05 cV while strongly localized surface excitons on III-V
semiconductors (5| typically have electron-hole energy shifts of ~0 .8 cV.

1. I). J. Chadi, Pliys. Rev. !,ett. 43,43 (1079).
2. G. K. Werlheim, D. M. Riffc, .1. E. l?owe, and P. H. Cilrin, (submitted for publication).
3. F. J. Ilimpsel, I". Heimann, T.-C. Chiang, and D. E. Eastman, Phys. Rev. Lett. 45 1112 (1080).
•I. P. MaMcnsson, A. Crieciiti, anil O. llnnsson, Phys. Rev. B 3, 8855 (J98B).
5. IX E. Eastman, T.-C. Chiang, P. lleimann, and F. J. Ilimpsel, Phys. Rev, Lett. 4B, 050 (1080).

Work supported liy AT&T Bell Laboratories.
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SILICON (2p) SURFACE CORE-LEVEL LINESHAPE FOR 8I(111)-B.

J. E. Rowe, G. K. Werlheim and P. M. Hiffe (ATOTBelll.tior.torii.)

Several recent structural studies [1-3] of the Si(tlI)-B\/3x\/3~surface have established the site for the
Horon atom as substitutional in the second layer below a Si adatom. We have performed high
resolution (~ 80-100meV) Si-2p core level photoernission on tbia system in order to determine the
surface core-level shift and lineshape. The samples were prepared by surface segregation from Si(l l l)
wafers (~ 1-1.5 atomic % B) after thermally removing the thin Shiraki oxide layer on the surface.
Typical data are shown in Fig. 1 which has photoemission spectra plotted ••' relative binding energy
for photon energies from 110 to HO eV. There are three distinct peaks in the raw data indicating at
least two spin-orbit doublet comnanents.

Attempts to fit the data with only two components
were unsatisfactory unless a Doniach-Sunjic line shape
waa used for the B-induced component. This suggests
that the surface region influenced by the B impurities

"\ . / V" 1 i» metallic with no gap. Previous studies using
^ S , j A \ Al Scanning Tunneling Microacopy were interpreted in

^ S v a S I \\f ,' terms of a gap, but these samples had less than a full
1/3 monolayer of B atoms |2,3], It would be

I f* j ii it interesting to perform infrared or high resolution

/ \ \ All electron energy loss spectroscopy to measure more
/ Ali7Ul directly the prescence or absence of» gap. Even with

the metallic lineshape a two component fit still has
systematic flucuations in the residuals of the least-
squares fits. Our "best" fit required four component*
which we interpret aa the bulk in layers four and
deeper, the adatom component, the three B-influenced
surface layers and a weak component due to the Si in
the third layer bonded to B. This fourth component
is weak but seems to be necessary for producing
random residuals. The intensity of the bulk
component at lowest binding energy goes through a
minimum at a photon energy of 130 eV coresponding
to a kinetic energy of 28 eV. At this energy the bulk
component is 0.10 of the total intensity which is in

S 1 0 - 1 accord with an escape depth of 3A if the B-influenced
MNDINO ENERGY (»V) ] m v e r includes three layers below the adatom layer.

The adatom component is assigned to a weak line between the bulk and B-region lines by analogy with
other Si surfaces where the adatom ha* a smaller binding than the other ssrfwe Si atoms. The
adatom fractional intensity is expected to be 0,15 while our fits give 0.12-0,15 for photon energies
130-140 eV. The identification of the fourth component with the Si in the third layer is highly
speculative. However, attempts to fit the data with only three components but with extra gaussian
width for the B-influenced peak were less satisfactory.

1. R. I, Headrick, I. K, Robinson, E. Vlieg and L. C. Feldman, Phys. Rev. Lett. 81, 1253 (198Q).
2. P. Bedrossian, el «/., Rev. Lett. BS, 1257 (1B89).

3. 1. W. Lyo, E. Kaxiras and Ph. Avourls, Phys. Rev. Lett, B», 1261 (l»8g).

Work supported by AT&T Bell Laboratories.
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ELECTRONIC EFFECTS IN THE Mo(OOl) SURFACE RECONSTRUCT!! )N

Kevin E. Smith and Stephen D. Kevan, Department of Physics, University of Oregon.

'he origins of the incommensurate reconstruction that Mo(OOI) undergoes when cooled
elow 220 K have been the subject of significant debate since itscliscovery. Much of the

debate lia.s centered on tlje relative importance of collective electronic phenomena in
driving the reconstruction.- In this experiment we measured the two dimensional Fermi
surface for Mo(001) using high resolution angle resolved photoemission spectroM'opy.
This Fermi surface (shown below) consists of two structures: well defined hole pockets;
about the M points in the surface Brillouin zone, and triangular shaped regions midway
along the E line where an electroi. state came very close (<0.2 eV) to Ep. These region's
can be considered as Fermi surface crossings for the purposes of coupling to surface
vibrations, and thus for playing a role in driving the reconstruction.
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The Fermi surface supports a modified version of the charge density wave model for the
reconstruction that includes electron-phonon coupling, with the incommensurability
pinned by nested Fermi vectors along E. Our results are also consistent will, recent
measurements of surface phonnji dispersion on Mo(001) using He atom scattering that
have revealed mode softening.-' We have also considered the role of non-adiahatie
phenomena, and can show that the measured electronic structure predicts that Mich
phenomena should occur. This provides an experimental basis for the inclusion of strong
electron phonon coupling in the charge density wave model of the reconstruction. Finally,
when these results, are compared with earlier results for the two-dimensional Fermi
surface of W(001), we conclude that both Fermi surface instabilities and strong non-
adiabatic effects contribute to the driving mechanism for the surface reconstructions.

1. T.E. Felter, R.A. Barker and P.J. Estrup, Phvs. Rev. Lett. 38, 1138 (1977).
2. XAV. Wang. C T . Chan. K.M. Ho and W. Weber, Phvs. Rev. Lett. M), 2(>n<i (I»SK).

E. llulpke and D.-M. Smilgies. Phys. Rev. 1140, 1338(1989).
K.E. Smith, G.S. Elliott and S.D. Kevan, Phvs. Rev. H42. 5385 (1990).

U4A

ELECTRONIC STRUCTURE AND VIURATIONAL DAMPING OF 11/Mo(001)

Kevin E. Smith and Stephen D. Kevan, Department of Physics.University of Oregon.

The (001) surfaces of Mo and W have been the subject of intensive study due w the
plethora of electronic and structural phenomena they display, such as temperature and
adsorbate induced reconstructions." and non-adiabatic damping of adsorbate
vibrations. The properties of H-exposed Mo(001) and W(001) surfaces are of particular
interest; while a saturated coverage of H on both surfaces results in the formation of a
(Ivl) structure, there is clear evidence that at lower coverages H forms i.slami> and
incommensurate structures on Mo(001) while it forms dispersed structures onnW(iin|).-
niecironic damping of H vibrational modes has been observed on both surfaces.'
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Work was supported by U.S. Department of Energy, Division of Materials Science.

We have studied the electronic structure of (1x1) H/Mo(001) using high resolution ARP.
A two dimensional Fermi contour was measured which differs radically from that of clean
Mo(001). It consists (see above figure) of a distorted circular electron pocket surrounding
the zone center. The contour displays large scale nesting along the high symmetry
directions in the zone. We can use this nesting to predict the existence of surface' phonon
anomalies. Recent measurements using He atom scattering of the phonon dispersion
curves for H-saturated Mo(OOl)'1 have not observed these anomalies. Further
measurements of higher energy modes is warrented. We also observed flat, non-
dispersive bands very close to Ep which imply a strong breakdown of adiabaticiiy for ihi>
surface. We can show that the H-indticed surface resonance associated with this Fermi
surface plays a dominant role in the observed non-adiabatic damping of H vibrations.

1 T.E. Felter, R.A. Barker and P.J. Estrup, Phys. Rev. Lett. 38, 1138 (1977); M.K. Debe
and D.A. King, Phys. Rev. Lett. 39, 708 (1977).

2 J.A. Prybyla, P.J. Estrup, S.C. Ying, Y.J. Chabal and S.B. Christman. Phys. Rev. Lett.
58. 1877 (1987).

3 J.E. Reutt, Y.J. Chabal and S.B. Christman, Phys. Rev. B38, 3112 (ll>88).
4 M. Huppauff, E. Hulpke and D.M. Smilgies, Proc. Third Int. Conf. on Phonon PIUMCS.

S. Hunklinger, W. Ludwig and G. Weiss, eds. (World Scientific, Singapore. 19l)0). p 'Mil.

Work was supported by U.S. Department of Energy, Division of Materials Scieiv -\
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SURFACE ELECTRONIC STRUCTURE AND FERMI CONTOURS OF W(OOI)

Kevin B, Smith, Greg S. Elliott, and Stephen D. Kevan, U. of Oregon

We report a high resolution angle-resolved photocmission study of the surface electronic
structure of the high temperature phase of W(001). We have focused particularly upon
the electron states within a few electron volts of the of the Fermi level in an attempt 10
characterize the interplay between the electronic and geometric structures of this surface.
In addition to new measurements of the surface band structure along the high symmetry
directions, we have determined the complete set of surface Fermi contours throughout
the two-dimensional surface Brillouin zone. These contours are shown below.

There exist closed, elliptical hole orbits centered at the X and M points of the surface
llrillouin zone which appear to be directly related to the projection of the ellipsoidal hole
pocket of the bulk Fermi surface onto the surface Brillouin zone. There is also a smaller
electron pocket centered at the X point which surrounds the intersection of the projection
of the bulk electron jack in the first and second surface Brillouin zones. Most
importantly, we observe a band to be located at or near the Fermi level over a sizable
region of momentum space, approximately centered on the R line between C and M.
This feature is well-placed to couple to phonon modes characteristic of the low-
temperature c(2x2) structure observed on this surface. Our results are not matched by
existing calculations, and are compatible with the incommensurability recently observed
using atom diffraction.

Work supported by the U.S. Department of Energy, Division of Materials Science.
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SURFACE-ATOM CORE-LEVEL SHIFT OF Na AND THE ALKALI METALS

G. K. Wertheim, D. M. Rifle, P. H. Citrin. J. E. Rowe, and D. N. E. Buchanan (AT&T Bell Laboratories)

We have investigated Ihe properties of the first atomic layer of the alkali metals, using energy- and angle-
dependent photoemission spectroscopy. Data for Na were taken on an oriented Nad 10) surface grown on a
NiflOO) substrate at -80K and annealed close 10 room temperature. A typical spectrum, obtained wiih 65 cV
ptKions and an instrumental resolution of 70 meV is shown in the top of Fig. 1. The three resolved
components are due to overlapping spin-orbit doublets from bulk and surface atoms. The bulk and surface
contributions are readily resolved by stripping out the j=l/2 contributions of both doublets using a simple two-
parametcr subtraction. A spin-orbit splitting of 160 meV and a spin-orbit ratio of 0.S2 were used in obtain the
result shown in die lower pan of the figure. The line at smaller binding energy is the bulk contribution. The
success of this procedure demonstrates that the widths of the j*3/2 and j= 1/2 lines of both bulk and surface do
not differ significantly and that the same spin-orbit parameters are suitable for both bulk and surface. This
indicates that the Coster-Kronig decay channel does not significantly broaden the j=l/2 components and that
there is no detectable crystal-field splitting of the j=3/2 surface component. The surface-atom core-level shift
read from this figure is 190 meV. It is also apparent that ihc surface line is significantly broader ihan the bulk
line.

More detailed analysis, using least squares fitting, shows
that the spectrum is well represented by two spin-orhit
doublets with asymmetric Doniach-Sunjic lines. In this
analysis it was assumed that bulk and surface lines have
the same natural width and singularity index. Values of
10 meV and 020 were obtained for these parameters, in
good agreement with earlier work (1,21. The relative
intensities ofthe two doublets correspond to an escape
depth of 4.7A. The surface-atom core-level shift is 187
meV and the spin-orbit splitting 163 meV. Values
obtained from other data sets at different photon energies
indicate that these parameters have uncertainties of ±5
meV. The surface-atom core-level shift is significantly
smaller than thai reported for a polycrystalline sjrface
[3]. The Gaussian widths of the bulk and surface lines
are 86.2 and 124 meV, respectively. Correcting for an
instrumental resolution of 70 meV, yields phonon width
of 50 and 102 meV. The bulk value is in good accord
with theoretical estimates. Experiments with

polycrystalline surfaces of K, Rb and Cs yield surface-
30.5 atom core-level shifts of!94,200. and 210 meV.

BINDING ENERGY (eV)

[1] T. A. Callcott, et al., Phys. Rev. B 18, 6622 (1978).
[2] P. H. Citrin. et &L, Phys. Rev. B 16.4256 (1977).
13] R. Kammerer, el al., Phys. Rev. B 26,3491 (1982).

Work supported by AT&T Bell Laboratories.
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FIRST AND SECOND LAYER CORE-LEVEL SHIFTS OF Si(IOO)

G. K. Wcnheim, D. M. RifTe. J. E. Rowc, and P. H. Citrin (AT&T Belt Laboratories)

Interpretation of the effect of adsorbates on semiconductor surfaces requires a detailed understanding of the
clean surface. The Si(100) surface with 2x1 reconstruction has only two incquivalcnt atoms in the first atomic
layer and consequently provides an attractive test case. We have obtained 2p core level spectra from sputtered
and annealed Si(100) surfaces, with photon energies ranging from 108 to 140 cV, and instrumental resolution
close to 100 mcV. A typical spectrum is shown in Fig. I. The absence of resolved features would pose a
significant problem to detailed analysis if there were not a number of useful constraints. Earlier bulk-sensitive
work wiih XPS has shown that the natural widdi is only -80 mcV, the phonon width -140 meV, and that the
spin-orbit splitting 608 mcV. The lack of resolved features in Fig. 1 could be due to broadened and shifted
surface and perhaps subsurface components which overlap the bulk doublet.

Some additional guidance is obtained by stripping out the j= 1/2 component resulting in the spectrum shown in
the middle of Fig. I. The procedure was carried out widi a spin-orbit splitting of 600 meV and a ratio of 0.50,
which gave optimum result. Although no new components are revealed, the success of the procedure docs
indicate that all doublets liavc the same spin-orbit parameters and that there is no significant Costcr-Kronig
broadening of the j=l/2 lines.

Since most of the width is due to phonon excitation,
which results in Gaussian broadening, the spectrum can
be sharpened by an iterative dcconvolution. The output
from this procedure is shown in the bottom of Fig. 1.
Results with components in the same locations and
intensities that vary systematically widi photon energy
were obtained from many other data sets, giving
considerable confidence in this process. The resulting
information provides a starting point for a least-squares
analysis of die original data. It was carried out without
constraints on the spin-orbit parameters or Voigt line
shape, which was common to all doublets. The
numerical values for the spin-orbil splitting, ratio, and
natural width are in satisfactory accord with the values
quoted above. The binding energy shifts of the resulting
components are in good agreement with those seen in the
deconvolution. Two shifts, with values of -280:20 and
490+=20 meV, were identified with the two inequivalent
atoms in the buckled dimer of the reconstructed surface.
A 230*20 meV shift was identified with die sub-surface
layer. The intensities associated with these components
are compatible with an escape depth of -3.S A. Other
fitting functions, especially those wim fewer but broader

Z 1 0 -1 components, gave distincdy inferior results.
RELATIVE BINDING ENERGY (eV)

The sign of the surface and subsurface shifts indicates that charge Hows from the subsurface layer to the
dangling bonds at the surface. The present interpretation differs significantly from that given previously.

Work supported by AT&T Bell Laboratories.
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Equivalent core model and the K-shtU absorption spectra of CO and N,

C.T. Chtn1, Y. Ma1, C. Meigs', K. Randall1, and F. Setle1

'AT&T Bell Laboratories, 2Frilz-Haber Institute

Although the equivalent core model (ECM) has been widely utilized to interpret inner-shell
photoabsorption spectra of atoms and molecules, its validity is still debatable. In our previous K-shell
absorption study of N2, we found that the term values, vibrational frequence, and intcrnuclcar
separations of Ihc ls-cxcitcd states of N2 and of the 2it-exciled states of NO are nearly identical and thus
strongly support the ECM model,1 K-shell absorption of CO and Nj provides another stringent test for the
ECM model. Here the Cls-excited states of CO (N'O) and the Nls-excitcd slates of N2 (NO*) have the
same final state configuration within the ECM model.

The figure at the left shows the Cls-)2)t", Cls-> Rydbcrg slates, and the double excitation spectra
for CO and I3C"O. The isotope shifts observed in these spectra have been utilized to identify different
vibrational scries as indicated by the bar-lines in the figures. Following the same procedure as that for
N2,' the peak assignment for the core-excited Rydbcrg states of CO are given in the figure, and five
electronic transitions are identified in the double excitation region.

The figure at the right compares the Rydbcrg states of CO and N2 when plotted as functions of term
value. The energies line-up in the 3so and npic (n>2) stales demonstrating again the validity of the ECM.
The Rydbcrg slates around 1.3 cV, however, have term values differing by -O.leV. This apparent
breakdown of the ECM can be avoided by assigning them to different states, i.e. 4so for N2 and 3dti for
CO. In fact, we also note that all of the nso (n>3) states are missing in the CO spectrum. Thus we
conclude that ECM is valid for transition energies but not for oscillator strengths. These intensity
differences can be attributed to (1) N2 has mirror plane symmetry while CO docs not, and (2) the overlap
between the Is and Rydbcrg wave functions arc different. For CO the core electron is excited from the N

site of its ECM valence-excited NO, while for Nj,
it is excited from the O site. Detailed theoretical
calculations are needed to explain this interesting
observation. (1) C. T. Chen, Y. Ma and F. Scttc.
Phys. Rev. A40,6737 (1989).

Core-CHCtied Rydberq SJoies of CO onrt NN*
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Electronic states in La^.Sr.CuO^ probed by soft x-ray absorption

C.T. Chen\F. SetlcK Y. Mal,M.S. llybf risen'. ES. StecheP.
W.M.C. Foulkes*, M. Schluur', S-W. Cheong', A.S. Cooper1. L.W. Rupp. Jr'.

B. BatloggK Yl. Soo\ ZJI. Ming3. A. Krot', and YJl Kao3

'AT&T Bell Laboratories, 2Sandia National Laboratories, 3SUNY at Buffalo

The nature of carriers in the cupralcs which exhibit high Tc superconductivity remains an open
problem. In particular, there is a controversy as to whether models based on a doped insulator or a band-
like metal best fit the available element-specific spcciroscopic data, e.g. resonant photocmission, x-ray
absorption and EELS. Recently, we have measured oxygen K-cdgc absorption spectra of carefully
characterized La2_,Sr,CuO4 samples using a bulk sensitive fluorescence yield detection method. They
reveal two distinct pre-edge peaks, labeled as A and B in the left figure, which evolve systematically as a
function of Sr concentration. The measured spectra are quantitatively described by calculations base on
the Hubbard model, including local Coulomb interactions and core-hole excitonic correlation. The
calculated results arc shown in the right figure. The close agreement in the peak intensities, positions and
widths as functions of Sr concentration between the measured and calculated spectra, strongly supports the
description of electronic states based on a doped charge-transfer insulator.
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Soft X-Ray Magnetic Circular Dichrolsm at the L,,3 Edges of Nickel

C. T. Chen. F. Setu. Y. Ma. and S. MoJesii

AT&T Bell Laboratories, Murray Hill. New Jersey

Synchrotron radiation from bending magnets emitted just above or just below the plane of the ring
has a high degree of circular polarization. This property has been exploited in the hard x-ray and in the
vuv regions. In the soft x-ray region, however, circularly polarized radiation is much harder to obtain for
the typically stringent design and alignment tolerances of grazing incidence optics. Starting with a paper
by Erskine and Stem,1 there has been increasing interest in performing dichroism-typc experiments in the
soft x-ray region, which admits access to the strong dipole-pcrmittcd core 2p —> valence 3d excitations in
transition metal fcrromagncts, and core 3d -> valence 4f in rare earth magnetic materials.

We realized that for the decoupled horizontal and vertical focusing (HF and VF) of the Dragon
bcamlinc, one can select the center and width of the monochromator vertical angular acceptance within +
2 mrad from the orbit plane by a simple vertical translation of the VF minor, and obtain a photon beam
with the desired hclicity, up to 85% circular polarization, and a loss in intensity of about a factor of ten.
Most importantly, this procedure does not affect the instrument's superior throughput and resolving
power.3

The validity of this idea and the practical
realization of the first circular polarized soft x-
rays were demonstrated by our observation of a
strong magnetic circular dichroism (MCD) at the
L2>3 edges of ferromagnetic nickel, as shown in
the figure.

The data arc qualitatively consistent with
the prediction of the exchange model of Erskinc
and Stem,'" and confirm (within 20%) the
expected degree of circular polarization and
hclicity of off-orbit plane photon beams.1'2

Quantitatively, however, the intensity ratios of
the Lj and L3 white lines and their MCD
counterparts do not agree with this simple
model, suggesting that the spin dependent
density of states near the Fermi level is
substantially i'-odificd by 3d spin-orbit
interaction.2 This, as well as the observation of
fine structures in the MCD spectra, indicates the
sensitivity and usefulness of soft x-ray MCD in
the study of the electronic structure of magnetic
materials.

1. J. L. Erskinc and E. A. Stem, Phys. Rev.
B12, 5016 (1975).

2. C. T. Chen, F. Sette, Y. Ma and S. Modesti,
Phys. Rev. B42,7262 (1990).
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LIGAND FIELD STRENGTHS AND OXIDATION STATES FROM

MANGANESE L-EDGE SPECTROSCOPY

S.I'. Cramcrt, Y. Mat, c.T. Client, F. Settet, s.J. Georget

t National Synchrotron Light Source, t AT&T Bell Laboratories.

Transition metal (TM) /-a^-edgc spectra involve 2p -> 3d transitions, and hence arc sen-
sitive to factors which change 3d orbital splittings and populations. We have collected high
resolution data, obtained using the Dragon beamline, on manganese £2,3 x-ray-absorption
edges of a variety of Mn complexes. These data clearly demonstrated that the TM Ledge
spectra are very sensitive to the symmetry and strength of the ligand field as well as Lhe
spin and oxidation states of the TM ions and suggests that it can be a useful probe for
bioinorganic studies.

The Mn /..-edge spectra for a scries of octahedral Mn(II) complexes are shown in Figure
1. These spectra cle;irly shows the sensitivity of the near edge features to the chemical envi-
ronments. Comparing these spectra with the atomic mulliplet calculations in a octahedral
crystal field as shown in the figure (thick solid lines), the crystal field strength parameter,
lODq, can be obtained. In addition, the L3/L2 branching ratio decreases significantly for
low-spin Mn(II). Thus, L-cdgc spectroscopy can also be used as a measure of the spin-state.

Figure 2 shows the significant changes in i-edge structure and energy positions for Mn
in different ionic state. As can be seen, for complexes with the same ligands, the average
shift in main peak position is on the order of 1.8-2 cV for Mn(II) to Mn(III), about 1-2 eV
for Mn(III) to Mn(IV), and about 2 eV between Mn(IV) and Mn(VII).

Mi(ll) Spectra and Simulations
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U4B
Diabalic behaviour in the K-sliell excitation of ethylene

F.X. Gadea1, H .KGppel1, J. Schirmer1, L.S. Cedcrbaum1

Y. Ma2, F. Sette2, C.T. Chen2, K.J. Randall3 and A.M. Bradshaw3

1) Tiieoretische Chemie, Universitat Heidelberg
2) AT&T Bell Laboratories, Murray Hill

3) Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

The excellent resolution and signal to noise ratio of photoabsorption measurements recently
performed at the Dragon monochromator has made it possible to examine the vibrational fine
structure of K-shell transitions in much greater detail than in previous studies. A particularly
interesting subject of such high resolution studies is photoabsorption in molecules with two or
more equivalent core-level sites, Here the promotion of K-shell electrons to an unoccupied
valence orbital gives rise to nearly degenerate excited states which in turn may vibronically
couple as a result of vibrational modes of appropriate symmetry. In such cases the usual Born-
Oppenheimer adiabatic and Franck-Condon approximations may be invalid. Rather, vibrational
structure must be treated by full consideration of the interaction between the electronic and
nuclear motions.

As an example, the Cls-»n* photoabsorption spectrum of C2H4 (crosses), taken with an
experimental resolution of the order of 40meV, is shown below. Of the two accessible
(Cls"l)lb2g(n)l excited states, *B2g and ^B\u, the former is dipole forbidden. However
coupling between the two states is possible by interaction with the non-totally symmetric
vibrational modes, VJJ and vt2- The calculated curve (solid line) indicates that the transition
contains contributions not only from the totally symmetric modes (and incidentally from the
torsional mode, V4) but also from the out of phase symmetric C-H stretch, V J J .

ENERGV(eV) BelttUve Energy (oV)



SOFT X-RAY SPECTROSCOPY OF METALXOPROTEINS

Simon J. George and Stephen P. Cramer

National Synchrotron Light Source, BNL, Upton, NY 11973.

We have obtained the first Z-edge spectra of first transition series metalloproteins. These
spectra have been recorded o\\ the Dragon beamlinc using a windowless 7-element Ge array
fluorescence detector. The detector resolution (110 cV) is sufficient to resolve the fluo-
rescence from most transition metals from the dominant background due to oxygen. The
samples are mounted on a cold finger cryostat enabling temperature control between 2K and
300K. Both the detector and sample chamber were "puuincally built for this experiment.

The figure comprises example metalloprotein data. These samples were partially dehy-
drated thin films, although use of frozen solutions is feasible. The left panel shows i-edgc
spectra of the 'blue copper' protein stellacyanin in its oxidised and induced forms, illustrat-
ing the sensitivity of this spectroscopy to oxidation state. Also presented is the spectrum
of the Cu(II) protein coUected simultaneously using electron-yield detection. Note the off-
set of electron-yield data is real, and arises from the oxygen/nitrogen if-fluorescence. The
advantages of the fluorescence method arc clear.

The right panel shows Z-edge spectra of proteins containing monomiclear iron(III) cen-
tres, namely: rubredoxin, myoglobin fluoride and myoglobin azide. As expected the spectra
are sensitive to spin-statfl: rubredoxin is high spin S=5/2, myoglobin azide is low spin
S=l/2. We are currently attempting simulations of these data, and are applying L-edgc
spectroscopy to a wide range of metalloproteins and enzymes.

SOFT X-RAY ABSORPTION

SUPERCONDUCTORS

OF

1MB

Tl-Ba-Ca-Cu-O HIGH-T^

A. Krol, C. S. Lin, Y. L. Soo, Z. H. Ming, and Y. H. Kao, Jui II. Wang and Min

Qi. NYS1S and SUNY at Buffalo.

X-ray absorption around oxygen K- and Cu Ljjj-edge of Tl-Ba-Ca-Cu-O

bigh-Tc superconductors was measured. At O Is edge three distinct pro-edge

peaks with maxima at 528.3, 529.4 and 530.6 eV, respectively, are revealed. They

are ascribed to core-level excitations of oxygen Is electrons u> empty states at

Fermi level which have predominantly oxygen 2p character. These oxygen holes

are located in CuO2, DaO and TIO planes, respectively. The intensity of the 528.3

eV peak exhibits very strong dependence on Tc i.e. on oxygen holes concentration

on 0(1) and 0(1) ' sites in CuO2 layer. At Cu Lju two main peaks and their

satellites arc observed. The peak at 931.2 eV and its satellite at 937 eV are

ascribed to Jp3d 1 0 and 2p3d94s final states, respectively. This implies a

predominately C u + J ground state which has mainly 3d" character. The peak at

933 eV and its satellite at 943 eV are ascribed to 2p3d lojj and 2p3d9 final states,

respectively. These peaks show an intensity increase with TQ i.e. with ligand holes

concentration, and are believed to arise from formally Cu + 3 ground state which

has mainly 3d L character. No presence of Cu+ 1 ground slate was detected.

Research supported by DOE and AFOSR.
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Rydberg states al the K-edge of molecular oxygen

Y. Mo,', C. T. Chen,1 G. Meigs.' K. Randall? and F. Sette'

'AT&T Bell Laboratories, Murray Hill, New Jersey
2Frilz-Haber Institute, Berlin, Germany

We have obtained high resolution O K-cdge absorption spectrum for molecular oxygen using the
Dragon bcamline. This work is undertaking to clear some of the issues about the interpretation of the O
K-cdgc near edge features that arc related to, e.g., physisorption or chemisorption of oxygen on surfaces
as well as the oxide superconductors.

The O K-shcll spectra are shown in the figure below. The Rydbcrg states spectra of O2 arc
qualitatively different from those of N2 reported last year. The major difference is the two broad features
near 539 and 542 cV. Our high resolution measurement resolved many fine structures in the region. The
positions of these peaks arc listed in the Table, together with our tentative assignment. The assignment is
based on the similarity between the term values with those of N2, and on the theoretical results of Gcrwcr
ct al.1 There arc two dipolc allowed Rydbcrg scries, one converging to the ionic state 4 n , and the other to
21"I. Based on the assignment given in Table, the exchange splittings between the Rydbcrg states in the
two scries is -I .I cV, close to the exchange splitting of the ionic slates measured by photoclcctron
spectroscopy.2

This observation of the Rydbcrg slates confirms the assignment of the two broad features at ~539.5
and -541.8 cV as the exchange split 2pcru* resonances, pulled down from lhe continuum to below the
ionization threshold by a strong attractive shape potential.3 The exchange splitting for the 2pau"
resonances is -2.3 eV, much larger than the exchange splitting of -1.1 eV found for ihe Rydberg slates.

II] A. Gerwcr, C. Asaro, B. V. McKoy. P. W. Langhoff, J. Chcm. Phys. 72. 713 (1980).

[2] K. Sicgbahn, ct al, ESCA applied to Free molecules, North Holland, Amsterdam, 1969.

[3) W. Wurth, cl al, submitted to Phys. Rev. Lett.

peak

1
2
3
4
5
6
7
8

9
10
11
12
13
14

position

539.05
-539.32
-539.54

540.25
-5J0.74
-540.94

541.16
541.35

-54I.81

541.85
-542.03

542.28
542.52
542.75

-543.18

tcm'

4.05
3.78
3.56
2.85
2.36
2.16
1.94
1.75
1.3
1.25
1.07
0.82
0.58
0.35

Ienuh

4.66
3.95
3.46
3.26
3.04
2.85
2.4
2.35
2.17
1.92
1.68
1.45
I.O2

assignment

3so,
vib
0*

3pit, 3so,
3po.
vib

3dnu

4so, 3pKu

Apt* 3po»

5pit» 3dltu

6pnu Asat

5SCT,

'using IP = 543.1 cV for the 4 £ ionic state,
'using IP = 544.2 eV for tiic 2 i ionic SUB.
cthe position of the broad peak.

Alkali metal adsorption on the SKI 11) surfaces.

Y. Ma, C.T. Chen, and F. Sette

AT&T Bell Laboratories, Murray Hill, New Jersey

Alkali metal adsorption on semiconductor, e.g. Si surfaces, is Ihe typical model system for studying
the fundamental issues in the formation of metal/semiconductor interfaces. In addition, alkali adsorption,
through the lowering of the semiconductor work function, greatly enhances Ihe electron emission of the
semiconductor surface with useful technological applications. An important issue that is under active
tiicorcctical and experimental investigations is the nature of bonding between alkali atoms and the
semiconductor surfaces. While some experimental results, e.g. the work function change, favor lhe ionic
bonding picture, one of the most puzzling experimental results is the lack of alkali induced substrate core
level shift in photocmission measurements that is predicted in Ihe ionic bonding models.

In contrast to the case of the Si(lll)(vTx^T)R30-B surface,1 no potassium induced core level shift
to lower binding energy (BE) is observed on the Si(lll)(7x7) surface. In lhe figures below we show high
resolution Si 2p core level spectra for the Si(Ul)(7x7) and Si(niXVJxVT)R30-B surfaces as a function
of K coverage (given relative to the room temperature satualion coverage). As can be clearly seen,
potassium adsorption induces a low binding energy component on the Si(lll)(V3xVT)R30-B surface, and
eliminates a low BE Si 2p component on the clean 7x7 surface. The K induced core level shift is in
opposite direction to that expected for transfer of electrons from the alkali atoms to Ihe Si(lll)(7X7)
substrate. It is especially interesting to note that this low BE Si 2p component of (he clean Si(l 11)(7x7)
surface has been assigned to the rest atoms in the 7x7 unitcell, and its low BE is resulted from charge
transfer from the Si adatoms. Our result thus suggests that the clean surface adalom-10-rcst atom charge
transfer is reversed by the potassium adsorption on this surface, i.e. the adalom electron is donated ' c k
to the adatom to participate in bonding with potassium. This result then implies a covalcnt bond between
potassium and the 7x7 surface, in contrast to the ionic bonding between potassium and the
Si(lll)(Tj3xV3~)R3O-B surface.

1. Y. Ma, J. E. Rowc, E. E. Chaban, C. T. Chen, R. L. Headrick, G. Meigs, S. Modesti, and F. Settc,
Phys. Rev. Leu. 65, 2173 (1990).
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U4B

Refocusing optical system for the U4B Dragon beamline

G. Meigs. C.T. Chen and F. Selte

AT&T Bell Laboratories, Murray Hill, New Jersey

To increase the efficiency of photoabsorption and photocmission experiments on small samples
(-mm2 size), a refocusing optical system has been designed, constructed and installed on the U4B Dragon
beamline.1 This refocusing system utilizes a platinum coated toroidal mirror made of fused silica. Its
major and minor radii are 38.4m and 0.0733m respectively and the reflecting area is 300mm long by 40
mm wide. The figures below show the schematic layout of the bcamline with the new rcfocusing system
in place. The input and output amis of the toroidal miner (labeled r4 and r5 in the figure) are 5 and !
meter respectively; the angle of incidence is 87.5', i.e. 2.5" grazing angle. Values for the other
parameters have been published previously.1 With the refocusing system in place, two sample locations
are now available: one at the old sample position and the other 6 meters down stream (labeled SAMPLE I
and SAMPLE II respectively). Including the effect of finite horizontal source size and the imperfection of
the horizontal focusing mirror (HFM in the figure), the refocusing system reduces a spot size of - 3x8
mm2 (vertical x horizontal) at the original sample position down to -1.5x1.8 mm2 at the new location. A
channeltron electron multiplier has also been installed in the refocusing mirror chamber to monitor the 10
signal by recording the total electron yield from the mirror surface.

1. C. T. Chen and F. Setle, Rev. Sci. Instrum., 60,1616 (1990)

U4B
K-shell photoabsorption in ammonia and water

K.J. Randall1, A.M. Bradshawl, j . Schirmer2

Y. Ma3, F. Sette3 and C.T. Chen3

1) Fritz-Haber-Institut der Max-Planclc-Gesellschaft, Berlin
2) Theoretische Chemie, Universitat Heidelberg

3) AT&T Bell Laboratories, Murray Hill

Results from the high resolution Dragon monochromator have revealed a wealth of spectral
detail not observed in previous studies. High resolution is particularly well matched to the core
hole lifetime of small gas phase molecules containing first row atoms carbon, nitrogen and
oxygen. Data obtained in the present study on ammonia and water are shown in the figures
below. Contrary to our expectations these spectra consist of broad smeared out bands, unlike
their isoelectronic counterpart methane (also in this annual report). The la j -» 4aj (ls-»3s) band
in NH3 is weaker than the Is -> 2e band but not to the extent expected by calculations. This may
be indicative of a vibronic coupling mechanism qualitatively similar to that which occurs in the
dipole forbidden first band of methane. Vibrational smearing in NH3 could be a result of a
drastic reduction in bending mode frequency, such as that reported in the Nls ESCA spectrum
(1), resulting from a change to planar geometry. Dissociation effects must also be considered.
Direct dissociation of the transitions Is -» 4aj and Is -• 2b2 in H2O is substantiated by
theoretical results.
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Vibronic coupling in the photoabsorption spectrum of methane

K.J. Randall, J . Feldhaus and A.M. Bradshaw1

Y. Ma, F. Sette and C.T. Chen2

1) Fritz-Haber-Institul der Max-Planck-Gesellschaft, Berlin

2) AT&T Bell Laboratories, Murray Hill

The unprecedented resolution afforded by the Dragon monochromator has provided a deeper
insight into the molecular dynamics of core excited molecules. The spectrum from the present
study, at the Carbon K edge of methane is shown in the figure. Over 20 peaks are resolved and
have been assigned according to their term values and vibrational shifts resulting from isotopic
substitution (the CD4 data are not shown).

Our data have led to a re-interpretation of many of the features seen in the spectrum. Of

particular interest is the weak structure at about 287eV, corresponding to the dipole forbidden
laj -» 3ai (Is -> 3s) band. The single peak observed in previous experiments has been assumed
to be the vibrational ground state. An energy shift between the CH4 and CD4 peaks, at 287.04
and 286.99eV respectively, indicate that it is, in fact, a vibrational sideband corresponding to the

laj -* 3aj + V4 transition, with an intensity enhancement due to vibronic coupling. Closer
examination shows that the ground state is seen as a weak shoulder at approximately 286.86eV,
which has so far remained

unobserved and should, incidentally,
be strictly forbidden. The decrease in

excitation energy of the 3aj band
reported here (180meV in CH4)

means that methane follows more

closely the trend of other small ^ m

molecules when one compares the
'Is —> 3s' term value, relative to the

valance -» 3s term value. To date

methane has been considered to be
anomalous in this regard (1).

1. M.B. Robin. 'Higher excited states
of polyatomic molecules : Volume
III', Academic press New York ,
1985.
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U4B

Soft X-Ray Magnetic Circular Dichroism at the Fe Lj,3 Edges of Ferriles

F. Selle, C. T. Chen, Y. Ma. G. Meigs, S. Modcsti and N. V. Smith

AT&T Bell Laboratories, Murray Hill, New Jersey

In our study on the magnetic circular dichroism (MCD) effect in Fe, Co and Ni, we found that a
simple atomic model considering dipole transitions from a spin-orbit split 2p core level into d final slates
with minority spin orientation gave qualitative agreement with the experiments: in particular, we found
that the MCD effect is reversed in sign between the L3 and the Lj edges, and is negative at the L3 edge.
Exploring the possibility of using the MCD data 10 assess the
presence and ferro- or antiferromagnelic orientation of a
magnetic moment on specific atoms in magnetic compounds,
even when the same atomic species are in different bonding
environments, we measured the Fe L^j edges in various
ferritcs with spinel (FesQ,, L^Fe^O,,, CoFejO4) or garnet
(Fe5RE3O12, RE = Sm, Eu, Gd, and To) structure. The
substantial difference between these two structures is that the
two compenetrating antiferromagneticaliy coupled iron lattices
have different occupation: in the spinel structure the majority
lattice contains 2/3 of the iron in octahedrally O-coordinated
Fe2* and Fe5* ions, while the minority lattice is formed by 1/3
of the iron as tctrahedrally O-coordinatcd Fe3* ions. In the
garnet structure the majority lattice is formed by 3/5 of iron in
the tetrahedral sites as Fe3*, and 2/5 in the octahedral sites
also as Fe3*. The orientation of the iron atoms in tetrahcdral
or octahedral sites is therefore reversed in the two structures
considered. Consequently one expect that the MCD signal
from the different Fe ions is also reversed in the two families
of fcrrites. This is indeed the case, as summarized in the
figures. There are three features in the MCD spectra, which
are reversed in sign between Fe3O4 and Fe5Gd3Oi2. They are
due to the three different ionic configurations, shifted in
energy for their different initial oxidation state and
coordination symmetry. The lowest photon energy feature is
due 10 Fe2*; it should be present in Fe3O4 only, and its small
presence in ihe garnet is probably due to Fe2* defects. The
intermediate feature is due to the Fe3* ions in tetrahedral sites,
while the one at the highest energy is due to Fe1* in
octahedral sites. The present interpretation is confirmed by the
other ferrites.

In conclusion, this study demonstrates a simple
procedure to probe the existence and orientation of magnetic
moments of atoms in specific bonding environments using
high resolution soft x-ray MCD measurements. Although
information of this kind is available using neutron scattering
techniques, the present method, as a very high sensitivity, and
can be very valuable for studying thin films and magnetic
impurities.

700 710 no
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Magnetic Structure of Oxidized Fe(001) . '

B. Sinkovic, P.D. Johnson and N.B. Brookes, Physics Dept., BNL; A. Clarke and

N.V. Smith, A.T.&T. Bell Laboratories, Murray Hill, N.J.

Spin-polarized valence and core level photoemission studies of the interaction of oxygen

with an Fe(001) surface provide a unique picture of the magnetic transformations during the

oxidation process. As the oxidation proceeds the spin polarization of the chemically shifted Fe3*

3p core levels suggests the oxide exists in a form similar to that of the ferrimagnetic 7 Fe2O3. A

smaller unpolarized Fe2+ core level component is an indication of a coexisting antiferromagnetic

FexO like phase. After annealing to 650°C the oxide converts almost entirely to the

antiferromagnetic FexO structure. During the initial oxidation the Fe3+ component shows a spin

polarization that is reversed with respect to that of the substrate 3p core level, an indication

that the oxide is antiferromagnetically aligned with respect to the substrate. One model of the

oxidation process involves site reversal, the initiation of the Mott-Cabrera mechanism. This

model is supported by our observation of antiferromagnetic coupling in that ihe incorporated

oxygen will mediate the moment reversal through superexchange.

Fig. Caption.

a) Spin resolved spectra from the Fe 3p
core level after exposure of the clean
surface to 16L of O2. The background has
been subtracted and also the component of
the spectra associated with the clean
surface.
b) As in a) but after annealing the
surface to 650°C to produce the final
oxide.
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* Work supported in part by U.S. Department of Energy Contract No. DE-AC02-76CH00016
and National Science Foundation Materials Research Group Contract No. DMR-86-03304.

Negative Tone Aqueous Developable Resist U6
for_ Phojton. Electron and X-Ray Lithography

Hillard Conley. Hayne Horeau. Stanley Perreauli.
Gary Spinillo. Robert Hood

(IBM-E.Fishkill. Itopevell Jet. NY 12533)

Jeffery Gclorne
(IBH-Watson Research Ctr. Yorktovn. NY 10598)

Ronald Hartino
(IBM-Burlington. Essex Jet. Vt. 05452)

Hononeric epoxide compound (araldite). an alkaline soluble phenolic resin (novolac) has been fornulated
nith an onium salt-type compound1 that produces catalytic guantities of acid after x-ray exposure which
creates crosslinking during a brief post-exposure bake step. The resultant latent image is developed in
an aqueous alkaline medium. This photoresist, dubbed "NXR" (Negative X-Ray Resist), has demonstrated
excellent lithographic properties in x-ray lithography. We will discuss the resist fornulation processing
and results from recent x-ray exposure work at IBM beanline 11-6.

h gold-on-silicon mask (0.8 urn and 2.5 urn. respectively) was imaged on wafers with approximately 40 un
proximity gap. Wafers sere adhesion treated in vapor HMDS and the NXR resist was spin coaled on the
wafers and post apply b3ked at 90"C for 60 seconds. Wafers were exposed using a resolution test rask at
doses ranging from 20-100 mJ and post exposed baked on a hotplate at 105°C for 3 ninutes at BNli.
transported back to 1BH East Fishkill and developed in O.32N TMHi for 2.5 minutes. Wafers were SEH'd at
the dose of 95mj to evaluate resist resolution and profile to deterrine the feasibility of the system for
x-ray lithography.(Figure 1)

References:

DCrivello. US Patent: 4.108.747 (1978).

Figure 1:
NX8 Resist 95mj exposure
0.2(1 x 0.5(1 lithography



07A
OXYGEN K-EDGE STUDIES OF OXIDIZED CERIUM FILMS

N.A. Braaten, A. Borg, J.K. Grepstad, and S. Raaen (U. of
Trondheim, Norway), and M.W. Ruckman (BNL)

Total yield measurements of the oxygen K-ecige have been
performed on thin oxidized Ce films on Ta substrates. Final
states of p-symmetry are selected by dipole transitions from
the Is core. In formally tetravalent CeO2 the oxygen 2p~band
is assur .a to be completely filled, and thus transitions are
into p like states in the empty conduction bands or in the
hybridized 4f-band of the oxidized fil,-ns. A spectrum for CeCX,,
see Fig.I, was obtained by exposing a thick Ce film, >50 A, to
300 L of oxygen. We find that a 9 A thick Ce layer on Ta
forms formally tetravalent oxide upon exposure to oxygen doses
larger than about 50 L. When a 4 A Ce/Ta sample is exposed to
similar oxygen amounts, the Ce oxide is predominantly
trivalent. Further theoretical work is needed in order to
address the question of the interatomic mixed valent ground
state in CeO2, based on the present measurements.

to
o

"3

Fig.l
Oxygen K-edge
absorption spectrum
for CeO2. The sample
was made by oxidizing
a cerium film.
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U7A
Oxygen K-edge NEXAFS Studies of Alkali Metal Superoxides

Jie Chen, S.L. Qiu, E. Horache, M.W. Ruckman, and Myron Strongin (BNL-Physics)*

Oxygen K-edge NEXAFS spectra of alkali metal superoxides were measured in an experiment
where superoxides were grown on a substrate of solid Kr. Initially solid O2 was condensed on a
layer of solid Kr. Alkali metals, including Cs, K, or Li were then evaporated into the solid O2

film. Warming the sample to 40 K "distills" off the O2 leaving the pure superoxide on the solid
Kr. NEXAFS spectra from LiO2, KO2 and CsO2, prepared using the above method, are shown
in Figure I. Compared with the solid O2 spectrum, both r* and o* resonances in the spectra of
all three alkali metal superoxides are shifted to lower photon energy due to the transfer of an
electron to the molecular oxygen. The intensity ratio of these two peaks changes from about 2:1
in solid O2 to a smaller value in the superoxides because of increased occupancy of the Jr* level.
The O-O bond lengths in superoxides deduced from the positions of the a resonances are in good
agreement with previous reports.'

5.11) 511) 55U
l'IIOroNl-Nl-HUY(cV)

This work was funded by the Norwegian Research Council (NAVF)

Figure 1. Oxygen K-edge NEXAFS spectra of LiO2, KO2 and CsG2.

E. Bertel, F.P. Netzer, G. Rosina and H. Saalfeld, Phys. Rev. B39, 6082(1989).

Work supported by the U. S. Dept. of Energy, Division of Materials Science, Contract No.
DE-AC02-76CH00016.
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STUDY OF THE INTERACTION OF Fe WITH OXYGEN AT 25K

B, Hontche, J. Chen, P, Kuiper, M. Ruckman and Myron Strongin (BNL-Physics)*.

The interaction of Fe and O2 at 25K is studied by photoemisston and XAS, Valence band,
Fe 3p and O 1 s core levels and O K-edge spectra are used to monitor the formation of the
two Fe valence states (Fe2+ and Fe3 +) for both O2 on Fe (O2/Fe) and Fe on solid O2
(Fe/O2), On polycrystaHine Fe, O2 adsorbs dissociatively and disrupts the d states. At an
O2 coverage of 3.4 L, the Fe 3p spectra for O?/Fe (see Fig.l) show two new peaks at -
53~9 eV and -54,9 eV, This last peak becomes dominant as the O2 coverage increases,
These two peaks indicate the formation of the F e 2 + and F e 3 + valence states of Fe, A
mixture of Fe 2 + and Fe3+ suggests the formation of a phase-like Fe3O4 and Fe3+
suggests the formation of Fe2O3 f 1 ], When Fe is deposited on molecular O2 (see Fig, 2),
the Fe 3p is shifted to even higher binding energy (-57,1 eV). This may indicate the
formation of an even higher Fe oxidation state, Fe 3p features characteristic of the Fe3+
and Fe 2 + oxides form at higher Fe coverages.

Fig.(l): O2 on FR at different
coverages

Fig,(2): Fe on solid O2 at
different coverages,

I, C, R, Brundle, Surf. Sci,, 66, 581(1977).

*Work supported by the U. S. DOE, Division of Materials Science,
Contract # DE-AC02-76CH00016,

U7A

NEAR EDGE STUDIES OF OXYGEN LAYERS ON S O U D Kr

M, U. Ruckroan, S, L, Qlu, Jie Chen, and Myron Strongin (BNL)*

The near-edge absorption or both solid nitrogen and solid oxygen condensed
on a solid Kr substrate have been studied. For thick layers the results
agree with previous work [1] and for nitrogen there is no change in the
positions of the near edge features from submonolayer amounts Lo thick
layers (Fig, I ) . However, for oxygen the situation is more interesting.
Even in the gas phase, the magnitude of the splitting of the (siguia)
feature near 540 e\l (-2.5 eV) is not totally understood, and the increased
splitting in solid oxygen (-3.5 eV) is even less understood. In the work
reported here we do see a change in the split t ing as one goes to submono-
layer amounts of 0, on the solid Kr, and this is shown in Fig. 2, I t is
interesting that for the dilute coverage of oxygen on Kr the splitting is
reduced, but we emphasize that i t never returns to the gas phase value.
We believe that this discrepancy can indicate the occurrence of molecular
oxygen dlmers, a possibility that has been discussed by Pauling and others
many years ago.

* R. A. Rosenberg, P, J, Love. P, R. I-aRoe, Victor Rehn, and C. C. Parks,
Phys.Rev, B 31, 2634 (1985).
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Figure 1. Na/Kr Figure 2, O2/Kr

Work supported by the U, S, Dept, of Energy, Division of Materials
Science, Contract No. DF,-AC02-76C1100016,
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A NEXAFS Study on the. Adsorption of Ammonia on Clean and Potassium • Promoted
Iron. Daniel Strn'ngin nnd James Mowlam, Department of Chemistry, State University
of New York - Stony nrook, New York 11794
The nrlflorption of ammonia on thin films of iron with nnd without potassium has been
investigated with near-edge x-ray absorption fine-structure (NEXAFS). Figure 1 ex-
hibits NEXAFS spectra (nil spectra recorded at 80 K) for ammonia exposures of 1, 2,
and 100 L (1 L = 10"" Torr-sec) on Fe, Excitation of the N(ls) electron into Rydberg
states are the transitions that make up peak A at 402.2 eV. The second feature (peak
D), appearing at about 1C eV above the Rydherg transitions, is a a* shape resonance,
Examination of Figure 2 shows a significant change in the NEXAFS spectra, a shift, of
the a* shape resonance from 417,0 eV to 419.4 eV with an inerensc in NH:i coverage (i.e.
from 1 to 2 L exposure). At still higher coverages (100 L), where multilayer ammonia
forms, the a' resonnnce appears at 419.0 eV, which is quite close to its location in the
2 L NH.i/Fe spectrum. Previous researchers have shown that a' resonances, associated
with longer bonds appear at lower photon energy. While we are unable to derive a
bond length change, the shift certainly suggests that there is a N-H bond dilation at
the lowest coverage and the average N-H bond length approaches that of unperturbed
ammonia (multilayer) at an ammonia exposure of 2 L.

The condsorption of potassium with ammonia has drastic eHWts on the structure of
the ammonia adsorbnto, Figure 2 shows NEXAFS spectra for 1 L NILj/Fe, and 1 L
NH:i/0.3 ML K/Fe systems. It is important to emphasize that the 1 L NH:i/Fe and
1 L NH.i/K/Fe spectra have identical surface concentrations of ammonia, ns determined
by the integral area under the respective N(ls) core level peaks in x-ray phote'leetrou
hnertroscopy expermiments. The figure shows that at an 1 L NH;i exposure on 0.3 ML
k/Fe the shape resonance appears at a photon energy higher than that observed over
••lean Fe, and similar to that observed for multilayer ammonia. Thus, in the presence
of only 0.3 ML potassium, the N-H bond dilation observed for low coverage ammonia is
inhibited, and with fdkali the N-H bond length is close to that of condensed ammonia.
This result suggests that, eoadsorbed potassium weakens the i'mmonia - iron interaction,

FIGURE I FIOURE X

U7A
NEXAFS STUDY OF CONDUCTING LANQMUIR-BLODGnTT FILMS.
X.Q. Yang, J. M. Chen, and T, A. Skolheim, (BNL). E. D, Johnson (NSLS). J. Cheung, R. B.
Rosner, and M. F. Rubner, (MIT).

The LB technique provides a rational approach to fabricate films with well defined
composition, structure and thickness and a technique for engineering electrically and optically
active superstructures, The LB technique provides the control needed to prepare monolayer films
(hat are molecularly oriented in two dimensions and possess a high degree of structural perfection.

In the NEXAFS spectroscopy, core level electrons are excited by the incident photons to
unoccupied orbitals near the ionization threshold. The technique takes advantage of the high
degree of polarization of the x-ray beam emanating from a synchrotron storage ring. The
excitations we are concerned with in this study are core level excitations to the unoccupied o* and
* orbitals. By scanning the incident photon energy and monitoring the Auger electrons resulting
from the relaxation processes of the excitation, the empty states, such as C-C a', C=C o* and *
and (C-H) , can be identified and the direction of the bonds relative to the substrate plane can be
determined.

The NEXAFS spectra were obtained by collecting the sample current. Figure 1 shows the
carbon A;-edge NEXAFS spectra of the polypyrrole/SODOP system. Unlike the spectra for 3-
octadecyl pyrrole where strong polarization dependence was observed, the two spectra of
po|ypyrro|e/30DOP for different polarization are similar. This indicates the hydrocarbon tails are
either disordered or tilted about 45 TO 55 degrees from the surface normal. However, from our
FTIR and x-ray diffraction studies, we know that the hydrocarbon tails are ordered and tilted.
Therefore, the NEXAFS spectra provide further support to the conclusion of FTIR and x-ray
diffraction studies,
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X-RAY ABSORPTION STUDY OF DIAMOND FI1J4S CROWN BY CIIKHICAL VAPOR DEPOSITION

X.-Q, Yang, H. W, Ruckmnn, and T. A. Skotheim, BNL*, Upton, NY 11973, H.
denBoer, CUNY, NY, 10021, A, R. Badzian, Pennsylvania State U., University
Park, PA 16802, and A. R. Srlvatsa, Moltech Corp., Stony Brook, NY 11794.

Carbon k-edge x-ray absorption fine structure spoctroscopy is used to
study the effect of changing growth conditions on the structure and
bonding at 875°C using a 0.5« C|(4/H, mixture have near-edge spectra like
type I(a) natural diamond [1], The carbon k-edgea of the diamond-like
films grown by electron cyclotron resonance CVD at 200"C using 10"* Torr
of Ch4 resemble the spectra of hydrogenated amorphous carbon [2], Compar-
ing the near-edges of the CVD dlamond-llke film (Fig, 1) with other carbon
compounds (i.e., graphite) and the CVD diamond films shows a stronger w*
feature at 285 eV indicative of a higher concentration sp" bonded carbon
and a feature at 289 eV, the a* (C-ll) resonance, indicating C-H bonds.
The extended x-ray absorption fine structure data (Fig. 2) shows that the
diamond-like carbon film is highly disordered on an atomic level,

1 B. Pate, PhD dissertation, Stanford University (1984),
» D. Wesner et al., Phys. Rev, B2J, 2152 (1983),
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Figure 2

Work supported by the U. S, Dept, of Energy, Division of Materials
Science, Contract DE-ACO2-76CII00016 and U,S, DOD, Office of Naval
Research and Strategic Defense Initiative Organization Contract N00014-
86-K-0443,

U7B

Photoealaslon studies of ternary transition actal sillcldes

Elhaj Horache and J, E, Fischer (Unlv, of Pennsylvania); M. W. Ruckman
(BNL-Physics)

Transition metal silicides made by reacting refractory and near noble
metals with silicon show considerable promise for the construction of
microelectronic devices because "alloying" can be used to move the Fermi
level and change the conductivity. In this work resonant photoenlssion is
used to study the structure of the valence band and core level photoemis-
slon is used to examine charge transfer and final state screening effects.
Figure 1 shows the valence band for a Tl4Ni4Si7 surface prepared by a
sputter-anneal procedure at various photon energies. Compared to NISI and
NiSia which were studied by Franciosi et al.,

1 the density of states at E,
is larger due to a contribution from the Ti 4s-3d states. The Tl 3d
states make a larger relative contribution to the valence band above the
Ti 3p threshold (32 eV photon energy). At higher photon energies (hi/ > 70
eV), the Ni states are more intense. At the NI 3p-3d threshold, a well-
known Fano resonance (Fig. 2) Is used to enhance a two hole Nl satellite.
Figure 2 also shows the emergence of the NI M2 a W Auger feature from the
valence band. Similar photoemlssion studies were also conducted for
Ti4Co4Sl7 andTiFeSlj.

Figure 1
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Figure 2

1. A. Franciosi, J. H. Weaver, and F. A. Schmidt, Phys. Rev. B 2fi, 546
(1982).

This work is supported by the U, S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CHOOO126.
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Growth of Altnlnun Nitride Ijiycrn on CaAs(lOO) by Al Deposition on

Condensed NH3

Ken T. Park, Jianmlng Cao, Y. Gao, U. of Rochester, M. W. Ruekmnn and

Myron Strongln, BNL*

An A1N layer mny be a good candidate for GaAs MIS structures because of
Its low density of states nt AlN/GaAs(100) Interfaces and Is also used ns
a capping layer to prevent GnAs lc surfaces from decomposing during
annealing to remove defects Induced during the manufacturing process.
This report summarizes the results of an investigation of A1N growth on
GaAs(tOO) using the deposition of Al into a condensed NH3 layer at 80 K.
Using photoemlssion to probe the formation of this ovorlayer (Fig. 1), we
found that Al does not react appreciably with NH, at liquid nitrogen
temperature and that AlN or a similar compound forms only during annoaling
to room temperature. The interface and overlayer formed by this technique
are stable upon annealing to 450°C. The reaction of Al with NH3 also
enhances the nitrification of the GaAs substrate, an effect previously
observed only for alkali metals.1

1 P. Souklasslan et al. Phys. Rev. B 42, 3769 (1990)

Ai/NH3/GaAs(100)

hv.70eV

• 14 -10.5 -7 -3.5 0

Binding Enurny (oV)

Fig. 1 Valence band photoemission spectra for AlN growth on GaAs(lOO);

(a) GaAs(lOO), (b) GaAs(lOO) at 80 K, (c) +20 L N!l3, (d) +2 A Al, (e) + 10

A Al, and (f) annealing to 300 K,

* Work supported by the U, S. Dept. of Energy, Division of Materials
Science, Contract DE-ACO2-76CH00O16.
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ATOMIC AND ELECTRONIC STItUCTUUE OF IV FILMS OIIOWN ON Pd(001}

II. 1.1, J. Qiiinn, V.S. J.i, D. Turn, Jonn (.WAT Stony Ihwik) ami J. Sulculov (Queem College)

Fe films deposited mi Pd{()01} grow pBeudomorphicnlly, if deposited al slow rates (about 0.1 A/inin), with a
hody-centered-tetragonai structure whirji is a distortion of the stable U.c structure of o-Fr. The in-planr lattice
constant is 2.75 A, an dictated by the Pd{flOl} substrate, and the bulk interlayer spacing is l.fiO-1.53 A, with a
strong relaxation of the surface that depends on film thickness. Hut despite this large distortion, which is caused
by the large misfit (1.2%) between I'd and Pe, tin- electronic properties of the Fe films are indistinguishable from
those of«-Fc. This- result is in contrast wi I It the observations tmidr in the Cu/Pd{O0l} ami the Cu/Pt{00l} .system,
where the distortions caused by tlie pseudomorphism were reflected in dispersion characteristics different from those
of the equilibrium phase. Figure 1 shows normal-emission electron-distribution curves (KljC's) measured with C2-eV
.»-polarized photons cm Fe films with increasing thickness. The emission from the Pd substrate is completely absent
by lite time the thickness reaches about 9 I..K, (JayT-equivalenls), and the KPC's masured for larger thicknesses are
indistinguishable from those measured onft-Fe. Tlie 3fl-corr-!«*vel splitting, shown in Fig. 2, amounts to 4.2i:l).2 eV,
corresponding to local magnetic moments of 1.9 /t^ niul in good agreement, within experimental error, with literature
values for either a- or -y-Pe.
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Fig.l. Nornial-emisBion angle.resolved IDDC's from
epitaxial Fe films on Pd{001} measured with j-polnrized
light and 62-eV photons with increasing thicknesses
(listed on the (IMS in I.E.).
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Fig.2. I'llotoemissioll spectrum from the 3j core
level in a 5G-I..E. Fe film on Pd as measured with 165-
eV photons. The dots are background-subtracted ex-
perimental data, the dashed curves are Gaussian fits to
the data, and the solid curve is the sum of the two.

This work was supported by the National Science Foundation with Grant No. PMI18709O21 and bv the Department
of Energy with Grunt No, r>K-FGn286EU45230.
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RI.KCTItONIf PROPERTIES OF BODY-CENTERED-TETRAGONAI. COPPER

11. Li, S.C. Wu" , J. Quinii. Y.S. l.i, II. Tian, F. Jona (SIINY Stony Brook) and J. Sokolov (Queena College)

We have shown liiKt year tlinl uUratliln films of Cu grown on clean Pd^OOl} have a body-centered-telragonal
structur»* derived from the 8%-strain that the substrate imposes 0:1 t)ie films as a consequence of the pseudomor-
phism. Wr have presently continued that the same highly-strained phase of Cu fan be grown on a clean Pt{0OI}
surfnee despite the 5x 20 structural reconstruction of this surface. The lattice parameter!! of the strained Cu phase
nre<i=2.7!i A (for Rrowth on Pd{001}) urn-2.78 A (for growth »n PtjOOl}), and c=3.2-l±O.O1 A in bnlli cnaes.
Photoemissiou experiments iiave been carried on botli types of Cu filmti, about lO-lnyers thick, and the electron band
structure lias been determined. Differences from the calculated band structure of/cc Cu are detectable, but their
explnnntinn requires a band-structure calculation of Cu in the body-centered tetragonal structure.

IJ7B

EPITAXY OF BODY-CENTERED-CIJBIC COPPER ON AC<00l}

II. Li, J. Quinn, Y.S. Li, D. Tian, F. J O M (SUNY Stony Drnok) and J. Sokolov {Queens College)

Ullrathin films of Cu have been grown rpitaxially on Ag{0l)l) and studied by low-energy electron diffraction
(LEED) and angle-resolved pholoemittsion spectroscopy. The films contain large amounts of defects and disorder: the
I.BED pattern deteriorates very rapidly upon pralongued deposition of Cu. Films with thicknesses of 2 or 3 atomic
layers are pseudomorphic with the Ag substrate and have intcrlayer distances of J.45±O.O6 A. Thicker films, up to
about 10 layers, exhibit little or no long-range order (practically no LEED pattern), but photoemission gives evidence
for bee structure. Figure ] depicts a series of angle-resolved normal-emission electron-distribution cjrves measured
on a lMayer Cu film with J-polarizeil light from 21 to 100 eV. The dashed lines accentuate the crossing between £ 2

and A5 bands that is predicted by calculations qf the band structure of6ce Cu. In addition, the symmetry point*
are consistent with a Brillouin-zone size TH of 2.19 A" ' , i.e., ivitli a lattice constant of 2.67 A, in agreement with
the value of the lattice constant of bec Cu as determined by others with total-energy calculations.

- 6 - 4 - 2 0 = E f - 8 - 6 -A -2 0= Ef

BINDING ENERGY (eV)

- 6 - 4 - 2 0 = Er - 1 2 - 1 0 -U - 6 -'• -2 0 =Er

BINDING ENCRGV (oV)

Fig. 1. Angle-resolved normal-emission electron-distribution curves measured on a G-layer film of Cli on Pt{001}
with r57oi.259^i-polarized light and photon energies ranging from 14 to 165 eV.

This work was supported by the National Science Foundation with Grant No. DMR87O9O21 and by the Department
of Energy with Grant No. DE-FGO286ER45239.

Fig. 1. Angle-resolved normal-emission electron-distribution curves measured on a 10-layer film of Cu on
Ag{001} with 9-polarized light and photon energies between 21 and 160 eV.

This work w»» supported by the National Science Foundation wilh Grant No. DMR8709O21 and by the Department
of Energy with Grant No. DE-FGO286ER45239.
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Oxidation of ternary transition sctal silicides

M. W. Ruckman (BNL-Physics); Elhaj Horache and J. E. Fischer (Univ. of
Pennsylvania)

The Initial stage of the oxidation of ternary transition metal silicides
is studied using core level photoerolsslon. The motivation for this work
is (1) the observation that transition metal overlayers promote the growth
of dielectric S102 layers (e.g. catalytic oxidation) and (2) the use of
silicides are starting materials for the fabrication of catalysts,
Ti4Ni4Sl7, Ti4Co4Si7, Nb4Ni4Si7, and TiFeSij were studied before and after
exposure to 1-500 Langmuirs of 02. For the Ti4Ni4Si7 (Fig. 1), TiO2 is
detected after a 20 L exposure. Multiple Si valence states including
Sl(IV) are also observed (Fig. 2). Compared to NiSi and NiSi2 the rate of
oxidation is faster and we attribute this to the presence of Ti in the
surface layer. The formation of silicon oxides is accelerated by atomic
or ionic oxygen formed during the Interaction of 02 with Ti or Ni surface
atoms. We find that Ti-Co and Ti-Fe are more reactive (i.e., higher Si
oxidation states are reached at lower 0 2 exposure) than Ti-Ni. Oxygen can
be removed from the surface layer of these silicides by resistive sample
heating. Ti4Co4Sl7 is returned to its clean condition by heating to -700
C and the appearance of valence band and core level spectra suggests that
surface segregation Is not a significant process.
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This work is supported by the U.S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CH00O126.
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THE INTERACTION OF Cs AND SOLID AMMONIA

M. W. Ruckman, S. L. Qiu, and Myron Strongin (BNL*)

Previous studies of alkali metals and solid ammonia have been extended to
studies of Cs on ammonia. In this more comprehensive study the different
metal environments are confirmed, however it is more likely that the
alkali metal atom forms an ammonia complex, rather than giving its elec-
tron to the whole ammonia matrix. In contrast, in the liquid phase the
solvated species would be more likely. The valence band spectra shown in
Fig. 1 indicates a state split off from the ammonia 3a, orbital when Cs is
deposited Into solid ammonia. It is known from work on adsorbed ammonia
that the weakly adsorbed orbital is at about 8 eV and the more strongly
interacting metal-ammonia bond occurs near 5 eV. In this present work we
interpret the split off feature at 5.3 eV as a localized ammonia/Cs bond;
somewhat like that found for Li in solid ammonia where Li(NH3)4 is formed.
In Fig. 2 the Cs core level spectrum is shown as Cs is deposited into the
solid ammonia. As in previous work there is a relatively large shift as
one goes from the initial Cs coverage to a regime where clusters are
formed. The present shift of 2.8 eV Is larger than that observed in the
cose of Na on ammonia. In fact, this shift is a larger core level shift
than that occurring in alkali metal oxidation.
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Silicon Adsorption uu CaFj/Si( 111)
I.. .1. Terminello. F. .1. llini|>M>l. I". II. McFeely. , \ . II. McLean

IBM Thomas .1. Watson Research (Vnler

Adsorption of Sij('I,j ami St;Hu on epiiaxially Rrcuvn ('.iKj/Sif 11 1) «;D; investi-

gated by rare level ami valence band pholoemi.ssion. C a F ; surfaces thai were first

plioto-activatcd with intense synchrotron radiation slimved enhanced molecular ad-

sorption indic.itiuK that patterned deposition of material may urcur. Attempts to

U8A/B

chf-jmral vapor deposit Si with the

lures revealed that SijH ( i was able to si

SijCU adsorption terminated after app

The figure below follows the ileposi

spertriuu (A) depicts the Si *2p phutoele

ole n'ciirior* under elevated tempetn-

.taiti Si growth on Mie (.'.tl-'j Hpiiaxy. while

ix. 1 moiiolayer of d e p l e t i o n ,

ition of Si on C a F j from Sijllu. The bnttotn

'Ctron sport rum im'ssunul iiflpr H)0 I. of Sijll,;

was exposed lo an irradiated (.'aFj surfaro. Curve U was measured aftor aiuicliag

the surface in curvo A to 550 C. A large close (20000 I.) of Si3 l l , t at -VIO (' was nsod

to obtain curve C; tins was followed liy annealim; lo 770 (' for rnrvr | ) .
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THE INFLUENCK OF 1
OF PF3 ON Ru(OOOl)

•UEAOSORBED POTASSIUM ON TIIE ADSORPTION USB

Varoujnn Chakarian, David K. Shuh and Jory A. YarmofT
Department of Physics, University of California, Riverside, CA 92521 USA

Theodore E. Madey, Brian Maschoff and Hui-Shu Tao
Department of Physics, Rutgers, The State University of New Jersey, Piscataway, NJ 08855

The prcadsorption of alkalis on metal surfaces has been known to promote chemical
reactions. It has been observed that molecules that normally adsorb molecularly, when
coadsorbed with alkali metals, either dissociate or experience bond weakening. The fact that
many of the properties of tliesc coadsorbed systems are similar for numerous metal substrates,
virtually all alkali metals, and various molecules, such as CO, NO, and PF3, suggests that the
processes involved are rather fundemental in nature. The adsorption properties of PF3 on
Ru(0001) have been previously studied by employing a variety of surface spectroscopic
techniques.1 In these set of experiments we use soft x-ray photoetnission spectroscopy to determine
the chemical state of the adsorbates for various coverage regimes at room temperature.

Figure 1 shows P 2p core level photocmission from PF3 adsorbed on Ru. In the absence of
alkalis we see that PF3 adsorbs primarily molecularly. When the surface is pre-exposed to a
submonolayer of potassium one sees dramatic changes. For the case where the PF3 coverage is
less than K coverage the data clearly shows that PF3 completnly dissociates, whereas when the PF3
coverage is larger than the K coverage we see clear evidence for atomic phosphorus as well as PF3 .
The additional peak at -132.7 eV binding energy is believed to he PF3 interacting with K.

In Fig. 2 we show that the K 3p core level shifts toward lower binding energies with
increasing PF3 coverage which clearly demonstrates that potassium is involved in the
dissociation process. The peaks are comprised of one, two, and three components in (a), (b), and
(c) respectively. It is believed that the lower binding energy peak in (b) is due to K-F interaction,
while the lowest binding energy peak in (c) is due to K-PF3 interaction. The nature of the
interactions which lower the K 3p core level binding energy will be the subject of future
investigations where we will study the K-F interaction more closely.

F!l*n 1. FlfvnZ.

1 S.A. Joyce, A.L. Johnson, J.A. Yarmoff, and T.E. Madey, to be published.
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FINE STRUCTURE O F T H E Ca2p ABSORPTION EDGE

I'". .1. Ilimpsel, I). (). Karlsson, A. U. McLean, I.. .1. Tcrmincilo (HIM), l \ M. I', dc ( iroot , M.
Abbatc, .1. C. I'uggle (U. Nijmcgcn, Netherlands), .1. A. YarmofT (11. California, Riverside), B.
T. Thole and Ci. A. Sawat/ky (U. (ironingen, Netherlands)

The line structure of the Ca2p soft x-ray absorption edge is studied1 Cor a variety of bulk com-
pounds (Ca metal, CaSi2, CaO, CaF 2) , for surfaces/interfaces (CaT'2(l II) , Hal'2 on Cnl '2(l I I ) ,
Ca and CaF 2 on Si(111)), and for defects (I'-ccntcrs in Cal ' 2) . The observed multiple! structure
is explained by atomic calculations in a crystal field (cubic Oj, for the bulk, three-fold C j v for
the (111) surfaces and interfaces). While the bulk spectra arc isotropic, the surface and interface
spectra exhibit pronounced polarization dependence, which is borne out by the calculations
(I'ig. 1). This effect can be used to become surface/interface selective via polarization modu-
lation experiments, even for buried interfaces. A change in valence from <"a2+ Ca ' + is calcu-
lated to cause a downwards energy shift and extra multiplct lines. The energy shift is observed
for ( V + in F-ccntcrs at a CaP 2 surface and at the CaP2 /Si(l 11) interface.

1) P. .1. Ilimpsel, II. O. Karlsson, A. IJ. McLean, I.. .1. Termincllo, I'. M. lr. dc (Jroot, M.
Abbatc, .1. C. Pugglc, .1. A. Yarmoff, R. T, Thole and ( i . A. Sawatzky, Tine Structure of the
Ca2p Absorption 1-dgc" I'hys. Rev. H, submitted.

Fig. 1 Surface effects at the Ca2p edge for clean C a l ;
2 ( l l l ) . Surface-related features (arrows)

arc quenched by covering the surface with HaF2 , thereby creating a bulk-like environment of the
surface Ca atoms. Detecting ions increases the surface sensitivity. The calculation (right side)
explains the extra surface features by a lowering of the symmetry from cubic O h in the bulk to
three-fold Civ at the surface.
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PHOTOELECTRON SPECTROSCOPIC STUDY OF THIN K FILMS ON THE MoS,(0001) SURFACE*
J.R. Lincc, S.V. Didziulis (Aerospace"), and LJ. Tcrmincllo (IBM)

The chemistry of the transition metal chalcogcnidc MoS2 can be characterized by the relative inertness
of its basal plane (or (0001)J surface, and its ability to intercalate alkali metals. We have conducted » study of
the interaction of thin K films grown onto the MoSj(OOOl) surface by vapor deposition. Valence band
pholoclcctron spectra of the slcpwisc deposition of K
arc shown in Fig. 1 (these data represent about half the
total depositions studied). The initial deposition is
characterized by the appearance of intensity near the
Fermi level caused by oxidation of the K to K' and the
resultant donation of electrons to the MoS2 conduction
band. This valence band behavior is similar to a
previous study of the K/WS2(0001) system,1 in which it
was proposed that the K initially forms a chemisorbed
two-dimensional layer on the WSj(OOfll) surface,
resulting in the observed intensity at the CBM. Figure
1 also shows evidence for K-induccd disordering of the
surface, since the valence peaks become slightly
broader, especially the "d,2" peak just below the VBM.
The presence of a predominantly metallic peak at -19
eV2 (a small K1 peak is seen at -20.5 cV for low
coverage) indicates that much of the K is sitting on top
of the MoSj (0001) surface in Ibc form of islands.

Figure 1 Valence band spectra of MoS2 taken for a
number of successive K depositions and final anneal.
(hu= 194 eV)

Pholoclcction spectroscopy of the Mo 3d core
level (Fig. 2) and S 2p core level (not shown) also
shows some broadening with initial deposition,
confirming the creation of chemical inhomogencily in
the MoS2 with K deposition. However, for large doses
(i.e., i 150 min K), a small reduced Mo peak appears
that is consistent with the formation of metallic Mo.
This indicates that the K islands have reached a size
sufficient to allow chemical reaction with the
MoS2(0001) substrate. After annealing, the K has
diffused almost entirely into the bulk, but both the
valence and core level spectra remain broader than for
the clean surface, indicating that the K causes
irreversible disordering of (he MoS2.
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'F.S. Ohuchi, W. Jaegermann, C. Peltenkofcr, and BA. Parkinson, Langmuir 5 (1989) 439.
JL.G. Peterson and S.E. Karlsson, Phys. Script. !£ (1977) 425.
'Supported by the Air Force Space Systems Division (contract number F04701-88-C-0089 and by DOE-
Divisions of Materials and Chemical Sciences (DOE contract number DE-AC02-76CH00016).
"Aerospace Corp., Chemistry and Physics Laboratory. P.O. Box 92957. Los Aneclcs. Calif.. 90009



STUDIES OF THE X«F2 ETCHING OF SILICON
C.W. Lo, O.K. Shuh, V. Chakarian, K.A. German and J.A. Yarmoff
Department of Physics, University of California, Riverside, CA 92521 USA

Fluorine atoms are known to be the key element in
the industrial plasma etching of silicon. XeF2 has been
shown to be an effective model compound for studying
fluorine etching, since XeF2 has the ability to etch silicon.
When XeF2 etches silicon, an amorphous reaction layer
composed of adsorbed reaction intermediate species, i.e.
SiF, SiF2, S1F3 and trapped SiF,j, is formed. In this report,
we present the results collected from a single Si(lll) wafer
that had received XeF2 exposures ranging from 100 L to 700
kL. The structure of the reaction layer was then
determined with a combination of soft x-ray photoemission
spectroscopy (SXPS) and photon stimulated desorption
(PSD). SXPS probes the composition of the entire reaction
layer, while PSD probes only the very top surface. A
comparison of the SXPS and PSD results can be used to
determine how the relative abundances of SiFx species at
the very surface of the reaction layer differ from the overall
abundances in the reaction layer.

The entire set of SXPS spectra, which have been
spin-orbit decoupled by numerically removing the Si 2pj/2
component, are displayed in the top figure. The intensity of
the SiF and S1F2 features saturate rather quickly, while the
intensity of the SiF3 feature rises more slowly. The
corresponding PSD spectra are shown in the bottom figure.
There are five distinguishable absorption edge features in
each of the PSD spectra. We compare the evolution of
features (b) and (c), which correspond to transitions of a 2p
electron of an SiF or S1F3 species, respectively, to the
conduction band minimum. It is seen that as the exposure
was increased, the SiF related features decreased steadily
while the SiF3 related PSD features increased. Above an
exposure level of 100 kL, the PSD signal from SiF species
was nearly zero.

A comparison of the SXPS and PSD results showed
that, initially, all three of the subfluorides were formed on
the substrate surface. Upon increasing exposure to XeF2,
the constancy of the SiF and SiF2 peaks in the SXPS spectra,
implies that the concentrations of SiF and SiF2 in the
reaction layer remained unchanged. When the increase
in both the SiF3 PSD and SXPS signals is coupled with the
decrease in the SiF and SiF2 PSD signals, it can be
concluded that the SiF and SiF2 species become effectively
buried by a surface composed almost entirely of SiF3.
1. H. F. Winters and D. Haarer, Phys. Rev. B 3fi, 6613 (1987).
2. F. R. McFeely, J. F. Morar and F. J. Himpsel, Surf. Sci.

1SS, (1986).
3. J. A. Yarmoffand S. A. Joyce, Phys. Rev. B ifl, 3143 (1989).
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CORE LEVEL PHOTOEMISSION STUDIES OF PHONON SCATTERING RATES
IN WIDE GAP INSULATORS

F. R. McFcely, I:. Carder, I.. Termincllo, and A. Santoni (IBM Research Division.
Yorktown Heights, NY)

In the course ofrcccnt experiments designed to measure photoelcctron escape lengths
in SiO2, we realized that photoclcctrons from the underlying Si bulk 2p core level were
subject to strong energy dependent phonon scattering. This scattering manifested itself
as an asymmetric broadening of the bulk photoclectrn peak which was dependent on the
SiO2 ovcrlayer thickness. We report here an experiment designed to investigate this ef-
fect in detail.

Thin films of SiO2 of various thicknesses were grown by thermal oxidation in situ.
Constant-Final-Statc photocmission spectra of the Si 2p core level of the underlying Si
substrate were then obtained for each sample at kinetic energies between 8 and 30 eV.
The lincwidth of this peak was then measured and compared with that exhibited by the
sample with the thinnest ovcrlaycr (4.9 A). For photoclcctrons travelling through the
oxide with 8 eV kinetic energy, A strong broadening was observed, which was roughly
proportional to the oxide thickness. (Sec the figure below) As the kinetic energy in-
creases this effect systematically decreases. This decrease is due to two factors. First,
the acoustic phonon scattering, which is Umklapp-dominatcd and isotropic at low en-
ergies, becomes progressively more forward-peaked as the energy increases. Second, the
rate of inelastic scattering is increasing with increasing energy, restricting the mean
quasiclastic lifetime in the overlayer. Quantitative analysis of these data by means of
Monte Carlo simulation is currently in progress
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SOFT X-RAY INDUCED CORE I.EVF.l. PHOTOEMISSION AS A PROBE OF HOT
ELECTRON DYNAMICS IN SiO2

I". R. Mcl'cely, I:. Carticr, I.. .1. Tcrmincllo, and A. Santoni (IBM)

We have shown that high resolution core level spectroscopy may be used in conjunction with
classical Monte Carlo electron transport analysis to derive acoustic phonon scattering rates and
electron-hole pair production cross sections in SiO2. The method consists of measuring the
bulk Si 2p core level spectrum of bulk Si after transport through successively thicker overlaycrs
of Si()2. Panel a shows the CFS spectrum measured alter transport through 4.') A of SiO2.
Note the sharp features. As the ovcrlaycr thickness is increased to 14.6 A (panel h) and 20.3
A (panel c) the spectrum is drastically broadened and shifted due to the absorption and emis-
sion ofphonons. The dashed lines give fits to ;hc 2p3/2 components of the peaks. The solid
lines give the results of the lincshapc and intensity generated by the Monte Carlo simulation,
using the energy distribution and intensities of panel a. The dependence of the results of the
simulations on acoustic phonon scattering rates and electron hole pair production cross sections
allow s the determination of these quantities. Interested parties arc referred to I'hys. Rev. Lett.
65, 1937, 1990. for details
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THE ELECTRONIC STRUCTURE OF Si(MI)-B (J5 x Jf) R30° STUDIED BY Si 2p
AND B Is CORE-LEVEL PHOTOELECTRON SPECTROSCOPY

A. I). McLean, L. .1. Tcrminello and F. .1. Ilimpsel (IBM Research Division, Yorktown
Heights, NY)

Our interest in this particular structure is based on the peculiar site for the boron atoms.
They replace 2nd layer silicon atoms in an ordered ^3" x Ji structure and arc buried under-
neath Si adatoms. We have characterized the electronic structure using valence and core level
spectroscopy (Rcfs. 1,2 respectively).

The Si2p core level spectrum exhibits a surface component, shifted to higher binding energy
due to the higher clcctroncgativity of B versus Si. The surface-to-bulk intensity ratio is much
larger than for monolayer adsorbates, such as As and CaF2, and is consistent with the under-
layer structure proposed in Ref. 3, where the B is located underneath a Si adatom.

The two-dimensional energy bands at Si(lll) Jf x Jf H surface have mapped using
angle-resolved photoemission and inverse photocmission (Rcf. 1). Combined with first prin-
ciples band calculations (Ref. I) a clear picture of the electronic structure emerges: Boron acts
like a dopant by removing an electron from the half-filled broken bond orbitai of the Si atom
above it (compare Fig. I). As the calculation shows, this orbital extends down to the B atom.
Indeed, we arc able to see the Uls-to-surfacc state transition in absorption spectroscopy (Fig.
I). From the strong polarization dependence of the transition intensity the surface state is
found to be aligned along the surface normal, as expected from a broken bond orbital at the
adatom site.
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Fig. 1. Transitions from the Bis core level
to an unoccupied surface state at the
B/Si(lll) 7 1 x Jj surface (sharp peak at
the center, Rcf. 2). The strong polarization
dependence shows that the state has pz-likc ° t

symmetry, in agreement with first principles
calculations. Photon Energy



U8B
FLUORINE ADSORPTION AND REACTION ON GaAs (110) SURFACES

A. B. McLean, I.. .1. Tcrmincllo, and I'. R. McFccly (IBM Research Division, Yorktown
Heights, NY)

Although the adsorption of molecular Chlorine on GaAs (110) has been studied ex-
tensively, there has been relatively little study of Fluorine adsorption on this surface.
A variety of studies ofCI adsorption have led to the conclusion that the Cl adsorbs
preferentially onto the surface anions. In this work we have investigated the adsorption
of Fluorine (via the molecule XeF2) on GaAs (110) using high resolution core level
photocmission spectroscopy. The results, partially illustrated in the figure, indicate a
strong involvement of the surface cations in the adsorption process as well as a sub-
stantial amount of surface inhomogencitv.

Figure I. The initial stages of (luorination. Oa 3d photocmission from the clean surface,
under surface sensitive conditions, and from the same surface dosed with increasing
amounts of XcF2. The dots represent the raw data alter a smooth background has been
subtracted. The other components, in order of increasing binding energy, arc the da 3d
bulk emission, the Ga 3d surface component, the first and the second chemically shifted
components respectively. The full line through the points is the sum of the individual
components. Notice that the intensity of the Ga 3d surface component decreases in a
systematic fashion with increasing exposure. The surface component is also present over
a wide coverage range with the second chemically shifted component.

U8B

MAPPING THE FERMI SURFACE OF GRAPHITE WITH A DISPLAY-TYPE
PHOTOELECTRON SPECTROMETER

A. Santoni, I.. .1. Tcrmincll,.!. I. Barton, !•". .1. llimpsel (IBM) and T. Takahashi (Tohoku I,'.)

The Fermi surface of a solid is essential in describing its electronic properties. In particular, the
low-lying excitations that arc present at finite temperature originate within kT of the Fermi
surface. Such excitations drive electronic phase transitions, such as charge density waves and
the opening of a superconducting gap. Another emerging area of interest is the electronic
structure of surfaces and interfaces, where two-dimensional Fermi surfaces can be defined.
Here, we are using a display-type spectrometer, which allows us to detect photoclccti<>»s si-
multaneously for a large solid angle of escape directions. For two-dimcsional systems, such as
layered compounds and surfaces, this instrument displays the Fermi surface directly. In three-
dimensional systems a set of two-dimensional cuts has to be taken by varying the photon
energy. As a model case, we arc using graphite with a well-known band structure. The Fermi
surface is displayed directly (Fig. 1), and other constant energy surfaces below the Fermi level
are given. More complicated layered compounds, such as transition metal dichakogenides.
have also been studio.

•

Fig. I Two-dimcsional Fermi "surface" of graphite, given by the angular distribution of
photclcctrons from the Fermi level. For a pyrolytic sample (right), the rotational disorder
around the c-axis spreads the Fcrmi-'points" of the single crystal (left) into a criclc. Areas or
high emission intensity arc dark.
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U8B
CHLORINE ADSORPTION ON ROOM TEMPERATURE GaAs(llO)

D. K. Shuh, W. Lo, and J. Yarmoff (UC Riverside Dept. Of Physics)
A. Santoni, L. Terminello and F. R. McFeely (IBM T. J. Watson Research Center)

The elucidation of the mechanisms responsible for the chemical etching of
semiconductors is of considerable importance as technology is applied to the etching of III-1V
semiconductor materials. Of particular interest are the interactions of fluorine and chlorine with
GaAs. The initial core level photoemission investigations1-2 of halogen adsorption on
GaAs(l 10) yield a remarkable result for the case of chlorine adsorption. Chlorine has been
found to preferentially bond to the surface As and saturates the surface without the formation of
Ga-halogen bonds.2

Cleaved, room temperature GaAs(l 10) substrates were exposed to 30-1350 L of chlorine
evolved from an electrochemical cell and the resulting interfaces examined by surface sensitive
photoelectron spectroscopy of the Ga 3d and As 3d core levels. The work was performed
utilizing an angle-integrating ellipsoidal mirror analyzer that has a convoluted resolution of
approximately 150 meV at the GaAs core levels. The Cl 2p, C Is, and O Is levels were also
monitored the during the experiment. Figure 1 presents a direct comparison of the surface
sensitive photoemission intensities from Ga and As core levels of the cleaved GaAs(l 10) crystal
compared to those exposed up to 1350 L of chlorine.

The Ga and As core levels shown in Figure 1 both show clear evidence of bonding to Cl,
although the As is the dominant site of Cl adsorption determined by relative As-Ga peak areas.
The As/Ga 3d photoemission peak area ratio increases with increasing Cl dosage and suggests
that Cl exposure preferentially etches Ga from the room temperature GaAs(llO) surface.

1. A.B. McLean, L.J. Terminello, and F.R. McFeely, Phys. Rev. B 40 11778 (1989).
2. R. D. Schnell, D. Rieger, A Bogen, K. Wandelt, and W. Steinmann, Solid State. Comm. 53

205 (1985).
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Figure 1. Comparison of the surface sensitive photoemission from the Ga 3d (I) and As 3d (II)
core levels to those measured after exposure to chlorine evolved from an electrochemical cell.
Shirley backgrounds have been subtracted from both core levels.

METAL FLUORIDE CHEMISORPTION AND REACTION ON SURFACES OF
LOW REACTIVITY MATERIALS: WF6 AND T«F5 ON SiO2

L. .1. Tcrmincllo, S. P. Kowalczyk, and F. R. McFeely (IBM Research Division,
Yorktown Heights, NY)

The development and mechanistic understanding of metal CVD processes continues
to be an area of active research. One property ofCVD processes which accounts for the
interest in these rather complex methods of metal deposition The second is chemical se-
lectivity, whereby the metal may be induced to deposit on one surface, while another
surface in contact with the source gas is unaffected. Classic examples of this behavior
is afforded by the deposition of Mo and W from MoF6 and WT6 on Si/SiO2 structures.
In these cases, the metal is deposited only on the bare Si, leaving the SiO2 uncovered.
In this work we contrast the selective behavior of exhibited by WF6 between Si and
SiO2 and the unsclective behavior exhibited by TaF5.

The results of exposures of SiO2 surfaces to TaF5 and WF6 are illustrated in the
accompanying figure. The top panel shows the valence band region of the as-prepared
thermal oxide surface. The second panel shows the surface after a 7000 I, exposure to
TaF5. Substantial chemisorption ofTa is evident. This chemisorption is accompanied
by a large amount of Fluorine on the surface, and the binding energy is indicative of a
high oxidation state. This chemisorbed state is most likely quasi-molecular in nature.

Despite an order of magnitude greater exposure, no chemisorption of WF6 could be
observed, as is evident from bottom panel. The small amount ofchemisorbed Fluorine
is most likely the result of HF chemisorption, arising from wall reactions in the course
of the high exposures.



Low Pass Filter for Soft X-ray Mouorhroinators

L. J. Terminello. A. B. McLean. A. Sanioni. E. Spiller and F. J. Ilimpwl
IBM Thomas J. Watson Researrli Center

Synchrotron radiation research with vacuum ultraviolet and soft X-rays often
involves the use of grazing incidence grating moiiochroiiiators thai rover a wide
photon energy range. Since the angle of incidence has to be gracing enough to reflect
at the highest photon energies, there is an abundance of higher order diffracted light
at the low end of the photon energy range. In order to filler out higher order light
one can use thin film transmission filters, (e.g. AD. which absorb above a certain
core level threshold (e.g. the Al 2\> level at 72 eV). However. »uch fillers are delicate,
oxidize easily and may develop pin holes. Also, they tend to have low transmission
in the photon energy r?Jige of 10-;J0 eV, where valence absorption is substantial.

We have designed an order-suppressing device, which is based on the rutoff in
the reflectivity of a material above a certain "total reflection" photon energy. This
cutoff depends on the plasmon energy of the material and the angle of incidence.
The order-suppressing, low pass filter that we constructed consists of a triple silicon
reflector with the angle of incidence matched to the desired photon energy cutoff.
The performance was calculated and tested oxperimeiitally using the CSB <i meior
toroidal grating tnonochroiuator. Results of this lest are shown in TIIO figure below
which depicts the photoelectron spectrum of a Cu( 100) surface at a photon energy of
19 eV ( in first order) exhibiting 3d-band emission from first oidor ami higher order
light. For curve (aj the tmfiltered light from a 0 jn toroidal s.rm'm^ uinjiofhromaior
has been used. In curve (b) the higher orders are suppressed by the triple reflection
filter shown in the inset.

References:

I. L J. Tenninello. A. B. Mrlesn. A. Santotii. E. Spillcr. F. .1. HhnpocL Rev. Sri.
Instruin. 61 (6) . 1636(1090).

U8B U8C
SUBARCSECOND OBSERVATIONS OF THE SOLAR X-RAY CORONA

\.. Golub (Smithsonian Astrophysical Observatory), M. Ilcrant (Harvard U.), K. Kalata
(Smithsonian & Brandeis U.), I. Lovas (IBM Corp.), O. Nystrom (Smithsonian), I7.
Pardo (Harvard U.), I;. Spillcr (IBM Corp.), and J. Wilczynski (IBM Corp.)

The sharpest x-ray image of the Sun's corona (Fig. 1) was taken Monday, 11 Sep-
tember 198° by a Smithonian Astrophysical Observatory / IBM telescope aboard a
NASA sounding rocket launched from White Sands Missile Range, New Mexico.
Boosted to a height of 150 miles the normal incidence x-ray telescope, coated with 140
layers of cobalt and carbon designed to reflect soft x-rays of 63.5 A, observed the sun
Tor five minutes and took 38 frames of film before parachuting back to P.arth. The im-
ages reveal details of active regions (bright areas) at temperatures of 2-3 million degrees
C with 3/4 arcsccond spatial resolution. In addition to the small transverse scale sizes
of the coronal structures, the magnetic topology is complex and highly tangled, implying
that the magnetic complexity of the photosphere is reflected at the coronal level. This
type of structuring is also observed within the ribbons of a flare that occurcd during the
flight (top right of photo). The telescope was configured as a 25 cm diameter, 200 cm
focal length prime focus (f/8) instrument. The multilayer coatings reflect the Fc XVI
and Mg X coronal emission lines near 63.5 A with a passband of 1.4 A (I-WI1M).

KKIK EKKV KVI

Fig. I Soft x-ray picture of the corona of the sun obtained with a normal incidence soft
x-ray telescope on Sept. 11, 1989.

This work was in part supported by a grant from NASA to the Smithonian
Astrophysical Observatory, NASA NAG5-626. Mirror rcllcctivilics were measured at
bcamline U8 between 1987 and 1989, and the entire telescope had been tested for
throughput at bcamlinc (MS in 19X8.



U8C U8C
ENHANCEMENT OF THE REFLECTIVITY OF MULTILAYER X-RAY MIRRORS
BY ION POLISHING

Hbcrhard Spillcr (IBM Research Division, Yorktown Heights, NY)

The performance of multilayer x-ray mirrors is improved by smoothing the bounda-
ries within the multilayer stack with ion bombardment at grazing angles of incidence.
The process is applied to Co-C and to RhRu-C mirrors for normal incidence telescopes
at t. = (54 and i. = II4A. Accumulation of roughness during deposition is eliminated,
and the reflectivity is increased by a factor of two in both cases. The reflectivity of the
mirrors was measured at beamlinc U8 at the National Synchrotron Light Source. Fig. 1
shows the measured reflectivity of a Co-C multilayer mirrors, where some of the carbon
layers have been ion polished with argon ions of 500 eV (full circles and curves). The
open symbols represent for comparison the best previously attainable reflectivity, as
obtained for the soft x-ray telescope launched in Sept. 1989. We plan to use the ion
polishing process for our next soft x-ray telescope which is scheduled for launch in fall
1990. The higher reflectivity should make it possible to obtain even higher resolution.

0.3

a: 0.1

A=43.9A ! layer Co-C
p=36.4A

A=47.8A
X=50.5A

1 T M c 0k

35 40 45 50
GRAZING ANGLE (°)

Fig. I. Reflectivity R(0) versus grazing angle for wavelengths in the soft x-ray region
for an ion polished Co-C multilayer mirror (full symbols and curves). The open symbols
arc rcllcctivity curves for a 140 layer RcWCo-C mirror produced without ion polishing
and arc typical for the best performance obtained previously.

FILTERS FOR SOFT X-RAY SOLAR TELESCOPES

Hbcrhard Spillcr, Kurt Grebe (IBM Research Division, Yorktown Heights, NY), and
Leon Golub (Smithonian Astrophysical Observatory)

Filters that transmit x rays and block visible light arc critical components in soft x-ray
telescopes. The visible light output from sun-like stars is about a factor 10" stronger than
the output in a spectral line in the soft x-ray region. For the highest spatial resolution,
photographic film is still superior to any electronic detector, and modern films with high
sensitivity and resolution are only available in panchromatic emulsion with high sensi-
tivity throughout the entire visible range. Therefore, filters that attenuate visible light
by a factor of at least 10~8 and transmit soft x-rays are required. For solar telescopes
heating of the telescope optics has to be avoided for high resolution observations and a
heat absorbing filter with the diameter of the first optical clement is needed in front of
the telescope. Supporting grids arc often used to support thin film filters; however, such
grids always reduce the contrast and resolution of the image, and free-standing filters
will become preferable for observations with high resolution. We have fabricated such
filters for our 10 inch normal incidence x-ray telescope. The best performances in the
A = 44 — 114A wavelengths range is obtained with foils ofcarbon and rhodium. For the
flight of Sep. 11, 1989 we used a 10 inch diameter Al-C filter supported by 1 nm thick
I'arylcne at the front of the telescope and a multilayer filter of carbon and Lcxan near
the camera. Transmission for visible light of this combination was less than I0~9 with
an x-ray transmission of 14%. Filter tests were performed at beamlinc U8.

Fig. I. Set of front filters (parylcnc, carbon,
and aluminum) mountct in front of the x-
ray telescope.



U9B
DENATURATION AND REFOLDING OF THE OUTER SURFACE PROTEIN (OSPA) OF
THE LYME DISEASE SPIROCHAETE, BORRELIA BUKGDQRFERI*
L.L. France, J. Kieleczawa, J. Dunn, G, Mind, J,c, Sutherland
Bioloqy Department, Brookhaven National Laboratory, Upton, MY

Unfolding and refolding mechanisms in proteins are important
to understanding protein structure and function. We have
investigated conformational changes in a major outer surface
protein (OspA) of Borralia burgdorforl (the Lyine disease
spirochaete), using the vacuum UV circular dichroism spectrometer
at Port U9Q of the NSLS,

Chemical denaturation of a protein by guanidinium-HCl {Gdn-
HC1) causes the secondary structure to collapse to a random coil,
our CD spectra demonstrate that the unfolding of OspA, induced by
increasing amounts of Gdn-HCl, is a cooperative process, i.e., it
occurs suddenly and rapidly, Ho significant change in the CD
spectrum is observed in the range of Gdn-HCl concentrations from
zero to 0.5 M. At 0,75 M Gdn-HCl, a significant negative peak
appears at 200 nm, indicating the presence of a large fraction of
random coil structure. At l.o M Gdn-HCl, almost all secondary
structure, other than random coil, is absent. At > 1,0 M Gdn-HCl,
no change in the secondary structure is observed. The appearance
of an isosbestic point (at 208 nm, Fig.l) indicates that chemical
denaturation of OspA by Gdn-HCl is a two-state transition. That
is, all CD spectra in the range of Gdn-HCl concentrations
measured, can be represented by a linear combination of the CD
spectra for the native state and the denatured protein; there are
no partially-folded intermediate conformations present.

The CD spectra of the refolded protein (OspA), after thermal
denaturation at 96 *c for different periods of time (from zero to
60 minutes) show that the native conformation of OspA is highly
favored energetically. As shown in Fig. 2, OspA refolds to its
native state after denaturation at 96"C for periods up to ten
minutes. OspA: Refolding After Thermal

Denaturation at 96 C

A^flXN JTH -ID I 10 II » ji w « « 4» W u H U

tiro* (mln)
'Research supported hy tho Office of Health and Environmental Research, United Slates Department of Energy,
and a grant from (he National Institutes of Health (GM3-XS62),

0913
SECONDARY STRUCTURE ANALYSIS OF OUTER SURFACE PROTEIN A (OSPA)
FROM THE LVME DISEASE SPIROCHAETE, R0HRELIA BURGDORFERl'
L.L. France, J. Kieleczawa, J. Dunn, G. Hind, J.C, Sutherland
Biology Department, Brookhaven National Laboratory, Upton, NY

The secondary structure of proteins in solution can be
determined from circular dichroism (CD) spectra measured in the
vacuum ultraviolet region. We have used the vacuum UV
spectrometer at port U9B of the NSLS to determine the secondary
structure of a major outer surface protein (OspA) from Borrelia
buradorferi (the Lyme Disease spirochaete). when CD measurements
are extended into the far UV to 175 nm, five classes of secondary
structures can be evaluated, using matrix techniques and
statistical procedures.

Our analysis of the CD spectra of OspA in 10 mH phosphate
buffer (pH 7) shows that the native stucture of this protein
consists of the following! 11% a helix, 271 antiparallel p-
sheet, 9% parallel 0-sheet, 21% p turns, and 34% aperiodic
structure (including random coil). A typical CD spectra of native
OspA is shown in Fig, 1, with the corresponding secondary
structure determination obtained from computer analysis.

Intramolecular hydrogen-bonding plays a critical role in the
stability of protein conformation, At decreased pH, the solvent
tends to compete with intramolecular hydrogen-bonding, and causes
many proteins to denature. In contrast, our CD spectra
demonstrate that the native conformation of OspA is stable over a
wide range of pH conditions. Figure 2 shows a plot of the
amplitude of the CD signal (AA) at the maximum (194 nm) and at the
minimum (213 nm), as a function of pH. These plots demonstrate
that the the secondary structure of native OspA undergoes no
significant change from pH 3 - 11, indicating a high degree of
conformational stability in native OspA.
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"Research supported by the Office of Health and Environmental
Research, United State* Department of Energy, and a grant from the
National Institutes of Health (GH34662).



U9B
TERTIARY STRUCTURAL INVESTIGATIONS OF THE OUTER SURFACE PROTEIN
OF THE LYME DISEASE SPIROCHAETE, BORRELIA BURGDORFERI*
L.L. France, J. Kieleczawa, J. Dunn, G. Hind, J.C. Sutherland
Biology Department, Brookhaven National Laboratory, Upton, NY

The tryptophan residue in proteins can be selectively
excited, using excitation wavelengths > 295 nm. The tryptophan
fluorescence emission is particularly sensitive to the specific
tryptophan environment. When a protein contains a single
tryptophan residue, fluorescence techniques are useful in
monitoring changes in protein conformation, one of the major
outer surface proteins (OspA) of the lyme disease spirochaete
(Borrelia burgdorferl) contains a single tryptophan at position
216 (trp-216). We are using the single-photon-counting
fluorimeter at Port U9B of the NSLS to measure the fluoresence
lifetime of the tryptophan emission in native and denatured
OspA, in order to determine the environment of trp-216 within
the protein. The efficiency of a fluorescence quencher in
decreasing the lifetime of the tryptophan fluorescence depends
on the charge and size characteristics of the quencher, as well
as on the environment of the tryptophan residue. We have
measured the tryptophan lifetime in OspA in the presence of
increasing concentrations of three species of fluorescence
quenchers (neutral, cationic, and anionic) . These measurements
will be used to determine values for the diffusional quenching
rate constants for each quencher with respect to both native and
denatured OspA.

The results indicate that tryptophan-216 lies buried within
the tertiary structure of OspA, in a relatively hydrophobic
environment. The tertiary stucture is easily penetrated by a
small neutral quencher (acrylamlde), The tryptophan is
relatively inaccessible to iodide, an anionic species which is
often limited to quenching of fluorophores on the protein
exterior, since iodide is hydrated. Similarly, the cesium
cation gives a lower than expected diffusional rate constant,
indicating that tryptophan is located within the protein
interior, and may be surrounded by charged side-chains of
neighboring residues.

"Research supported by the Office of Health and Environmental
Research, United States Department of Energy, and a grant from
the National Institutes of Health (GH34662).

U9B
CHANGES IN THE CONFORMATION OF SPINACH FERREDOXIH INVESTIGATED
USING TIME-RESOLVED FLUORESCENCE*
L.L. France, j.c. Sutherland, J. Kieleczawa, and G. Hind
Biology Department, Brookhaven National Laboratory, Upton, NY

Spinach ferredoxin belongs to the [2Fe-2S] family of plant
ferredoxlns, and in vlvp mediates electron transport between PS I
and ferredoxin-NADP-reductaee (FNR). It has been shown that the pH
gradient across the thylakoid membrane can increase by three pH
units during photosynthesis. Ferredoxin contains a single
tryptophan residue at position 73, making the trp-73 fluorescence
emission a convenient and sensitive probe of the protein's tertiary
structure. We have monitored changes in the conformation of spinach
ferredoxin under different pH conditions (pH 4 - pH 11.o), using
time-resolved and steady-state fluorescence techniques. our
steady-state fluorescence measurements indicate that a change in
protein conformation occurs in ferredoxin in the pH range 6.0 -
7.0. This conclusion is suggested by a shift in X ^ for the
tryptophan emission from 324 nm at pH 4.0 to as 342 nm at pH > 7.0.

The fluorescence decay profile of trp-73 was measured under
four pH conditions, at the emission X characteristic of each pH
condition (A. = 325, pH 5.0; A.^ = 336, pH 6.5; Xmn = 342, pH 8.0;
A. = 350, pH 11.0) . A bi-exponential model was required to fit
the decay profiles in order to give acceptable %r

? values. The
results listed in Table l show that the mean lifetime (<T>) of the
trp-73 emission increases with increasing pH, indicating that a
change in the protein tertiary structure is occurring.

Tabl* li Fluoraacwnc* dacay paraaatara for trp-73 in spinach
farradoxin, using a bi-axponantial Modal.1

PH

5 . 0

6 . 5

8 . 0

11.0

T,

.979

1.04

1.23

1.44

T,

3.28

3.33

3.74

3.83

or,

. 6 4

. 5 2

. 5 5

. 5 1

a,

. 3 6

. 4 8

. 4 5

. 4 9

t?
.841

.889

1.07

.830

<T>

1.80

2.14

2.36

2.60

'All fitted parameters (T,, <T>, a,, %*) represent an average for
several fitted decays measured under identical experimental
conditions.

'Research supported by the Office of Health and Environmental
Research, United States Department of Energy, and a grant from the
National Institutes of Health (GM34662).



U9B
INVESTIGATIONS OF THE LOCAL ENVIRONMENT OF TRP-73 IN SPINACH
FERREDOXIN USING FLUORESCENCE QUENCHERS*
L.L. France, J.C. Sutherland, J. Kielecgawa, and G. Hind
Biology Department, Brookhaven National Laboratory, Upton, NV

Our previous time-resolved and steady-state fluorescence
results indicate that a change in the tertiary structure of spinach
ferredoxin occurs when the pH is increased from 6.0 to ~ 7.0. This
change in protein conformation shifts the position of trp-73 from
a hydrophobic (buried) environment to a relatively solvent-exposed
position. The fluorescence quenchers (acrylamide, I', and Cs*) were
used to study their accessibilities to trp-73, at pH 8.0. Steady-
state fluorescence data was plotted according to the Stern-Volmer
equation (F0/F[Q] = 1 + K.JQ], where Fo and F[Q] are the steady-
state fluorescence measured in the absence and in the presence of
a quencher at concentration [Q], and Kiv is the Stern-Volmer
quenching constant). Lifetime measurements were used to calculate
the rate constants for dynamic quenching (k ) for acrylamide, I",
and Cs*, from the initial slopes of the Stern-Volmer plots,
according to the definition (k = K(V/T0, where T« is the lifetime
measured in the absence of quencher. The rate constants for
dynamic quenching (k ) calculated at pH 8.0 were on the order of lo'
M'S'1, which is well within the range associated with proteins
containing a relatively solvent-exposed tryptophan. Also, the rate
constant (k ( for Cs* is higher, and that for I* is lower, than is
expected (relative to acrylamide), when compared to the
efficiencies of these quenchers for indole fluorescence at neutral
pH. This indicates that trp-73 may lie in a somewhat negatively
charged environment at pH 8.

Table 1: Stern-Volmer quenching constants (KSy) and dynamic
quenching rate constants (k ) calculated for acrylamide, KI, and
CsCl, for spinach ferredoxin.

Qu«nchar

Acrylamide

r
Cs*

pH

8

8

8

V]
9.40

2.14

2.97

[X lo'W'J
3.98

0.91

1.26

Research supported by the Office of Health and Environmental
Research, United States Department of Energy, and a grant from the
National Institutes of Health (GM34662).
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TIIK CONFORMATION OF l'YROPHOSPMOTASE AND ALPIIA-ANTICYMOTRIPSIN ENZYMF.S VIA
VACUUM UV CIRCULAR D10IIR0ISM.
M. Gulottn, D.J. Cioss (Hunter College, C.U.N.Y.), P. Enrlcas, J. Kapyla,
B. Coopcrinan (U. Ponn.), J, Sutherland (Brookhaven).

Circular dlclirolsra in the vacuum UV region Is used in determining the
composition of alpha-helix, beta-sheet, random coil, and disordered structure
in a protein.

Barry Cooperman's group in U, Penn. has become Interested In determining the
change.; in enzyme function and conformation by site-directed mutagenesis.
Dr. Coopermnn's lab has examined the activity of several pyrophosphotase
mutants and the native enzyme. In order to determine whether these mutations
result In altered enzyme activity because of specific ainlno acid residue
Interactions or overall conformntlonal changes, we have used vacuum UV CD
spectroscopy.

Through the use of vac-UV CD, we have been able to determine that the
pyrophosphotaso wild type has a very different conformation than that of the
mutant while all the mutants of alpha-antlcymotrlpsln seem to have the same
alpha-holicnl content as the wild typo enzyme.

200 250

WAVELENGTH
300 350
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NICKEL CHLORIDE IS PROVEN NOT TO BE A Z-INDUCER FOR POLY(dG-dC)POLY(dG-dC).
M. Gulotta, D.J. Goss, H. Diem (Hunter College, C.U.N.Y,), J, Sutherland
(Brookhaven).

Nickel chloride is considered a Z-lnducer for poly(dG-dC)poly(dG-dC). This
conclusion was based on Che broadening of Che UV absorption peak at 260 ran.

Circular dlchroism In the 200-350 ni» region is often used as an Indicator of
left and right handed conformations of DNA helices. A negativo/positivo
bisignant couplet is "flipped over" and red shifted when the sample changes
from a right-handed to a left-hnnded helix. Unfortunately, the near UV-CD
spectrum of poly(dG-dC)poly(dG-dC) in the presence of nickel chloride is too
ambiguous to be interpreted.

Circular dtchroism below 200 nin can also bo used to characterize a DNA helix
as being right or left handed. He used the vac-UV CD instrument built by
John Sutherland to examine the structure of poly(dG-dC)poly(dG-dC) in the
presence of nickel chloride as well as in the presence of sodium chloride and
nickel chloride. Our results show no indication of a change to a left-handed
conformation In the presence of nickel chloride.
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U9B
INVESTIGATION OF CHARGE TRANSFER MECHANISMS IN CARCINOGENIC
HYDROCARBON-DNA ADDUCTS USING FLUORESCENCE DECAY MEASUREMENTS*
B. Mao1, N.E. Geacintov1, L.L. France2, J.C. Sutherland2

'chemistry Department, New York university. New York, NY
'Biology Department, Brookhaven National Laboratory, Upton, NY

The potent carcinogen benzo(a)pyrene (BP) is a widespread
environmental pollutant that is metabolized to bay region 7,8-
dihydrodiol-9,10-epoxides (BPDE). The binding of these
metabolites to DNA is thought to be a key step in tumor
initiation, and the major DNA adduct formed in vivo is a
deoxyguanosine adduct that arises from a trans opening of the
anti-dihydrodiol epoxide by the amino group of guanine in DNA.
The four deoxyguanosine adducts (trans(+), trans(-), cis(+), and
cis(-)BPDE-dGMP) have been fully characterized (1). In vivo. BPDE
is readily hydrolized to the tetraol, 7,8,9,10-
tetrahydroxytetrahydrobenzo(a)-pyrene (BPT). The fluorescence
quantum yield of BPT is -80 times that of BPDE-dGMP, suggesting
that a charge transfer mechanism may occur, which quenches the
BPDE fluorescence emission. To investigate this theory, we
measured fluorescence decay profiles for each of the four BPDE-
dGMP stereoisomers in solvents of varying polarity (100% H20; 80%
Ĥ O - 20% methanol; and 20% H20 - 80% methanol) . The fluorescence
lifetimes were measured using synchrotron radiation (NSLS, U9B),
with K = 344 nm and Xm = 400 nm.

The data required a bi-exponential fit, and suggests that two
types of excited states occur in these adducts: a fast component
with a large charge-transfer character, which is favored in highly
polar solvents; and a slower component with lower charge transfer
character, which is favored in solvents of lower polarity. This
interpretation is consistent with both the increase in the
amplitude of the fast component as the fraction of water increases
in the solvent, and also the increase in the amplitude of the slow
component as the fraction of methanol increases in the solvent.
Both the lifetime of the fast and the slow components decrease
with increasing solvent polarity, which is consistent with the
Beens and Weller model (2), in which an exciplex can undergo
radiationless decay to solvated ion pairs. Increasing the solvent
polarity increases the efficiency of this process, resulting in
a shortened fluorescence lifetime for the exciplex.
'Cheng, S.c, Hilton, B.D., Roman, J.M. and Dipple, A. (1988)
Chem. Res. Roxicol. 2. 334-340.
zBeens, H. and Weller, A. (1975) Excited molecular pi-complexes in
solution, in Organic Molecular Photophysics (Ed. bv J.B. Birksl.
Vol 2. D P 159-215. Wiley, London.
Research supported by the Office of Health and Environmental
Research, United States Department of Energy and a grant from the
National Institutes of Health (GM34662). B.M. and N.E.G. are
supported by Grant DEFG02-86ER6045.
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USE OF FLUORESCENCE LIFETIME MEASUREMENTS IN DETERMINING THE
BINDING CONSTANTS FOR PHYSICAL COMPLEX FORMATION OF POLYCYCLIC
AROMATIC HYDROCARBONS WITH DNA*
B. Mao1, N.E. Geacintov1, L.L. France2, J.C. Sutherland2

'chemistry Department, New York University, New York, NY
2Biology Department, Brookhaven National Laboratory, Upton, NY

Polycyclic aromatic hydrocarbon (PAH) diol epoxides are
known to form physical complexes with DNA. In vivo, these diol
epoxides readily react with water, yielding diols and tetraols,
which also form physical complexes with DNA. The ability of PAH
metabolites to form intercalative or other types of physical
complexes with DNA is an important factor in determining their
carcinogenic activity. The fluorescence emission of the PAH
tetraol metabolites is quanched upon formation of a complex with
DNA, and fluorescence quenching techniques can be applied to
determine the equilibrium binding constants for complex
formation (1).

We have investigated the fluorescence decays of the
hydrolysis products of three PAH epoxide derivatives of
benzo[a]pyrene and benz[a]anthracene: 7,8,9,10-
tetrahydrotetrahydroxybenzo[ajpyrene (BPT), 1,2,3,4-
tetrahydroxytetrahydro-benz[a]anthracene (BAT), and 7,8,9,10-
tetrahydroxytetrahydro-3-methylcholanthrene (3-MCT). In each
case, we compared the decay profile of the free PAH tetraol
(alone) with the decay profile of a solution of the tetraol-DNA
complex and the free tetraol at equilibrium. Our results show
that for each of the equilibrium mixtures, a slow component is
present with a lifetime which is the same or nearly the same as
the lifetime observed for the corresponding free tetraol alone.
Of primary interest is the observation that each of the
equilibrium mixtures also shows a faster decaying component,
which indicates that the tetraol-DNA complex, itself, is
fluorescent. The equilibrium constant for complex formation can
be calculated from these lifetime measurements, as described in
reference (1).

'Geacintov, N.E. (1987) Photochem. Photobiol.. 45,547-553

"Research supported by the Office of Health and Environmental
Research, United States Department of Energy, and a grant from
the National Institutes of Health (GM34662). B.M. and N.E.G.
are supported by Grant DEFG02-86ER60405.
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ULTRAVIOLET RADIATION EFFECTS ON CROP PLANTS

Quaite, F. E., Trunk, J.T, Sutherland, B.M, & Sutherland, J.'J.
Biology Department BNL

The increase in short wavelength uv light reaching the earth's
surface, as a result of the reduction in the ozone layer, could
have serious effects on crop productivity. It is therefore
desirable to examine the extent of uv damage on major crop plants
in order to determine probable effects. Whole leaf absorption
spectra from 200-600 nm were determined for three crop species, Pea
(Pisuro sativum) , Corn (Zea mays! and Spinach fSpinacia oleracea)
in order to determine the extent of uv attenuation. Comparison of
spectra recorded from the abaxial and the adaxial surfaces showed
little or no differences. Spectra taken from mature leaves differed
greatly from those of young leaves, mature leaves having a higher
absorbance at all wavelengths examined. Exposure to 4 hr uv
irradiation increased the absorbance of the leaves, particularly
in the 300-500 nm range, as compared with control leaves from
plants grown in visible light. Leaves taken from plants after 4 hr
darkness had a lower absorbance than controls.

Figure 1. Absorption spectra of maturo spinach leaves after
(a) 4hr uv, (b) visible light, and (c) 4 hr darkness.
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'Sponsored by the USDA and the Office of Health and Environmental
Research of the USDOE.
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SYNTHESIS IN FREE-JET EXPANSIONS: BROMOTRIFLUOROMETHANE AND
METHANOL SEEDED IN ARGON

J. R. GROVER, Chem. Depl., Brookhaven National Laboratory, Upton, NY 11973,
J. T. CLAY, M. V. WILLCOX and E. A. WALTERS, Chem. Depl., Univ. of New
Mexico, Albuquerque, NM 87131

We have extended to ternary gas mixtures a study of the products of free-jet
expansions that was previously restricted to binary mixtures. Some complexes of polyatomic
molecules are difficult to synthesize in expansions of binary mixtures, for example the
heteroclusters of CF3Brplus CH3OH. To overcome this problem, it is useful to add a third
component to the gas mixture, such as a noble gas, to increase the cooling ability of the jet at a
given nozzle pressure. Therefore, to find an efficient way to prepare CI l3OH«CF3Br and the
corresponding larger mixed complexes, the distributions of neutral clusters formed in free jet
expansions of CI I3OH + CF3Br + Ar was investigated. For analysis of the expansion
products, the method of near-threshold one-photon photoionization was used.1 Results are
shown in Figure 1. Strong damping of clusters occur as nozzle pressures exceed those at

their production maxima, in contrast to
results observed for expansions of
other gas mixtures.This plus additional
observations indicate that kinetic
processes dominate equilibrium
processes in the cluster formation
mechanism, which is very poorly
understood.

Figure 1. The relative number
densities of neutral clusters formed in
the free-jet expansion of the ternary
mixture CH3OH + 28CF3Br + 293Ar,
using a 0.010-cm nozzle at room
temperature.
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1. J. R. Grover, W. J. Herron, M. T. Coolbaugh, W. R. Peifer and J. F. Garvey,
NSLS Ann. Rcpt. 1990 (accompanying report)

Research supported in part under contract DE-AC02-76CH00016 with the U. S.
Department of Energy, 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.
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ANALYSIS OF FREE-JET EXPANSIONS: CHLOROBENZENE SEEDED IN AMMONIA

J. R. GROVER, Chem. Dcpt., Brookhaven National Laboratory. Upton, NY 11973,
W. J. HERRON, M. T. COOLBAUGH, W. R. PEIFER, and J. F. GARVEY, Chem.
Dept.. SUNY at Buffalo, NY 14214

The analysis of neutral clusters formed in free jet expansions has long been a difficult
problem, especially for expansions of gas mixtures. Although laser techniques have proved
useful in special cases, a good general method of analysis has been lacking. However, a very
promising new approach that uses tunable VUV beams was recently developed at
Brookhaven.' Here, using photoionization mass spectromctry one first measures either the
ionization potential (IP) of the cluster of interest via detection of the parent ion, or the
appearance potential (AP) of a dissociative ionization product characteristic of that cluster.
The VUV light is then tuned to measure the yield of this ion at an energy just below its onset
from any larger cluster, typically 0.1 -0.15 eV higher than its IP (or AP). Since only the
neutral cluster of interest now yields detectable ions its relative beam density can be measured
directly as a function of the expansion conditions. Figure 1 shows the results of such an
analysis for the expansion of a 1:200 chlorobenzene-ammonia mixture prepared by bubbling
ammonia through chorobenzene at 2400 torr and 25° C. As already observed in other
systems1 the beam densities decrease only slowly with increasing nozzle pressure, a
phenomenon that is not yet understood.

Figure 1. Number densities of neutral
clusters in molecular beams collimatcd
from free-jet expansions of a 200:1
ammonia-chlorobcnzcn: mixture
through a 0.01-cm nozzle.
(a) Ammonia and its homoclusters.
(b) Fraction of total ammonia
disposed into monomer and
homoclusters. (c) Chlorobenzcnc and
its heteroclusters. (d) Fraction of total
chlorobenzene disposed into monomer
and heteroclusters. The scale of (a) is
a factor 80 larger than the scale of (c).
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1. J. R. Grover, E. A. Walters, D. L. Arneberg and C. Santandrca, Chem. Phys. Lett.
146, 305-309 (1988).

Research supported in part under contract DE-AC02-76CHO0O16 with the U.S.
Department of Energy, and in part by the Office of Naval Research.
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KINETIC ENERGY ANALYZER FOR PRODUCTS OF DISSOCIATIVE PIIOTO1ONIZAT1ON
J. R. Grover, Brookhaven National Laboatory, Chem. Dcpt., Upton, NY 11073,
E. A. Walters, D. L. Arneberg, J. T. Clay, M. V. Willcox, Department of
Chemistry, University of New Mexico, Albuquerque, NM 87131, G. Hagonov,
Institut fUr Physlkallsohe Chemle, Freie Universitat Berlin, Berlin, FRG

An instrument has been developed to measure the distribution of
kinetic energies of the products of the photoionization-induced dissociative
rearrangement of van der Waals complexes. The dynamical information that it
provides will help us to understand these very important processes, the
investigation of which is still in its infancy. Signal strengths are often
quite weak, so the instrument must have a high efficiency consistent with
what limitation of resolution can be tolerated. At present the device is .1
two-stage electrostatic filter in which the first stage transmits only those
ions with the correct momentum parallel to the molecular beam axis to give
trajectories through a set of slits and fields at predetermined (and
variable) potentials. The second stage is a cylindrical lens that limits
the magnitude of the perpendicular component. For calibration, nozzle beams
of argon-helium mixtures were ionized by 700 A photons to provide
monoenergetic argon ions. Figure la shows the resulting signal for several
such mixtures, for which the FWHM is nearly constant at 33% of the energy at
the peak. The instrumental peak energy correlates linearly with the
expected ion energy, Figure lb.
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Figure 1. (a) Spectra obtained with monoenergetic argon ions correspondlnc
to the indicated Ar:He mixtures (see text). (b) Relationship between peak
energies in (a) and calculated energies of the argon ions.
This research was carried out at Brookhaven National Laboratory under
contract DE-ACO2-76CHOOO16 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 32*03.
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PHOTOIONJZATION STUDIES OF MIXED VAN DER WAALS CLUSTERS OF
TR1FLUOROMETHYL BROMIDE AND METHANOL

.1. R. Grover*, E. A. Walters*. J. T. Clay* and M. V. Willcox*,
'Department of Chemistry, Brookhaven National Laboratory, Upton, NY 11973,
"Department of Chemistry, U. of New Mexico, Albuquerque, NM 87131

The remarkable flame-suppressant property of CFjBr and the other halons has yet to
be satisfactorily explained. Since it is possible that interactions between halon and OH radicals
arc important, studies of complexes of halon with molecules containing -OH groups are
underway. In the work reported here mixed complexes of CF3Br (HALON 1301) and
CH3OH were synthesized via jet expansions of the gaseous mixture
CF3BnCH3OH:Ar = 9:0.3:100 at nozzle pressures of 200 to 1800 torr using a room
temperature nozzle 0.010 cm in diameter. Analysis of the expansion products showed that
production of the neutral clusters (CH3OH)2, (CH3OH)3, CF3Br • CH3OH,
CF3Br(CH3OH)2, and (CF3Br)2, maximizes at 600, 810, 880, 1000, and 1120 torr,
respectively. The observed products of photoionization-induced dissociative rearrangement
were HBr+, (CH3OH • CF3)+, (CH3OH • Br),+ (CH3OH)2Br+, and
(CH3OH • CF3Br)Br+. With the exception of HBr+ which is produced only very weakly, all
of these products represent breakup of only the CF3Br moiety within the mixed clusters. The
ion (CF3Br • OII)+ was not seen. lonization and appearance potentials were measured for
the above and other products (e.g. Figure la) and used to construct the energy diagram
shown in Figure lb.
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Figure 1. (a) Results for photoionization of CF3Br • CH3OH in the threshold region;
(b) Energy diagram in the CF3Br + CH3OH system (preliminary).

This research was carried out at Brookhaven National Laboratory under contract DE-
ACO2-76CHOO016 with the U.S. Department of Energy and supported in pan by its Division
of Chemical Sciences, Office of Basic Energy Sciences and in pan by the Engineering and
Services Laboratory, Air Force Engineering and Services Center, Tyndall AFB, FL 32403.
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FLUORESCENCE AND LIFETIME MEASUREMENTS FOR THE EXCITED
STATES OF Br2 IN THE 118-180 NM WAVELENGTH REGION

J.B. NEE, Department of Physics, National Central University, Chung-Li, Taiwan,
32054, ROC

The UV fluorescence and fluorescence lifetimes have been investigated for the
excited states of Br2 in the 117-180 nm wavelength region. This extends our previous
studies on Cl2 carried out at beamline U9A.

In the 118-148 nm region, there exist many Rydberg states. The fluorescence
excitation spectrum consists mainly of the Rydberg states kn, previously assigned by
Venkateswalu in photoabsorption experiments.' The k5-kj t states, some with vibrational
progressions, were observed in this experiment. The 1^ series has a quantum defect
2.226. The ground state of Br2 has the electron configuration ag

27ru
4Trg

4 and the k state
has ffg

2iru
4irg

3nf<Ju.

We are still analyzing the lifetime data, but preliminary results show that the k
states have lifetimes ranging from 3 to 6 ns. The k7 state has a longer lifetime, but a
secondary process is apparently involved because the fluorescence intensity depends on
the pressure quadratically.

At wavelengths above 148 nm, there exists a strong resonance state assigned as
d5 by Venkateswalu, but as D(O+) by others.2 The lifetime of this state is about 7 ns,
which is also slightly shorter than that reported in Ref. 2.

References
1. P. Venkateswalu, Can. J. Phys. 47, 2525 (1969).
2. D.I. Austin, R.J. Donovan, A. Hopkirk, K.P. Lawley, D. Shaw, and A.J.

Yencha, Chem. Phys. 118, 91 (1987).

Previous Publication:
1. J.B. Nee, "Fluorescence Lifetimes of the l 'E i and 2'E+ states of Cl? and the

BT"1- state of HC1," J. Phys. B, At. Mol. Opt Phys. 23" 000 (1990).
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ANGLE-RESOLVED PHOTOEMISSION STUDY OF K/CoAsUJO)

N.J. DiNardo, Dept. of Physics and Atmospheric Science, Drexel U., Philadel-
phia, PA 19104; l>. Heskett1" and D. Tang, Dept. of Physics, U. of Khode Island,
Kingston, RI 02881; and A.B.HcClean*, IBM T.J. Watson Research Center, P.O.
Box 218, Yorktown Heights, NY 10598.

In order to further test current ideas concerning alkali adsorption on
semiconductor surfaces, we have carried out an angle-resolved photoemission
investigation of K/GaAs(110). The experiments were performed using the toroi-
dal grating monochromator and hemispherical angle-resolving energy analyzer at
the U12B beam line at the NSLS. In Figure 1, we present a photoemission spec-
trum for the clean GaAs(HO) surface and for a sub-mono layer coverage of potas-
sium. Two important pieces of information can be derived from this figure .
First, no new emission can be detected at the Fermi level upon deposition of
K. This lack of emission persists for K coverages up to and including one
monolayer coverage and throughout the surface Brillouin zone. These observa-
tions allow us to conclude that the K/GaAs(110) interface is non-metallic,
which disagrees with a recent calculation of Ortega and Flores* in which sharp
states at the Fermi level were predicted. A second important result from Fig-
ure 1 is the observation of a new K-induced feature at a binding energy of .5
eV below the valence band maximum. Although the microscopic origin of this
state is not yet clear, such K-induced features are predicted by Ortega and
Floresl.

*Permanent address: Dept. of Physics, Queen's U., Kingston, Ontario, Canada,
K7L 3N6.
1. J. Ortega and F. Flores, Phys. Rev. Lett. 63_, 2500 (1989).
2. A.B. McLean, D. Heskett, D. Tang and N.J. DiNardo, submitted to Phys. Rev.

Lett.
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WORK-FUNCTION VARIATIONS ACCOMPANYING CHANGES IN THE
COMPOSITION OF HfCx AND T a Q

G. R. Gruzalski,1 D. M. Zehner1, S.-C. Lui,1 and D. Heskett 2

•ORNL, 2U. of Rhode Island

Using angle-resolved ultraviolet photoemission spectroscopy with synchrotron radiation,
absolute work functions of four surfaces having estimated compositions TaCi.o, TaCo.5,
HfCi.o, and HfCo.6 were determined.

The crystals were aligned, cut, and polished to expose (100) surfaces to within 0.3°. The
two surfaces having carbon-to-metal ratios x near unity were heated to approximately 2600°C for
2-3 sees by bombarding their back surface with 2000-eV electrons. These well-ordered (100)
surfaces exhibited ( l x l ) rippled relaxations, with the carbon ions displaced outward relative to
the truncated bulk and with the metal ions displaced inward. The magnitude of the ripple for
TaC(100) was found to be 0.20 A; it was found to be 0.11 A for HfC(100). The two surfaces
having smaller values of* were neon-ion sputtered (100) surfaces that did not exhibit LEED
patterns. Surface cleanliness was monitored by looking for an oxygen peak near 5-eV binding
energy and, in the case of the well-annealed surfaces, for any degradation of surface-state peaks.
The combination of toroidal-grating monochromator and angle-resolved analyzer yielded an
energy resolution of ~ 200 meV for hv = 60 eV and a 2-eV pass energy.

The absolute work functions were
obtained by subtracting the width of the full
photoemission spectra ("Fermi edge" minus
'cutoff") from the incident photon energy.
Because of the difficulty in measuring very
low energy electrons, and because of the
possibility (realized in these experiments) that
the work function of the analyzer may be
larger than that of the surface under study,
cutoffs were determined from spectra
acquired with the sample biased 10 V

Table I. Work functions O in eV for surfaces
shown. Work functions were determined
with an estimated accuracy of + 0.05 eV.

Surface

TaC(100)
TaCo.5
HfC(100)
HfCo.6

4.38
4.73
4.63
3.87

negative with respect to ground.
The work functions are listed in Table I.

Note that as x decreases, <J> increases for
TaQt and decreases for HfCx. Note too that
the magnitude of the change in 0 is larger for
HfC , than for TaC*. These results are
consistent with the Fermi level increasing
with respect to the crystal zero in HfC, but
decreasing in TaC*, as x decreases, in
agreement with recent work of Gruzalski and
Zehner.3

3 G. R. Gruzalski and D. M. Zehner, Phys. Rev. BIS (in press).
*This resear-h was sponsored by the U. S. Department of Energy under Contract No. DE-
AC05OR21400 with Martin Marietta Energy Systems, Inc., and by the URI Council for
Research.
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SURFACE CORE LEVEL SHIFTS FOR Hf(0001) *

S.-C. Lui,1 G. R. Gruzalski,1 D. M. Zehner,1 and D. Heskett2

>ORNL, 2V. of Rhode Island

Surface and bulk 4f core levels for the clean Hf(0001) surface have been investigated using
angle-resolved ultraviolet photoemission spectroscopy and synchrotron radiation.

After insertion into the chamber, the mechanically polished sample, oriented to within 0.3° of
the (0001), was cleaned by repeated cycles of sputtering with Ne ions and flashing to ~1400°C.
Following such treatment, a well defined ( l x l ) LEED pattern was observed. The surface
cleanliness was determined by monitoring emission from the O 2p level at - 6 eV binding energy
in the valence band (principal containment) as well as the intensity and position of features related
to surface state emission. An energy resolution of ~220 meV was attained from the combination
of torodial grating monochromator and angle-resolved analyzer.

A photoemission spectrum, obtained for normal emission with the light incident at 45° with
respect to the surface normal, from the 4f region is shown in Fig. I. In addition to the spin split
bulk 4f 7/2, 5/2 levels, two well-defined peaks are observed, shifted by -0.34 eV to higher
binding energy. These are attributed to emission from atoms in the outermost layer. They were
very sensitive to oxygen exposure, and broadening could be detected after very small exposures
(-0.1 L). At higher exposures, the 4f doublet from the oxide started to appear at ~3.8 eV higher
binding energy. In addition, the relative intensity ratio between the bulk and surface peaks
showed strong oscillations as a function of photon energy, attributed to photoelectron diffraction.

The binding energy shift of
0.34 eV is smaller than that of
0.42 eV previously reported.3

However, these results were
obtained from a polycrystalline
sample and thus represent
emission from surface shifted
levels of many differently
oriented crystallites. It is
apparent that the surface shifted
levels are significantly broader
than the bulk levels, similar to
that observed for Ta. This may
be a consequence of interatomic
Auger decay as claimed in the
Ta case.4

Hf(0001)
•fico= 60eV

4f 7/2 ,5/2

J I I I I I I
20 18 16

Binding Energy (eV)
14 12

Fig. 1. Photoemission spectrum from
the 4f region of clean Hf(0001).

3Nyholm, R. and Schmidt-May, J., J. Phys. C: Solid State Phys., 17, L113 (1984).
4Jensen, E. et al., Phys. Rev. B (in press).
T h i s research was sponsored by the Division of Materials Sciences, U.S. Department of Energy
under contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc., and by the
URI Council for Research.
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ANGLE-RESOLVED PHOTOEMISSION INVESTIGATION OF THE ELECTRONIC STRUCTURE OF BI
OVERLAYERS ON MBE GROWN InAs(llO) SURFACES

D.Mdlroy* and D.Heskett* (U. of Rhode Island); D.Swantson and A.B.McLean
(Queen's U.); J.Chen (U. o£ Pennsylvania); N.J.DlNardo (Drexel U.); M.
Prietsch, R. Ludeke, and H. Munekata (IBM)

We have performed an angle-resolved photoemission investigation on beamline
U12B at the NSLS of the InAs(llO) surface grown by MBE techniques, and of the
same surface covered by Bi in the submonolayer to multilayer coverage range.
The clean surface was prepared by sputtering and annealing a thick MBE-grown
film of InAs(llO) on a GaAs(llO) template. Our measurements of the clean sur-
face were very similar to a previous photoemission investigation of a cleaved
InAs(llO) surface. In the figure below we present angle-resolved photoemission
spectra of InAs(llQ) taken at the X1 point of the Surface Brillouin Zone with
a photon energy of 35eV as a function of Bi coverage. The coverage units are
arbitrary, with a coverage of -90 A corresponding to the completion of the
first Bi overlayer, based on core level measurements. For one monolayer of
Bi/lnAs(110), we can clearly identify 3 new features in our spectra which we
attribute to Bi-induced overlayer states. These states are labeled Sj, S2,
and S^ in the figure. We tentatively assign the peak labeled S3 to a sub-
strate feature, but cannot yet rule out an alternative origin. The dispersion
and polarization of these features has been measured for purposes of compari-
son to recent calculations and experiments of semimetal/III-V semiconductor
systems.

Bi/lnAs(110) AT X'

hu*35eV

24 26 28 30
KINETIC ENERGY (sV)

*Partial support acknowledged from the NSLS Faculty-Student Research Support
Program

A PHOTOEMISSION STUDY OF THE EPITAXIAL GaAs(110)-Bl SYSTEM

A .B. McLean, R. Ludeke, M. Prietsch (IBM), D. Heskett, Daixing
Tang (U. of Rhode Island), T. Maeda Wong (U. of Pennsylvania).

The electronic structure of the epitaxial GaAs(110)-Bi (1 ML) system has
been studied using angle-resolved photoelectron spectroscopy. Bi orders
epitaxially on GaAs(110)l"3 and the present investigation has provided a
much clearer understanding of the dispersion and symmetry of the
occupied Bi-induced valence levels and complements a previous study2 of
the unoccupied Bi-induced states, situated between the conduction band
minimum and the vacuum level. In particular, the Bi-induced surface
state, situated close to the valence band maximum at F, has been mapped
along the high symmetry directions and around the boundary of the (lxl)
surface Brillouin zone. It was found, by following this state from X and X'
into the second surface Brillouin zones, that the magnitude of this surface
state's energy dispersion is almost a factor of two larger than previously
thought.2 In the first Brillouin zone, the overlap between the surface state
and the bulk bands precludes an accurate determination of the surface state
energy dispersion. In the figure, the surface state (S) is shown at some high
symmetry points of the surface Brillouin zone. In each case the photon
energy was 30 eV and the light was 45 degrees from the sample normal
along r - X ' .

References: [1] A. Taleb-
Ibrahimi, R .Ludeke, R.M.
Feenstra and A.B. McLean, J.
Vac. Sci. Technol., B7, 936-44
(1989). [2] A. B. McLean, R.M.
Feenstra, A. Taleb-Ibrahimi and
R. Ludeke, Fhys. Rev. B, 39,
12925-28 (1989). [3] A. B. McLean
and F.J. Himpsel, Fhys. Rev. B,
40,8425-30(1989).
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J.E. Bjorkholm, J. Bokor, L. Eichner, R.R. Freeman, T.E. Jewell,
W.M. Mansfield, A.A. MacDowell, E.L. Raab, W.T. Sllfvast, L.H. Szeto,
D.M. Tennant, W.K. Wasklewicz, D.L. White, D.L. Windt, and O.R. Wood, II
(AT&T Bell Laboratories) J.H. Bruning (GCA-Tropel)

SCHWARZSCHILD OBJECTIVE

We have demonstrated nearly-diffraction-limited projection printing using soft x-rays
having wavelengths of 36 nm and 14 nm. The imaging system we used was a 20:1-
reduction Schwarzschild-type objective. For use at 36 nm the mirrors were coated with a
thin film of iridium; for use at 14 nm they were coated with Mo/Si multilayers. The
image field for this system was small, about 50 \xm x 50 u.m. Using 36 nm radiation, we
printed lines and spaces as small as 0.2 |im; at 14 nm, features as small as 0.05 u.m were
well-resolved. We have found that resist performance is significantly better at 14 nm than
at 36 nm. Our results suggest the potential of soft x-ray projection lithography for the
future.

RING-FIELD SYSTEM

We have designed, built, and are installing an experiment with a ring-field type of
imaging system which will have a much larger image field size. The image field is arc
shaped, having a width of about 100 \un and a length of several cm; the imaging is 1:1.
This system is capable of scanning a 6" wafer. When coated with a multi-layer surface to
increase the reflectivity at 100 angstrom, the resolution will be better than 0.1(im with a
depth of focus of greater than 1 |im. This system, although 1:1, is essentially off-the-
shelf technology and represents an example of a practical system that could be developed
in a short lime scale.

FOCALOMETER

In order to achieve essentially diffraction-limited performance, it is necessary that the
mirrors which comprise the optical system be nearly perfect. For example, the surface
figure of an individual mirror must be within roughly A/10 of the ideal shape. Since
wavelengths of about 10 nm will be used, our requirements are beyond the current stale
of the art in mirror fabrication. Thus we have developed a system to measure the imaging
ability of various mirrors. This system makes specific use of the spatial coherence of the
undulator beam. To date the system has been used to investigate the imaging properties
of a 7.5 cm diameter spherical mirror substrate, both before and after being coated with a
Mo/Si multilayer. We found that application of the coating did not degrade the imaging
quality.

U13B
SOFT-X-RAY IMAGING AT THE DIFFRACTION LIMIT

R. Freeman, J. Bjorkholm, J. Bokor, L. Eichncr, T. Jewell, W. Mansfield, A. MacDowell. E. Raab. L.
Szeto. D. Tennant, W. Waskiewicz, D. White, D. Windl+, O. Wood (AT&T Bell Laboratories), B. Kincaid
(Lawrence Berkeley Laboratory) and J. Galayda (BNL-NSLS).

We have tested the ability of normal-incidence, multilayer-coated soft-x-ray optics to produce diffraction-
limited images. This is the first step toward the staled goal of this project which is to demonstrate a
reduction lithographic camera capable of resolutions belter than 0.1 micron. Our most recent progress
includes the following:

1. The imaging performance of a high-quality 400 mm focal length spherical mirror substrate coaled
with a single metal layer was compared to that of the same subsirale when coated with a Mo/Si
multilayer.1 A linear zone plate focused 14 nm radiation from the U13 undulator through a 1 micron
wide slit; the slit was then imaged by the test mirror at a numerical aperture of 0.04. Data from
knife-edge scans of the images were fit with a model based on Fresnel diffraction theory. The
multilayer coating was found to introduce a measurable but small figure error to the optic; the change
in figure was less than one-quarter wave peak-to-valley. Hence, a properly deposited multilayer
coating should not degrade the performance of a soft-x-ray imaging system designed lo operate at the
diffraction limit.

2. We have demonstrated 20:1 reduction imaging at 14 nm with a two-mirror Schwarzschild oplic:
features as small as 0.05 microns have been printed in photoresist2 (see Figure). The Schwarzschild
mirrors were coated with Mo/Si multilayer coatings; the bi-layer spacings were chosen to reflect 14
nm radiation at nearly normal incidence and reflectances approaching 40% were achieved.

3. We have demonstrated 1:1 imaging at 42 nm with a iwo-mirror Offner ring-field optic at lhe
diffraction limit This system is being used to test various designs for a reflection mask.

Figure:
scanning electron micrograph
of 0.1 Jim lines and spaces
primed in a 60 nm thick layer
of the resist PMMA. The exposure
was carried out using the 20:1
reduction Schwarzschild objective
and radiation at 13.8 nm.

1. E. Raab, D. Tcnnanl, W. Waskiewicz,
A. MacDowell and R. Freeman,
Proc. SPIE 1343(1990).

2. J. Bjorkholm, J. Bokor, L. Eichner, R. Freeman ci al.,
accepted for publication in the Nov./Dcc, 1990 issue of
J. Vac. Sci. Technol. B

Supported by Uic AFOSR under Grmt No. 88 -0018



APECS STUDY OF THE SiO2/Si(Hl) INTERFACE

R. A. Bartynski (Rutgers U), C.-C. Kao and S. L. Hulbcrt (BNL), and E. Jensen (Brandcis U.)
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We have performed Auger-photoeleclron coincidence spec-
troscopy studies of thin oxide ovcrlayers on Si(lll). The
films ranged from about 5A to 15A in thickness and were
formed by in situ oxygen exposures at elevated tempera-
tures. The Si L J - J V V Auger spectrum was measured in
coincidence with pnotocmission, from the Si 2p core levels
associated with the Si and Si formal valence states. Our
objective was lo isolate (he Auger spectrum associated with
each of these moieties enabling us to probe the local elec-
tronic structure at the interface. All spectra were taken at a
photon energy of 150 cV with light from the U14A beam-
line. Typical resolution in the core levels was 0.9 cV. To
maintain high count rates, a resolution of 1.4 cV was used
in the Auger spectra. All kinetic energies arc referenced lo
the Fermi level.

Figure 1 shows the eoee level spectrum from the Si(lll)
surface exposed to 2x10 torr of O2 for 30 sec at a tem-
perature of 750°C. Two well defined peaks arc seen the
spectrum. The peak centered about a kinetic energy of 50
cV is associated with ihc Si substrate while the peak at
46.25 cV is associated with Si which is fully coordinated
SiO- in die ovcrlaycr. Emission between these features is
attributed to substoichiomctric regions of the oxide.

Figure 2 shows the Auger spectrum obtained in coin-
cidence with photoclcctrons emitted at 50 cV. The solid
line is a digitally smoothed spectrum- while the bold curve is
an ordinary singles photon excited Auger spectrum. The
two spectra are almost indistinguishable at high kinetic ener-
gies indicating that spectral features in the threshold region
arc from the substrate Si. At lower kinetic energies, there is
structure in the singles spectrum which is absent from the
coincidence spectrum. These features arc attributed to the
oxide ovcrlaycr. It is interesting to note that this coin-
cidence spectrum has diminished intensity in the threshold
region compared to coincidence spectra obtained from the
clean Si(lll) surface (not shown). This is due to the ab-
sence of the Si surface contribution to the spectrum and we
therefore infer dial liiis Auger spectrum contains information
about the bulk Si electronic structure.

Figure 3 shows the Si L2.3VV Auger spectrum obtained
in coincidence wilh the Si photoeleclron feature at 46.25
cV. The lincshapc of this spectrum is dramatically different
from (hat of Fig. 2 and accounts for most of the structure in
the singles spectrum. All of the features below 84.5 cV arc
also seen in coincidence spcclra obtained from thicker ox-
ides, revealing the presence of bulk-like SiO2 bonding
configurations in the thin film. Of particular interest is the
strong feature near 86 cV and die presence of emission above 90 cV. Thicker oxide films show a threshold at
90 cV and only a weak shoulder at 86 cV. This high kinetic energy emission from the thin film is most likely
due to,jhc presence of adjacent substoichiomciric SiO sites which cither perturb the local electronic structure iif
an Si site or induce a cascade Auger transition.

Research sponsored by die National Science Foundation (NSF) grant DMR 89-07553 (Harlynski) and the
Division of Materials Sciences of the Office of Basic Energy Sciences, U.S. Department of Energy (DOE), under
Contract DE-AC02-76CH0O0I6.

60 70 80 90 100
Kinetic Energy [eV]

U14A

HIGHLY PHOTOACTIVE CHEMICALLY MODIFIED THIN FILMS OF BROMO
AND CHLOROALUMINUM PHTHALOCYANINES PROBED BY NEXAFS AND UPS

D. GUAY and G. Tourillon ( LURE, Orsay, France ), L. Gastonguay and J. P. Dodelet
(INRS-Energie Canada), K. W. Nebesny and N. R. Armstrong (U. Arizona) and R. F. Garrett
( NSLS, BNL ).

Phthalocyanines (Pcs) are of great importance to the dye industry because of their large
absorption coefficient in the visible and their chemical stability. They are also of great interest
for electro-photography, optical data storage and non linear optics. Phthalocyanines are
currently the best candidates among all organic semiconductors as far as energy conversion is
concerned. Superior photoresponse has been observed in many of the tri and tetra-valent metal
phthalocyanines. Recently it has been shown that chemical treatments of chloro- and bro-
moaluminum Pcs (ClAlPc and BrAlPc) films on SnOj can greatly affect their photoactivity.

The relevant chemical modifications are performed by soaking the films in aqueous
acidic solutions, adding H, Cl or I ions to the polymer. The resultant photoactivity increases
in the order: H, I, Cl; the short circuit photocurrent of the latter being as high as 1 mA.cm"
under 35 mW.ctrf white light illumination.

NEXAFS at the C and N K-edges and UPS at 120eV were used to characterize the elec-
tronic structure and molecular orientation of the films. The NEXAFS spectra at both edges for
untreated ClAlPc films exhibit six features: fie first three are related to C/N Is - Jt transitions
while the remaining three are C/N Is - a . The same NEXAFS spectra are obtained from
films transformed with H or CL, while spectra at both edges for I transformed films exhibit a
decreased intensity for the first 1 s - Jt transition, and a shift of the threshold to lower gnergy.
Moreover, new "shape" resonances are observed at the C edge, corresponding to Is - <x ( C D
transitions, in correspondence with the appearance of a high energy shoulder on the C Is core
level in XPS. The I anions introduced in the film interact strongly with carbon in the
macrocycles ring, forming a charge transfer complex.

The molecules of the polymer are oriented flat to the float glass substrate in untreated
films, and become oriented perpendicular after an H transformation, and are randomly oriented
after I treatment. No polarization dependence was observed when ClAlPc was deposited on
SnO2.

UPS spectra obtained at 120 eV exhibit peaks at 5.9 and 8.5 eV due to the C/N 2p and
N lone pair orbitals respectively. Their intensities decrease after all three treatments due to the
protonation of the aza-nitrogen bridging atoms. This decrease is biggest in the case of Iodine,
and the peaks shift 0.6 eV to lower binding energy (0.3 eV for H and Cl). These
modifications are again due to the formation of a charge transfer complex. All these changes
correlate well with UV-visible absorption spectra from the films.
Supported by the US DoE under contract number DE-AC02-76CH00016



Photocmission Measurements of Superconducting Nd^ ,x(Sr.CeJ U14A

S. Horn, L. Wu, and M. L dcnBoer
Physics Dcpl., New York Univ., 4 Washington PI., New York NY 10002

Physics Dcpl., Hunier College, 695 Park Ave., New York NY 10021

The substitution of Ce for Nd in Nd?CuO4 induces superconductivity wilh a critical temperature T c = 18 K. In this
compound. Ce has a formal valence greater than three; it therefore acts as an electron donor. Indeed, Hafi effect and
ihcrmopowcr measurements have confirmed thai Ihe charge carriers in this material arc negative, i.e., electrons. In conlrast,

spectroscopy.^ We have undertaken photoemission measurements to study the changes in electronic structure which occur
when these materials are doped into superconductivity, in which we compare "hole-dcpcd" marerials in which Sr replaces Nd
with "electron-doped" materials (Ce dopant).

Our measurements thus far have shown that ihe differences between hole-doped and electron-doped materials are
small, and indeed these compounds are very similar electronically within ih™ resolution of photoemission. This is illustrated
in Fig. 1, in which we compare low-energy electron energy distribution curves for Nd, 85Sr 1 5 C u 0 4 to Nd, 8 5 Cc 1 5 Cu0 4 ,
taken at photon energies of 72 cV and 74.5 eV. In both samples, there is a prominent 'peak just below the Fermi level which
has been shown to be predominantly of Cu 3d and O 2r> character. Further, a prominent peak about 12.5 cV below EF .
characteristic of Cu , appears in the spectrum taken at 74.5 cV, the resonant energy for this many-body satellite. Finally,
a prominent peak at 9.5 cV appears in both spectra taken an hour after scraping. This peak, which has been observed in
virtually all copper oxide-based superconductors, is controversial. However, as it is observed in the Ce-doped system, which
must be vacuum-annealed to achieve superconductivity, it may not be due to oxygen loss, as the readily lost oxygen present
tn hole-doped superconductors is not present in this case.

Finally, there are parallel changes in Cu core levels. These-have been previously observed for EuBagCu^O^ in the
Cu 2[i core levels, but this is the first such study focussing on the 3f> levels, which are less energetic and therefore more
surface-sensitive. In Fig. 2 we compare spectra oftheCu 3r»core levels, measured at a photon energy of 110 eV, immediately
after scraping to those taken 30 minutes and two hours later. Immediately after scraping there is a single sharp peak at a
binding energy of 74.5 eV, which is, not coincidental^, the resonant encrg> of the divalent Cu satellite. As time goes on, an
additional, broader, peak at about 80 cV appears and grows in intensity. If interpreted as a chemically shifted peak, this
suggests that the Cu is becoming more oxidized. This - 6 eV shift is somewhat smaller than that observed in the 2p levels;
the latter is normally interpreted as a satellite peak. It should be noted that the 3£ peak is highly sample-dependent, in ways
which we have not yet fully studied.

1. N. Niicker, P. Adclman, M. Alexander, H. Romberg, S. Nakai, J. Fink, H. Rietschel, G. Roth, H. Schmidt, and H.
Spille, Z. Phys. XXX (1989).

2. E. Lcderman, P. van Aakcn, S. Horn, and M. L. denBocr, to be published.
3. E. Lcdcrman, S. Horn, and M. L. dcnBocr, to be published.
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U14A
AUGER SPECTRUM OF THE SURFACE LAYER OF TaC(l l l )

S. L. Hulbert, C.C. Kao, M. Weinert. R. F. Garrelt (BNL), R. A. Bartynski, S. Yang (Rutgers U.), E.
Jensen (Brandeis U.), and D. M. Zehncr (ORNL)
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The top panel is a wide ordinary photoemission (singles) seal
ihowing the Ta 4f core lines, the Ta N6 ?VV (4f5d5d) Auger
peaks, and the valence band region. We present hv=80cV Auger
Photoelectron Coincidence (APEC) speclia, shown in lhe side
panels, with one analyzer fixed cither at the peak of the bulk (56.5
cV (Ep=O), panel a) or surface-shifted (57.1 cV. panel b) AS-jj-.
core line. A second analyzer was scanned through the N ^ V V
Auger region. Coincidence events were counted only when'elec-
trons were received in each analyzer simultaneously. This rejects
the large background in the singles spectrum produced by electrons
not associated with the decay of a 4f^« core hole. A smoothly-
varying background (dash-dot line) resulting from higher order
(greater than two electron) ^f jo core hole decay processes has
been subtracted from the measured Al'EC spectra. The
background-removed coincidence data arc shown as open circles
with error bars. The remaining lines (solid and dashed, identified
below) are self-convolutions of Jajcr-rcsolved valence band DOS
(SCDOS) calculated by Wcincrl . The energy resolution — elec-
tron plus photon — is £0.5 cV in lhe fixed core-level analyzer and
51.0 cV in the swept Auger-region analyzer.

• Surface 4{-jn APEC spectrum (panel b): the measured spccmim
consists of four peaks, which arc quite similar in energy and shape
to the SCDOS for the Ta-lcrminated surface layer (dashed line).

• Bulk 4f7_ APEC spectrum (panel a): the features in the meas-
ured spectrum differ considerably in energy and shape from the
SCDOS for bulk TaC(lll) (dashed line). The agreement is much
better between the APEC spectrum and the average of the SCDOS
for the second and surface layers (solid line). We believe thai this
is due to core hole migration from bulk (second layer) to surface.

25

with subsequent surface Auger decay. This explanation is consistent wilh and provides added support for the existence of our
proposed suifacc-lo-bulk interatomic Auger decay mode for Ta(100) which adds a bulk contribution to lhe surface Auger
lincshape.

' E . Jensen, et al., Phys. Rev. B 41,12468 (1990).
2 S. L. Hulbcrt, et al.. J. Vac. Sci. Tech. A, to be publ., May/June 1991; S.-C. Lui, D. M. Zchncr. G. R. Gru/alski. and D.
Hcskett (unpuU.).
Research sponsored by the Rutgers University Research Council (Banynski, Yang), and the Division of Materials Sciences of
the Office of Basic Energy Sciences, V.S. Department of Energy (DOE) under Contracts DE-AC02-76CH00016 and DE-
AC05-84OR21400. Support from the NSLS staff is gratefully acknowledged.
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AUGER PHOTOELECTRON COINCIDENCE SPECTROSCOPY FROM Si(111)

Eric Jensen (Brandeis University), S.L. Hulbert and C.C. Kao (NSLS),
R. A. Bartynski (Rutgers University)
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The figure above shows the L£ 3VV Auger spectrum of clean Si(111). The solid
line is the ordinary noncoincidence (singles) spectrum (shown with a constant
background subtracted), while the points with error bars are the data taken in
coincidence with the 2p core photoelectron line. The two spectra are normalized
to have equal intensity at 93 eV. There are two points to notice:

1. The low energy tail is much smaller in the coincidence spectrum than in the
singles spectrum. This is expected because the coincidence technique has an
effective sampling depth about half that of singles spectroscopies, but was not
observed in similar Al spectra (Jensen et al, submitted to Physical Review B).
2. In the high kinetic energy primary region there is very little difference between
the singles and the coincidence spectra. This is surprising in view of the
previously mentioned sampling depth difference between coincidence and
singles, and seems to contradict another study that found surface sensitivity in
the LVV spectra of Si (S. Durbin and T. Gog, Phys. Rev. Lett. 63,1304 (1989)).

U14A

PHOTOEMISSION EXAFS STUDY OF CLEAN SIC(IOO) AND O2/SIC(100)

E.Kia, Y.S.Park, H.S.Ob, and G.M.Rothberg(Stevens Inst. of Tech.)

We have studied the surface structure of and the interaction
of oxygen with B-SIC(IOO) by means of PEXAFS and NEXAFS
Measurements. These are the first EXAFS measurements on these
systems. We used the Si 2p elastic photopeak for PEXAFS and CFS
of the C Is absoption edge for NEXAFS. For the case of clean B-
SIC(IOO) the Si-C interatomic distance is 1.90(5) A using the SI
2p elastic photopeak, which agrees with the bulk value 1.89 A.
The analysis of the data is continuing.
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STRUCTURAL STUDY OF CLEAN ALU11) SINGLE CRYSTAL BY PHOTOEMISSION
EXAFS

E.Kim, Y.S.Park, M.S.Oh, and G.M.Hothherg(Stevens Inat. of Tech.)

Photoemlssion EXAFS(PEXAFS), was applied to determine the
surface structure of the clean Al(lll) single crystal surface
using the Al 2p elastic photopeak, and the bulk and surface
plasaon loss peaks, Measurements using these three peaks yield
an Al-Al firat nearest Interatomic distance of 2.86(3) A which is
in good agreement with the value we got earlier from
polycrystalline Al' and with the bulk value, The second nearest
Al-Al distance is found to be 4,07(3) A using the plasmon loss
peaks, also in agreement with the bulk value. Other work by us
applies PEXAFS to adsorbates on surfaces, Here we demonstrate
that PEXAFS may be applied to clean single crystal as well as
polycrystsl surfaces, Data analysis is continuing.
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STRUCTURAL STUDY OF K/AL<111) AND K/Oj/ALdll)

, Y.S.Park, U.S.Oh, and G.M.Rothberg(Stevens Inst. of Tech.)

By «eans of phot oe«Uss I on EXAIrS we investigated the
interaction of potassiua with the Ai(111) surface and its effect
on oxidation. These are the first EXAFS measurements of these
systems. In this work 0.2 ML and 1 ML of potassium Kere adsorbed
on the Al(lll) surface, The results here refer to the 1 ML
samples, We find using the K 3p elastic photopeak that the K-K
bond length is 4.95(5) A; see figs, 1 and 2, We also obtained
data on the K-Ai bond length and, using the Al 2p elastic
photopeak, the Al-Al and Al K interatomic distances, and these
data are being analyzed. After dosing with 10L oxygen the Al 2p
photopeak showed a component chemically shitted by 2.2 eV; see
fig, 1, The shifted peak is also much bigger than the unshifted
peak. Thus the potassium greatly enhanced the oxidation of
Al(lll), as is known from previous work by others. PEXAFS
measurements were carried out using Al 2p, K 3p, and O 2s elastic
photopeaks. The bond lengths, using the K 3p elastic photopeak,
of K-O, K-Al, and K K were determined to be 2.45(5) A, 3.80(5)
A, and 5.10(5) A, respectively. Data using the other photopeaks
are being analyzed.

1. 3.T.KI* at al., J. Vac, Scl. Tech. A 5, «23(19I7)
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STRUCTURAL STUDY OF O2/AUlil> BY PHOTOEMISSION EXAFS

E.Kia, Y.S.Park, M.S.Oh, and G.H.Rothberg(Stevens Inst, of Tech.)

We used the photoenlssIon EXAFS technique to Investigate
oxygen adsorption on the Al(lll) single crystal surface. At BOL
oxygen exposure the EDC In fig.l(a) shows the l,4eV chenlcal
shift characteristic of the chealsorbed phase, Using the
unshlfted Al 2p and 0 2s elastic photopeaks wo found the A1-O.A1-
Al,O-Al,and 0-0 lnteratoalc distances are 1,7'M3) A, 2.86(3) A,
1.79(3) A, and 2.87(3) A, respectively. This Is the first EXAFS
•easureaent using the 0 2s edge. With higher exposure of oxygen
(1000L) the EDC In fig.Kb) exhibits a 2,7eV chealcal shift due
to an oxide-like phase. In this case we used unshifted and
shifted Al 2p elastic photopeaks to determine the Al-Al and Al-0
distances. Our results are 1.86(3) A and 2,86(3) A
.respectively, froa the unshlfted peak, and 2,10(3) A and 3.09(3)
A .respectively, from the shifted peak. Further data analysis is
In progress.
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IIIK COADSORPTION OF ALKALI AND ALKALINE EARTH METALS ON P.i((X)l j *

I, .1, Malik (HMD, J. l l rhck (HNL), M.-L. Slick, A. Dzowski (I). Western
Ontario), l>. Krislof (LI. Western Onlnrio), and I . K. .Sfnirii (IJ. VVt.vicrn
Onlariu)

The adsorption of calcium and magnesium on a Ru((X)l) surface has been studied
using valence and core level pliojoemjssion, (mil soft X-ray excited Anger. We also studied
the coadsorption of O\ and Mg with potassium and sodium, and Ihe interaction of the
overlayers with oxygen,

The figure shows the evolution of the valence hand, the 0 2p and 0 2s levels, ihc
Anger transition induced by the phoioionizalioii oi the Mg 2p (L) level, and ihe Mg 2p core
level for a thin (~ 5 ML) overlayer of magnesium. The clean Mg layer shows a single
unresolved Mg 2p level at BE 50.0 eV, ihe metallic Mg LVV Auger transition at
KE - 43 eV, and associated plasmon losses. Sequential oxygen exposures induce ihe
following: i) 0 2p slaie peak initially al BE 5,5 eV, ii) 0 2s level ai BE 22.5 cV,
iii) a diminished Mg LVV Auger transition and the appearance of new Auger peaks ai kijiL-iii.
energies 31.0 and 24.3 eV, and iv) a shift of the Mg 2p level to higher binding energy by
1.2 eV. The new features will be assigned lo various inter-alomic Auger decay channels
induced by the 2p hole on Mg. The new peaks in the 0 2p band ai BE 4.5, 8.5, and
10.9 eV, together with the changes in the 0 2s region (two peaks at BE 21.0 and 24.5 eV)
will be inierpreied as signatures of molecular-like levels of a di-oxygen species.
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•This research was carried out at Brookhaven National Laboratory under contract
DE-AC02-76CH00016 with the U.S. Department of Energy and supported by its Division of
Chemical Sciences, Office of Basic Energy Sciences, Three of us (A.B., P.K., and T.K.S.)
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CLEAN FeMOO) SURFACE STRUCTURE STUDIED BY MEANS OF THE
PHTOEMISSION EXAFS (PEXAFS)

Y.S.Park, E.Kim, M.S.Oh and G.M.Rothberg(Stevens Inst. of Tech.)

We studied the surface structure of clean Fe(iOO) by
photoemission EXAFS(PEXAFS) which in many situations offers
significant advantages over other surface sensitive EXAFS
techniques, in this work, EXAFS measurements using the Fe 3p
elastic photopeak were undertaken. Preliminary results are
2.35(0.0,2.73(0.1) A for 1st, and 2nd nearest Fe-Fe distances,
respectively, which do not agree with the known values of 2.472,
2.866 A for the bulk. Also we can see the third and fourth nearest
neighbors in |F(R)|, but can't produce accurate distance values
because of the short data range in k space. We believe the
preliminary results show the surf-»~e contraction reported by
others. Data analysis is still in piogress. Fig. 1 shows the Fe
3p photopeak and fig. 2 shows the magnitude of the fourier
transform F(R) of clean Fe(100) without phase correction.
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UI4A

OXIDATION STUDY OF Fe(100) BY PHOTOEMISSION EXAFS (PEXAFS)

Y.S.Park, E.Kim, M.S.Oh and G.M. Rothberg(Stevens Inst. of Tech.)

The great advantage of photoemission EXAFS, used in this
work, is its chemical sensitivity, that is, its ability to probe
the local structure around each atomic species. We have studied
the interaction of oxygen with Fe(iOO) at room temperature using
the chemically shifted and unshifted Fe 3p peaks. In this work
Fe 3p core level shift of 2.6 eV was observed at the surface of
Fedoo) exposed to 50L,100L,300L,and 500L of oxygen. Our
preliminary results associated with this shift are 2.0(1) and
2.6(1) A for Fe-0, Fe-Fe atomic distances,respectively. Data
analysis 1s still In progress and will result in more accurate
values. F1g. 1 shows photopeaks of clean Fe and 500L O,/Fe(100) and
fig. 2 shows the magnitude of the fourier transform F(R) of 500L
O2/Fe(100) without phase correction.
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Magnetic Resonance Exchange Scattering at the Iron L Q and L Q J Edges

C. Kao, J.B. Hastings, E.D. Johnson, D.P. Siddons, G.C. Smith

Brookhaven National Laboratory, Upton New York 11973

and

G.A. Prinz

Naval Research Laboratory, Washington D.C. 20375

U15

LSI

Abstract

Specular reflectivity of p-potarized light near the iron L Q and LJJJ absorption
edges was measured from a single crystal iron film with an external magnetic field per-
pendicular to the scattering plane. Large changes in reflectivity were observed upon
reversal of the direction of the magnetic field. We attribute this resonant
magnetization-sensitive effect to the interference between magnetic and non-magnetic
contribution to the resonant scattering. Similar effects can be expected in other fer-
romagnetic and ferrimagnctic systems.
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THREE DIFFERENT OXIDE LAYERS ON Si(IOO) WAFERS

D. Y. Kirn, K. Lee, C. I. Ma, M. Mahalingam, and D. M. Hanson (SUNY at Stony Brook).
K. Mochiji (Central Research Laboratory of Hitachi, Tokyo, Japan ), and E. Johnson ( NSLS,
BNL)

Si wafers with an oxide layer prepared in three different processes are examined by soft x-
ray induced electron spectroscopy at various photon energies. The samples were treated in HF
solution, by oxygen gas at room temperature, and by oxygen gas at high temperature. In Fig. 1
the phoioelectron spectra of Si were obtained using a photon energy of 250 eV. The HF treated
sample has the largest photoelectron peak from Si and the smallest peak from silicon oxide. The
natural oxide sample shows both photoelectron emission from Si and silicon oxide. The
thermally treated oxide sample shows no peak from Si and an intense peak from (he oxide. In
Fig. 2 the low kinetic energyC 149 eV) electron yields through the photon energy range 250 eV to
WM) eV are shown. The relative intensities of the carbon photoelectron peaks are almost the same,
which means the amount of the carbon on all three sample are approximately the same. In the
oxygen core electron resonance region, the low kinetic energy electron yields show significant
differences meaning that the samples have different thicknesses of the oxide layer through which
the Auger electrons lose their energy. The HF treated sample shows no peak in the oxygen
resonance region because neither the carbon nor the oxide are sufficiently thick to affect the loss
of the Auger electron from oxygen.

t
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i

(a) 1 / v ^
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140 eV Electron Encrgy(eV) 152eV

Fig. I The Si plioioclectran spectra of (a) HF
treated, (b) native oxide, and (c) ihcrmally treated
oxide sample with a photon energy 250 cV.

250 eV Photon Energy(eV) 600 eV

Fig. 2 The low kinetic cncrgy( 149 eV )elcclron
yield spectra of (a) HF treated, (b) native oxide,
and (c) the thermally treated oxide for the photon
energy range from 250 e V to 600 eV.
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OXyGEN K-EDGE EXAKS IN HIGH-Tc Y-Bü-CU-O SUPERCONDUCTING FILMS
BY MEANS OF FLUORESCENCE MEASUREMENTS

A. Krol, C.S. Lin, Z.H. Ming,C. J. Sher, C.X. Gu, Y.H. Kao,
(SUNY at Buffalo); and G.C. Smith (Broolchaven National
Laboratory).

EXAFS spectra of high-Tc Y-Ba-Cu-0 thin films deposited by
laser ablation were measured at the O K-edge by means of a new
soft x-ray fluorescence detector1 (a low pressure parallel
plate avalanche chamber). Contrary to methods based on electron
emission which are sensitive to surface contamination and
defects, the fluorescence method is a useful true bulk probe
which gives an information depth in the order of 2500 A at
the oxygen K-edge. These investigations revealed high degree of
local oxygen disorder in all investigated films (on MgO and
ZrO2 substrates) as compared to results obtained with ceramic
samples. The other host atoms did not exhibit this feature as
indicated by results obtained by means of the Cu K-edge EXAFS

Ki(¡. 1. 'l'lie moduli!» of Fourier

transform of the EXAI'S obtained fur a

Y-Ba-Cu-O film.

FIR. 2. 'Hie moduli» of Fourier

transform of the EXAFS obtained for a

Vila Cu-O bulk Minnie.

1. G.C. Smith, A.Krol and Y.H. Kao, to be published in Nucl.
Instrum. Methods.

This research is supported by AFOSR under grant No.AFOSR-88-
0095, and by DOE under grant No. DE-FG02-87ER45283.
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PHOTON STIMULATED DESORPT1ON FROM SILICON WAFERS'

K. Lcc, M. Mahalingam, C. I. Ma, D. Y. Kim. D. M. Hanson (SUNY ai Siony Brook).
K. Mochiji (Hitachi) and E. D. Johnson (NSLS)

Photon stimulated desorption from silicon wafers was studied by time-of-flighi
mcasuremcnls of desorbed ions using a limc-to-amplitudc convener (TAC) followed
by pulse height analysis by a multichannel analyzer. Slop pulses for the TAC were
provided by ihc VUV ring timing circuii with the ring operating in single bunch
mode. Three types of silicon wafer surfaces were investigated. The first (native oxide)
was Ihc (100) surface of a p-typc silicon wafer with a natural coating of oxide. The
second (incrina! oxide) had been subjecied 10 oxidalion by dry oxygen at an elevated
temperature to yield an oxide layer of ca. 1000 A thickness. The third was a native
oxide surface dipped for 30 seconds in an HF solution (1 pan cone. HF + 10 pans
deionized water). Trcalmcnl with HF removed Ihc natural oxide layer and created Si-H
bonds on Ihc surface.

The TOF spectra of desorbed ions by photons of 550 eV energy from these
surfaces arc shown in Figs. 1-3. In all of these spectra the dominant species is l l + .
which is idcnlified by ihe exiraclion field dependence of the flight lime coupled wilh
a calculation of the flight lime based on the distance and the field strength.
Excitation spectra of the mass peak show no oxygen K edge, suggesting that H+ comes
noi from -OH bul from -CH in [he hydrocarbon layer covering Ihc surfaces. The
struciure of the peak, clearly evident as subpeaks in the native oxide spectrum,
indicates that H+ originates from different binding siles of ihc hydrocarbon layer.
The shoulder on the slower lime side of the main peak in ihc spectrum of the HF
ireatcd surface (marked by an arrow) is identified wiih H+ from the Si-H bonds.

This research was supported by the National Science Foundation (CHE-8921729)
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SINGLE EVENT ELECTRON-ION-ION COINCIDENCE STUDIES OF N2O

C.-l. Ma, D. Y. Kim, K. Lee, D. A. Lapiano-Smith, and D. M. Hanson (SUNY ai Stony Brook)

Monochromatic synchrotron radiation is used to excite Is electrons of the terminal
and central nitrogen of N2O to the shape resonance. Decay of the excited state produces an
Auger spectrum similar 10 that from continuum excitation. Fragmentation ions in
coincidence with Auger electrons arc detected by a TOF spectrometer, and the data from
each event arc recorded separately. The figure shows a coincidence map of those events
containing two detected ions. The flight time of the first ion is plotted on the abscissa, and
the flight time of the second ion is plotted on the ordinate. Different symbols represent
different numbers of events in a 20ns x 20ns pixel. The conventional TOF spectra are
aliened with the map to show the respective coincident ion pairs. Each pair of coincident
ions produces two dense areas on the map due to the alignment of the N2O molecules with
respect to the detector. The distribution of density on the map provides information about
the charge and momentum of each fragment ion.
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This research was supported by the National Science Foundation ( CHE-8703340).

U15

FRAGMENTATION STUDIES OF SF6 AT THE FLUORINE K-EDGE

C.-l. Ma, K. \JX, D. Y. Kim, M. Mahalingam and D. M. Hanson (SUNY at Stony Brook)
K. Mochiji (Central Research Laboratory of Hitachi, Tokyo, Japan)

The fragmentation of sulfur hexafluoride following photon excitation above and
below the fluorine K-cdge was studied by electron-ion coincidence technique. Low kinetic
energy electrons were collected to trigger the TOF spectrometer. The spectra shown were
obtained at three excitation energies, i.e. below, at, and above the fluorine K-edge.
Fragmentation products include S+ , S 2 + , S 3 + , F+ , SF n

+ , n=l,2,3,5 and SF n
2 + ,

n=l,2,3,4. S is only observed below the F-cdge where (he L-shcll excitation of sulfur
can occur. Doubly charged SF22+ is most abundant at the F-cdge. All the singly charged
SFn

+ shows larger kinetic energy spread than the doubly charged SFn
2 + and F* peak splits

due to ~ 6 eV kinetic energy release. The yields of SFn
+ generally decrease as n increases

whereas SF2 gives the highest yield among the doubly charged SFn
2+.

0 2 4 6 8 10 12 14 16 18 20u,s

This research was supported by the National Science Foundation (CHE-8921729).
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EVIDENCE FOR ULTRAFAST DISSOCIATION IN CORE EXCITED H2O AND D2O
M Mahalingam. K.Les, D.Y. Kim, C I Ma and DM. Hanson (SUNY at Stony Brook)

Electron snirgy spectra wars obtained for H2O and D2O with excitation at the pre-edga resonance (535 oV)

and in the continuum (576 eV). One interesting feature is the similarity of the resonance Auger spectrum of both H2O

and D2O to the Auger spectrum of alcohols (Fig. 1b)'. This similarity may indicate that the molecule fragments before

Augur decay, which then takes place in the excited, neutral OH fragment.

Time of flight mass spectra were obtained at the above stated photon energies, for ions in coincidence with

electrons having energies labelled Reg. 1 and Reg. 2 (Fig. 1 a). Each region corresponds to 16 electron energies

monitored by 16 anodes. By plotting the flight times of the consecutive ions on the x- and y- axes, respectively, ion-

ion coincidence maps were obtained.

Ion-Ion coincidence maps tor HgO, at the pre-edge resonance, for electrons with energies in

Reg. 2 are shown in Fig. 2. No H+-OH* coincidences are observed, and the H*-O+ coincidences form a pattern

characteristic of two-body fragmentation, i.e., from OH2*. H*-H* coincidences also are observed, which must result

from a competitive three-body fragmentation.

mcnoN oner-*
1 R.R. Rye. T.E. Madey, J.E. Houston and P.H. Holloway, J. Chem. Phys. 89,1504 (1978)

This research was supported by the National Science Foundation under Grant No. CHE-8921729

UJ5

Probing the Oxygen Depth Profile in Oxide Superconductor
Thin Films

C.J. Sher, A. Krol, D.R. Storch, S.E. Park, C. S. Lin, Z.H. Ming, Y.H. Kao,
(SUNY Buffalo), and G. C. Smith (BNL, Instrumentation)

The grazing incidence angular dependence of soft x-ray fluorescence
a( fixed energy of incoming radiation around the oxygen K edge was
measured at the U15 bcamlinc at NSLS. This method provides us
with a convenient tool for nondestructive investigation of the depth
profile of oxygen atoms and the quality of buried interfaces. Thin
films of Y-Ba-Cu-Q on MgO substrates were studied at energies below
and above the oxygen K edge. Shown below are the curves above
and below the oxygen K edge for sample M123, 2000A of Y-Ba-Cu-O
grown on a MgO substrate. The fluorescence curve below tire
oxygen k edge is due to the contribution of a thin (3A) surface layer
of carbon, and elastic scattering. A comparison of the oxygen
fluorescence yield with model calculation shows that there exists an
oxygen-depleted layer around 200 A near the surface and a
roughness parameter indicating rms deviation from a flat interface of
the order of 70 A.

11
£8
J *

Fig. 1, Fluorescence yield vs gracing angle of incidence a. above ihc oxygen k edge (540
cV), c. below the oxygen K edge (527 cV) and b. normalized a-nonnali/.cd c, 10 extract
(he contribution due only to oxygen fluorescence. Dots are experimental dala, lines arc
theoretical fit.

This research is supported by AFOSR under grant No. AFOSR-88-
(1095 and by DOE under grant No. DR-FG02-87ER45283
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ANGLE RESOLVED PHOTOEMISSION STUDY OF p(1x1) Fe on W(100)

A.B. Andrews, R.L. fink, and J.L. Ersklne (University ot Texas at Austin)

Epitaxial Fe layers grown on W(100) exhibit novel magnetic properties. Examples observed
recently using magneto-optic Kerr effect techniques include a transformation from perpendicular
to parallel spin anisotropy, which occurs at a film thickness of 1-3 monolayers, and striking
changes in the magnetic behavior which accompany oxygen adsorption111. These effects appear
to be electronically driven, i.e., they depend on electronic coupling between the substrate and or
the oxygen layer. We are conducting extensive studies of the electronic properties of clean and
oxygen dosed p(1x1) Fe epitaxial layers on W(1OO) in an attempt to address these issues on an
atomic level. Our first goal is to obtain accurate experimental band models from photoemission
while working with Art Freeman at Northwestern who is carrying out first principles calculations
corresponding to our thin film systems. The figure below displays one set of E(k) data obtained
for p(1x1) Fe on W(100). From these data, and corresponding results for oxygen dosed films
(both theory and experiment including some spin-polarized results from U5), we expect to
understand the origin of these dramatic electronically driven modifications of t'.iin film magnetic
phenomena.

1. J. Chen, M. Drakaki, C.A. Ballentine. and J.L. Erskine, Bull. Am. Phys. Soc. 25,199 (1990).

1.0
1)

2.0

Figure 1. Even symmetry two dimensional electronic structure (along I ) of a clean P(1X1) Fe
epitaxial film on W(1OO). Shaded region represents projected bulk states of W(1OO).
^majority spin, V minority spin (from U5 experiments), other symbols represent
various film thicknesses (1-2.5 ML) and photon energies.

This project is supported by NSF DMR- 8922359 and NSF DMR89-06935

U16A

ANGLE-RESOLVED ULTRAVIOLET PHOTOEMISSION SPECTROSCOPY STUDIES
OF THE ELECTRONIC STRUCTURE OF EPITAXIAL P(1X1) Fc FILMS ON W(l()0). K.L.
F-ink, A.B. Andrews, W. Iliilc. and J. L. Erskinc, Univ. of Texas at Austin*.
Synchrotron radiation ARUPS studies of 1-3 ML Fc films on WflOO) were
conducted in both even and odd symmetry geometry with s-polurized liglii
These investigations were motivated by the novel magnetic behavior of ilic
films and the magnetic quenching when exposed to O2. Initial studies of 2 ML
films show an odd stale dispersing from 0.6 ± 0 . 1 cV bindingencrgy (BE) at T
lo 1.1 cV at M. Another odd state band with 2.3 cV BE at P appears to split as
it disperses to a binding energy of 2.5 cV at J". Even states with binding
energies of 1.0 cV and 2.6 cV arc also found at M. The odd slate experimental
results are in fair agreement with existing calculations1 for 1 ML Fc on
Au(lOO). O22p-dcrivcd energy bands after exposure of 2ML Fe films to IL O :

show a 4.6 cV stale at P in good agreement with previous work with O : o n
Fc(100) . An s-polarizcd excited odd band splits and disperses to binding
energies of 4.9 cV and 6.0 eV at M.

1. C. Li, A. J. Freeman, C. L. Fu, J. Mag. Mat. 25., 201 (88).
2. G. Panzncr, D. R. Mueller, T. N. Rhodin, PR E £ 2 . 3472 (1985).
•Supported by NSF DMR-87-02848.
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ANGLE-RESOLVED PHOTOEMISSION STUDIES OF ANT1FERROMAGNETIC
INSULATORS

S. Gwo, C.K. Shih, A.B. Andrews, and J.L. Erskine (U. of Texas at Austin), Z.-X.
Shen, and W.E. Spicer (Stanford U.).

For years, the physics of antiferromagnetic (AFM) insulators such as MnO, CoO,
and NiO, have been quite controversial. Significant differences pervade between two
extreme view points, the strongly correlated and single-particle band pictures. In the band
approach, the observed magnetic ordering along the [ 111 ] direction is central in producing
the insulating band gap, in contrast to the strongly correlated view point of insulating
property being due to strong intra-atomic Coulomb interaction of 3d electrons.

To investigate this issue, we used angle-resolved photoemission spectroscopy to
study the nature of single-particle hole excitations in NiO. Experimental results along the
[001] direction have been investigated earlier [1]. Since the cleavage surface of NiO is
(001), off-normal emission geometry was used to study the E vs. k dispersion relationship
along the [111] direction. With appropriate combinations of photon energies and emission
angles, we have determined the E vs. k dispersion for stated near the valence band
maximum along the [111] directions. The preliminary result is shown in Fig. 1. which is
in reasonably agreement with the calculation of Terakura et al.[2] More detailed data
analysis is now under way.

[1]. Z.-X. Shen, C.K. Shih, O. Jepsen, W.E. Spicer, I. Lindau, and J.W. Allen, Phys.
Rev. Lett. 64, 2442 (1990).
[2] K. Terakura, T. Oguchi, A.R. Williams, and J. Kubler, Phys. Rev. B 30, 4734
(1984).

k along the [111 ] direction
Figure 1.
This project is partly supported by Texas Advanced Research Program Award (Physics/Shih)
and NSF DMR 89-06935.

U16B

CHEMICAL BONDING AND STRUCTURE IN EPITAXIAL ALUMINAS: OHs)
PHOTOEMISSION SPECTROSCOPY"1"
R. P. Merrill,* T. N. Rhodin,* S. Woronick,* P. O'Hagcn,* N. D. Shinn,**
G. Woolery*** and A. Chester***
•Cornell Materials Science Center, Cornell University
**Sandia National Laboratories
***Mobil Research & Development

We have examined the effect of annealing temperature on the electronic structure of
epitaxial alumina films grown by water oxidation of Al(l 10) single crystals annealed at
temperatures of 300-450 C and exposed to ethylene at 120 K under controlled ultrahigh vacuum
conditions. The overall objective was to study chemical reactions on well-defined model catalysts
and to develop methods for the x-ray characterization of practical catalysts in the vacuum ultraviolet
energy range.

Some typical photoemission spectra for oxygen (Is) in an hydroxylated alumina film are
shown in the figure. The photon energy was 600 eV. The oxide annealing temperatures prior to
chemisorption were 300, 350, 400,425 and 450 C. The ethylene chemisorption exposure was 3
millitorr at 120 K. The photoemission measurements were also made at that temperature.

There are many significant changes in the peak intensities in the oxide film with annealing
but the most striking feature in the peak intensities occurs for annealing temperatures between 350-
400 C. It appears that the O (Is) peak spectra can be deconvoluted into three peaks tentatively
associated with oxide, hydroxyl and an effect of the ethylene adsorption. Definite conclusions
must wait until a more complete analysis of all the O (Is) photoemission spectra and the aluminum
valence band as well as the C (Is) photoemission spectra is completed.

["""Supported by Mobil Research & Development Corp., Cornell Materials Science Center, and by
Department of Energy contract number DE-AC04-76DP00789 with Sandia National Laboratories.
Assistance with experimental measurements by K. Tsang is also gratefully acknowledged.]
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LOCAL BONDING STRUCTURE OF THE S i ( l l l ) -Sb INTERFACE BY SEXAFS AND
PHOTOEMISSION

J. C. Woicik and C. E. Bouldin (NIST), T. Kendelewicz, K. E. Miyano, P. L. Meissner, P. Pianetta.
and VV. E. Spicer (Stanford U.)

The combined techniques of surface extended x-ray absorption fine structure (SEXAFS, X15B) and
high resolution core level photoelectron spectroscopy (PES, U16B) have been used to investigate the
local bonding structure of the Si(lll)-Sb interface. From PES, we find that the adsorption of 1
monolayer (ML) of Sb completely eliminates the surface components of the Si 2p core level spectrum.
The Sb induced Si 2p interfacial core level is found to be shifted 0.20 ± 0.02 eV towards higher
binding energy with an intensity which corresponds to the top 1 ML of surface atoms (figure 1).
From SEXAFS, we determine the absolute surface coordination numbers and bond lengths within the
first Sb shell to be 2.1 ± 0.3 Sb atoms at 2.86 ± 0.02 A and 2.0 ± 0.4 Si atoms at 2.68 ± 0.03 A
(figure 2). Together, these results indicate that Sb trimers occupy the three fold atop sites of the
Si(l l l ) surface where each Sb atom is bonded to two Si atoms in a modified bridge configuration
(figure 3).

MMKEMfgy(fV)

figure 1
Top

figure 2

o -

figure 3
Sid.

2nd SI

This research was supported by the Stanford Synchrotron Radiation Laboratory which is operated by
the Department of Energy, Office of Basic Energy Science, Division of Chemical Sciences, and by
DARPA and ONR under contract NO0O14-89-J-IO83.
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Scanning pliotoeinission microscopy
X1A

Reaokillon test *cron c

Harald Ade1, Janos Kirz1, Steve Hulbert2, Erik Johnson2 Erik Anderson3, and Dieter Kern4

1 Department of Physics, SUNY @ Stony Brook, Stony Brook, NY 11791,
-National Synchrotron Light Source, Brookhavcn National Laboratory, Upton, NY 11973
'Center for X-Ray Optics, Lawrence Berkeley Laboratory, Berkeley, CA 94720
4/BAf T.J.Watson Research Center, Yorktown Heights, NY 10598

We recently completed the Xl-SPEM, a first gen- ,
eration Scanning Photoemission Microscope at „
beamline X1A. Several test samples have been |
successfully imaged with elemental and chemical g
contrast utilizing primary photoelectrons [1,2]. •§.
Due to astigmatism introduced by the monochro- §
niator optics the two dimensional spatial reso- «
lution is presently reduced to 0.4 //m, while a J '
one dimensional resolution of 0.1 //m could be 3
achieved as demonstrated in Figure 1. P

F i g u r e 1: Linescan of a TY image across an edge
of a memory chip.

We intend to use the instrument to study thin film aluminas, and the spatial dependence
of chemical reactivity and surface acidity of these films. They are know to be inlioinogeneous
on the micron-submicron length scale even when grown on single crystal aluminum. Pre-
liminary studies of oxides anodically grown on aluminum foil that has preferentially (100)
oriented grains are under way, and yielded images with structures which we tentatively iden-
tify as individual grains and their grain boundary. Figure 2 shows the TY (A) and O KVV
auger electron image (B) of a random area on these foils. Some of the darker areas in image
2.B are the result of some slight carbon contamination which enhances the contrast. V'e
anticipate that various carbon containing molecules, such as CIO, CO2, and alcohols, will
be preferentially adsorbt and can be spectroscopically quantified to yield information about
the chemistry of alumina films. Images in Fig.2 are 80x80 pixels, with 0.35/(in and 350 msec
dwell per pixel

Nuinhci* of slew Ml) mnl

Figure 2 A. Figure 2 B.

This work is supported in part by the NSF under grant # DMR-8815043. The Center
for X-Ray Optics is supported by the DOE under contract DE-AC-03-76SF00098.
[1] H. Ade, J. Kirz, S. Hulbert, E. Johnson, E. Anderson, and D. Kern, Appl.Phys.Lett. 50,
1841-1843 (1990). [2] H. Ade, J. Kirz, S. Hulbert, E. Johnson, E. Anderson, and D. Kern,
submitted to the J.Vac.Sci.Techn.

SCANNING X-RAY MICROSCOPY OF MINERALIZED TISSUE
C. J. Buckley, King's College, London, UK

X1A

The process of mineralization in structural and connective tissue is the subject of
considerable investigations world wide on both healthy and diseased systems. One aspect of
these investigations, is the imaging of mineralized tissue at medium to high spatial resolution.
Scanning x-ray microscopy is well suited to this task, as images of calcified tissue can be
made which map the distribution of calcium within a time scale of minutes and at a spatial
resolution of about 50nm. A number of biomineralized specimens have been examined using
the scanning x-ray microscope (STXM) at the X1A beamline, and an example is shown in the
figure. The specimen is an 0.1 micron thick section of .human tendon. The specimen was
supplied as the result of surgery from a person suffering from tendonitis (calcification of
tendon tissue). The causes of the onset of mineralization of healthy tissue are not known, and
the only active treatments for the condition are surgery or the administration of steroids. It
is hoped that the mapping of the distribution of calcium in these specimens (as revealed by
examination in STXM) will add information relevant to discussion on the biological reaction to
pathogenic mineralization of tissue. Future work will include examination of mineralized
cartilage section, and possibly cartilage tissue cultures.

(h) (c)

300 x 300 pixel images of an area 38 microns on the side at (a) the calcium-absorptive
wavelength of 3.56nm, (b) the calcium-transmissive wavelength of 3.595nm. Images
collected in three minutes each at an average rt -nation dose of 5 x 10s rads. These data were
used to calculate (c) the calcium distribution in irte section. Larger amounts of calcium are
shown vith lighter shades. Sample prepared in collaboration with Y. Ali RNOH London.
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X-rny holography using photoresists
('. .(aiohsen and S. Lindnas, Department of Physics, SUNY at Stony Brook, Stony Brook,
NV 11704.

M. fiowWIs, Advanced Light Source, Lawrence Berkeley Laboratory, Berkeley, CIA 04720

We have recorded Gahor holograms of biological specimens using photoresist detectors
and 1.8-3.0 inn x-rays from the X-iA uiidulator heamline. Figure 1 shows that we are able
to image thick biological specimens, and we are presently working to extend our capabilities
to deal with wet biological samples. While our presently attained image resolution is 56
mil, there is evidence that the holograms ni-y contain image information at the Ifi nil) level;
we believe that field distortions in me Irnnsmissiou electron microscopes used to enlarge
the hologram are imposing the 50 inn limit. As a result, we are building a scanning force
microscope with a linear field scanning stage for hologram readout. Finally, Gabor holograms
are known to suffer from twin-image noise, and we have developed a technique for reducing
twin-image noise. By jteral jvely transforming between the specimen plane and the hologram
plane, we are able lo use the constraints of known object boundaries in the specimen plane
and measured x-ray intensity in the hologram plane to more fully recover the specimen
Wiivefielrl.

Fig. 1: With Dr Stephen Rothman of UGSF, we have studied the structure of
rat pancreatic zymog«ii granules. At left is shown a 1,5 MeV electron micrograph of
grannies in which enzyme release was stimulated prior to fixation and drying. Similar
non-uniformities of granule mass are also shown in the reconstructed hologram at
right of an identically prepared sample.

We gratefully acknowledge the support of the NSF under grant DIR-9000893.

X I A

FOURIER TRANSFORM HOLOGRAPHY WITH THE Xl-SXU

I. McNulty, .1. Kirz and C. Jacobsen (SUNY/Slony Brook);
M.R. Howells and E. Anderson (LBL)

We report on initial results with high resolution, Fourier transform holographic (FTH)
microscopy, using the XI Soft X-ray Undulator (SXU) as the source of coherent radiation .
Computer reconstructions of Fourier transform holograms, recorded with the XIA FTH
microscope, show resolution test pattern features resolved to 100 nm in two dimensions.
This work represents an order-of-magnitude advance in spatial resolution over previous
x-ray FTH experiments.

Fourier transform holography requires a "point" source of spherical waves for the phase
reference. The reference source, and subject illumination, were generated by a coherently
illuminated Fresnel zone plate used as a beam splitter. The zone plate, which had a finest
outer zone width of 50 nm, formed a diffraction-limited focal spot (50 nm in radius. Sufficient
spatial coherence width, — 50/im, was provided by the SXU and the monochromator exit
slit. The XIA spherical grating monochromator produced enough temporal coherence
(250 waves) for good zone plate performance.

Using the FTH microscope^, Fourier transform holograms of gold test patterns were
detected by a soft x-ray sensitive, integrating GGD camera. Hologram exposures were
30 min long, and the total coherent x-ray exposure was 5.2 X 10° photons at a wavelength
of 3.4 nni. Approximately 30% of the coherent flux was in the subject beam. Effective
diffraction-limited imaging depends upon source coherence; the high brightness of the Xl-
SXU was crucial to this experiment.

Fig. 1, STEM image of high resolution Fig, 2. Numerically reconstructed FT
gold test pattern, developed for FTH. hologram (A = 3.4 nm) of test pattern.
The spokes are 50 - 125 mil wide. The finest features are clearly visible.

We gratefully acknowledge support for this work under DOE grant DE-FG02-80ER60858
and Contract DE-AC03-76SFO0098,

1. I. McNulty, et a)., X-Ilny Microscopy III, (Springer-Verlag, Berlin, 1991), in press
2. I. McNiitty, et al., Nucl. Insir. Meth. 201, 74 (1990)
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Comparison of Dehydrated wild Ilydrated Milotic Chromosomes by Scanning
Transmission Xray Microscopy

Shawn Williams, Steve Lindaas, h Janos Kir/.;
Slate University of New York at Stony Brook
.lack Vau't Hof, Susan Lamm; Hrookhaven National Labs

A chromosome is an organized complex of proteins and DNA which is responiible for
the storage and regulation of genetic expression ill all plants and animals. Most available
information concerning the structure and folding of milotic ihromosomes below the I /im
level comes from Transmission Electron Microscopy (TEM). Because samples must be dried
prior to examination in the conventional TEM, it is important to consider the effects
of dehydration on chromosome structure. Chromosomes subjected to three of the most
common dehydration strategies are compared to fully hydrated samples to assay structural
preservation.

Chromosomes were isolated from primary roots of Vicia faha and treated identically
prior to dehydration1 ". Chromosomes were allowed to settle on to silicon nitride mem-
branes and fixed with 0.1% glutaraldehyde for wet mounting. These chromosomes were
observed in n sealed chamber containing a reservoir of buffer to maintain a fully Ilydrated
environment. Dry samples were prepared by allowing chromosomes to settle on to formvar
coated grids, and then dehydrating the samples in the following ways: 1) By putting the
grids through a series of acetone/buffer mixtures (!0%-100% acetone) followed by critical
point drying; 2) By putting the grids through a series of ethanol/buffer mixtures (10%-
100% etlianoi) followed by critical point drying; 3) By freezing the the grids in liquid
nitrogen slush followed by etlianol substitution at -70 C followed by critical point drying
(freezi'-substitutioii). All images were recorded using 3.(5 mil x-rays with a pixel size of (33
urn.

Images show a substantial shrinkage
of chromosomes due to dehydration
and a subsequent loss of visibility
of internal detail. Of the three
techniques studied, freeze-substitiition
appears to offer the best structural

^ ^ ^ preservation. The chromosome is larger
^^p JAL ^^Hj than in the other two techniques, and

^^f' ^ ^ ^ ^ ^ L ^^F structural heterogeneity (bands) are
^T ^ ^ H ^ ^ ^ still visible.

' ^ ^ ^ ^ ^ * ' ^ ^ Images of V. faha chromosomes
(CCW from upper right) after acetone;
or ethanol dehydration; after freeze-
siibslitiition; and fully hydrnted,

IMAGING OF HOLLOW ALUMINUM SPHERES *2

K.L, D'Amico, J.H, Dunsmuir, S,R. Ferguson, H.W. Deckman, B.P. Flannery (Exxon), A.B.
Hmello (Vanderbilt U.)

We have used Mlcrotomography to image the interior structure of a series of hollow
Aluminum spheres produced by a drop-tower technique at the Center for Microgravity
Research and Applications at Vanderbilt. The spheres ranged in size from 0.5 to 2.0 mm in
diameter and were of various external shapes. They were imaged at 17 keV. Individual
spheres had uniform spherical Interiors despite considerable variations in the thickness and
structure of (he shell. There was no evidence for gas bubbles or other irregularities in the
shells of the spheres, though such externally visible defects as dimples were readily observed
to produce a deformation in the internal surface shape.

IMAGING OF INTERNAL STRUCTURE OF CERAMIC PACKAGES

K,L, D'Amico, J.H, Dunsmuir, S,R, Ferguson, H.W. Deckman, B.P. Flannery (Exxon), G.B.
Stephenson and J,-M, Halbout (IBM)

The Internal structure of a series of ceramic packages containing metal wiring was imaged at
30 keV using both Microtomography and Microradiography. Complete tomographic data sets
were acquired and reconstructed to illustrate the internal wiring in the package. The
reconstructed images were of lower quality, though, due to the strong absorption from the
metal wiring at certain view angles, For these samples a better technique to provide
structure visualization is "rotational radiography", In this technique, the sample is viewed at
a series of angles separated by ~1 degree over a 20-50 degree range. The series ol
radiographs is then displayed repeatedly in sequence on the screen of a graphics woikslalion.
With this technique, II Is possible to achieve a three-dimensional perspective of the structure
of the sample without having to undertake a reconstruction of the data set. Details of tho
structure of the wiring pattern, such as misregistration of the layers of the structure in itie
package, were readily Identified.

MICROTOMOGRAPHY STUDY OF AN INSECT IN AMBER

K.L. D'Amico, J,H. Dunsmuir, S.R, Ferguson, H,W, Deckman, B.P. Flannery (Exxon)

We have used Microtomography and Microradiography to image an insect in amber. The
sample was obtained from Wards Scientific, Rochester, NY and was an insect preserved in
amber from the Miocene period (about 10 million years old). The Insect was about 1 mm long
and 0.25-0,75 mm wide. Radiographs of the object revealed the presence of strongly
absorbing mailer In the body of the Insect, and using a coarse mlcroprobe analysis and energy
dispersive detector for elemental analysis we have concluded that the material is Iron.
Tomographle imaging of tho object was achieved, but the image is hampered in the planes
containing the Iron, The overall optical density of the object is quite small, and further
analysis of the object will await the use of much lower energy (-5-6 keV) radiation.

This work was supported in part by DOE grant DG-FGfl2-«9ERfl0858 and by N,SF
grant BBSSOIHOOO.

1. II. II. Smith, C V. Fussel, & B. H. Kugelman, Science (1903) M2(3502):595-50fl.
2. I'. S. Woods, M. C. Ledbetter, & .1. Van't Ilof, in 37th Ann. Prcc, Electron Mic. Soc.

Am. ed. (i. W. Bailey 1979, 36-37,
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X3A2
SAXS STUDIES OF SULFONATEI) POLYSTYRENE IONOMEKS:
TEMPERATURE EFFECT. SOLUTIONS OF I»OLY(STVRENE-
ISOI'KENE) All BLOCK COPOLYMEK IN ANILINE
n. Clm (Chemistry Department, SUNY/Slony Brook)

The study aims at a full understanding on the ionomer morphology, especially the spatial
arrangement of ions in ionomers, Small angle x-ray scattering (SAXS) measurements on a
model system; sulfonated polystyrene (SPS) sodium and zinc salts, have revealed new structural
information. The SAXS profiles with a wide angular range, a high spatial resolution and a good
precision have shown that the existing models for the structure of ionic aggregates would not
work well: an inter-particle interference model (or liquid-like mode!) could not explain the small
angle • plum, while an intra-particlc interference model (or core-shell model) could not predict an
ion cluster "size" of ~20 nm,

ll is known that the ionic aggregation is responsible for many improved mechanical
properties, such as an increase in the glass transition temperature, Tg and in storage modulus.
The SAXS experiments of 4.3 mol% SPS Na and Zn salts at elevated temperatures ahove TB
agreed well with the findings of the viscoelaslic measurements.

Figure 1 shows SAXS patterns of SPS-Na salts. An ionic peak was ohserved for all
ionomer samples even at 250°C. Upon being heated to at least ~2(X)°C, an increase in the ionic
peak height and peak width suggested that more ion pairs would have aggregated to form small
clusters. The Na and Zn salts demonstrated different thermal properties at 25O°C, The Na salt
showed a further increase in ionic peak height while the Zn salt showed a decrease in height hut
an increase in width. A decrease in the ionic peak height might be explained as breaking down of
some ionic clusters because of thermal energy. Data analysis on anomalous SAXS measure-
ments and development of a new correlation function scheme are underway.

Synchrotron small angle x-ray scattering (SAXS) has been performed on solutions of a
poly(slyiriie-isoprene) AB block (PS/PIP) copolymer in aniline. The copolymer forms
aggregates as aniline is a poor solvent for PIP block. To determine whether the aggregates were
micelle-like or vesicle-like, the form factor over a wide q-range was obtained with a sufficient
precision. The measurement showed that the aggregates were vesicle-like when the PS block
was sufficiently short. The effect of polydispersity on the form factor was also taken into
account.

IM) f i " ""' I — I

SI'S-N. H.I > u H , bronl MWII)

S

.J,

Figure 1, SAXS profiles for
sodium salt of 4.3 mol % SPS
with a broad MWD at three
temperatures. At least a half
hour was ''.ept at each temp-
erature. Subtraction of PS or
SPS-H was not performed. The
sample showed a growth of the
ionic peak height and width with
increasing temperature even up to
250° C.

q (nm')

The SUNY X3 beamline is supported by the Division of Materials Sciences, US Department of
[•ncrgy.
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SAXS Studies of P4BCMU in Dilute THF/Totu«n» Solution

Benjamin Chu, Ylngjl* U (Dept. of Chem , SUNY at Stony Brook)
Alex Darovsky, William Lehnert (SUNY X3A2 Beamline, NSLS)

P4BCMU is a soluble conducting polymer with many interesting properties. It
has been found that in good solvent, it exists as a wormlike coil and in poor solvent,
as an aggregate. However the detailed structure of the aggregate is unknown due to
its low gel concentration. Light scattering (LS) has been used to study the overall
structure of the aggregate. The elucidation of the internal structure of the aggregate
requires either small angle X-ray scattering (SAXS) or small angle neutron scattering
(SANS). However, conventional X-ray source cannot give a good signal-to-noise ratio

as the overlap concentration for the aggregate is only ~2x10* g/mL. Therefore we
took advantage of the high flux synchrotron X-ray source, and combined it with our
laser light scattering at Stony Brook to determine the structure of the aggregate over a
large range of the scattering vector.

By using the set-up at the X3A2 Beamline, we could reach an angular resolution
of 1 mrad, THF was used as the good solvent and toluene, the poor solvent. The
results were fitted to the form factors of a variety of particle shapes, including sphere,
disk, coil, rod, elliptic cylinder and parallelpipedon. The aggregate could best be
represented by elliptic cylinders in pure toluene as well as in THF/toluene mixed
solvent.

0.60

(nm"1)

Fig 1. Composite scattering pattern of P4BCMU (Mw -1.2x105 g/mot) In pure toluene, C = 6x10 g/g.

(v);LS; (a): SAXS. Solid line: the form factor of an elliptic cylinder with temlaxls a=60 nm, b = n nm
and length 1=900 nm, R »262 nm.

Acknowledgement: This research was supported by the Dept. of Energy (DEFG0286ER45237A003)
andNSF(DMR8617820),
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WAXD Studies of the Structural Development

during the Conversion of PPV from Its Precursor Form

B. Chu, Y. U, J. Wang, Q. Yfng, J. Liu, J. Hong, G. Harblion

(Dept. of Chem., SUNY at Stony Brook)

Most conducting polymers are insoluble and therefore difficult to process. This

severely restrains the application of conducting polymers in industry. Precursors of

Poly(p-phenylene vinylene) (PPV) are soluble. Thus, the conducting polymer PPV can

be processed indirectly to yield samples with good mechanical properties. The

studies on the structural conversion of PPV from its precursor form (polyOJ-xylylene-a-

dimethyl suifonium chloride) is important for a better understanding of the structure of

PPV.

Synchrotron wide angle X-ray diffraction was used to study the structural

changes during the conversion, including the temperature dependence, the stretching

ratio dependence and the conversion time dependence. The precursor was found to

be amorphous while molecular chain orientation and high crystallinity was found after

stretching and thermal treatment. The structure became more ordered with increasing

degree of conversion. The inter-chain distance was decreased and the spacing along

the stretching direction was increased.

to
c
0)

to
c
01
4-1c

IB 25 33

2 6 (degree)
40

10 16 25 33

20 (degree)
Fig 1. WAXD patterns of partially converted PPV along: ( la) meridional direction; (1b) equatorial

direction. Sample conditions: a, partially converted PPV, A=9.0 at 90 *b for 5 mln. b, partially converted

PPV, A = 7.5 at 9 5 ^ for 5 mln, c, partially converted PPV, A * 5.0 at 115 t for 0.5 hr. d, partially

converted PPV. A - 6.5 at 200 *b ton2 hr. e, fully converted PPV, A=7.0 at 350 t for 2 hr.

Acknowledgement: This research was supported by the Dept. of Energy (DEFG0286ER45237A003)
and NSF (DMF.87O6432).
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MORPHOLOGICAL STUDIES OF POLY(ETHYLENE-METHACRYLIC

ACID) LEAD AND LEAD SULFIDEIONOMERS

Benjamin Chu, Dan Q. Wu (Dept. of Chemistry, SUNY at Stony Brook), Waller Mahler

(CR&D Dept., DuPont Experimental Station)

The morphology of poly(ethylene-metharyllc acid) (EMA) kmomer Pb salts (EMA/Pb) and PbS
compounds (EMA/PbS) was studied by using techniques of small angle x-ray scattering (SAXS),
anomalous SAXS (ASAXS), wide angle x-ray scattering (WAXS)and differential scanning calorimetry
(DSC). Two characteristic SAXS peaks were observed for the EMA/Pb of low Pb content
corresponding to the lamellar structure of the crystalline copofymer and the ionic structure of the Pb
aggregates. With increasing Pb content, the lamellar peak retained Ms position but became less sharp
and eventually vanished while the Ionic peak grew and shifted to a lower q. Both WAXS and DSC
showed that the crystalline phase was present for all EMA/Pb samples and the crystallinity was
decreasing wHh Increasing Pb content. EMA/PbS was made by a reaction of Pb ionomers (EMA/Pb)
with H2S gas. SAXS on EMA/PbS showed no ionic peak, but a peak located at the same q as the
lamellar peak of EMA/Pb. ASAXS performed near/below the U absorption edge of Pb permitted the
structural determination of pure Pb without the interference of lamellar diffraction peak. A schematic
model of the ionomer morphology can be proposed based on the experimental evidences.
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Fig.I. SAXS patterns far EMA/Pb ionomers of selected Pb contents. A diffraction peak at q ~ 0.6 nm
could be observed upto 2 wt% Pb because of the lamellar structure of partially crystalline ethylene segments.
This peak was becoming less sharp with increasing Pb content, and was disappeared for 5 wt% Pb sample.
Another diffraction peak 2.5 <q < 3.6 nm , shifting to a small q and growing in peak heigftt with increasing Pb
content, could be attributed to the ionic aggregates of Pb groups.

Fig.2. SAXS patterns for EMA/PbS compounds. No appreciable ionic peak was observed. A diffraction peak
at q ~ 0.6 nm appeared to be due to the lamellar structure in which the PbS crystallites are filled in the
amorphous region. The EMA/PbS of 20 wt% Pb showed very different behavior from the others.

The work is sponsoredbv the US Dept ofEnenp <1>EFGO21I6-ER4S237AQQ3,)
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SINGLE CRYSTAL STUDIES OF HIGH Tc SUPERCONDUCTORS
P. Coppens, Y. Gao, P. tee , H.-S. Sheu and A. Darovskikh
(Chemistry Department, SUNY/Buffalo)

Anomalous Scattering study of the 2212 BiSrCaCuO superconductor

Using the tuneability of the synchrotron radiation we have used the selective atom
diffraction technique to determine the distribution of the bismuth atoms over the atomic sites in
the 2212 Bi-cupraie superconductor. The technique is based on the variation of the scattering
power in the vicinity of the atomic absorption edges.

With the 8.1 eV energy resolution of the (220) Si monochromator a scattering power
variation of 6 electrons was achieved. 154 pairs of reflections were measured at wavelengths
of 0.9243 and 0.9600A, at and just below the Bi Ljn absorption edge. The Bi distribution was
obtained by least squares refinement of the diffenlial structure factors. The results show a 6%
Bi occupancy of the Sr sites. The total scattering power of the site is hardly affected, as about
10% of the Sr sites are no occupied, which explains the full occupancy of the site according to
the conventional data refinement The resulting composition of Bi2.03Sr1.85 Ca0.77Cu2.08
corresponds to an average valency of 2.34(6) of the Cu atoms. The corresponding hole
concentration is in good agreement with results from other techniques. The work has been
published in Science 111.

We have followed this determination by an analysis of the structural modulation given
the now known Bi distribution. The analysis uses super space group theory in a treatment of
all main and satellite reflections. It incorporates a four-dimensional temperature parameter for
the Bi atoms, which takes into account the variation of Bi motion and static disorder with the
size of the modulational displacement. A linear displacement function was introduced for the
oxygen atom in the BiO plane. The results indicate a slight excess of oxygen atoms in this
plane. The new analysis gives a composition Bi2.i5Sri.92Cao.75Cu208,i which corresponds
to a Cu valency of 2.21(4). Our work implies that the electron-hole concentration is
determined by both the existence of cation vacancies and the excess of oxygen in the crystals,
each effect contributing about equally to the electron deficiency in the CuO2 planes. The work
has been submitted for publication in Phys. Rev. B [2].

Anomalous Scattering study oftlie 221 Pb-doped BiSrCaCuO superconductor
The existing displacive modulation in Ca-free 21 disappears on Pb-doping, while on

doping of the Ca-containing crystals, an additional modulation is observed [3], To study this
curious behavior we measured a number of main and satellite reflections at both the Pb and Bi
edges. The effect at the Pb edge is small because of the low Pb content, but it is observable.
We find from the analysis of the main reflections that the Pb is located exclusively in the BiO
plane. We have not yet completed the analysis of the differential satelite intensities.

REFERENCES
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Morphology and Phase Transi t ions of Polyurethane Elastomers for
Elevated Temperature Applications

X3A2

C. Richard Desper (US Army Hatls. Tech. Lab., Watertown, HA), Benjamin Chu,
Qicong Ying, and Yingjie Li (SUNY Stony Brook, NY)

The morphology of ,)Olyurethane elastomers having a variety of compo-
sitions were studied at temperatures between 28 and 210C using both small
and wide angle X-ray scattering (SAXS, UAXS). The polyurethanes were selec-
ted with the aim of achieving high softening temperatures for elevated
temperature applications. Hard segments of the elastomers contained ute-
thanes from CHDI, TKXDI, KOI, TDI, H12MDI, and HHDI; soft segments were
comprised of either PTMO or hydroxy-terminated polyethylene. 1,4-Butanediol
was the hard segment chain extender, but was omitted when polyethylene soft,
segment was used. Synchotron radiation at the National Synchotron Light
Source, Brookhaven National Laboratory, was used to obtain patterns rapidly.
The sample runs are summarized in Table 1 below. A total of six heating
experiments were run, five in the WAXS range, one in the SAXS range. In
addition, SAXS patterns were obtained ft ambient temperature for 27 elas-
tomers with varying chemical composition. Results are interpreted in terms
of microphase separation of the soft and hard segment chemical species.

TABLE 1. Summary of Synchotron Data Runs

POLYURETHANE COMPOSITION No. of
patterns

CHDI / PTMO [2033] / BD 46
2.375: 1: 1.5
CHDI / PTMO [2O33J / BD 26
2.5 : 1: 1.5
CHDI / PTMO 12033] / BD 31
3.0: 1: 1.5
CHDI / PTMO 11934] / BD 29
2.625: 1: 1.5
CHDI / PE [2500] 40
1.1: 1
CHDI / PE [2500] 27
1.1: 1
Polyurethanes of various 27
compositions, one pattern each

WAXS or Temperatures
SAXS

WAXS 28C -> 210C -> 33C

WAXS 31C -> 212C -> 28C

WAXS 28C -> 213C -> 30C

WAXS 3OC -> 211C -> 30C

WAXS 30C -> 205C -> 30C

SAXS 29C -> 2O8C -> 39C

SAXS Ambient Temperature
(29C to 32C)

Data Ranges: .
WAXS (Wide angle X-ray Scattering): Q = 7.1 to 21.1 nnff.
SAXS (Small angle X-ray Scattering): 0 = 0.04 to 1.2 nm .

Work supported by the U.S. Army and U.S. Department of Energy.
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THE RESPONSE OF CRYSTALS TO AN

APPLIED ELECTRIC FIELD

H. Graafsma, J. Majcwski and P. Coppens

Chemistry Department, State University of New York at Buffalo, Buffalo, NY 14214

Using a three-step modulation method we are studying the response of crystals to

external electric fields. The method is based on the application of an up, zero and down

field pattern to a diffractometer-mounted crystal and allows measurement of very small

structural changes. The counting signal is gated to three different chains, in

synchronization with the field alternation. An electric field of 3kV/mm and 50Hz was

applied to a crystal of the non-linear optical solid MNA (2-methyl 4-nitro aniline). Analysis

of the changes in the Bragg intensities gives the following values for differences in

molecular orientation between the field 'up' and field 'down' states:

X3A2

Rotation:
Translation:

0.0045(3)' along 1.4(0.2) a +1.0(0.1) c.
0.00020(2) A along b.

As illustrated in the figure, the rotation

axis coincides almost exactly with the

long axis of the molecule.

Due to the converse

piezoelectric effect there is also a

measurable shift in the Bragg angles,

from which the piezoelectric constants

of MNA have been derived. Only very

small crystals arc needed to obtain the

piezoelectric constants in this way [I,

2 .3 ] .
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SYNCHROTRON RADIATION STUDY OF THE DETAILED
STRUCTURE OF AN 800A EPITAXIAL THIN FILM OF

P. Lee, H. Graafsma, Y. Gao, H.-S. Sh.eut and P. Coppens

Chemistry Department, State University of New York at Buffalo, Buffalo, NY 14214

To investigate if detailed structure analysis can be performed on thin (< 0.1 p.) films

we have measured the diffraction pattern of an epitaxial film of the 2212 Bi-Sr-Ca-Cu-O

superconductor averaging 0.08H (800A) thickness on an LaAlOj substrate.

The thin film sample, prepared by S. J. Golden and F. F. Lange at UCSB, was

mounted in the synchrotron beam on a Huber four-circle diffractometer, with its normal

within 0.5" of the <>-axis of the diffractometer. This orientation gives identical angles

between the normal to the sample and the incident and diffracted beams, which facilitates

the absorption correction.

The c-axis oriented sample showed two major domains related by a 90" rotation

around the c-axis, A total of 570 main and satellite intensities were recorded by a T step

scan of the to angle.with a wavelength of 1.5 A. From 108 satellite reflections (with I > 20

o(l)) of each of the two domains the twin ratio was found to be 4.5:1.

Agreement factors obtained with the

program JANA1 are comparable with those

from the single crystal analysis. The

amplitudes of the positional modulation are

very close to those in the single crystal, except

for the modulation of O(4), the O atom in the

Bi plane, which appears somewhat smaller.

The experiment establishes that full structure

analyses can be performed on very thin films

and points the way to the determination of the

detailed relationship between structure,

composition and properties.

Sean atonja* « l k « l , M e o w i n g two
•lelliie peaks. The tmill peak at h«3 is
#>e tail of one of the min reflections.

t Permanent Address: Synchrotron Radiation Research Center, 8th floor, No.6, Roosevelt
Road, Sec. 1, Taipei 10757, Taiwan, Republic of China.

1. V. Petricek and P. Coppens, Acta Cryst. A44. 235-239 (1988).
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Small Angle X-ray Scattering of Poly(styrene-sodium-2-acrylamido-2-
methylpropane sulphonate) in Polar Solvents

Orientation of 121 bp DNA Fragments of pBR 322
During Gel Electrophoresis

J. Wang(SUNY/SB), Z. Wang(SUNY/SB), D. G. Peiffer(Exxon), W. J. Shuely(Chem.
R&D Engin. Center) and B. Chu(SUNY/SB)

lonomers with very high levels of sulphonate content, poly(styrene-sodium-2-
acrylamido-2-methylpropane sulphonate)(poly(St-Na-AMPS), in polar solvents were
investigated using small angle X-ray scattering (SAXS). An ionic peak of this polymer
solution was observed in the SAXS pattern.

The peak position depended upon concentration. There was no substantial
change in the aggregate microstructure over a range of sulphonate content. The
SAXS pattern containing the (ionic) peak could be interpreted in terms of the core-
shell model and the liquid-like model. According to the core-shell model, the ionic
domains are ~3 nm in radius for the center core, and - 1 0 nm and - 2 0 nm in inside
radius and outside radius, respectively, for the shell. The liquid-like model provides an
ionic domain of - 3 nm in radius for the sphere and ~ 14 nm for the distance of closest
approach between the two spheres.

A schematic representation of poly(St-Na-AMPS) over the concentration range
we have studied in polar solvents could be that the formation of large separate
polymer aggregates which are randomly distributed and can diffuse throughout the
fluid. Each aggregate contains core-shell domains which are responsible for the SAXS
pattern. The concentration dependence of the ionic peak and of the aggregate
dimension could be explained by solvent swelling of the aggregates in such a way that
'Me ionic domains are also enlarged, while individual aggregates could reduce its
degree of association.
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Fig. 1. Concentration dependence of
excess SAXS Intensity of pdy(St-Na-
AMPS) with sulphonate content 66.7
mot% In N-methylformamida at
ambient temperatures. Accumulation
time* 4000 sec for each measurement.
A strong peak pattern was observed In
each curve and the peak position was
shifted toward large scattering angles
with Increasing concentration.

Zhulun Wang, Jean Rousseau, Jian Liu, Yingjie Li and Benjamin Chu
(Department of Chemistry, SUNY at Stony Brook)

We demonstrated that it is possible to observe the orientation behavior of short
fragments of DNA molecules in agarose gel during gel electrophoresis by using small
angle X-ray scattering (SAXS). Synchrotron radiation provides the high intensity flux
that allows us to obtain sufficient DNA excess scattered intensity over relatively short
measurement times, in spite of strong scattering from the agarose gel itself. A short
and monodisperse DNA fragment with 121 base pairs, separated and eluted from the
BstN I digest of pBR 322 DNA, was used in the present study. We worked with an
agarose gel concentration of 1.4% comparable to the gel content used in typical gel
electrophoresis experiments and an applied electric field of < 3 V/cm.

We showed that there is no difference in the conformation of the DNA fragment
in a buffer solution and in an agarose gel network in the absence of an external
electric field.

For the DNA molecule in the agarose gel, the experimental particle size
parameters, i.e., the radius of gyration of the whole particle (12.3 nm) and the radius
of gyration of the cross section (1.2 nm), were comparable with theoretical and
literature values of the same DNA in buffer solution.

During gel electrophoresis, the DNA excess SAXS curve showed an intensity
peak at - 4 mrad, which might directly reflect the steady orientation characteristics of
the DNA fragments in gels under an applied electric field (Fig. 1). The peak maximum
position did not show any electric field strength dependences in the studied range (E
= 0.5 to 3.0 V/cm).

Figure 1. A typical excess SAXS
intensity curve of 121 bp DNA
fragments in 1.4% agarose gel with -
100 Cs /bp in an applied electric field
strength E of 1.0 V/cm. The inset
represents the excess SAXS curve for
the same DNA under the same
conditions but in the absence of the
applied electric field. In the presence
of the applied electric field, we
observed a peak in the small scattering
angle range. The peak maximum
position ( ~ 4 mrad) is independent of
the applied field strength (E < 3 V/cm).

Acknowltdgtmtnt: This research was supported by th» U.S. Army Research Office
(DAALO387K0136) and the Department of Energy (DEFG0286ER45321A003) for th» X-ray beam lln* at
the National Synchrotron Light Source (NSLS), Brookhaven National Laboratory (BNL).
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SAXS STUDIES OF SULFONATED POLYSTYRENE IONOMERS:
TEMPERATURE EFFECT

Dan Q. Wu, Benjamin Chu (Dept of Chemistry, SUNY at Stony Brook), Robert D.
Lundberg (EXXON Chemical Company), and William J. MacKnight (U. of Mass.)

The study aims at a full understanding on the lonomer morphology, especially the spatial
arrangement of Ions In (onomers. Small angle x-ray scattering (SAXS) measurements on a model
system: suKonated polystyrene (SPS) sodium and zinc salts, have revealed new structural information.
The SAXS profiles with a wide angular range, a high spatial resolution and a good precision have shown
that the existing models for the structure of ionic aggregates would not work well: an inter-particle
interference model (or liquid-like model) could not explain the small angle upturn, while an Intra-particle
interference model (or core-shell model) could not predict an Ion cluster "size" of -20 nm. It is known
that the ionic aggregation is responsible for many Improved mechanical properties, such as an increase
in glass transition temperature, Tg and in storage modulus. The SAXS experiments at elevated
temperatures above T t agreed well with the findings of the vlscoelastic measurements. Data analyst on
anomalous SAXS measurements and the correlation function analysis of SAXS data are un6ei,.ay.
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FIG.l. SAXS profiles for zinc sail of4.3mol% SPS with a narrow MWD at three temperatures. A t least an half
hour was kept at each temperature. The sample showed an increase in the ionic peak height and width from 100

C to 200 C (an increase in the number of ionic aggregates and the size distribution) and a decrease in the ionic
peak height and a further increase in the peak width from 200 °C to 250 °C (break down of some ionic
aggerates).

FIG 2. Storage modulus E' vs. temperature for sodium and zinc salts of 4.3 mol % SPS with a narrow MWD
(the same ionomer and the same thermal history as in FIG. 1). After b relaxation (T>150 °C), the sodium sail
showed a large increase in storage modulus upto 10 ~220 °C while the zinc salt also showed an increase upto
-180 °C. A decrease in storage modulus subsequently occurred. The increase of storage modulus is an
indicalion of an increase in cross-linking density. Here it implies an increase in number of the ionic aggregates
in the ionomer samples that is consistent with Ffc.I.

The work is sponsored bv the US Dept of Energy (DEFC028&ER45237A003).

X3A2
Synchrotron SAXS Study Spinodal decomposition
in PoIy(o-chloro-styrene)/Polystyrene Blends

Q. Ying, P. Xie, Y. U, B. Chu
(Department or Chemistry SUNY ti Stony Brook)
T. Nose, M. Okada,
(Dept. of Polymer Chemistry, Tokyo Institute of Technology)

The dynamics of local concentration fluctuations of the polymer blend poly(o-
chloro-styrene)/polystyrene (POCISt/Pt) system has been studied by using a high
temperature jump technique in conbination with SAXS. The time-resolved SAXS
measurements present an opportumity to scrutinize the behavior of phase separation
during the very early stage of nucleation and spinodal decomposition.

The molecular weights of PS and POCISt are 37k and 200k, respectively. The
experiments were performed on four samples of POCISt/Pst blends with different
weight fractions of POCISt, Wpc=0.31, 0.40, 0.51 and 0.61. The temperature of
heating blocks was regulated by Bayley precision temperature controllers to + 0.2 C
in the temperature range of 130 C and 215 C. The spinodal dcomposition
temperatures Ts of the samples with Wpc=0.31,0.40 were obtained by measuring the
temperature dependence of the scattered intensity l(q,T) and found to be 143.9 C
and 187.6 C, respectively. The values were a few degrees lower than the results
measured by light scattering . Figure 1 shows a plot of l(q,T) versus q at different
tempertures. At the early stage of phase separation in the range of smallest q the
behavior of time dependence of l(q,t) could be described by the Cahn - Hilliard
theory. Further works are under way.
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Flg.1 Plots of excess Intensity l(q,T)
(counts/1500sec) versus q at
different temperatures T : a, 130 C; b,
135 C;c, 141 C;d, 142 C.
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KINETICS OF SURFACE ORDERING: Pb ON Ni(OOl)

Peter Eng, Teddy Tse, and Peter Stephens, Dept. of Physics, SUNY Stony Brook

We use 11 KeV sagittally focused X-rays coupled to a U.H.V. chamber with a base

pressure of 10~ torr to study the kinetics of surface ordering. A clean well oriented

(miss-cut < .025 deg.) and ordered (surface correlation length > 2000&) Ni (001) surface is
dosed with a monolayer of Pb at room temp. The system is then rapidly up-quenched to a

temperature > 150°C and the time evolution of the monolayer superlattice diffraction peak
is measured with high resolution grazing incidence X-ray diffraction. The dashed line in

the bottom scan of figure 1 represents the resolution (HWHM = .00023 rlu = .00041 &"1)
of the spectrometer. Figure 1 shows scans of the monolayer peak of adjacent quench
temperatures overlapping after various anneal times. In our experiment we observe a
factor of 10 in peak width evolution. The solid lines in figure 1 are least-squares fits to the

same line shape (except for early time in the 163°C quench) showing that the diffraction
profile scales over the range of temperature and time explored. Figure 2 shows resolution
corrected diffraction peak widths vs. annealing time. The diffraction peak width evolves in

time as (time)x where x = -0.12 .
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This research is supported by NSF grant DMR-8922066 & DOE grant DEFG0286ER45231

X3B2
EPITAXIAL GROWTH OF Pb ON Ni (001)
Teddy Tse, Peter Eng, and Peter Stephens, Dept. of Physics, SUNY Stony Brook

We deposit Pb on a Ni (001) surface held at 36 C, monitoring the Ni (110)
diffraction intensity and the width of the overlayer superlattice reflection during the
deposition. The broad Ni (100) diffraction peak measures the island coherence of Pb atoms
on next nearest neighbor absorption sites forming a (C2X2) superlattice, where the sharp
Ni (110) diffraction peak measures the coherence of Pb atoms on any site. As the Pb
coverage is increased, the relative intensity of the (110) reflection follows, dosed/clean = (1

- 0 Z p b / ZNj) where 0 is the coverage fraction of a complete C2X2 Pb overlayer. The

boxes in figure 1 show (110) intensity relative to the clean surface, the solid line is the ideal
growth parabola of the previous expression, and the stars plotted relative to the R.H. scale
represent the half-width of the (100) peak, all vs. deposition time. The (100) surface
ordering peak decreases with deposition time indicating island growth of the Pb overlayer.
The fllO) non-ordering peak follows the parabola up to 450 seconds, where it deviates and
falls below the curve. At the same time, the ordering peak half-width saturates at .005
rlu. The deviation of the (110) intensity from the parabolic curve and the saturation of the

(100) width indicates that the Pb islands have collided with a mean domain size of 350&,
forming distorted domain walls. After monolayer completion the intensity of the (110)
peak dips as it starts to grow a 2nd layer then increases linearly with time indicating that
the system exhibits Stranski-Krastanov growth.

(100) HWHM

I (110) Intensity

Monolayer I

160 270 360 'SO 540 630 720 810 900

Deposition Time [sec]
This research is supported by NSF grant DMR-8922066 & DOE grant DEFG0286ER45231
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The Sensitivity of Asymmetry In d(# p) to the Short Range
Behavior of the Nuclear Tensor Force

G. Blanpled 4 M. Blechere, A. Caracappa \ C. Djalali4, M-A. Duval4,
G. Giordano , S. Hoblit5, O. Kistner \ G. Matone \ L Miceli ', K. Mize 4,
B. Freedom4, A.Sandorfi1, C.Schaerf3, R.Sealock5, C. Thorn1,
S. Thornton s, K. Vaziri7, C. WhisnantM

1) Physics Department, BNL: 2) INFN — Laboratori Nazionali di Frascati;
3) Universita di Roma, 4) University ol South Carolina; 5) University oí Virginia;
6) Virginia Polytechnic Institute and State University
7) Flensselaer Polytechnic Institute

The tensor force plays a crucial role in the nucleon-nucleon NN interaction: the non-zero
quadrupulu moment of the deulcron is a consequence of the tensor interaction, and the
¿'=0 part of the interaction alone is a factor of two or three too weak to bind few-nucleon
systems. Despite years of experimental and theoretical work, important aspects of this
interaction, particularly its short range behavior, remain poorly characterized. The beam
polarization asymmetry, 2 , in deuteron photo-disintegration is also sensitive to ihe tensor
component. 11ère we discuss the use of such data to constrain the NN interaction.

The tensor component of the force is dominated by one-pion exchange, and thus the
coupling constant for the NNn vertex characterize? properties which depend on ihe tensor
force. A form factor is conventionally associated with this vertex, motivated by the finite
nucleón size and the underlying structure:

(*2) = ~ ^

where m is the pion mass and k is the momentum transfer. The cutoff mass, A, is related
to an effective radius for pion exchange, The three curves labeled A, 13, and C in 'he ligure
show the calculated asymmetry for A= 1.3, 1.7, and 3.0 respectively in the relativistic
one-boson exchange momentum space reduction of the BONN potential . The prediction
of the energy dependant PARIS potential is also shown .

The measurements we report here (the solid circles in the figure) were made at LEGS
with linearly polarized gamma rays at energies up to 227 MeV, produced by backscaUering
488 nm laser light from 2.5 GcV electrons. The energy of the gamma rays was determined
to 5 MeV by detecting the scattered electrons in a magnetic tagging spectrometer. The
target was a liquid deuterium filled mylar cell 3.8 cm in diameter. Protons from the d(jsp)
reaction were measured in two different sets of detectors. One consisted of 21 CaI72—
plastic scintillator "phoswk'." detectors, arrayed at 7 angles from 20 io 140 degrees, which
use the energy loss in t he thin Cah'2 scintillator to distinguish protons from electrons, pions,
and douterons. Background protons from reactions in the target and vacuum chamber

X5

wnlls was subtracted with
measurements made by fill-
ing the largcl will) I le . The
second sut ol detectors con-
sisted of 4 planes of silicon
micro-strips, io provide nark
reconslruclion tor each
pro tun, followed by a thin
plastic scintillator ind a 25
cm deep Nal(TI) detector to
measure energy loss and total
energy, respectively. Its track-
ing resolution allowed imag-
ing of the source, to eliminate
background from target and
chamber walls, l-'or both
detectors , protons were
selected by cuts on energy
loss vs. total energy- The
results of other measure-
ments are also shown in the
figure (open circles and tri-
angles).

The asymmetry in d(jsp) ..¡early exhibits a sensitivity lo potential parameters that deter-
mine the short range behavior of the tensor interaction. The new data from LEGS is of
sufficient precision tu provide a significant constraint. Although predictions of Ihe asym-
metiy appear reasonable (particularly BONN C), neither or the two polarization cross
sections, from which the asymetry is deduced, are adequately predicted by any of the
calculations. If the calculations could produce more nearly correct cross sections the
present data set would provide a significant discriminator for them.

11] K.M. Schmitt, 11. Arenl'oevel, P. Wilhelm, and W. Leidmann, private communication.

[2] F.F. Liu, Phys. Hev. I3S. U1-H3 (1<J65); G. Barbiellini et al,, Phys Rev. 154, 988 (1967);
V.G. Gorbenko ci al., Nuel. Phys. A3S1, 330 (1982).

Work supported by USDOE under contract No. DE-AC02-76-CH00016, and in part by
the Instituto Nazionale di Fisica Nucleare (Italy) and the US National Science Foundation.
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COMMISSIONING OF SCATTERING BEAMLINE X-6B *
M. Ramanathan, M. S. Enybretson, G. S. Knapp and P. A. Montana
Argonne National Laboratory

The x-ray scattering beamline X-6B was commissioned in November 1990. At present
the optics in the bnsmlinc consists of a double crystal monochromator, capable of running in
fixed or non-fi^u exit mode. The monochromator is located at 10 meters from the source.
The monochromalor crystals are Si [220]. Tlie tunable energy range of the monochromator
is from 5.0 keV to 33.0 keV. The beamline has an horizontal acceptance 6 milliradians.
The end station is located at 24 meters from the source. The end station is equipped with a
Huber 4 circle diffractomelcr. At present the maximum size of the beam at the end station
is 40 mm H x 10 mm V. The bcamiine is controlled with a i38G AT class machine running
under DOS O/S. All controls are through CAMAC and GPIB interfaces. A menu driven
software1 controls the beamline optics and the data collection. The bcamiine is expected
to reach an operational status by the Summer of 1991. Plans are underway to install a
focussing device by early 1992.

Extensive tests of the monochromators tuneability and stability are underway.
Preliminary tests have indicated good tenability and stability. Figure 1 shows a scan
of the K absorption edge of a Silver foil. Preliminary alignment of the Huber spectrometer
were performed with a Silicon powder disk sample. Figure 2 shows the Si /7///reflection.
A FWHM of 0.012 degrees was observed. The scan was performed with a Ge [220] analyzer
crystal at 15 ke V. Further optimization is underway.

I l i i • • i j • i i l i • i • i i i i v I 14000

X7A

-0.4
25.00

Figur»

15.13 15.16
Angle 28 in Dcg

Figure 2

15.18

* Work Supported by U.S. Department of Energy, BES-Materials Sciences, Under
Contract W-31-109-ENG-38

1 M. S. Engbretson, A. S. Bommannavar and M. Ramanathan, A Multitasking PC Based
Data Acquisition Software for EXAFS and Powder Diffraction, submitted to Nuclear
Instruments and Methods.

POWDER DIFFRACTION STUDIES OF ORGANIC/INORGANIC HYBRID
CONDUCTING MATERIALS.

M. A. Beno, G. Frankenbach and J. M. Williams,

Materials Science and Chemistry Divisions,
Argonne National Laboratory, Argonne, IL, 60439, USA

Powder diffraction data were recorded for three metal chloranilate pyrazine
compounds [ Cu(C4Cl2O4)(C4H4N2) 1, Co(C4Cl2O4)(C4H4N2) 2,
Fe(C4Cl2O4)(C4H4N2) 3] and cobalt and iron chloranilate hydrates [Co(C4Cl2O4)(H2O)
4, Fe(C4Cl2O4)(H2O) 5]. From this data compounds 1 2 and 3 appear to be
isostructural. The structure of these materials as deduced by trial and error methods is
shown below.

At the present stage of refinement the agreement factors for this model are 12-15%.
Anisotropic line broadening may be responsible for the errors in the patterns. Calculations
including these effects are presently in progress.

Work at Argonne National Laboratory is sponsored by the US Department of Energy
(DOE), Office of Basic Energy Sciences, Division of Materials Sciences, under contract
W-31-109-ENG-38.
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STRUCTURAL STUDIES OF LaCuOj

J. F. Bringley, B. A. Scott, S. J. LaPlaca, R. F. Boehme, T. M. Shaw, M.
W. McElfresh, and S. S. Trail (IBM, Yorktown Heights); D. E Cox* (BNL).

The structures of a new oxygen-defect perovskite-like series, LaCuO, ,

(0.0 < S < 0.5) have been determined fî ra high resolution x-ray powder

diffraction data. There are three distinct phases with tetragonal, mono-

clinic, and orthorhombic symmetry as show in the figure. For 4-0, the

structure is a simple tetragonal distortion of the cubic perovskite struc-

ture, a - 3.8188, c - 3.9727A, space group P4/m. For 6 - 0.33, there is

vacancy ordering giving a monoclinic cell with P2/m symmetry and a -

8.6288, b - 3.8308, c- 8.6515A, fi - 90.214°. These are related to the

cubic perovskite lattice parameter a in the rough ratio a 75, a , and

a 75. For S - 0.43, the space group is Pbam with a - 5.5491, b - 10.4782,

c- 3.8796A, and these are roughly in the ratio a J2, 2a 72, a . Structure

refinements were carried out by the Rietveld profile technique.
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* Work supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-AC02-76CH00016.

X7A
HIGH RESOLUTION POWDER DIFFRACTION STUDY OF THE DISTRIBUTION OF Fe OH Cu
SITES IH YSr2Cu2FeO7#6

D. E. Cos* (BNL)- M. Eibschutz and S. A. Sunshine (AT&T Bell Labs)

A hi-\h resolution powder diffraction investigation of material of nominal
compositfon 7Sr2Cu2Fe07 was undertaken with the principal objective of
drte/viiniiig the distribution of Fe among the Cu(l) "chain" and Cu(2)
"plane" sites. Data were collected at wavelengths of 1.2048A and 1.7464A,
the latcer being about 15 eV below the Fe K edge. The corresponding
decrease in the Fe scattering factor (f = -6e) enhances the contrast
between Cu and Fe and enables the site occupancies to be determined with
reasonable accuracy. Some of the raw data at the two wavelengths are
compared in the figure; the differences between the relative intensities
of some of the weak peaks due to anomalous scattering effects are readily
distinguishable.

Rietveld refinement of the data show that the structure is tetragonal,
with space group P4/mmm, a - 3.8245A, c - 11.35OA. About 70% of the Fe
substitutes for Cu(l) in the chain sites, with the remainder in the Cu(2)
plane sites. The substitution of Fe is accompanied by the uptake of an
extra 0.5 atom of oxygen per formula unit, yielding the composition
YSr2Cu2Fe07.s.

BOO

1200-

900-

600

300-

YS2Cu2FeO7 12048A

30

26 (degrees)

* Work supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CH0OO16.



X7A

ISOTOPE EFFECT AND STRUCTURAL TRANSFORMATIONS IN DOPED
LA2CUO4

M. K. Crawford, R. L. Harlow, E. M. McCarron, W. E. Farneth (Du Pont) and H. A. Moudden
(Brookhaven)

The isotope effect in superconductors, discovered in 1950, was a primary factor in the
development of the Bardeen-Cooper-Schrieffer (BCS) theory of phonon mediated
superconductivity. Initial measurements of the oxygen isotope effect in high temperature
superconductors yielded results which were generally interpreted as evidence for little or no
phonon involvement In these initial studies, the isotope effect was measured on materials of fixed
composition at the optimum Tc value. However, the high T c materials all have complex phase
diagrams which exhibit superconductivity over well defined ranges of doping. The question of
whether the isotope effect varies across the phase diagram had not been addressed. We have
therefore performed a systematic study of the oxygen isotope effect in La2-xSrxCuO4 and
La2-xBaxCuO4 over wide ranges of x.1 We have discovered that the isotope effect is a strong
function of doping (x), with a large narrow peak occurring at x -0.12 in both systems. The
maximum measured isotope shifts are considerably larger than expected on the basis of the BCS
theory. Synchrotron x-ray diffraction data (Table 1) indicate a very small isotope dependence of
the lattice parameters in samples with both small and large isotop'.' effects, ruling out static
structural changes as a source of the isotope shifts in Tc. We believe that the large isotope effects
result from the presence of a lattice instability2 which appears to have a partial electronic origin.
These findings change the interpretation of the earlier, more limited, data obtained at other
laboratories and have important implications concerning the microscopic mechanism underlying
high temperature superconductivity.

Table 1. Littice parameters for La2.xSrxCuC>4 isotope pairs at 300 K and 20 K. The
numbers in parentheses are estimated standard deviations. The isotope effect exponent, a, is
defined as T c - M"a, where M is the average oxygen mass. HTT, high temperature tetragonal
structure (14/mmm); LTO, low temperature orthorhombic structure (Bmab).

Lai.88Srn.i2CuO4 (a = 0.87)

HTT(T = 300K)

a(A) 3.78131(7)
KA) -
c(A) 13.2240(4)

3.78129(7)

13.2246(3)

LTO (T = 20 IP

I60 18O

5.3245(2) 5.3234(1)
5.3629(2) 5.3626(1)

13.1771(6) 13.1754(3)

Lai.87Sro.i5Cu04(a = 0.

LTO(T = 20K1

16Q 18O

5.3222(1) 5.3214(1)
5.3452(1) 5.3449(1)

13.1945(2) 13.1933(3)

'M. K. Crawford, et a!., Phys. Rev. B 41 , 282 (1990).
2j. D. Axe, et al., Phys. Rev. Lett. 62, 2751 (1989).

X7A

VAXS/DAS STUD? OF THE RADIOPEURHACEUTICAL RE(HEDP)

R. C. Elder (Biomedical Chemistry Research Center, U. of Circinnati)

Radiopharmaceuticals based on technetium or radioactive isotopes of
rhenium have been used for some time as diagnostic imaging and palliative
agents (and more recently as therapeutics). Tc and Re complexes vith a
variety of diphosphonate ligands (O3PCRR'PO34~) are useful as bone imaging
agents and are, in general, non-crystalline materials. The compound Re-
hydroxyethylidene-diphosphonate (Re-HEDP), where R-0H and R'-CH3 was
selected to study the feasibility of doing Wide-Angle X-ray scattering
(WAXS) experiments on beamline X7A. It was chosen because Re is a strong
scatterer and because this complex can be obtained in quantities large
enough to run in reflection mode. A sample of Re-HEDP was prepared (at
Hallinckrodt Medical Inc.) by SnCl2 reduction of a perrhenate salt in the
presence of excess HEDP ligand, separated via chromatographic techniques
and precipitated with ethanol. Approximately 300 mg of Re-BEDP was mixed
vith vaseline and puttied Into a reflection mode sample boat. Tvo energies
near the Re LJJI edge were selected and several WAXS scans were taken at
each energy. A Radial Distribution Function analysis of the data (scans
averaged to increase S/N) yielded peaks at 2.0 A and 3.5 A (Fig. 1).
Attempts to perform a Differential Distribution Function analysis on this
data failed as noise limitations made it impossible. EXAFS scans on 20 mg
of this sample were collected at beamline X9 and Fourier Transform] analysis
of the extracted EXAFS shoved pronounced peaks near 1.6 A (Fig. 2,
uncorrected for phase). Fits revealed that they were due to Re-0 bonds (4-6
coordinated, possibly in tvo shells). Further peaks in the 2.0-3.4 A range
vere also seen but yielded hard to interpret results. Fits seemed to
indicate that they result from Re-metal or Re-P Interactions (or both).
Comparison vith a crystallographic analysis of Technetium-methylene-
diphosphonate (Tc-MDP, R-R'-H), and an EXAFS analysis of an 8 mH solution
of Tc-MDP confirm the above interpretations. Support for this work is
through the NIB (GM35404 and CA32863). Individuals working on this project
included Dr. John D'Amore and William 6. Jones.

Figure 1 Figure 2



X7A
AN X-RAY POWDER DIFFRACTION STUDY OF THE EFFECTS OF YTTRIUM
DOPING ON THE STRUCTURE OF THE BI-2212 SUPERCONDUCTOR.
J. A. Hriljac and D. E. Cox (BNL)*

Literature reports indicate that there exists a solid solution when yttrium is doped
{or calcium in the 90K superconductor of nominal composition BijSrjCaCujOg+s. The
doping is reported to lead to an increase in the orthorhombic distortion and a decrease in
the periodicity of the incommensurate superstructure modulation, as well as a decrease
in the superconducting transition temperature.

In order to determine accurate lattice parameters and the periodicity of the su-
perlattice modulation, we have prepared the series of materials Bi2Sri,jCaj_xY»Oj+f
where x = 0, 0.1, 0.2, 0.3,..., 1, and have collected high resolution x-ray powder diffrac-
tion data at a nominal wavelength of 1.2A. Individual peaks were fitted to voigtian peak
shapes to obtain d spacings ar.d these were then used to calculate and refine accurate
unit cells. The compounds prepared with x = 0, 0.1, and 0.6 to 1.0 appear to be single
phase in agreement with earlier work. Contrary to literature reports, we observe that
for the materials with x = 0.2 through 0.5, there exist two related 2212-type phases. We
interpret these results as indicating that only small amounts of the calcium atoms can
be replaced by yttrium in the superconducting 2212 phase. When a large fraction of
yttrium is introduced into the reaction mixture, then a second related 2212 type phase
is formed. Further work is in progress to deternine the structural differences between
these closely related phases.

X

0.0
0.3
0.6
0.8
1.0

a

5.4073
5.4236

Phase A

b

5.4073
5.4129

c

30.820
30.645

a

5.441
5.4485
S.4603
5.4702

Phase 3

b

5.411
5.4200
5.4250
5.4322

30.377
30.306
30.203
30.178

•Work supported by the Div. of Materials Sciences, US Dept. of Energy under contract
DE-A C02-76CH00016.

X7A
AB MITIO STRUCTURE DETERMINATION OF B»BiO2.5, A NEW BISMUTH(III)
OXIDE WITH A NOVEL LAYERED STRUCTURE.

J. A. Htiljac (BNL*), P. Lightfoot, S. Pei, Y. Zheng, A. W. Mitchell, D. R. Richard.,
B. Dabrowiki, J. D. Jorgemen, and D. G. Hinks (ANL")

A new Bi(III) oxide, BaBiO2.s has been prepared by heating and then slow-cooling
of the perovskite-like BaBiOj in • reducing atmosphere. Synchrotron x-ray data were
collected from a flat sample of the material at I.19971A. Auto-indexing of the reflection
positions indicated a monoclinic unit cell of dimentiom a = 7.3417(9), b = 7.5847(6), c =
6.0724(B)A, 0 = 89.18(1)° and the systematic absences were consistent with space group
P2j/c. Integrated intensities were extracted [1], and then used for a subsequent direct
methods structure solution [2] to obtain the positions of the metal atoms. Rietveld profile
refinements [3] followed by difference-Fourier syntheses met with limited success in the
location of the oxygen atoms. Subsequent work using neutron diffraction data collected at
the SEPD at IPNS (Argonne) led to the location of the remaining oxygen atoms and the
refinement converged smoothly to final agreement factors R»p — 5.31%, Rzip — 3.32%.

This phase adopts a novel layer-type structure consisting of double BiOz sheets in the
&c-plane separated by Ba ions along the o-direction. Bi ii four-coordinated in a pseudo-
trigonal bipyra.-nidal environment, with the electron lone-pair occupying one of the equato-
rial sites. A view of the structure is shown below with the Ba-O bonds omitted for clarity.

[i; G. S. Pawley, J. Appl. Cryst. 14, 357 (1981). [2] SHELXS-86 by G. M. Sheldrick, in
'Crystallographic Computing 3', eds/G. M. Sheldrick. C. Kruger and R. Goddard, Oxford
University Press, (1985). [3] GSAS by A. C. Larson and R. B. Von Dreele, Los Alamos
National Laboratory, Report LA-UR-86-748 (1987).

"Work supported by the Div. of Materials Sciences, US Dept. of Energy under contract
DE-AC02-78CH00016.
"Work supported by the Div. of Basic Energy Sciences, US Dept. of Energy under contract
W-31-109-ENG-38 (JDJ, DGH, YZ, and AWM)j and by the National Science Foundation,
Science and Technology Center for Superconductivity, under grant no. DMR-88-09854 (PL,
SP, DRR, BD).



X7A

X-RAY ANOMALOUS SCATTERING STUDIES OF Zu-DOI'EP YBajOujO,_4,
J, A. Ilriijac, A. R. Moodcnbaugli, Y. Xu (ONI/), R, !-. Hsrlow (Dul'nnt). G. II. Kwei
(LANL), and J, fl. I'arisc (SUNY-Stonybrook)

Substitutions of other fir«t row transition-metal! (Fe.Co.NI, and Zn) for copper In the
so-called 123 high-temperature nuperc&mtiictor (YBaa0inO7_«) have lieen studied in great
detail by several technique! and many authors. There appear! to be general agreement
that Fe and Co substitute for Ou on the Ou(l) ('chain') lite, whereai Nl lulutttutei on
both the Cu(l) and Ou(2) ('plane') sites, The situation for Zn substitution is let! clear,
and there have Seen report! which indicate substitution on only the OH(2) site and otheri
which indicate a random distribution,

In an attempt to resolve this question, we have undertaken a study of two samples of
Zn-doped {i% and 8'li) 123. Jn ord« to enhance the differences in scattering for Cu and
Zn, we have exploited the wavelength tunability of synchrotron radiation and collected 2
powder diffraction data seti for each sample very near to the K-edges of the metals (OH
and Zn), where the real part of the anomalous dispersion term (f1) is very large, This
greatly decreases the total scattering factor of the element under study, for example the
scattering for Cu may he diminished by approximately 25%. The structural model was
then simultaneously refined against both data sets using the Hietveld method |1). The
study of the aK-doped sample has been completed and shows that in this sample, Zn has
doped nearly statistically over both sites (7,4(10)94 on site 1 and p,3(6)% on site 2), Due
to the choice of wavelengths, the sensitivity of the refinement towards the metal ordering
wus observed to be very high and the temperature factor! were succeifully refined with no
large correlations to the site occupancies, Parts of the observed, calculated, and difference
profile patterns arc shown below, Work on the 4%-doped sample is still in progress.

J l . J i.i .* A .. i...

L . J I L , , ^

Ji 1...L.J....I
, i, » m I I t

|1] GSAS by A, C, Larson and ft, D. Von Dreele, Los Alamos National Laboratory, Report
LA-UR-B6-74B (1087).
'Work supported by the Div. of Materials Sciences, US Dept, of Energy under contract
DE-ACG2-76CH00016.

X7A

ATOMIC STIUJCTIJIIK OF QUASICRYSTALMNE TissMii^Si,

R. Hit Hiul T. Egami (IJ «f PwiiwylvHilia), J. C. l\i)\Ui-j itud K. F. Kcllou (Washington V)

Th« strurluvK of ijiiasicrystalliiie TissMinnSis was studied liy high r.-soluti«n \MWI\I-I
diilVai-tomctry and atomic pair-diHliiljution nnnlyiiis. The difliaction iniriisily U(J)
obtrtiiierl by iii<'diiim-resi)ilition powdw difFniclion SIIOWB that tin' diffraction jifiika an-
latlu'i limnd, and I(Q) rapidly r|i>rr(;«BfH with Q an .shown in Fiji,. 1. Strong diffusf
srnttpiin^ is observed, consistent with the results of elecdon flifiVariion. The high-
resoliition study with tin* instrmiientHl icsolulioii of 0.0015 A"1 FWHM hhows that tlie
difl'iiiction peak width is always greater than 0.03 A"', suggesting a maximum conelatii>u
length of about 200 A, which is much smaller than the grain size. Due in hwmli number
of peaks for whirl) the width can be (leterniiued, the presence of linear phasou strain is
inconclusive.

The normalized structure factor S(Q) WHS Fourier-transformed to obtain the atomic jiair-
distribntion function (PDF) as shown in Fig. 2. Models of atomic structure were produced
by decorating the C-dimensionnl hypereuhir lattice with atomic functions and projecting
them to 3-dimensions. By comparing the experimental PDF with the PDF call ukted
for the model, convoluted with a Gaussian function to represent the atomic vibratjoji, we
found that this (juasicrystal belongs to the same class of structure with (Al, Zn)i9Mg32..
which is described by the vortex and edge center decoration of the (iiiasicrystalline (3 d
Penrose tiling) lattice. However, good agreement of experimental and calculated PDr s,
shown in Fig. 2, was obtained only when we used different window functions for the von ex
and edge center, and eliminated some of the atomic sites which are clobe so other site=.
Further analysis of the model is in progress.

•Work supported by the National Science Foundation through DMR-8G17950 and DMIi-
SG0414S.
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X7A
STRUCTURE OF SUPERCONDUCTING (YBa,Cii,O7) ,,sAu ,,7S

Ii. Hit, B II. Toby, T, Ej;ami (U of Pennsylvania), and C. L. Ohien (Johns Hopkins U)

Tlii' structure of superconducting YDn-jCii.iOy dope/) with 7.5% of An was studied hy
differential anomalous scattering in 111*' vicinity of the A\i Lm edge.. While inmiy dopants
to Y Dii-Cu-0 reduce the superconducting transition temperature, Tr, Ail very slightly
increases it. Tims it is of much interest to determine the sites of An in the structure,

The scattering measurements were done at 11.9155 keV mid 11.8389 keV, which Hie
5.8 eV and 100.(i eV below the An Z/j< edge, respectively, in tile reflection geometry,
with powder samples. Tlie energy resolution of the channel-cut Si (111] monochromatoi
was t.O eV FWIIM. An intrinsic Ge detector was used to separate fluorescent nidisttion.
Thi' aincmnl of change in f was I'vnhuited hy the intensity of the [111] diffraction penis
from a An foil, to he (1.9 electron unit. Since the absorption is strong the number of
grains scfitterinfi x-rays in rather HIJIHII. In order to minimize the error due to this effect
measurements were curried out at various in-plane angles of the sample.

The scattering intensities nt these two energies and the difference are shown below.
All the diffraction peaks Imve the Au component, implying that Au atoms are indeed
incorporated in the structure and not inicrosegregated. On the other hand there is no
peal; of which intensity changes strongly with energy, i, e. that has a particularly strong
Au contribution. This observation made un reject n number of simple models, such as
the substitution for Cu in clmin by Au or occupation of the interchain oxygen vacancy
(O5), since these models always have fingerprint peaks of which intensity change strongly
with f.\,,. It is most likely that An atoms occupy multiple-sites with the maximum density
Im-alfd <il slightly above the Cu-O chain, and the CuOj planes are unaffected,
4 Work supported by the National Science Foundation through DMR-8fll795f).

• I l l O v t

X7A

Phase separation in Nd2.xCexCuO4: Evidence for superconductivity
at a single composition,

P. Lighlfoot, D.R. Richards, B. Pabrowski, D.G, Minks. Shiyou Pei, D.T. Mara,
A,W, Mitchell, Ying Zheng and J.D. Jorgensen (Argonne).

High - resolution powder X-ray diffraction data were taken on samples of the
electron superconductor Nd2-xCexCu04 (x = 0.13,0.15,0.17,0.20). The results
support our earlier neutron diffraction results, which suggest that a subtle phase
separation occurs in this sytern, The combined results of the neutron and X-ray
study(l) show that single phase material is formed only for (lie undoped material,
NdjCuCty.and for the optimum superconducting composition, x - 0,165. Other
samples appear to be a mixture of this superconducting composition and non-
superconducting material of other compositions. The phase separation cannot be
explained in the context of an equilibrium phase diagram, and therefore must
result from non-equilibrium behaviour during synthesis.

•H. 2000

U, ( I /A)

3-1S 3<l fl 3-17 3.1.0 3-10 35 35 1

Figure 1, High-resolution X-ray powder diffraction data for the (006) reflection for
Nd2-xCexCu04 samples, showing multiphase behaviour at x = 0,13,
0,15 and 0,20, and apparently single phase at x = 0,17,

(1)P. Lightfoot et al., submitted to Physica C,

Work supported by the U,S, Department of Energy, Division of Materials Sciences, under
contract No. W-31-109-ENG-38 and DE-ACO2-76CH00O16 and the National Science
Foundation, Science and Technology Center for Superconductivity, grant no. DMR R8-09F.54.



X7A
TIIBUMAT. EXPANSION OF 7-FOJSIOJ (SPINEL) USING SYNCHROTRON
RADIATION

M II Manghnnm, Y II Kim, I, C Ming and L J Wimg (U of Iliuvnii at Mnnoa)

1-{Mg,IJlo)iSiO< (spinel) is 0110 of tlio major minoralnjiical phases in tho transition zone in depth
betweon '100 and 070 km. Reliable thermal expansion data on Hie olid member •)• FojSiO^ (spinel)
would provide valuable information for understanding tlio thermal state and the nature of the
Earth's mantle in terms of chemical composition and mineral phases. In view of the discrepancies
on tlm thermal expansion data of 7-FejSiC^ (spinel) previously reported1, we liavo roinvcBtigfttcd
thin property using synchrotron radiation at NSLS. The main advantages of using synchrotron
radiation in such monsiinnnonts is the relatively short data aquisition time at each temperature
(~ few minutes), which make it possible- to extend tho measurements to a much higher tempera-
turo before the the hig'i-prewniro phase converts back complotoly into its low-prosBuro phase.

In order to evaluate the effect of the oxidation on the thermal expansion of 7-FiijSiO^ (spinel) at
high temperatures, we have conducted measurements of upto 873 1C in air and upto 093 K in vac-
uum using the energy dispersive x-ray diffraction system on beam lino 7A. With the storage ring
operating at 2.5 CieV and 200-150 111A, each spectrum was collected for 3 minutes in the live-time
made. Data thus obtained J9 presented in the Figure below, One of the moat striking features is
that the thermal expansion of -y-FojSiO^ (Bpinel) in air is anormal at high tomperatiires. Evidence
from x-ray dilfraction suggests strongly that such an anormal behavior is caused by the oxida-
tion of •y-I'ejSiOt (spinel)2. The results octaincd in vnccuin are evaluated using Griinoson's theory.
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1. Mao, II. K,, T. Takahashi, VV.A. IJassott, i, S, Weaver, and S, Akimoto, J. Geophya, lies.,
74, 10GJ-10G9, 1000; T, Yamanaka, Phyn. CAero. Mineral), 13:227-232, 1980,
2. Ming, L.C., Y.I1. Kim, M.II. Manghnani and B, Ito, 3Vnn. Am. Geophy, Union (EOS),
70(.|3), 1380, 1989.

Wo wiah to thank D.E, Cox for his assistance on instrumentation and data aquisition during our
experiment. This work wns supported by NSF Grant EAR-87084B2,

X7A
I1ACK-TRANSITION OF SPINEL - . OLIVINE IN Fo3SJO4 USING
SYNCHROTRON RADIATION

L C Ming, L<-J Wang, and M II Mangbnani (U of Hawaii)

Recent high-temperature x-ray diffraction data have shown that the 7-(Mg,Fe)jSiO< (spinel),
a high-pressure phase of olivine, converts back into a-(Mg,Fo)jSi04 (nlivine) only in a vacuum
condition and that if being heated in air, except in the case of pure MgiBiO^-spinel, all other
spinels are all oxided into a assemblage of KOJOJ :t FeaO^ i (Mg,F«)SiO3 1: SiOj dependent on
the original composition1. In order to fully characterize the back transition in spinel, we have
conducted such study of FejS|O4 (apinel) in vacuum (10""* to 10"5 torr) at various liigli temper-
atures of upto 093 K using synchrotron radiation at NSLS.

The present study has been carried out with white radiation on beam line 7A using a resiatively-
heatcd diamond-anvil cell and ?-n enorgy dispersive x-ray diffraction system. Witli the storage
ring operating at 2.S GoV ;ind 200-150 mA, each spectrum wns collected for 1 to 3 minutes in the
live-time mode. Exrs.imentiil data thua obtained far FejSiO4-spinel at 804, 92C, 948, and 993
K are shown in Figure 1 (below on the left). These data show clearly that the conversion rate
increases exponentially with increasing temperature aa expected for those transitions involving
with [indention- ami-growth mechanism. Evaluating the time required for a given amount of
conversion as a function of temperature, we obtain the activation energy of the spinel —> olivine
back-transition to bo ~ 102:1:0 kJ/mole, which can bo compared with 113 kJ/molo observed for
olivine—tapinel in NijSiOj3, Similar experiments with Mg-rich spinels and also us a function of
both temperature and pressure will bo performed in tho near future.
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1. Ming, L.C., Y.H, Kim, M.II, Manghnanl and E. Ito, Tran, Am. Geophy, Union (EOS),
70(43), 1380, 1080.
2, Uamnya, II. and S. Akimoto, in Hi$h 1'rtisure Re$earck in Geophysics , 373-339, S. Akimoto
and M.H. Manghnani (eds.), Center Acad. Publ, Japan/Tokyo, 1982.

We wish to thank D.K, Cox for his assistance on instrumentation and data aquisition during our
experiment. This work was supported by NSF Grant EAR-8708482.



X7A
STRUCTURE OF Rh24Be24As2<»OWHH2O: A NEW COMPOSITION FOR THE
ZEOUTE Rl 10 FRAMEWORK TOPOLOGY.
J. Parise, (SUNY.StonyBrook), R. Harlow, T. E. Gier, D. R, Corbin(DuPoni)
and R. Von Dreelc (Los Alamos)
Several compositions crystallizing with the structure of zeolite RHO have
been synthesized. In the aluminosilicate system, this structure type has
Ihe largest known changes in unit cell dimension upon dehydration and
loading. We are carrying out systematic structural investigations as a
function of temperature and extra-framework cation composition (Corbin
el al., i. Am. Chem Soc,, in press) in order to better understand the factors
affecting the distortion of the framework.
This task is aided by the
ability to synthesize new
compositions for the
framework of RHO and to
compare the flexibility of
these new structures with
that of ihe aluminosilicatcs
containing the same extra-
framework cations. We
have refined the structure
of Rb24Be24As24Oy.fi (123, a
= 14.001(1 )A) using a
combination of x-ray data
collected ;il X-7A, neutron
data obtained al the
LANSCE IHPD, Los Alamos,
and soft constraints, based
upon the data obtained hy

HIGH RESOLUTION POWDER X-RAY STUDY OF
X7A

TABLE I. Hnnl refined atomic ptmtmcfer.t for
Rb24Hu24As24Oi)ft. Common thermal parameters for the
framework (He, As, 0) mid extrn-famework atoms (Kb and
IIiO) were refined to values of UxI02(A')= 2.0(1) anil
4.6(2) , respectively. For ihe x-ray data: R»j>=,0.056,
RN=0.O54; for the neutron datn:Rwli=O.I28, RN=0,O.093;
combined x'=3-8

ATOM
lle(l)
0(1)
O(2)
O(3)
0(4)
As(l>
Rh(l)
Rh(2)
Rb(3)
Rb(4)
Rb(5)

X
0.2719(3)
0.2342(2)
0,3825(3)
0.2980(4)
0.2166(4)
0.2230(3)

0.5
0.18117(3)
0,3752(4)
0.314(1)
0.263(1)

1120(1) 0.0660(5)
1120(2) 0.4507(6)

Y
0.1264(3)
0.2337(3)
O.I2H2(2)
0.1 151(3)
0.0460(2)
0.9264(3)

0.5
0.1887(3)
0,3752(4)
0.314(1)

0
0.0660(5)
0.4507(6)

Z
0.4298(2)
0.3964(2)
O.38H1(3)
0.5440(2)
0.3652(4)
0,3.741(3)

0
0.1887(3)
0.3752(4)
0.314(1)

0
0.0660(5)
0,4507(6)

occ.
1
1

0.875
0.700
0.300
0.250
0.615(9)
0.319(9)Corbin el al. (in press) on

the Be-P analogue, the
mineral pahasapaite (nominally Ca6LiBe24P2<iO24),Table I lists the
atomic parameters and occupancies of the extra framework sites along
with the discrepancy factors for the two powder data sets (see Larson
and Von Dreele, GSAS manual, LAUR report 86-748). The structure is
similar to that reported by Harlow el a/.(in press) for the dehydrated
pahasapaite. However, in Ihe arsenate the smaller Be2+ resides on the
site occupied by P s + in the structure of pahnsapaite, This accords with
the relative ionic sizes rAs5+=0.335A, rP5+=O.I7A and r')<:2+=O.27A.

J. B. Parise, Y Wang, A Yeganeh-Haori (SUNY, Stony Brook) and I). E. Cox*
(Physics, BNL)
(Mg,Fo)SiO3 -perovskite dominate** tho properties of the Earth's lower mantle
and constitutes as much as half itH volume. Details of the crystal structure
and the coefficient of thermal expansion are fundamental parameters to bo
determined in order to place constraints on tho various rodels proposed for
the mnntlo. Until recently, this effort has been hampered by the small
quantiea of synthetic material available. Some structural information has
been derived from EXAFS investigations on samples synthesized in diamond
cells. That Fe substituted for Si rather than Mg, a conclusion drawn from
these studies, is controversial and rich with implications for the nature of
tho lower mantle; it required checking using diffraction techniques. A
single-phase sample was prepared in tho USSA-2000 press at Stony Brook
and analyzed using an electron microprobe. It has composition
Fco.l06Mgo.880Sil,Ol03, or Feo.lMgo.gSiOs nominal. A cylindrical sample
(1.5mm by lmm) wns used for tho collection of x-ray powder diffraction data
(X=0.6968A). The structure was confirmed, using Riotveld refinement
techniques, to bo isoslructural with MgSiOg , space group Pbnm, a=A.7933(3),
b=4.9306(3), e=6.9057(3) A at 300K. The unit coll volume at this temperature,
163.18A3, represents a 0.41% increase compared with MgSiOg. An increase
is to be expected from considerations of the effective ionic radii if the slightly
larger high spin Pe^+ replaces Mg^+ in the porovskite structure. That the
substitution of Fo is into tho Mg-, rather than tho Si-, site was confirmed by
the refinement of site occupancies. Only those refinements in which Fe was
placed in tho Mg-sito wore satisfactory. The refined chemistry
(Feo,09MgQ.9lSi03) was grotifyingly close to that of the prereactcd mixture
and the analysed sample. The finnl values for tho profile statistics were
Rwp=0-24, y?= 1.32 Measurements of unit cell parameters from 12K to 300K
showed that while tho a and c unit cell dimensions increase monotonically
above 100K, the rate ofincrease in b flattened above 250K.
*DGE contract No. DE-ACO2-76CHO0O16
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J. D. Sullivan. D. J. Hutlrey (U. of Delaware), D. P.. Cox, J. l l r i l jak, P. Zolliker (BNL)

'Hie phase diagram of PrjNiO.i.s as n funclion of oxygen nonstoichiomeiry and
temperature has been investigated will) high resolution x-ray synchrotron powder diffraction.
As with many other layered perovskite-like oxides, the structure and properties of P ^ N i O ^
show a complex dependence on the amount of excess oxygen in the crystal lattice. In this
investigation, three samples of differing oxygen stoichiometry were examined at temperatures
hetween 15 and 3(X)K, with three additional samples being examined nl room temperature. The
samples had been previously annealed al 1473K for six hours under various oxygen pressures
to establish a desired nonstoiehiometry. The samples were rapidly quenched and placed in
mineral oil to avoid any oxygen exchange with the cnviroment. lodometric tiirntions are
currently in progress 1° determine the actual oxygen nonsioichiomeiry of each sample,

The preliminary phase diagram for Pr2NiO4+8 constructed from the results of this work
is shown below. In this diagram, the shaded regions represent areas of phase coexistence. The
boundaries of the two phase regions have been estimated from knowledge of the relative
composition of the phases and the nonstoichiometry of a given sample. The two shaded regions
for nearly stoichiometric PraNiO.i+s (8=0,0) appear to consist of multiple orthorhombic phases
with differences in composition too small to control experimentally. Pr2NiO4,()20 was found lo
transform from coexisting tetragonal and orlhorhombic phases to two newly identical tetragonal
phases. PriNiO.iofio was single phase tetragonal from 5-300K. Two different orthorhombic
phases were found for larger nonstoichiometries, giving rise to the two coexistence regions on
the right side of the diagram. The subtle differences between phases are often only apparent
with high resolution x-ray diffraction, particularly with the nearly sloichiometric material.
Additional work is in progress lo further quantify the phase diagram.
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Preliminary Phase Diagram for Pr2Ni04^
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Nonstolchlomatry (8)
Work supported by Div. of Materials Research, National Science Foundation (DMR-8914O8O)
and by Div. of Materials Sciences, U. S, Dept. of Energy contract DE-ACO2-7nCH()0O)6.

Ab Inilio Structure Dotormlnnllon ol (VO):,(PO4)?9H?O

R. Teller and P. Blum (OP Research), J. Hrlljac and D Cox (BNL)

Tho structure of a novel vanadyl orthophosphato ((VO)3(PO<)29H20) has boon solved with the use
ot high resolution powder X-rny diffraction data The data wore collected on lino X-7A and a trial
unll coll (monocllnic, a=7.4323(1),b=16.6278(2), c=6.2962(1)A, f)=92.3B7<1)) was determined with
Ihe use ot autoindoxing software (VISSER). This trial unit cell was utilized with an intensity
constralnod least squares program to extract 674 Indexed intensities from data in the two thota
range 7-65 degrees (1.1967 A radiation). Systematic absencos (OkO, k=2n*1. hOI. h+l=2n+i)
suggestod space group P2,/n /?=2 (later contirmod by structure solution). Elimination of
suspected systematic absonee6 and reflections separated in two theta by less than Mi ot Ihe
FWHM yielded a Sinai data set of 450 reflection. Direct methods were used for structure solution,
all heavy atoms and 1/2 of the oxygens wore found in a MULTAN phased Fourier map.
Straightforward application ol lull matrix least squares and diflcronco Fourier maps (UCLA
crystallographic computing packago) revealed the remaining atoms and confirmed the choice oi
unit cell and space group. Rietveld retlnomont (LHPM software) ol this model utilizing (lie original
powder data (two thetamu-BO°) has also conlirmed the structure. At present the profits agreement
laclor Is 11.8%.

Tho structure consists ol large "squares" ot (V0BPO 4 ) , moieties Thoy are linked together with
bridging PO4 tetrahedra and VOO octahodra to form the throo dimensional structure. Water
molecules are localod inside each of the open squares. A skeletal represena'ion of the structure
showing only the vanadium and phosphorus (shaded) atoms Is given below.
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A STUDY OF OXIDATION STATK CONTRAST IN finfila BY SYNCHROTRON X-RAY
ANOHAUHIS SCATTKR1NC

A. P. Wilkinson, A. K. Chootham (Oxford U n i v . ) ; 0. E. Cox <IJNL) +

Synchrotron x- ray powtior d i f f r a c t i o n <latn have boon c o l l e c t e d on nilxml-

valonco Rfll 1 IUIR d {.chloride , Ga Ga Cl4 , a t s eve ra l wavelengths ho. two on

1.2481A flnd 1.1957A, the latter being very c lose to tho Ga K-culgo, A

s i g n i f i c a n t d i f f e r e n c e in the F'(K) curves i s obsorved between Ga and

Ga s i t e s , w i th in 10 eV of thfi odge. This rowult i s c o n s i s t e n t with an

o x i d a t i o n s t a t e s h i f t of up to 8 BV, wl th the Gn edge nt a lower energy,

but may a l s o r e f l e c t a d i f f e r e n c e in the forms of t h e f '{E) curvey for Gn

arid Ga In t h e v i c i n i t y o f t h e edge . fiBitn«jVHIUHorrioiOICI2«diitrant*n*igi«».

The table shows values of f' nt
several different energies obtained
from slmu]tnnoous refinement of
various data sets. The figure shows
the profile fit and differencc plot
for data taken at 99Vt eV.
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* Work supported by the U. S. Depc, nf Energy, Division o£ Hntorinls
Science, Contract No. BE-ACO?-76CI!OOO16 .

X7A
DIRECT OBSKRVATJON OF BOND-OIHENTATIONAL ANI3OTHOPY JN
SPUTTER-DBPOSTED AMORPHOUS THIN FILMS

X. Yim, M. Hii;,(licr, \i. II. Toby, L. Mintmcz Miiniulii uml T. Egami (U of P<'inisvlv;i!ii;i)
iiiif! E. E. MnriiiiTo (IBM, ARC)

Tb«- striirtui'iil miihuiropy in s|)iit.t<T<l"|)osit<'<l aiiiorplious (Fi'.msCo is)7r,Tbjs lliin films
wiit: stiiilii'd l>y gnizing tingle tlid'niclion. Tbo rfHiillH iiidicttti- for the first time iliiit tln-
lumiloricntiilioiiiil aui.soti'opy (BOA) exists in sputtri V"'posilr<l (ilum.

SinitU'i'-drpositi'd riiic-ciirtli/lnuiKition-uK'tal thin films arc Ix-Kiimiiif; to be used ;is
iMi»^'to-ojj!iral dtitii storage inc^lid. For this application it is crucial tbat the films piissciJs
strong pcrpi'iidicvilar nsngnptic auisotro])}' which keeps the magnetization normal to the
plane of tin1 film. The unisotiopy can be induced Juring the sputtering process with
appropriate conditions, but the microscopic mechanism for the nmgnetic anisotropy lias
not yet been determined. Films of (Ke.«sC'o iihsTb^f,, 2000 A Ibid;, were co-sputtered
on Si .single crystals and coated with 125 A of SiiNij. The diffraction experiments were
earried out with the incident photon enei'^j of J5 keV. The incident auglt* was fix**d at 1",
while the ..v'atterinp; vector, Q, was 1 alien both nearly perpendicular and nearly parallel
to the plane of thr- film. By roinpiiiing the strnctiire mctor-:, S(Q), for >lw.se two cases
the structural anisotropy was determined as shewn in Figs. 1 and 2. It is seen that the
anisot.ropy, AS(Q), h clos'-ly siniilar UxlS{Q)/<IQ around the first peiik, while it resemljew
— S{Q) at the second peak. This feati're is the main fingerprint <;f the Bf)A, as was shown
in creep deformed metallic glass sheets'. In this case the density of atomic bonds is higher
ia the plane of the film ihnn in the normal direction. The shift in the position of the first
peak is equivalent to the film in-plnue strain of d, = — l.'JxlO~J, which is five times larger
than the elastic .'train in t he film. This BOA is most likely the origin of the large magnetic
anisotropy.

•Y. Suzuki, J. Hnimovich and T. Egami, Phys. Rev., B35, 21C2 vJ9S7).

'Work supported by IBM tbroiigb I he SUH Grant IBM-S10312

\
\

Fig. 1. Structure factore S{Q) of
amorphous (Fe.g.iCo.is^sTbj!! thin Sim
with Q in the plane of the film (triangle)
and normal to the film (circle),

Fig. 2. Structural anisotropy AS(Q) -
S{]Xirallfl) — S{'tonna!) (circle), com-
pared with (1S(Q)/dQ (line).
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SINGLE CRYSTAL STRUCTURE STUDIES OF HEXAGONAL KALIOHIIL1TE,
HKAIS1O4

G. Artioli, Instituto di Mineralogia, Universita' di Modcna, 411(K) Modcna, Italy.
A. Kvick, HSRF, UP 220, 38043 Grenoble CEDEX, France.

Il-Kaliophilitc is a tcctosilicatc showing fast ion mobility and exchange properties well
distinguished from those of other KAIS1O4 polimorphs (kalsilite, orthorhombic-kaliopholite,
etc.) (rcf. 1). Several attempts to solve the structure wilh conventional x-ray data were
unsuccessful due to the low number of observable reflections.

A good crystal from the Alban Hills, Italy was used for data collection on the
four-circle diffractometcr at the NSLS beam line X-7b using a wavelength of 1.1942(2) A. A
substantial increase of the observed intensities was obtnincd and a total of 3199 reflections was
collected out to sineA.=0.58 A"1.

Reflections of the kind of 001 with 1 odd showed significant intensity, excluding the
previously reported space group P 63 22. Space group P 6/m and P 6/mmm are presently
used for the structure analysis. The call of n=26.94, c=8.57 A includes sharp peaks of the
average .structure and broader superstructure reflections indicating the presence of coherent
domains with shorter ordering than the one of the average topology.

(1) S. Merlino in; W. L. Brown, cd., "Feldspar and Feldspathoids", NATO AS1 Series,
vol. Cl 37, 435-470. 1984.

X7B
X-RAY DIFFRACTION INVESTIGATION OF CuO SINGLE CRYSTAL AT HIGH PRESSURES

S. Asbr ink , M. Mal inowski and A. UaSkowska

A
Department of Inorganic Chemistry, Arrhcrtlus Laboratory, University
of Stockholm, S-IO691 Stockholm, Sweden

Department of Crystallography, Institute of Low Temperature and Structure
Research, Polish Academy of Sciences, 50 950 Wroc/aw, Poland

Copper oxide CuO seems to be a key substance in the synthesis of most high-
temperaturc superconductors. The role played by the copper atom in these com-
pounds is not understood up to now. The oxygen coordination of copper in CuO
seems to be recovered in the HTS-compounds. Investigations of how a change in
temperature or pressure influences the Cu-0 bonding in CuO might therefore
be of impurtance for the understanding of the superconductivity phenomenon in
these compounds. The result of a low temperature X-ray diffraction study of
CuO will be presented elsewere'. An X-ray diffraction study at high pres-
sures of a powder sample of TuO has been done at HASYLAB .
The present study on a single cryst.)' could be performed up to higner pres-
sures than usually possible due to the use of a new construction of high pres-
sure cell'. In this way a probable phase transition, discovered in the HP
powder study could be confirmed. However, only with a single cystal the de-
tailed structure of the high pressure phase could possibly be determined .
In this first part of the investigation the unit cell parameters cf CuO were
measured up to p=106.8 Kbar (Fig.1 and 2 ) . The discontinuities shown in all
parameters at about 80 Kbar point to a phase transition taking place at that
pressure. E.s.d.T. are less than, or correspond to the point size. The expe-
rimental details are mainly the same as in the corresponding study of CaF_.

Fig. 1 Fig. 2

1. S. Asbrink, A. WaSkowska. In preparation.
2. S. Asbrink, L. Gerward, J. Staun Olsen and S. Steenstrup. In preparation.
3. M. Malinowski. (1987), J. Appl. Cryst., W, 379-382.

WorkTlupported by Swedish Natural Research Council under contract R-RA
2877-305.



X7B
SINGLE CRYSTAL STRUCTURAL STUDIES OF THE AMBIENT PRESSURE
ORGANIC SUPERCONDUCTOR (BEDO-TTF)3Cu2(NCS)3.

M. A. Bcno, A. M. Kini, and J. M. Williams,

Materials Science and Chemistry Divisions,
Argonne National I-aboratory, Argonne, IL, 60439, USA

The charge transfer salt of bis(ethylcnedioxy)tetrathiafulvalcne (BEDO-TTF),
(BEDO-'l"lT)3Cu2(NCS)3, exhibits superconductivity at 1.06±fl.O2 K.

BEDO-TTF

Initial structural investigations of this salt reported the existence of two closely related
crystal types (I and II, see rcf. 1) and the structure of the type-I crystals. Single crystal
structural studies were carried out on several (BEDO-TTF)3Cu2(NCS)3 crystals at the
NSLS beam line X7B in an effort to determine the structure of the type-I! crystals. The
intensity and improved resolution available at this station allowed the measurement of
.1680 fundamental and superlattice reflection. These investigations show that the type-II
crystals which have been observed in (BEDO-TTF)3Cii2(NCS)3 samples are actually
twinned typc-I crystals. The data crystal used to determine the type-I structure (rcf. 1) was
also shown to be partially twinned and the diffraction data are presently being corrected for
this effect.

(1) M. A. Bcno, H. H. Wang, A. M. Kini, K. D. Carlson, U. Geiscr, W. K. Kwok, J. E.
Thompson, J. M. Williams, J. Ren. M.-H. Whangbo, Inorg. Chem, 29, 1599 (1990).

X?B
A HIGH-PRESSURE SINGLE CRYSTAL X-RAY DIFFRACTION STUDY OF CaF

H.Hal inowski , S. Asbrink' , and A. Wp.ikowr.kn

Department of Crystallography, Institute of Low Temperature and Structure
Research, r'ollsl; Academy of Sciences, 50 9^0 Wroclaw. Poland

Department of li jrganic Chemistry. Arrhenijs Laboratory, University
of Stockholm, S-106 91, Stockholm

In the experiment performed at beamlineX7B the wavelength 0.92331(6) A was
used. A diamond-anvil high-pressure cell of new design was mounted on
the '(-circle HUBER goniometer (Fig. I). The unique design of the cell al^jws

the use of a combination of transverse and transmis-
sion X-ray geometry which corresponds to the maximum
sampling of the reciprocal space. The mechanical sys-
tem is stable enough to allow operation up to 500 Kbar.
To reduce the hig'i level of scattered radiation,
a hoiium-pipc and a special load screen were used.
The CaF2 single crystal, of size 60 x 'lO x 5 Aim was
placed in a hole of 0.11 mm diameter in an Incone!
gasket of thickness 0.35 nun. In the same hole was
placed the HgO crystal ('(0 x 20 x 5 Mm) as an inter-
nal pressure standard. As a pressure fluid a mixture
of inethanoi and ethanol in the ratio U:\ was used.

Fig. 1.

The unit cel l parameter of CaF (space
group Fm3m) has been measured in the
range from 0 to 9'l.2 Kbar (Fig. 2). At
n pressure about 100 Kbar a f i rst-order
phase transit ion occurs in CaF ' , which
deteriorates the cystal to sucn a degree
that the further measurements at higher
pressures were not possible. The e.s.d.
of each parameter value is not higher
I halt O.OOO'l A.

Fig. 2.

I . J.StaunOlscn, L. Gerward and S. Steenstrup. Private communicotion.

Work at Argonne National Laboratory is sponsored by tiie US Department of Energy
(DOE), Office of Basic Energy Sciences, Division of Materials Sciences, under contract
W-31-109-ENG-38 .

Work supported by Swedish Natural Research Council under contract R - RA
2877-305
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SYNCHROTRON X-RAY STRUCTURE OF TETRAPROPYLAMMONIUM HYDROXIDE-

ALUMINIUM PHOSPHATE NUMBER 5.

1. Mutikaincn- (U. ot Helsinki), J. Kanakas' (U. of Helsinki), S Cox (U. of California, Santa Barbara), G.
Stucky (U. of California, Santa Barbara), M. Nelson (BNL) and A. Kvick (ESRF, France)

The family of aluminopbospha.e molecular sieves has potential as adsorbents, catalysts andI catalyst support^
The strict alteration of the Al and P on the letrahcdral nodes yields neulral oxygens and non-fraracwork canons
arc not needed for charge balance.

A small hexagonal prism 30 m across and 150 ,m long was selected and 2444 reflections with <m6/>.<0MX
(A = 0 9844 A) were measured. The data was normalized using two standard reflections measured afteirevery
25 reflections. Averaging of the reflections. J^-OBM. yielded 304 unique 'en«t'on| of whrcb 273 hac,
l>2o(l). The space group was selected P6cc with a = b - 13.724(1) and c = 8.469(1) A and y = 120. The
correct selection^ the space group was confirmed by succesful least-squares refinement of the structure. The
"mcTuVe was so.ved witr<lir«. nfethods (1] and the refinement |2] of the framework atoms « ^ O T
temperature factor gave R = 0.11 and R. =0.06. The bond distances of the framework inchoate alternation of
S P atoms. The O atoms of the framework, particularly O2, showed largeatomic displacement facto*
The residual electron density in the crenels was not well enough defeat to allow the delerminauoIO the
tetrapropyUmmonium hydroxide template. These results are quite dmdu with ear her single crystal work ot
the same compound [3|. In order to determine the position of the template molecule and reduce the large
atomic displacement factors of the framework oxygens, a low temperature work is necessary.

Figure. Stereoview of the linking of the telrahcdral Al and P positions of AI.PO.-5 framework.

111 Shcldrick, G.M. "SHELXS-86, A Program for Crystal Structure determination", University of Gottingen.
Federal Republic of Germany, 1986.

|2] Sbcldrick.G.M. "SHELX76. A Program for Crystal Structure Determination11, University of Cambridge,

England, 1976.

|3 | Bennett, J.M., Cohen, J.P., Flanigcn, E.M.. Pluth, JJ. and Smith, J.V., tntrazeolite Chemistry. ACS
Symposium Series, No. 218, Eds. Stuck-/, 'J.D. and Dwyer, F.G., 1983.

'Work supported by the Academy of Finland and " the Division cf Chemical Sciences, U.S. Dept. of Energy,

under contract DEACO2-76CH00O16.

Electric Field Efforts nml 3-Bi-nm Diffraction in PieM.rlrrtrir Crystnls

Mitrlirll C. Nelson, BNL Oliemisiry Department

Crystallography itndin of electric field rftVcts in pieioelrctric cry.it«lB can potentially yield two
kinds of information. Measurements of electric field dependence of 20 for Bragg reflections liavr in
previous work been found to agree well with tabulated values of pieioelectric strain coffficients.' Field
related redistributions of charge or charge, centers within the unit cell have been obtained from electric
field modulated crvstallographic data and traditional methods of refinement.1 By assuming a harmonic
restoring force derived from thermal parameters, and to within the accuracy to which one knows the
effective atomic charges, this provided a direct measurement of effective, local fields.

For strong pienoeleclrks, c.f. LiNbO3, an external field at just below breakdown results in less
than a 0.1% change in observed intensities. Crystallographic studies of electric field effects that rely
on the more traditional method* or derivatives thereof, are therefore somewhat difficult. The effort to
improve on these methods is motivated bv the possibility of using the resulting technigues to study phase
transitions as well as a direct probe of li cal fields and related phenomena.

Ill the present work 3-beam diffraction peaks from LiNbO3 were scanned in ip using electric field
switching. This provided a mearm of directly following shifts in atomic coordinates wilhoul the encum-
bering difficulties related to counting statistics that have been inrurred in the more traditional methods.
The lesults are so far quite promising and in good agreement with anticipated trends. Further studies
are planned.

127 0 1275 128 0 128.5 129 5 1.300 1305

Scan of <j> in the vicinity of (2 3 10) about the (0 2 1) reflection in LiNbO3. Electric field +
and - along the c axis. Approximately 10!V/cin.

1. EI«trk Firid Effecl. in the Ory.t»llogr«phy of LiNbO3. AK.ick, M Nd.on, K St.hl. in p«par»lion

Thi. . . . k « . . .upported in p.rl und« octr.ct DE-ACOJ-raCHOOO/fl with the U.S. Dep-rlm™. rfEnrrg, .nd.upp.rtrf

by i!« DivUion of Clitmicol Science. Offlcr ofBMic Energy Science
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Diirr.i.- Sii,.|i,-s..l MiiliiU.-n-.l I'l/C.i Tluii l"iL111-

Mn.l.ell (' \.-Unn1. Ilielianl l larhm'. Dean Chapman•'. IVl.-i I1,

f nn-.iuhiM.HNI.. I'^i rl •-•.. 1" I .1,.
I Sow..- UNI.. H

Pt /Cu lilms are currently of ink-rest IHT.-IHM- of lluir poieiitial use IN ninj;iw'iu ..pin- devices Tile lilnis
studied in theM- e\perinients consisted of multiple layers with approximately ;l :> A of coljall and II A of
platlimii!, will) and without a platinum underiayer A niiirkrd rnlinnronu'lit in in;t£n«'tir cocrrivilii

with tin- platinum uiHiorlayi'r. 'I'liis (MihaiH-ciin-ui is rt'l.ttively iu(icp.-inl-'iit of substrali: Si
crystal, j;l:i.ss. and polymer Mllistrati1: nv the sain*1 trcmls Talili- 1 lists tin- samples alollf; v.ith

I-KK-S ( H r )
T o try to g a m sonic i imicrst ; t iul iu^ of t h r rH.iUonsIup be tween (lie s t r u c t u r e of llt<> films, I In- (pin

iiitcrf.iccs. iind the nifigtu'tic t<KTrivilifS, low anfilo rc IU ' r tanrc ntul low a n d wn\v anp lo iJifFractioi

data w,-re collected for llie samples listed in Table I , for tile bare cover slip (float fiUss) sulisl
for [he rover slip with a TA1{) Alayer of platiutiiu Tin- samples were conslriKled IKIII); spinier mi
diircint

KiRiire 1 presents some of tile results of extended scans ill '10/0 at ,\ = 1 2tv:l Data were als
at several additional wavelengths and at Infill resolution down to '20 = 0 1". Low angle data indicate;
reflection interference patterns corresponding to multilayer thickness, ililfrarlion associated wit
ouality of multilayer interfaces, ami critical angles suggestive of platinum cobalt mixing. Hocki
on the lugli angle platinum 111 indicate that the layers are polycrystallilic Data teduction am! ;i
presently in progress

limls at

mltiple
•aryuiK

ifi ru r \es
alvsis is

COMBINED X-R,\Y DIFFRACTION / VAPOR PRESSURE ISOTHERM X7I3
STUDY OF LAYERING TRANSITIONS IN ARGON AND XENON
MULTILAYER FILMS ON GRAPHITE
Q. M. Zhang, J . Hanson, M. Nelson, and J. Z. Larese (BNL)

Using simultaneous thermodynamic and microscopic measurements we
have begun to investigate the layering and melting behavior of multilayer rare gas
films on vermicular graphite with x-rays. These experiments extend our
previous neutron investigations1 of the layer-by-layer melting process of argon on
graphite films into the regime where recent ellipsometric investigations by Youn
and Hess2 discovered an unexplained reentrance of first order behaviorO.e.
between 73 - 78 K). X-ray scans taken as a function of argon/xenon coverage at low
temperatures (temperatures at which sharp steps in the isotherm appear) show
uniform, layer-by-layer mutually-commensurate solid layer condensation. At
higher temperatures, evidence of discommensuration between the individual
solid layers and a resolidification of the outermost argon layer as the coverage is
increased has been observed. Our study of xenon was aided by ths use of an
INEL3 -120 degree curvilinear detector. Representative examples of the resultant

diffraction profiles are shown in figure 1.
(1) J.Z Lar.-se and Q.M. Zi>ang ,PRL fil, 922 (1990!. (2) H.S. Youn and G.B. Iiess PRL£1,918
(19S0). (3) inel Corporation,

Table 1
ultil,,

86a) 10 N(;tf) Ac-o-f 11 OAl't)
sei>) 10 x (3.5 A c o + i i . oAl ' t )
86c) 50 x (3.5 A Co + 11 OAl'i.)
80d) 50 x (3.5 ACo + i l OAPl)

base layer II.-

MOAl't
nono
none
SOOAl'l

•.'075
6-10
7-10

1501)

I • 2 Layers

"1 1.5 2 2.5 3 "1 1.5 2 2.5 3 °1 1 5 2 2.5 3
Q(A i) Q(A') Q(A1)

Supported by USDOE, Div. of Materials Sciences under Contract # DE-AC02_76CH00016



tos

X-RAY REFLECTIVITY AND FLUORESCENCE STUDY OF PS/PBrS INTERFACES X7B
W. Zhao, X. Zhao, J. Sokolov, M. Rafailovich (Queens College), M. Nelson (BNL),
T. Mansfield, R.C. Composto, R.S. Stein (U Mass), R.A.L. Jones (Cambridge),
F..J. Kramer (Cornell)

The interfaces between the highly immiscible polymers polystyrene (PS)
and poly-co-bromostyrene (PBr,,S) were measured by x-ray reflectivity and Br
fluorescence at 15 keV. To ensure Immiscibilitv the PBrxS was almost
completely brominated, and the degree of brominatior. .; > 0.86 was determined
by "C-NHR and mass spectroscopy . The samples con* •• • • ••.ed of PS/PBrS bilayers
on highly polished Si substrates. These were annealed in a vacuum at 143°C for
up to 84 hours and quenched to room temperature for the experiments. A typical
spectrum is shown In Fig. 1 where the specular reflectivity (multiplied by »')
is plotted versus incident angle, 0, for a nearly synimetrical PS/PBrS bllayer
of molecular weights, 730K and 67OK respectively. The solid line is a least
squares fit to the data from which an interfacial width of 39 ± 3A was
determined. Similar widths were also found for bilayers of other molecular
weights (Table 1). The values obtained are greater by a factor of two than the
current theoretical predictions.1 In addition, the apparent molecular weight
dependence is larger than expected. In order to understand these effects and
the contribution to the results of the surface and interfacial roughness
furf-her experiments are in progress to determine the nature of the off-specular
scattering.

This work was supported by a PSC-CUNY grant.

1 K. Binder and H.L. Frisch, Hacromolecules 12, (1984) 2928.

Figure 1 - Specular reflectivity vs.
incident angle for an annealed bilayer
on a silicon substrate at an X-ray
energy of 15 keV.

R«THETA«4
o i* o ui

TABLE 1

SAMPLE w(A)

PS(96K)/PBrS(96K)
PS(96K)/PBrS(1.45M)
PS(1.45M)/PBrS(96K)
DPS(7?.0-<)/PBrS(67OK)
PBrS(67OK/DPS(7i0K)

62 .
65.
67.
39. + 3
4 1 . + 3

X9A

STRUCTURAL INTERACTIONS IN HEME PROTEINS 1. MOLECULAR MODELS

J. 0. Albert (Ohio State U.), C. F. Hemann (Ohio State 0.), J.
Hill (U. Illinois), and K. Powell (Ohio State U.).

We have collected X-ray absorption and fluorescence
spectral data in the K-edge and EXAFS regions for a variety of
iron porphyrin and copper complexes in addition to several
myoglobin derivatives. Preliminary measurements have also been
mads with bacterial cytochrome o complexes prepared from E.
coli. The quality of data obtained cor myoglobin and the small
coordination complexes was quite satisfactory and comparable
to similar data previously obtained at Stanford at beamline
IV-1. Spectral data obtained with bacterial cytochromes was
less satisfactory because of the very large component of
background scattering associated with the necessarily low
sample concentration that was used. These studies will lead us
to improved optimization of sampling conditions and detection
for data collection. The small molecule and myoglobin data are
first analyzed by plane wave single scattering approximations
by use of multiple waveform analysis, as described by Alben,
et al., Physica B 158, 87-89 (1989). Preliminary comparisons
have been made between these data and theoretical curved wave
functions calculated by use of software kindly provided by
Professor John J. Rehr, University of Washington, Seattle.
Dependence of the phase of chi functions extracted from
observed X-ray absorption spectra on assumed values for Eo has
been examined (Figure 1). These data will provide the basis
for much more detailed mathematical analysis, and deffna the
requirements for measurements with much more difficult
biological

a' t.i) A.I

This work has been supported in part by Grant DMB-8904614 from
the National Science Foundation. Beam Line X9 supported by NIII:RR01633



X9A
i r d l D N T A COMPI.KX AS A PROJECTOR OF ME1 AIMIPROTFINS AGAINST SYNCHROTRON X-
JtAV RAI>MTiON PUHINO EXAKS STUMES

S. 1. Ayenc and B. Chance (Dcjii. of fiiochem & Biophysics, Univ. nf Pcnn/ISFS, UCSC)

Samplfa Pamayc
Railiaiion-inilcreeil reduction nfhemes of rnypBlpbjn have been dcrminsttaiHl W'top Ml> X W Wi' T«Y« (Figwe|).

'flic maximum reduction thai has been, observed using monochromatic X-ray (X 9 4 , NSLS) is a,t fnl(;,wf for cylPLhrpnre c
oxidasc (1(1%), mypglnhin (15%), and cyiofhrPme c (15%). However, while X-ray beam frpvu JS-9R, MLS was found (o
reduce ihe hemes lo qiprpxjniaiery 40%. Any Sinner exposure of these samples cither in while or (npniKhroiiiaiti: f rays leads
only m Hie damage nf the protein and hcinc. This may he ihe teaspn fur Ihe undetcciahle reduction of cytochrorne c oxiilasc hy
optical means. _^_ it, , 0 B

\ ; • , ,

The different effect of mnnpchrpniatic and white beam pn these mctallnprpteiris is ihic In (|>c liose-ralp effect. Ai\ op-
tima! dnserale is required lo fcach higher amount of reduction. The dose-rate of the monochromatic beam (9 Qyflw) is ntlich
below lite threshnld dose-rate requiteil m rcdficc the mclaUonrnteins higbcr thai) 10-20%.

p
The protective effect of various chemicals against radiation-iniluceci darnage OKIIII rcdtictiott of heme and ̂ iiniage of

prolem and heme) ofmclalloprnieins has bee/, screened tisinft nnlh 3i-ray (syncluptfpn radiation, NSLSi B N U andy-ray (Csl37
source, Univ. of Pwn). Cystamirie (1:5) was found \o be (he mps| efflcient ctieriiical for myoglobin (Rprp ?)• However,
ruduniion of cytochronic c oxidasc was not protected by cysfatninc, though its damage dd

The sulfllytiryl cpmpoiinds, Ihough effective in pTPtccling the Wi.logipal samples, induce cpnfprma.tipnal i s
mav interfere in EXAFS. (fence, rnelsi complexes hsvp liccri scfeened IP ptfilcfl fttc san.ples, CfflJllhfTA f (implex which has
been tested in this lahnratnry as an inlcmal reference has eihibiled 9S% ptnli^linn (Figure 3 4 4) against hydrated eleciron-in-
duccq retluciion of mypglobin. Sjin.ilaily, cyiochrpme c p^idase and cytricntpnie c 'w,r. also found lo be piotected by this cprri-
plcx. The ahsLnce of ppst-irradiatipn effect of Cr(!li)NTA complej pn the reduced rrypglobin j( irjdipstive pf the fapt that this
complex is a good scavenger of hydrated electrons. Fi|rthcr, this coniplcx wa5 also l

 Puind to protect the enzyme activity. The
combined effect of cystamine and CrOlDNTA showed an increase i~, the prOTC.tioTf * th M

These studies have shown that lire users sample, particv laxly mypglPhin, pyiaphrome c nxidase and cytochrnnie c can
he protected hy these chemicals csnecially Cr(!l!)NTA and cyslamine qurinj EXAFS. Users pf the beam line X-9A h»ve shpwn
inlcresl in using these protectors for their samples.

AND SPECTBOSCOPY OF COPPER PROTEINS

N, J, Blackburn and T, F=ttingill, Oregon Graduate Institute, Beaverton, OH
97006-1999

EXAFS measurements were carried out on oxy-, deoxy-, and carbonmonoxy
hemocyanin (He) from octopus, EXAFS was also measured on two model
compounds; lflB{i-Pr2pz),Cu (OH)2], an4 its adduct with peroxide. The
latter compound is important because (1) it is known from x-ray
crystallography to contain a w-lf if-peroxo bridge between the two copper
centers (the first such compound to be discovered) (Kitajima et al., J. Am.
Chero. Soc, 1989, m , 8975); and (2) its spectroscopy bears a striking
resemblance to that of oxy-Hp, and suggests that oxy-Hc may have the same
type of peroxide binding rather than the cis-«-l,2-peroxo bridge as
previously supposed, To test this proposal, we have carried out multiple
scattering (HS) calculations pn the outer shells of the model compound and
oxy-Hu.-, The results on the model indicate that a significant multiple
scattering contribution is necessary to obtain a satisfactory simulation of
the outer shells, particularly the Cu-Ou distance. If US is excluded, a
Cu-Cu distance of 3,79 A is obtained, whereas with MS, the crystallographic
distance of 3,58 A can be reproduced. Furthermore, refinement of the
Cu-Q-Cu angle within the HS calculations gives the best least-squares
residual at 140°, the crystallographic value being 138". Simulations on
oxy-tfe indicated very similar behavior, and strongly support the presence of
the w-n2 n/ -peroxo structure in the protein, Better data are required to
fylly substantiate these results, We also need to measure the EXAFS of the
model compound in the solid state. These will be measured in April on Beam
Line X9,

Supported hy N!H:OM38(M7 alsn Camille and H a w Preyfus Fouiidalipii. Ream Line X9 supported hy NIH:RH01633.
Beam f4ne X9 supported hy N!M:RRD1633

This work was funded by the National Institutes of Health, Grant No, NS27583,
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X-HAY UlFFHAtmON STUDIES O|f PROTEIN MUNOUVYPRS ANP UI-TIMTItlN UPIU
MUI.TJI.AYEHS ON Oe/SI MUUfiUVYKK 8UUSTRATES - June 1090.

.1 K Blaste, S. Amndor, S. Xn, M Murphy ami R I'Ischeltl • Df-pl. of Chemistry, Univ. of
I'ennsylvania and niostruclures Institute, Univ. City Science Center, Phlla , PA 1010')

Meridional x-ray diffraction data from a single mouolayer oi rylorltronie c, or

Us Imnoleriilar complex wllli n plwlnsynthetlr reaction cenler, cavalfinlly letbered In

(he surface of a Ge/Sl multilayer via a hydrocarbon chain linkage were collected over n

hroaq range of momentum transfer Qi Doubly foruslng x-ray optics were employed

(vertical focus providing AQj.-resoIu|ioii via a cyllnilrlcally hnnl Nl mirror and

horizontal focus via a eyllmlrirally bent ribbed Si crystal) will) <i linear poslllon-

sensillve fleleclor on Hie 2(>-<(xls of a Iluber 4-clrcle diffroclnnieler. These data have

been phased via x-niy interferonietry employing the Known Cie/SI multilayer profile

structure lo provide the profile structure of Ihe two different letheretf protein

monola.yers on ihe Ge/SI iniiltllayer surface. The results of (his run. In agreement with

Ihnse of a previous run on XO-A for these Iwo protein monolayers, have been siibinilt«rt

for publlcalton.

Meridional x-ray dlffrnclion dala from ullrathin Uangnmlr Plodgett

multilayer films of Cd-arachldnte, composed of one, two, or tltree bllayers deposited an

alHylated Ge/S! imillllayer suhstrales were collected over a broad range of momentum

transfer Q-t, using the ahove-menlloned experimental set-up Thes^e data have been

similarly phased via x-ray Interferornetrv to unambiguously provlo.. Ihe multilayer

profile structures of these ultrathin Langrrtulr-Plodgelt films.

The nature cf inteimolecular layer-lnyer correlallons in uHrathln Langmulr-

Blodgeit multilayer films of f)a-aracbirtate cnrnpoaecl of from one to five bllayeva was

Investigated by recording the full two-dimensional structure factor IF(Qxy,Qzll? with a

two-dimensional position-sensitive detector mounted on the 20-nxls of a Huber 4-clrcle

dllfractomeler and the doubly focusing x-ray optics mentioned above, Several "Pragg-

rods" were delected for each of (he multilayer samples whose positions along Qxy

characteiizecj the iiiternioieculnr correlations in (he layerfxyl-planes, and whose

sampling along Qe c|iarac|erl«ed the mtermolecuiar layer-layer correlalioiis.

The work was supported by |he NIH grants RRQieaa and OM33B2fi and (he NSF

gtanlDMR 85-19050.

X9A

XIJAY DIFFRACTION STUDJPS OK SAIlCOl'j^SMIC HJJTJCIJJ.UM MEMBIM-Nj;
MUl.niJVYERS - Augusl 1000.

J. K. Blasie, F. Aslurias, L. Pelting and H. Kischpttl - Dept. of Chemistry, University of
Pennsylvania and Dlostniclures Institute, Univ. City Science Center, Mslla., PA 19104

I'linn-resolved, resonance x-ray diffraction experiments were performed utilizing

lh<- meridional data collected from oriented sarcoplasmic retirul.im membrane

mullllayers, In which lanthanum Ions replaced calcium ions In the two high-affinity

binding sites on the Ca2+ATPase, following the flash-photolysis of caged-Aif In the

membrane multilayers. Analysis of these dala for an x-ray energy 100 eV above Ihe

I.aLjii absorption edge should provide Ihe profile structure of the membrane for the

l-a^El form of the enzyme present before flash-photolysis as compared to thai for Hie

transiently trapped UaaEl-P form of the enzyme present for 102 - 103 seconds

following flash-photolysis. Analysis of these dala for x-ray energies al the l-al-m edge

vs. iion eV relative lo this edge should provide the positian(s) of the l-aions in the

membrane profile for the La?E| l>s. Ihe LaaE|~P forms of the enzyme.

Phospnorylatlou of the enzynie to the m? i~P form results In the occlusion of the two

hlgh-afflnlty metal binding sites Involved in the active transport process. This sludy

utilized singly focused x-ray opllcs via a cylindrically benl Nl mirror and a linear

position-sensitive detector on Ihe 2(1 axis of a Huber • circle dlflraclomeler.

The work was supported by the Mil grants RR0I633 and HLI87O8.
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I'XAFS STUDIES OF METAl. COMPLEXES IN ZEOLITES
0. hovers anil I'.K. Dtitta (The Ohio State U.)

Extended X-ray absorption fine structure (EXAFS) was used to study the
structure of two cobalt- complexes both free and encapsulated in the supercafjfc
of zeolite V in order to determine the effect of zeolite encapsulation upon
IIIB structure. The complexes studied were of Interest due to their ability
to act as oxygen binders and the ultimate goal of this study was to determine
the effect of zeolite encapsulation upon the reversible oxygen binding ability
of those complexes.

The two complexes under study are cobalt, tetraer-hylanepentamine,
(Co(TETREN)) ap-< cobalt (3,3' ethylenebis (imlnoinethylidene) di - 2,4
pentndione (Co( in)). Under certain conditions both of these compounds arc
known to hind oxygen. For Co(TF.THEN) the reaction with oxygen Is irreversible
and results In the formation of a stable n-peroxo dimoi, In the presence of
an axial base Co(J-en) forms both the 1:1 and 2:1 Co:02 complexes. The main
motive for encapsulatirn of the complex Inside the zeolite la to prevent the
formation of the dlrner. if the complex Is of the appropriate size there will
be room for one and only one complex to form in the zeolite supercage thus
preventing t|\e formation of the /i-peroxo dimer,

Due to the high oxygen binding constant of the Co(TETREN) complex, the
model compound prepared outside the zeolite is Co^fTETRENJjOj, The EXAF'S of
this sample was identical to the complex formed Inside the zeolite leading to
the conclusion that there is sufficient volume inside a single zeolite V
supercage to allow the formation of the ji-peroxo dimer of Co(TETREN).

The results with the Co(J-en) complex differ from those seen with
Co(TETREN). In the case of Co(J-en) the EXAFS of the free complex is
significantly different from that seen far the zeolite encapsulated case.
This leads to the preliminary conclusion that the dimer formation which is
occurring to some extent in the free molecule is prevented upon zeolite
encapsulation.

X9A

^ experiments wero performed at 1211K using a Slern-I leald ion chamber on new preparations of
cylochrome C) with and without the hinge prnlojn bound ("one band" and "two band" C)) in contrast
to previous experiments, no significant differences in the XAFS spectra were observed between the two
forms. The data seem to be of high quality and data analysis is in progress.

XAI S STUDIES OF CYTOCIWOM!! C)

i.;. HunWei, KB Zhang, M. Chance, T. King (University City Science Centeri
C. Kim (Rensselaer Polytechnic Inst)

0 0 0 ?

OP ?

It K E Y , S l f E Y - 1 3 6 K D 1 F 6
u l b i a . C l I b a n d C < a a •> p I « M n a I • 6 / 9 0
I C E Y . S r E V - I 3 5 QHflMP

I 2 b i n n Cl 2 b a n d Cl n > [ i l e ' i n i l i 6 / 9 0

This project is supported by NIH grant GM39612.
Support for boamline X9A via NIH KR-01633 and its staff is gratefully acknowledged.

Supported by NSF; CUES 510614. Beam Line X9 supported hy NII(!RBO1633
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XAIS STUOIUS OP UIIIONUCUOTinK HliPUCTASI!

(;. Hunker, Ki> Zhang, II. Chance (Univt'rslly City Science Outer); M. Sahlin, H.-M. Sjoherg
IKtw-khulm U.)

Die i'ii/ymi' rihimiideotule rediutnse (UK) performs an essential slop 'n PNA synthesis: the reduction
of ril'imnrleotides In deoxyiibomicleotidi's. A tyrosine free radical in the l>2 snbiinil is required (or
en/ymo fuiu'liim, and in the I!, roll ami mammalian enzymes it biniirlear iri'M <e»ler is involved in

and stabilizing the radical

X-ray adsorption experiments were performed on heamllne X9A as .1 luuctton of temperature nn several
ftirms n( I'., roll rihimuelttillile reduciase, Including I he hnloenzyme (H1+R2 sithiinits). XAI'S s|ieclra
were also ohMineit mi the mouse K2 suliiinil over-expressed in V.. coli using rivombinant DN A methods.
A manuscript is in preparation.

This projecl is supported by Nil I guiil CM3%12
Support (or bcamlinc X'JA via Nil I RU-OI633 and its staff Is gratefully acknowledged.

, X9A
BXKVS STUDIES OF Mn.NUCLEOTIDE BOUND TO CFj H*-JkTPABE

c. carmeli and R. Ophir (Tel Aviv u.)

The H+-ATPase from chloroplaets utilizes an electrochemical
potential of protons for the synthesis at ATP from ADP and Pi .
Its catalytic sector (CF^) is a complex having a subunit ptochi-
oraetry of 3a, 3/J, r, S, and e. There are good indications that
the active sites are located on the three fi suburtits and that
interaction among the three catalytic subunits is essential
for a sequential order of catalysis, changes in conformation
which affect catalysis are expected to be realized as changes in
the structure of the substrate at the active site. Therefore, the
study of changed in its structure at various states of activation
of the enzyme was conducted.

In previous studies (1) EXAFS analysis of Hnz+ and ATP bound
to the three cooperative sites in the latent enzyme. The meas-
urements indicated 6±1 atoms bound to Hn2+ at 2.16+0,03 A° and
4+1 phosphorous atoms at 4.95+0,03 A°. In the present experiments
(2) the possible change in the structure of the substrate on
activation of the enzyme was evaluated. The enzyme was activated
by t'reatment with DTT and trypsin. With ADP and non hydrolyzable
ATP analogous adenosyl-imidodiphosphate (AMPPHP) the Mn-o
distance of 2.1410.03 A° was measured for the first shell of
MnADP either in solution or bound to the latent or the activated
enzyme. However, the Hn-P distance of 3.37±o.O3 A°, 3,35+0.03 A°
and 4,85+0.03 A° for the MnADP in solution, and bound to the
activated and the latent enzyme respectively. Similarly, the Hn-P
distances of 3,37±0.03 A° and 3,29+0,03 Aff in the MnAMPPNP when
in solution or when bound to the activated enzyme, respectively.
Similar results were obtained when the activated enzyme was
measured at 70° K indicating that there was no effect of
radiation damage on the structure of the bound MnAMPPNP.

The data indicate that the conformational change that the
enzyme undergoes during activation result in structural changes
in the substrate. The substrate which is Mn2+ ligated through its
hydration shell to ATP in the latent enzyme is changed to a
complex where three of the phosphate oxyqens are directly ligated
to the Mn2+. These are the first iirect measurements which show
that in the activated state a complex of Mn.nucleotide is bound
to the enzyme and that the activation reduces in 1.6 Au the
distance between the metal and the phosphorus of the nucleotides.
These finding support our suggestion that activation involves a
formation of a more positive phosphorus in the nucleotide induced
by the positively charges Kr2 which becomes susceptible to
nucleophilic attack by oxygen of water and undergoes catalysis.

1. carmeli, C., et al (1986) J. Diol. Chem. 261, 16963-16975.
2. Carmeli, C., et a! (1990) Proc, Intl. Cong. Photosy. In Press.
Acknowledgement! Supported by BSF no 86-233/6 grant.
llenm L i n e X9 s u p p o r t e d by NIII:KROln33.
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XAS oi' HIOI,O(;K:AI. HKTAI. CLUSTERS

l't,.l. Co limn, M.l. Maroney (I), of Massachusetts)

Our investigntIons currently involve dinuclear iron ntloa and nickel
s i t e s in metal Inenzymea. Recent, experiments in t h i s area include an FJAFS
analysis of semi-met rhnmerythrin, and XAS of multinuclear nickel model
compounds. A hemerythrin sample obtained from the one-electron reduction
of the mot form of the enzyme Lo give a mixed valence dinuclear iron s i t e
was studied by liXAFS. A preliminary f i t of the f i r s t shell EXAFS gave an
Fe-0 Imiid of 1,90 A, wlv.li a longer set of k Fe-N/O scn t t e re r s a t an average
bond length 2.15 A (Figure I ) . The thi rd peak can bfi f i t to an Fe-Fe
vector of 3.46 A. The fourier-transformed spectrum i s shown in Figure 2,
These parameters are consistent with a mixod-valent, hydroxo-bridged
diniiclear Fe s i t e , similar to that found for semi-mot hemerythrin azide (1) ,

o-

-1 -

•2-

-3-

Flflufet. Flrrt shall EXAFa.

i
k(A')

Figure 2. Fourtof Tranifomt ' '

X-RAY ABSORPTION MEASUREMENTS DURINC ELECTRODEPOSITION OP TRANSITION
METALS

I.. Deligianni (IBM), G. Prankel (IBM), A. Davenport (DNU, and II. Isaacs (BNL)

While clectrodeposii'on of metals and alloys is a common manufacturing process, a fundamental
understanding of the mechanisms involved is often lacking. For instance, many alloys exhibit
anomalous deposition during which the discharge of the more noble metal (e.g. Ni in the Ni-Pe
system) is inhibited. This phenomenon, which is not well understood, controls the composition of (he
deposit, a property which may in practice have a small tolerance. The goal of this work was to shed
light on the mechanism of anomalous deposition of alloys.

It is well known that hydrogen evolution which occurs simultaneously during deposition of most
transition metals will cause an increase in the pH near the cathode. The existing theories for
anomalous deposition all depend on the hydrolysis of metal ions or precipitation of hydroxides in the
region near or on the cathode surface. Experiments have measured local pH changes which are a
strong function of the hydrodynamic conditions. In this work, an attempt was made to directly
measure the extent of hydrolysis, complexation with anions, and the valence of metal inns near the
surface during electroplating.

Transmission absorption measurements were made using pieces of filler paper saturated with solutions
of Ni and Fe ions adjusted to various values of pH. No differences in the near-edge or EXAFS spectra
were found as the pH was changed from 3 to 7. Apparently, scattering of the phntoeleclron wave for
hexi-aqua-complexed ions in solution is similar lo the case where some of the water molecules are
replaced by hydroxide ions.

Experiments were also performed study to hydration, valence and concentration profile of ions in
solution near the surface during elcetrodcposltion. The cell, which was employed previously for
studies of crevice corrosion, used a thin column of electrolyte separating a band electrode from the bulk
solution. This configuration results in a large diffusion zone, allowing probing of the diffusion layer
with a thin beam in transmission. These experiments were complicated by the mixing created by the
evolution of hydrogen bubbles during plating. Future experiments will utilize a cell design that
allows probing of the diffusion layer while eliminating efltj;1! of gas evolution.

(I) Scarrow, R. C.j Maroney, M. .1.; Palmer, S. M,i Que, L., Jr.; Roe, A. L.
Salowe, S. I1.; Stuhbe, J, J. Am, Chem. Soc. 1987, 109, 7857,

Supported by IBM and the U.S. Department of Energy, Division of Materials Science, Office of Basic
Energy Science under contract number DE-AC02-76CH00016.

AcknowledBement. This work i s supported by NIII GM-38829 (H.J.M.) and
by the National Biostructurea PRT nnd i t a supporting agencies. We are
also grateful for funds from the NSLS/HFBR Faculty-Student Support Program,
fleam Line X9 is supported by NIII:RR01633
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X-ray Absorption Npcclniscdpy of Manganese in C'ltloroplitsts

Victoria J. PeRose, l.ilillti Miikerji, Matthew J, Ulinier, Villa! K. Yachandra,
Kenneth Saner, and Melvin I1. Klein.

Melvin Calvin laboratory, Chemical Iliottynamks Division,
Lawrence llerkelt'y laboratory.

University of California, Berkeley, CA 94720.

Previous work by our ^roup has demonstrated lhal Ihc minimal structure or Ihc Mn cluster, in ihe
(^-evolving complex (OliC) of pholosyslcm II in higher plants and cyanobaclcria, Is it pair of di-/<-oxo-
bridged hinuclear structures will) Mn-Mn distances of "2.7 A. We also showed llinl Mn is oxidized upon
illumination tluring Ihe S;, (NlljOII induced S(> slate) lo S, and Si lo Sa slate transitions, and that Mn is
mil furl her oxidized upon advancement lo the S:) stale nllhougli Ihe Sa nuilliline EPR signal disappears.
11 it- structures of the Mn cluster in the S,, Sa and Sa stales arc essentially identical, consisicnl wilh
two di-ji-oxo bridged binuclenr structures containing Mn(lll) mid MnOV) predominantly, wlili a .small
increase in ihc .spread of Mn-Mn distances in the S3 slate. The S,' slate contains a Mn(ll) which is not
present in the other stales and exhibits a more heterogeneous slniciure.

Low temperature (10 K) EXAFS data thai we have collected over Ihc past year using ihc 13-clemcnl
solid slate Oe deleclor has excellent S/N. This has enabled us lo investigate structural changes in ibe
Mii-OHC lhal were not possible previously in measurements at 170 K using a single-element deleclor.
The Itiurier transforms from the S, and S3 slates show three distinct peaks. The third penk was not
obvious in diiia collected al 170 K, Is now clearly presenl in boll) the Si and S3 .stales. Simulations
show lhal ilsc third Ixturicr peak fits to cither Mn or C al ~3.3 A, hut the quality nf the I'll is Keller
for the heavier alnni. Hie results arc consistent with a model of two di-ji-oxo bridged Mn binuclear
structures, which arc linked by a mono/t-oxo and mono- or di/i-carboxylalo bridges wilh a Mn-Mn
distance of 3.3 A. (here arc ulso small changes in the simctu'-ii parameters belweecn ihe S, and Sa

stale, which were not delectable in our earlier data. The Mn-lignml and Mn-Mn distances change during
this transition in a manner which is consisicnl wilh a change from a (111,111) di-jj-oxo bridged binuclear
moiety lo a (III,IV) moiety.

Cl is an essential cofaclor for O2 evolution. C\~ can he replaced by Br~ with full retention in
activity, but P~ is an inhibitor of O? evolution. T'te requirement of Cl" or Br~ for activity has led
lo postulates lhal Ihc halidc ion is a lignnd lo one or more of the Mn atoms in the complex. Earlier
EXAFS studies have been unable to resolve Ihc question of halide ligalion. Our new approach has been
a comparative XAS .study of PS II samples from Syneclioccvus which has been grown in either Cl"
or Br media; a method which permits the most extensive substitution of Hr" for Cl~. The results
from our reccnl ex|>crinienls al 10 K preclude two hulide ligands or a halidc bridging ligand, hut cannot
exclude a single halidc ligand in the OI5C. Experiments wilh spinach samples trcalcd wilh F~ have
successfully shown that F~ induces a change in the structure of al least one of Ihe di/j-oxo-bridged
moilics proposed to be present in Ihe OBC.
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X9A

EXAFS ANALYSES OF THE RADIOPHARMACEUTICAL RE(HEDP)

B. C. Elder (Dept. of Cham., U. of Cincinnati)

Radiopharmaceuticals based on Technetium or radioactive
isotopes of Rhenium have been in use for a number of years as
diagnostic imaging and palliative agents (and more recently as
therapeutics). Complexes of Tc and Re with a variety of
diphosphonate ligands (O3PCRR'PO3''~) are the most useful
imaging agents and have, in general, non-crystalline
structures. The EXAFS analyses performed at beamline X9A
focussed on the compound Re-hydroxyethylidene-diphosphonate
(Re-HEDP), where R-OH and R'-CH3. For the Sept 1989 run, two
samples of Re-HEDP were prepared (at Mallinckrodt Kedical inc.)
using two different techniques. The first involved reducing a
perrhenate salt using SnCl2 in the presence of excess HEDP
ligand. The second method took ReOjl PyridineJ^jCl and replaced
the pyridine ligand with HEDP. The hope was to be able to
distinguish Re-Re interactions from those of Re-Sn. Both were
mixed with ON and scans (near the Re LJJJ edge) taken for each
out to 13.5 A"* in k using both transmission and flourescence
detectors. Model parameters for Re-0, Re-P and He-Re
interactions were provided by EXAFS scans (same k-range) of
KReO4, (Re(DHPE)3l[F3SO3I (where DMPE-1,2DJs(dimethylphosphino)
ethane) and Re foil respectively. The Fourier Transform of both
Re-HEDP samples were obtained from the extracted EXAFS and each
showed pronounced peaks near 1.6 A. Fits revealed that they are
due to Re-0 bonds (4-6 coordinated, possibly in two shells).
Further peaks in the 2.0-3.4 A range were tantalizingly
different between the two samples but yielded hard to interpret
results. Fits seemed to indicate that they result from Re-metal
or Re-P interactions (or both). We obtained more of the Sn
reduced Re-HEDP (but not the substitution prep) for the Jan
1990 run and took EXAFS scans, this time out to 16.5 A"1. This
was done to enhance Fourier Transform peak resolution and
enable the effect of a Re-Re backscattering amplitude to ba
seen more definitively. Analysis has not yet been completed,
but the peaks at 1.6 A remain strong and greater resolution is
apparent in the 2.0-3.4 A range. Comparison with a
crystallographic analysis of Technetium-methylene-diphosponate
(Tc-HDP, R-R'-H), a previous EXAFS analysis (dona at SSRL) of
an 8 mM solution of this material, and complementary WAXS/RUF
analysis of the Sn reduced Rt HEDP (data taken at NSLS beamline
X7A). are consistent with the interpretations given above.

Support for this work is through the NIH (GM35404 and CA32863).
Beam l.lno X'J is snppnrlod by N1II: RU01f>33
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IN SITU CHARACTERIZATION OF A COPPER MONOLAYER ELECTROCIIKMIC'ALLV
ADSORBED ON A PLATINUM ELECTRODE

T. E, Furtnk, E. Creek, and P. Saraanta (Colorado Sch. Minos)
and T. M. Hayes (Renaaolaor Poly. Inst.)

We have acquired tho EXAFS spoctrum from electroadsorbed Cu
in the undorpotential condition for the system Cu/Pt(poly).
The first monolayer is more strongly bound than Cu on Cu
multilayers, a property which enables the coverage to be
limited to one monolayor through control of the interfacial
potential difference. Our experiment is performed at grazing
incidence using a large thin-film Pt sample (1"x10"). The
EXAFS information has been extracted from the fluorescence
signal, collected at normal omission through a Ni filter and
Soller slits, as measured with a large aperture ion chamber.
The electrolyte (0.5M H2

SO4 + 0 t 2 m M C u + ' ls confined to a
thin (10 micron) layer By a Kapton window (0.5 mil) in a special
cell under 0.8 atm. The entire device is mounted on a tilt-
translation stage which allows the control of incident angle
to B+.5 mrad. It can also be rotated to vary the orientation
of tfie x-ray polarization. Partially analyzed data are shown
below.

s-pol (20 scans) p-pol (10 scans)

*• •• r,.v'.,f '••I.' iV iW ,1V ,W

Those data are to be compared to recently published results of
a similar experiment (1). In that study a small single crystal
of Pt(111) was employed, which was treated with iodine to aid
the transfer from an annealing facility. Our spectra are
considerably more intense, duo to the large sample area. Al-
though a complete analysis has not yet been concluded, we can
say that more than one adsorption state is present. This is
presumably related to the polycrystall ine character of tho
surface. < u J < w # white * H.D. Abruna, J. Electroanal. Ch.274
(1989)185.

H,lppOrted by NJII:RUO1633
ONR C t t # 000

X1A
ELECTROLYTE-METAI, INTERFACES

T. E. Purtak, Physics, Colo. fich. Minos, fiolden, CO B0401
T. M. Hayes, Physics, RennncJaer Poly. Inst., Troy, NY 121fl1

We have measured KXAFS from a CII roonolayer adsorbed on a Pt
electrode while tho sample was under electrochemical control.
The experiment exploits grazing incidence on a large (55cm )
polycrystalline sample which is hold in a specially designed
electrochemical chamber equipped with a Kapton window. With
the chamber pressurized with electrolyte (0.5M sulfuric acid
with 0.2nM Cu + + ) tho Cu can be deposited to one monolayer by
taking advantage of tho different binding energies of the mono-
layer versus the multilayers. This is achieved through control
of the potential in the "underpotential" region. The chamber
is then depressurized to suck the window down on the sample.
Optical reflectivity experiments confirm that the Cu stays
adsorbed in tho same state as with the window expanded. We use
the Cu K-edge, detecting the K-alpha fluorescence with an
aperture-matched ion chamber equipped with Ni filters and
Soller slits.

The near edge features
for the Cu monolayer are
very much like those of
Cu metal, although it i3
hard to tell with our
current resolution if
this is true, or if the
Cu nay be more like Cut.
The standards in this
experiment were Cu(I)-
oxide, Cu(II)-oxide, and n
a Pt(?a)Cu alloy. By u

comparison to these
standards we can say that " •' I > •'• i •>•, r ; ,.,,,, r,, T,,,. r, ,,-, ̂ r t, ,,
the near neighbor of the " ' ' ' '' '"'
Cu is oxygen, not Cu o- ' '") '
Pt as we had expected. With the electric field vector of the
x-rays parallel to the surface we obtain a Cu-O distance of
1.98 angstroms. A second neighbor is also evident. This is
most likely Cu at 2.55 angstroms.
Under the conditions of this experiment we do not expect oxides
of Cu to be stable. The oxygen distance, however, is too small
to be explained by adsorbed water or by coadsorbed sulfate.
The results suggest 3trong bonding botween the Cu and O.

This work was supported by the Office of Naval Research
through contracts N00014-87-K-0551, N00014-90-1326, and
N0O014-9O-J-1332.
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SITE-SPECIFIC CYTOCIIRDMI! OXIDASE INHIBITOR

II. Jnmea Harmon (l)opc. of 1'hyslca, Oklahoma Stnte U Rtllluator, OK
74078), Linda Powers, R. Sinclair, and Cht-Soon Chnng (Contor for
niocatnlysifl, Utah State U., Logan, UT 84322.', and I. Ayene (Dopt, of
Biochemistry anil Biophysics, UiUv. of Penn., I-!'1. Inde'.jhin, PA 19 KM)

Cu- and Fo-EXAFS studies of lsolntßd cytochroine oxidase were
undertaken at -90 -• -100C to determine the offocts of the following
cardine antl-arrhythmic drugs on the Uganda of FB and Cu In resting
(oxidized) oxidase: procalne, dLbucnlne, and propranolol. The latter
two compounds have been shown to Inhibit cytochroine oxidase activity by
preventing electron transfer from cytochrome fl to the (IR-dotectnblo)
CuA conter at concentrations below 2 mM. At higher concentrations, as
in those EXAFS experiments, a high spin F.PR g-6 Iron signal Is observed
In addition to the low spin g-3 signal of cytochrome a, indicative of
the breaking of the nnt.i ferromzignetle coupling between cytochrome aj and
Its (IR-undetectnble) CuB center.

Fe EXAFS studies on the effects of dibucalne and propranolol were
undertaken on purified myoglobln. These drugs have been shown to alter
the Sorse (400-450 nm) abaorbance spectrum and to Induco the complete
conversion of myoglobin from g-6 high spin stnte to g™3 low spin state,
possibly due to displacement of the distal histldine at the Iron sixth
coordinate position.

The data are currently being analyzed. A complote report will bo
made in subsequent publications.

Work supported by Oklahoma State University, Utah State University, and
a grant from the Air Force Office of Scientific Research, Air Force
Systems Command, USAF, under AFOSR 89-0458.
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STRUCTURAL STUDY OF D1SCOTIC LIQUID CRYSTALS

P.A. Heiney, S. Idziak, G. Vuughun. S. Kycia, and Nick Maliszewskyi, U. Pennsylvania-
E. Fontes, Ai&T Bell Laboratories

We used a horizontally focussed 8KcV x-ray beam logeiher with a 4-circle diffr.ietometer
to measure diffraction profiles of both oriented and unoriented discotic liquid crystals. This
experiment was the first test of high &-Q -resolution diffraetomeiry using the new sagiiallv
focussed monoehromator at X9.

In one set of measurements, we studied diffraction profiles from 2,3,6,7,10,1!-
hexa(pentyithio)tnphenylene (CS) in both powder and oriented (strand) geometries. C6,
the homolog of CS with one more C//2 group per tail chain, had previously been shown to
form a columnar phase in which the intracolumnar molecular order was helical, with the
helical pitch incommensurate with the molecular space [P.A. Heiney et al, í. Phys. France
50, 461 (1989)]. In CS, we observed the same feature, but in this case two helical pitches
were observed to coexist. Future experiments will elucidate whether this this surprising
feature arises from thermodynamic coexistence, true multiple incommensurability, or some
type of pinning mechanism.

In a second set of measurements, we studied unoriented samples of a hexa-(p-n-
dodecyloxybenzoyl) derivative of the mucrocyclic polyamine [18I-/V6. Liquid crystal
phases of this compound had been previously referred to as "tubular," since it seemed
plausible that the molecules would stack into columns with hollow cores, with only short-
range intracolumnar order and with long-range triangular order of the columns (J.M. Lehn
et al, J. Chem. Soc. Chem. Commun., 1794 (1985)). This model would therefore predict a
set of sharp diffraction peaks in the ratio 1:V3:2:V7, etc., as well as diffuse scattering due to
the intracolumnar order. Although we observe a diffuse peak and a resolution-limited
(100) diffraction peak, we saw no higher-order peaks; the higher-order peaks, if they exist,
must be reduced in intensity from the (100) by a factor of at least 3000.

R • f-it-CuHnO-CHi-CO

ODO;

0 34 0 38 0 40 0 50 O 33 0 57 O M

Beam L i n e X9 s u p p o r t e d by NI II: RRÜ1633

0 Unverü» «ngitrmml
This behavior is unexpected for a columnar phase, but is typically observed in smecîic
liquid crystals, leading us to suggest that the true structure may be lamellar rather than
columnar.

This work was supported by N.S.F. Grants DMR-88-19885 and DMR-89-0I2I9.
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BEAM NOISE ANALYSIS

Syod Khalld (University City Science Cenlor/lnslftute lor Structural and Functional Studios)

Tho beam noise fluctuations were measured on two beam lines (X9-A and X9-B) at tho
National Synchrotron Light Source (NSLS). Tho boam line X9-B Is a white X-ray beam line
0.5 cm x 20 cm and Iho oxit window is located 9 m from the x-ray source. The beam line X9-
A Is (or monochromatic x-rays. It Is 15 m from the source. The monochromator is at about
12 m and the mirror at about 14 m from the source. Tho beam dimensions inside Iho hutch
are 0.5 cm x 10 cm from Si(111) and 0.5 cm x 10 cm from SI(220). These beams are side
by side and ono or tho other can be peaked using tho tuning ol Iho second monochromaior piezo
voltage.

Tho 200 Hz phosphorus coaled vibrating reed was mounted on an x-z translation table
at X9-B. The reed chops the x-rays giving light spikes al equal phaso, detected by an optical
detector. Any boam movement produces a phaso shift and, consequently, a proportional ver-
tical track voltage which was recorded on a strip chart recorder. A downward beam movement
of 600 micron was observed on June 29, 1989, from 2:30 am to 7:00 am (1). On July 17,
1989, wo observed a downward movement of the beam by 1 mm in 12 minutes, \rom 9:28 to
9:45 am. Tho avorage poak-lo-poak movements wore 30 microns.

Experiments were also carried on both the beam linos X9-A and X9-B simultaneously.
For the firsl time wo used Si(220) crystals for the noise analysis. These crystals were sen-
sllivo to the plezo voltage tuning because ol their inherent features of sharp rocking curve.
The Si(111) side was sot up for doing tho x-ray absorption speclroscopy at the same lime. On
Janaury 20, 1990, we observed a downward movement of 80 ± 5 microns on X9-B between
10:35 pm and 11:28 pm. However, the beam position of monochromatic x-rays at X9-A
changed only within the statistical error. At 11:38 pm we closed the feedback loop on the X9-
B translation table and observed the beam positioning for 32 minutes. We found that tho z
table was following the beam within the error of ± 5 microns. Again on January 22, 1990, we
observed a slow downward drift In the boam a; X9-B. 100 ± 5 micron movement was recorded
between 11:15am and 1:00 pm.

On January 22, 1990, at 3:25 pm we recalibrated nur system. The demodulator
electronics of X9-A was used on X9-B. For about an hour and a half wo observed periodic beam
movements of 40 ± 5 microns at an Interval of 2.1 mlnulos. Theso oscillations wore very
likely caused by tho synchrotron machine water temperature variations. These fluctuations
died at 5:05 pm. From that time until 11:50 pm the beam fluctuations were within the error
of * 10U and we did not observe any beam drift.

Supported by NIH:RR01633.
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CALIBRATION OF LARGE AREA PMT/1'HOSI'HOR X-RAY DETECTOR FOR
EXAFS MEASYREMENTS.

"S. Khnlid, * B. Chance and *K. S. Keddy; "Hio-Structures Institute, 3401 Market
Street and "iJept. of Biophys. & Biochum.; U. of Perm.; Philadelphia PA 19104

The detection of fluorescence photons from dilute samples plays a critical role
in the success of the HXAFS experiment wilh biological samples. Large solid angle,
linearity and ease of operation are important parameters of any detector. In the
present study, we compare the performance of two detectors, a fluorescent ion
chamber and phoiomultiplier/scinlillator-ZnS (PMS) delecting sysiem and
calibrate the PMS system with respect to the fluorescent ion chamber (Stern-Heald
design) for a given photon flux.

The X-ray photons from a Si( l l l )
crystal monochromator were passed
through 2X1 Omm slit and scattered
with mylar film at 7.5 KeV. The ion
chamber with an area of 5.6 in. (with
out soller slits) gives 1 volt output with
a gain of 10"' for 3x106 photons/sec.
Whereas PMS detector (area 19.62in.) at
a bias voltage of 1000V with an
amplifier gain of 10s produces I volt
signal at photon flux of 1.56X10''
photons/sec. The linearity of the PMS
detector lias been tested using different
thickness of Al foils between the
sample and the detector (see Fig.l).
EXAFS spectra of 5mM K3Fe(CN)6

using both the detectors under similar
conditions is shown in fig.2. The PMS
detector has been found to be linear
within the range of typical
experimental F.XAFS fluorescence
signal and also the S/N ratio of HXAFS
spectra with a properly designed PMS
detector is superior to that of Ion
chamber.

"This work was supported by KR01633
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Fc BXAFS MEASUREMF.NTS OF P-450 INHIBITOR COMI1.EXES X9A

A. Kolod/.icj, E. Miao, S. Joardar, N. Cloulicr, «nO W. H. Ormc-Johnson. Dcpt. o( Chemistry,
Massachuscus Institute of Technology, Cambridge. MA 02139

Hcmc iron-containing P-450 enzymes ploy essential roles in steroidogenesis. The first and rate-limiting
enzyme in the pathway from cholesterol to steroid hormones is P-450 side chain cleavage enzyme (P-
4S0scc) which converts cholesterol to prcgncnolone and isocrupraldehyoc in three oxidutivc steps.

We wish to map out the conformation of the side chain of the substrate cholesterol bound in the active site
of the enzyme. We want to use EX AFS to estimate the distance between the porphyrin iron and the side
chain carbon a'.om. To overcome the problem of distinguishing the side chain carbon from the porphyrin
ring carbons, we have used a potent competitive inhibitor of the enzyme where the C-22 carbon, the site of
oxygciiation, has been replaced with 1 sulfoxide group. This inhibitor should present a sixth ligand (0) to
the iron and we hope to detect a distal Fe-S vector corresponding to the sulfoxidc sulfur. A second
inhibitor, the 22(R)-22-amino-cholestcrol, was used as a control; this compound should supply a sixth low
Z ligand (N), but the distal Fe-S vector should be absent. As P-45Oscc is membrane-associate, only iron
concentrations of about 0.5 mM could be obtained. Use of 113-clcmciildelccloronX9Ahasallowcdusto
make BXAFS measurements M this low mclal concentration. Both samples were examined by El'R and
UV/VIS before and after dau collection to monitor the spin stale and sample integrity.

Previously, we have collected EXAFS data on the P-450scc sulfoxidc complex, and those results (NSLS
Semi-Annual Report, March 1990) were imcrprcucd in terms of 4-5 N/O ligands al 2.00 A. it single S
ligand al 2.45 A, and an Fe-S vector at 2.98 A. We have now collected 100 fluorescence scons of the 22-
amino P450scc complex as well. The dau from this sample have not been fully analyzed, but a
preliminary comparison of this data (see figures I and 2) with that of the 22-sulfojsidc complex emphasizes
the similarity between the jpecta. Unambiguous dejection of the C to S substitution may therefore be
difficult with the present dau which is tnalyzable to about 13 A'1 in k-space.

We have also collected Ni K-edge fluorescence data on the non F420-ieducting hydrogenase from the
mcthanogen M. ihtrmoauiolrophicum. The enzyme was isolated anacrobically for the first time, in a fully
active slats. EXAFS measurements of this sample (105 scans) as well as CO inhibitlcd hydrogenase (40
scans) were performed; fitting of this data is in progress and looks promising.

X9-A

Figure 1: k3(x(k)) spectrum of P-450scc
with sulfoxide (top) and amino (bottom)
inhibitors

Figure! Fourier transform of data (3-13 A'')
of P-4S0SCC with sulfoxide (top) and amino
(bottom) inhibitors.

Research supported by NIH:GM28358-i 1 and NIII:GM3IS74-O8; Bcamlinc X9A supported by NIH:RRO1633

POLARIZED XAS STUDIES O N HEME PROTEINS A N D MODELS

Z. R. Korszun, University of Wiseonsin-Parkside

EXAFS and XANES data were collected on several systems. Polarized single crystal EXAK data
were collected on cytochromc c peroxidases, cylochrome P-450 and several model Fe and Zn
porphyrins. Tha data were analyzed in an attempt to distinguish the .ixial from the equatorial bond
lengths in ihese molecules. Cytochrome c pcroxidascs and the model compounds yielded extremely
good and intcrpretablc data but the cytoclirome P-450 data were not as well characterized. In
particular, the model compounds could be interpreted in terms of differences in the axial and
equatorial bond lengths suggesting that the polarized experiment can yield inlerpret-ible information
on the protein crystals. The polarized single crystal EXAFS of cytochrome c pcroxidase showed small
but significant differences when compared to the solution data. These differences are interpreted in
terms of a model which places the axial Fe-imidazolc bond length at 2.07 A. In a second study, our
original work on cytochrome c' as a function of pH was completed. This study resulted in the
determination of a unique stereochemistry for the high spin form of the molecule at pH 10 (similar to
that observed in the peroxidase above) and normal stereochemistry in the low spin form which occurs
at pH 12. This work is currently being written up. In a third EXAPS study, a Zn-dependent
replication factor was studied and the Zn coordination was determined to be tclrahcdral to 4 cysteinc
S atoms. This protein thereby has a Zn finger motif and extends the family of DNA regulatory
proteins. The results of this work are also being written up.

XAS Studies of Cytochrome P-450
Z. R. Korszun I), of Wisconsin-Parkside

Polarized EXAFS and XANES data were collected on several Zn and Fe
Porphyrin model compounds and on the resting forms of Peroxidase and
Cytochrome P-450 at the National Biostructures Participating Research Team beam
line X-9 at the National Synchrotron Light Source. The data were collected using a
solid -state energy discriminating detector which was set up to measure only
K-alpha fluorescence from the sample. Although count-rates from the protein
samples were low , it was found (hat good data could be collected on the proteins
because background scatter was cssentialy eliminated. Data were collected in
several orientations on both the model compounds and the proteins in order to
separate the equatorial and axial metal ligand bond distances. In the case where the
porphyrin plane normal is perpendicular to the direction of polarization of the
synchrotron x-ray beam only axial ligands are observed.

Preliminary data analysis was performed using software developed by Stem and
colleagues at the University of Washington. In the case of model compounds, both
the equatorial and axial metal-ligand distances were found to agree with the
crystallographic results indicating that the polarized EXAFS spectra were indeed
sensitive to the crystal orientation.
Supported by NIH-GM 41822 and Beam Line X9 is supported by NIH-RR01633.
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BIOLOGICAL METAL CLUSTERS: BIOPHYSICAL AND MODEL STUDIES

M. J. Maroncy, C.J. Colpas, Csaba Bagyinka, University of Massachusetts, Amherst

During the first trimester of 1990 our work focused on collecting and analyzing Ni K-cdge x-
ray absorption spectroscopic data from Thtocapsa roseopersicina hydrogcnasc that was rodox poised
in Form C. The rcdox state of the enzyme known as Form C refers to a formally NKI) center in a
cadilylically viable enzyme. We prepared a sample that by epr signal integration contained 96% of
the enzyme in Form C. Fluorescence data was collected on this sample, which was ca. 0.3 mM Ni,
using a 13-element Ge detector. Data reduction and analysis were performed using standard
procedures.

The Fourier-transformed EXAFS spectrum (Figure) reveals three peaks arising from scattering
atoms in the first, second, and third coordination spheres. Information regarding the structure of the
Ni site in Thiocapsa roseopersicina hydrogenase Form C was obtained from the analysis of both
Fourier-filtered and unfiltcrcd EXAFS data, and is supported by data from structurally characterized
model compounds and the analysis of x-ray absorption edge structure. The Ni ligands include 2 ± 1
S,CI donors at 2.21 (2) A and 3 ± 1 N,O donors at 2.06 (2) A. A five-coordinate, trigonal-bipyramidal
structure is most consistent with the edge data. Features arising from scattering atoms in the second
and third coordination sphere can be accommodated by a model involving the association of the Ni
center with an FeijS.| cluster. The second coordination sphere Ni-Fe distance (4.3 A) is too large for
the Ni to be incorporated into an Fe,S cluster, and suggests that a novel Ni, Fe,S cluster exists in Ni,
Fe hydrogenases. The observation of scattering from the Fe,S cluster implies the existence of a iigand
that bridges the cluster and the Ni site. The involvement of the Fe,S duster is further corroborated
by the observation of features ihat can (it by Fe atoms in the third coordination sphere at a distance
of 6.2 A. Studies of this enzyme poised in other redox states arc in progress.

15-

5-

Figure. The Fourier-transformed
LXAFS spectrum from the Ni Silc in
Thiocapsa roseopersicina
hydrogcnasc Form C (solid line) and
fit (dashed line).

Acknowledgement: This work is
supported by NIH grant GM-38829
and by the National Biostructurcs
PRT and its supporting agencies.
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KLANCINC-ANCLE XAFS STUDIES OF I'REMELTING AT Cu/AljOj

INTERFACIAL REGIONS

K. A. Mayanovic, I). A. Bunker, and N. Jisrawi, Physics Dcpl., U. of Notre Dame.

Studies on metals have shown that prcmelling at Ihc .surface occurs considerably below
the bulk melting temperature, indicating thai the wet surface of a solid may act as a nucleaticn
source during melting. Our aim in this work is to study the atomic thermal-motion disorder
ami vacancy formation associated with the precursors to melting at metal-insulator interfaces
using XAFS. Cu K-edge X APS spectra were taken on Cu/Al2O3 multilayers, grown using RP
sputtering on optically flat Si wafers having 20 layers each of ~1(X)A of Cu and ~1()OA of
Ai2O,, using the glancing-anglc of incidence technique in ihc fluorescence mode.
Measurements were taken at several angles of incidence, ranging from -2.5 to 13 mrad, at
room temperature and 420 ± 2°C. The multilayers were studied under two orientations: the
x-ray polarization vector parallel and perpendicular to the Cu/Al2O, interface. Preliminary
analysis of the polarization dependent high-temperature data reveals a directional anisotropy
in the EXAFS Debye-Waller factor indicating that the amplitude of relative Cu atom in-plane
motion is larger than for out-of-planc motion at the interface (see Fig.l). The implication of
(his is thai lite interface may experience premelting behavior differently than a free surface
for which the directional anisotropy in atomic vibrational amplitudes is reversed. Besides
completing a thorough quantitative analysis of our data, we plan to do a more systematic
study of this nature versus temperature at both orientations.

U.UD "
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Fig.l Normalized EXAFS oscillations
for the Cu K-edge, measured on a
Cu/AI,O3 interface, at 2.5 mrad
incidence angle and 420 ± 2°C. The
solid line (dashed line) represents
measurements made with the x-ray
polarization vector perpendicular
(parallel) to the interface.

Supported by Office of Naval Research under contract N00014-S>J-.'-l 108.
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Fc EXAFS AND ESEEM MEASUREMENTS OF P450-INH1BITOR COMPLEXES X9A

E. Miao. A. Kolodziej, C. Zuo, S. .'osjdar, C. Byon. N. Cimili». W.H. Orme-Johnson, Dcpl. of Chemistry,
Massachusetts Institute of Technology, Cambridge, MA 02139

Heme iron-containing P-450 enzymes play essential roles in steroidogencsis. The Tint and rate-limiting
enzyme in the palhwiy from cholesterol to steroid hormones is P-450 side chain cleavage enzyme which
converts cholesterol 10 pregnenotone and ioscapnldehyde in three oiidative slept.

We wish to map out (he conformation of the side chain of the substrate cholesterol bound in the active site of
the enzyme. We want lo use EXAFS to estimate the distance between the porphyrin iron and the side chain
carbon atom. To overcome the problem of distinguishing the side chain carbon from the porphyrin ring
carbons, we have used a potent competitive inhibitor of the enzyme where the C-22 carbon has been replaced
wiih * sulfoxide group. As the enzyme is membrane-associated, obtaining concentrations of the iron site
above 0.4 mM proved difficult. Use of a 13-etcmenl Ge detector on X9A which gave 5-fold S/N
improvement over our Sicm-Lylle fluorcsence detector, allowed us to overcome the problems of low metal
concentrations. The data collected were analyzabte to 13.S A.

The sample was examined by EPR and UV/VIS before and alter EXAFS data collection; no change in spin
state or sample degradation was observed. The fourier transform of the K ' weighted EXAFS are shown in
Fig.l. Individual peaks were windowed and Titled. The results are tabulated in Table 1. The results indicate a
Fc-S bond at 2.45 A, corresponding to the expected cysteine thiolate ligand. This bond is longer than the
2.37A bond found by Dawson et al for low-spin P-450can (t). Together with slightly longer porphyrin Fe-
N bonds, these values suggest that the iron atom has been pulled out of the distorted porphyrin plane. These
results are consistent with electron spin echo envelope modulation (ESEEM) measurements taker, on this
sample (unpublished data). Furthermore, we are able to unambiguously delect an Fe-S vector at 2.98 A in
the third peak, corresponding to the 22-suifoxide. Exclusion of this parameter led to unacceptable Tits. We
are conducting experiments with side chain substituted 22-sulfoxide inhibitors using ESEEM to determine
Fe-O (C-2H) distances. From the two types of experiment*, a fundamental comparison of magnetic
resonance and an X-ray distance measurement should result

Fit
1«

lb

lc

Peak
1

2

3

Ff-L
Fe<VN
FWVN

Fe-S
Fe-C

Fe-S

Table!
It
1.95
2.04

2.45
2.30

2.98
3.49

N
1.2
1.4

0.4

1.7

1.16

0.35

0.63

2c Fe-S 2.98 U 9.7«

r kudhn rf t-M

3c 3 FcC — ~ 168.9

V7indows:ia)0.8~2.5A (b) 1.8-2.5A (c)2.4-3.5A

1. Hahn, J.E., Hodgson. K.O., Andersson, L.A. and Dawaon, J.H. (1982) J. BUA. Chem. 257.10934

Research supported by NTH: GM28358-11 Beam line X9A supported by N1H:RRO1633.

X9-A

POLARIZED X-RAY ABSORPTION SPECTROSCOPY

James E. Penncr-Hahn, Shcngkc Wang, Geoffrey S. Waldo, and Kimbcr dark (University of
Michigan) and Jefrey Wright and Thomas V. O'Halloran (Northwestern University).

Polarized XANES spectra were measured for single crystals of [Fe (OEP) (THR2ICIO4, (NEU? (Fe
(TPP) F2I, and [Fe (OEP) (2melm)2i CIO4. These date were used to test the hypothesis that by
appropriately orienting single crystals relative to the polarization and propagation directions of the
x-ray beam it would be possible to excite selectively the ls-3dxy, Os-Sd^ls-Sdy^), ls-3dx2.y2, and
ls-3dz2 transitions. The data confirmed the hypothesis. This work serves as a portion of the thesis
research for S. Wang and is currently being prepared for publication.

Isotropie and polarized EXAFS and XANES data were measured for (NEt4) lHg(S-t-Bu)3l single
crystals. This compound has been proposed as a model /or the Hg site in the protein MerR. The data
that were measured demonstrate that this alkyl iliiolate is an excellent model for both the XANES
and the EXAPS of MerR. Earlier work had compared MerR to a three coordinate Hg aryl-thiolatc
complex, and had shown some difference in the XANES. The present data allow comparison with a
more realistic alkyl thiolatc model. The data arc presently being analyzed. Initial results indicate
that polarized studies of the MerR protein will be informative.

In addition, preliminary Cu EXAFS data were measured for the product excreted by Cu tolerant
bacteria bearing the pK|1004 plasmid.

Supported in part by the NIH (GM-38047).
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THE STRUCTURE OF THE ACTIVE SITE OF THE HEME PEROXIDASES: A COMPARATIVE
STUDY.

L. Powers1. R. Sinclair1, J. Bumpus^, C.-S. Chang1, and I. Yamazaki'. ' Center for Bio-catalysis
Science ans Technology, Department of Chemistry and Biochemistry, Utah State University, Logan,
UT 84322-4630, 2 Biotechnology Center, Utah State University, Logan, UT, 84322-4630.

X-ray absorption speciroscopy is ideally suited for investigation of the local environment and
electronic struciure of the heme iron of hemeproteins. Not only can differences in Fe-ligand bonJ
lengths be determined to 0.015A but the relative position of the iron to the heme plane can be
invesligafed. Thus, this method offers a sensitive comparison of the active heme sites of the
pcroxidases including their reactive intermediates and liganded states. Earlier studies on
horseradish peroxidase, cytochrome c peroxidase, cataiase, and myoglobin showed distinctive
differences in the aclive site structures of the peroxidases (1,2) and myoglobin (3). Lignin peroxidase
from Phanerochaete chrysosporium, Coprinus macwrhizus peroxidase, Arthrobacter ramosus
peroxidase, and lactoperoxidasc together with microperoxidase, a heme containing peptide produced
protpolytically from cytochrome c have also been investigated. Comparison of these data show
similarities among the active site structures of 'he pcroxidases which are distinctly different from
those of myoglobin. The distinguishing feature is the proximal histidine bond length: -0.2A shorter
for the peroxidases. Among the peroxidase active sites, smaller differences are observed which
further elucidate the structure^rcactivity relationship

1. Chance, B. et al., Arch. Biochem. Biophys. 235,596 (1984).
2. Chance, M. et al., Biochem. 25,1266 (1986).
3. Chance, M. et al., ibid., 1255.

THE STRUCTURE OF THE ACTIVE SITES IN E. coli RNA POLYMERASE.

L. Powers1. R. Sinclair1, F. Y. H. Wu2-3, and W.-J. Huang2,1 Tenter for Bio-catnly-i-. Science and
Technology, Department of Chemistry and Biochemistry. I i.ih State University, Logan, UT 84322-
4630, 2 Department of Pharmacological Sciences, State University of New York at Stony Brook, Stony
Hrook, NY 11794, 3 Institute of Biomedical Sciences, Academia Sinics, Taipei, 11S29, Taiwan, R. O. C.

X-ray absorption spectroscopy is ideally suited for the investigation of the electronic structure
and the local environment (<~5A) of specific atoms in biomolecules. While the edge region provides
information about the valence state of the absorbing atom, the chemical identity of neighboring atoms,
and the coordination geometry, the EXAFS region contains information about the number and average
distance of neighboring atoms and their relative disorder. The development of sensitive detection
methods has allowed studies using near physiological concentrations (as low as~100u.M). The DNA-
dependent RNA polymerase from E. coli contains two zinc atoms: one tightly bound in the bbp subunit
where template binding occurs and the other loosely bound in the bb subunit where substrate binding
occurs. X-ray absorption studies of these zinc sites in the native protein and of the zinc site in the bbp
subunit after removal of the zinc in the bb site by p-(hydroxymercuri)benzenesulfonate ID. P. Giedroc
and J. E. Coleman, Biochem. 25,4y69-4978 (1986)1 indicate that both Zn sites have octahedral
coordination. The zinc in the bbp site has four sulfur ligands at an average distance of 2.36±0.015 A and
two oxygen (or nitrogen) ligands ;it an average distance of 2.23+0.02 A. The bb site zinc has five sulfur
ligands at an average distance of 2.38±0.15 A and one histidine nitrogen ligand at 2.14+0.15 A. These
results are in general agreement with earlier biochemical and spectroscopy studies.
Supported by NIEHS Superfund ES04922.

EXAFS STUDIES OF CATECHOL 2,3-DIOXYGENASE FROM PSEUDOMONAS
PUT1DA.

L. Que Jr., A. E. True, A. M. Orville, J. D. Lipscomb (U. of Minnesota)

The extradiol catechol 2,3-dioxygcnase (2,3-CTD) catalyzes the aromatic ring cleavage
of catechol to form the muconic semialdehyde. 2,3-CTD has a ferrous aclive site which is
inaccessible by most spectroscopic techniques and, consequently, little is known about the iron
site or its mechanism of catalysis.' EXAFS spectroscopy provides the first evidence for
histidine coordination.

The magnitude of the }s-»3d transition in the K-Edge Fe XANES data on 2,3-CTD
from P. putida is consistent with either a five- or six-coordinate ferrous site. EXAFS
simulations, using the curved-wave multiple scattering approach of the program EXCURVE
(developed at SERC Daresbury Laboratories), suggest the presence of between two to four and
most likely three histidines coordinated at 2.13 A on the ferrous site. The remaining ligands in
the iron first-coordination sphere could be simulated by oxygen at 2.03 A. One of these oxygen
ligands may be from a water molecule, since EPR line-broadening studies in 17OH2 have
shown that solvent coordinates to the ferrous active site in the 2,3-CTD-NO adduct.1 The other
oxygen(s) may be from carboxylate groups such as those found in the amino acid residues
aspartate or glutamate.

11
0.0

Figure 1: A) j(k3 Fourier-filtered (back transform: 0.8 -» 6.0 A) and B) Fourier-transformed

Xk3 data (x) of 2,3-CTD from P. putida. The simulation shown (—) consist of 4 carbons at

3.85 A in addition to the first shell oxygen ligands and the 3 multiply-scattered histidines.

1. Arciero, D. M.; Orville, A. M.; Lipscomb, J. D. J. Biol. Chem. 1985,260, 14035-14044.

Acknowledgements. We would like to thank Dr. Ninian Blackburn for his assistance with the
excurve software. This work was supported by the N.I.H. (GM 33162). AET is grateful for a
National Research Service Fellowship from the N.I.H. (GM 12792).
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EXAFS STUDIES OF THE INTERACTION OF SUBSTRATE WITH THE FERRIC SITE
OF PROTOCATECHUATE 3,4-DlOXYGENASE FROM B. FUSCUM.

L. Quc Jr., A. E. True, A. M. Orville, L. L. Pearce, J. D. Lipscomb (U. of Minnesota)

Frotocatechuatc 3,4-dioxygenase (3,4-PCD), which catalyzes the cleavage of
protocatechuic acid, with the incorporation of dioxygen, to form a muconic acid, has a trigonal
pyramidal ferric active site with two histidines, two tyrosines and a solvent molecule as
ligands.' The axial positions are occupied by a tyrosine and a histidine.

First-shell fits to the Fourier-filtered xk3 Fe K-edge EXAFS data of the native enzyme
ofB.fuscum are consistent with 3 Fe-O interactions at 1.90 A and 2 Fe-N interactions at 2.08
A. The 2.08 A Fe-N bonds are consistent with histidine ligation. The 1.90 A Fe-0 bonds are
consistent with the prescence of two tyrosines but are too short for a ligated water molecule.
The 1.90 A bo^d length is thus indicative of a coordinated OH.

There is extensive evidence for the chelation of homoprotocatechuic acid (HPCA)
through both OH groups to the ferric site of 3,4-PCD.2 The binding of HPCA displaces the
hydroxide ligand and thus would be expected to form a 6-coordinate ferric complex. However,

the intensity of the 1 s-»3d transition in the XANES region does not change upon the addition of
HPCA (Fig. 1), indicating that the active site remains 5-coordinate upon substrate binding. The
first-shell Fourier-filtered x^3 data can be fit with 5 oxygen at 1.99 A, suggesting that the ferric
site of the ES complex is more oxygen-rich. We propose that the axial histidine ligand as well
as the hydroxide is displaced upon binding of substrate (Fig. 2).

X9A

3,4-FCD +
Icicphlhililc

PCOt-HPCA

3.4-PCD

7070 7095 7120 7145 7170
Encirgy

Figure 1. XANES spectra of 3,4-PCD
complexes.

His

Figure 2. Proposed binding o l HPCA
to 3,4-PCD.

1. Ohlendorf, D. H. Lipscomb, J. D.; Weber, P. C. Nature 1988,336, 403-405.
2. a) Orville, A. M.; Lipscomb, J. D.J. Bio/. Chan. 1989,264, 8791-8801.

b) Lauffer, R.; Que, L,, Jr. J. Am. Chem. Soc. 1982,104, 7324-7325.

Acknowledgements. This work was supported by the N.I.H. (GM 33162). AET is grateful
for a National Research Service Fellowship from the N.I.H. (GM 12792).
BeJm Line X9 i s supported by NIH:RRO163j

EXAFS INVESTIGATION OF MYOGLOBIN AND MUTANT MYOGLOB1NS WITH
GASEOUS LIGANDS AND HEAVY ATOM DERIVATIVES
K. S. Reddy, K. Zhang and B. Chance,., Dept. of Biophys.8 Biochem.. University of
Pennsylvania., Philadelphia, PA 19104.

Accurate determination of structure of active site in heme proteins is important
in understanding the ligand binding process. X-ray crystallography provides
information on the average structure of protein molecule, where as EXAI-'S
provides information on heme and the pocket surrounding it. However, in
order to increase the accuracy will) which the position of ilic axial ligand can
be located by EXAFS, an atom of 'Z' value greater than carbon and nitrogen is
highly desirable and for that reason we have undertaken Ihc study of ligalion
of myoglobin with phosphincs.

The pliospliines react with ferrous and ferric myoglobins with characteristic
optical spectrum shown in fig.l. A comparative EXAFS study of MbO2 and
MbP(C2H5)3 indicate that the phosphorous alom directly binds the Fc2+ and
gives much better X-ray scattering signal than the oxygcn(fig.2). in addition,
the preliminary EXAFS data analysis indicate that the Fc-P distance is different
in ferrous and ferric Mbs. We consider it advantageous to use such derivatives
not only for increased EXAPS visibility but also for X-ray diffraction and high
resolution NMR. This will offer a convenient way of probing the conformation
of the wild and mutant protein active site in ferric and ferrous forms.

- MbPhoiphine
• Met Mb-Phosphint

Met Mb

560 640
Wovllcnglh Innl

Fig.l The optical spectra of Mb3+ Fig.2 . Magnitude of the fourier
(phosphinc) and Mb z +(phosphinc) transform of K3 x<k> for Mb-
Thesc distinct absorption bands phosphine (solid) compared with
allow optical assay of (he sample MbOjfdash) in the region
during EXAFS data collection 1.00SkSl2.0QA~'. The window function

used to isolate the first shell is about
1.35A in width.

This wi»rk was supported by HL 18708 and RR fl633
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DF.VHI OPMF.NT AND TEST OF A FOCUSING MONOCHROMATOR

G. ROSF.NBAUM, M. SULLIVAN, R. FISCHIiTTI (UNIVERSITY CITY SCIKNCH
CF.NTF.R, PHILADELPHIA, PA), L. ROCK (L. ROCK AUTOMATION
ASSOCIATES, CHERRY HILL, N.J.)

A sagittally focusing stage for a double crystal monochrornator has been developed
and tested- A horizontal focus of 060 mm width (FWHM) has been obtained at 17.5
m from the source at a magnification of 0.46. The active width of the focusing
crystal was about 50 mm. The overall reflectivity of the focusing crystal (Si, (111]-
orientation) vvae about 0.3 compared to a flat crystal- The focusing stage increases
the flux density at the focus 25-fold compared to a flat crystal. The tails of the focus
are very narrow. The full width at 1% of the peak is 1.6 mm; at 0.01% it is 3.0 mm.

Combined with a vertically focusing mirror a point focus of 0.31 mm x 0.63 mm
(FWHM, vertical x horizontal) was measured. The flux into the focus was 9*10'"
photons/sec at 120 mA beam current and 8.2 keV photon energy. The flux density
over the half maximum widths was about 1.7*10H photpns/sec/mm2.

The focusing crystal was made from a Si-wafer of 0 7 mm thickness and 75 mm
length and width. Steel ribs of 0.6 mm thickness were glued to the backside of the
wafer at 3 mm intervals in order to decrease the anticlastic bending of the crystal
plate when focused. The focusing stage is designed for crystals up to 200 mm active
width.

The focusing stage consists of two sets of pins which generate a bending moment at
both ends of the crystal plate. Two of the pins are stationary and provide the refer-
ence against which the crystal is pressed. Two small piezo-translatprs allow to cor-
rect for non-planarity of the two pins. The other two pins are attached to a spring
plate and pushed against the crystal. The force acting on the spring plate is
generated by an eccentric wheel which is rotated via a cable. In order to not impede
the precise angular tracking between the first and the second crystal this cable enters
the focusing stage through the center of the hollow shaft providing the rotation of
the second crystal. The cable is connected to a cam follower which is operated from
outside the monochromator vacuum tank.

The self-contained focusing stage is mounted on a trolley which is positioned pre-
cisely to give a constant exit height of the beam at any Bragg-angle, The change-
over from the non-focusing to the focusing stage takes about 2 hours.

Supported by NIH, Divison of Research Resources, Grant RR-01633.

X9-A
TEST OF SAGITTALLY FOCUSING SCANNING MONOCHROMATOR

1.1. Rosenbaum, M. Sullivan, ft. Pischetti (Univ. City Science Center),
L. Hock (L. Rock Autoin. Assoc.)

A siigittally focusing stage has been tested with the double crystal scanning
monochroniator of beam line X9-A- The focusing stage replaces the normally
used second stage with a flat crystal. The bonding stage is designed for crystals
accepting beams up to 200 mm wide. The crystal under test accepted 45 mm
width. The bending stage can be scanned over Bragg-angles from 10° to 71= cor-
responding to photon energies from 114 keV to 2.1 keV with a Si-i 11 crystal.

The crystal under test has been made from a thin Si-plate of O.ti mm thickness,
;;0 mm width and 75 mm length (in direction of the beam). Steel ribs of 0.6 mm
thickness have been glued at 3 mm pitch to the back of the crystal in order to
stiffen tho plate ami reduce anticlastic bending [!]• Aluminum plates have heen
glued to the crystal plate tn extend the width to fit the bending stage. The crystal
was cut in Ill-orientation with a 4° angle between lattice planes and crystal sur-
face. The asymmetric cut was used to increase the angle of incidence and thus
increase the radius of curvature.

The bending stage has a bending couple at either end of the crystal in order to
produce the desired curvature of the crystal. The bending couple can be adjusted
to produce a conical shape as needed for the particular choice of focal length [2],
Small piezo translators pushing on the bending couples are used to untwist the
crystal. All adjustment drives are outside of the monochromator tank and
transmitted to the bending stage via linear feedlhroughs.

In conjunction with the vertically focusing mirror a point focus of 0.56 mm x
0.33 mm (horizontal x vertical, FWHM each) has been achieved at the back of the
hutch (focal length = 5.5 m). Focused on the center of a four-circle diffractometer
in the front of the hutch the focal size was 0.39 mm x 0.28 mm (h x v, FWHM).
The measured horizontal width of the focus equals the calculated size of the de-
magnified source. The horizontal focus produced by the crystal is very clean: the
full width at VYo of maximum is 1.5 mm and at 0.01%. it is about 4 mm.

The flux into the focus was 4 * lOl1 photons/sec at a photon energy of 7.4 keV
and 170 mA beam current. The average flux density in the center of the focus
(FWHM area) is 4 * 101-1 photons/soe/mm2.

[1] C.J. Sparks, G.E. Ice, J. Wong, B.\V. Batterman, NucL Instr. and Meth. 194
(1982),73-78

|2) G.E. Ice, C,J. Sparks, JOSA, to be published
A. Habonschnss, G.E. Ice, C.J. Sparks, R.A. Neiser, Nucl. Instr. and Meth.
Agfifi (1988). 215-219

This work was supported by Grant RR-01G33, National Institutes of Health,
Division of Research Resources.
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IiXAI-S OF Fe3< IN ACTIVIi SOYBEAN I.IPOXVGIiNASR

X9A

STHUCTURES OP INTliUHIiDJ ATES O|' COENZYHli »,, CATALYSIS.

i. tiagi, M. Wirt, E, uhen, s. Triable, and M. chance
Georgetown u., jept. of chemistry, Wash.,D,c.,20057,

The structures or the catalytic intermediates of
adenosylcobalamin (Ado-cbl) dependent enzyme systems are not
well understood and have been difficult to crystallize, Using
EXAf'S spectroscopy, we have examined the structure of the Co",
Co', and "base-off" forms of B,,. For the Co" species, the
average of the Co-N equatorial distances of the corrin ring
are 1.07+0.01 A, and the Co- nitrogen (Co-N,,) distance to the
di-raethyl-benz-imidazole ligand is 1.99+0,02 A. The large
reduction in the Co-N^ distance relative to Ado-cb], where co-
Na is 2.21 A, is consistent with the cobalt ion moving out of
the plane cf the corrin nitrogens, and suggests a mechanism
for cobalt-carbon bond homolysis. When the cobalt-carbon bond
breaks, the co-N0 bond becomes much stronger and electron
density is reoriented away from the breaking bond. Co(lII)
coenzyme B,, was also analyzed and compared with x-ray data
(see Table 1), The EXAFS solution agrees with the x-ray
solution. However, KXAl'ti provides a more accurate solution
since th£-' estimated standard deviations for the x-ray bond
distances are + 0.02 A'. This means for example, that the
axial Co-N bond in the x-ray solution way range froR
2.18-2. J A" whereas in EXAFS the range is only 2,18-2,2 A'.
The inaccurate x-ray solution may be due to the presence of
water in the crystal; however, F.XAFS can overcome this problem
since che experiments can be performed in solution.

iAt.li: ! X KAY .:,u1 rSM :Sl)lUril>N!t K n ('( '( I I 1 )

'"_." 1~V~ 'MME'S

Co-N(eq)
Co-N(dmb)
Co-C

1 .90 A
2.24 A
2,01 A

I .so + o.oi A"
2.19 + 0.01 A'
2,0 3 + 0,03 A

esd = + 0.02 A'

SuppurtL'cl hy Nfll:mU)l6:n <tnd NSK: J)Ml!f)51

Koberl C. Scarrow (Haverford College; spokesperson), Millon G. Trimitsis (11. C),
Mark Nelson (duPont), Rebecca Cowling (duPont)

On May 15-17, 1990 wo spent two days of general user thru al beam line X9-
A collecting near-edge and EXAFS data on frozen samples of soybean Jipoxygenase-
1. In order lo obtain information on coordination and oxidation state changes
from the edge region we used the Si 220 monoeliromalor for its greater resolution,
and placed a sample of |Nli|4]|PeC!4] (Iiis,_>3j=7n3.0
eV) and a third detector behind the transmission
detector to bo sure of the energy calibration on all
scans.

The five samples examined included native
(iron(ID) lipoxygenase and tlie substrate-activated
iron(HI) lipoxygenase at pH 7. A comparison of the
pre-edge (ls-»3d) and edge features of these spectra
show a shift of about 2 eV, consistent with the oxi-
dation state change of (he iron. Also examined were |
samples of the iron(III) form of lipoxygenase lo :
which were added the inhibitor catechol, in one case, i
the enzyme product 13-HPOD in another, and in in a »
third case the substrate linoleic acid under anaerobic |
condition. The samples of native enzyme and Ihe J
sample prepared by adding either linoleic add or
catechol lo an anaerobic sample of the iron(HI)
enzyme showed virtually identical pre-edge and edge
features, indicating the same oxidation stale and
coordination number, and fwthermore the near-
edge features of the EXAFS (out lo 100 eV above the
edge) were virtually identical, consistent with the
proposal that addition of substrate or of calecliol
under anaerobic conditions leaves tho enzyme in its
native form. On the olher hand, treatment of the
iron(III) form of lipoxygenase with the product 13-
Hl'OO (to form a purple form of Ihe enzyme) leaves Ihe edge in the iron(UI)
position; (here does appear to be a slight shift in the edge region as well as some
differences in the near-edge F-XAF5; further experiments will be required to
confirm these changes.

Analysis of the fiXAPS region of these spectra is in progress.
Work a| Haverford College is supported by the Petroleum Research Fund of

the American Chemical Society (grant 21967-GB3).
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I'ROGRKSS OF BEAMLINE-CONTROL SOFTWARE AT X9

I S i l u i | " ( U n i v e r s i t y I ' i l y S c i e n c e ( " e n t e r , I ' h i l . i , I ' A )

During ihe past year ihe beamline software has been complelecl in thai all
indispensable fund ions lhive been included. We have entered a phase of steady
performance ami have been looking to add features which increase the ease of use
ami amount of good data generated. To this end we have installed ihe following
new features.

• reliable automatic tuning of ihe piezo which controls the relative angle of
the second crystal in our two-crystal monochroinator. This results in
maximal Io intensity and stability with minimal user intervention.

• computer calibration of motor positions if they are lost,

• watch dog program to ease recovery from the occasional computer lock up.

• adiliiional profiling tools for beam characterization.

• a profiling 'server' for doing impromptu profiles.

• motor and beam line optics control made much more convenient using a
lable-style display and control program,

• a portable hand-held computer terminal which can be carried to any
location on ihe beamline where it can control motors and beamline optics.

• easier selection of input data channels for recording in files.

• better control of K-weighting in EXAFS scans.

• provision for constant integrated flux per angular position when oscillating
.sample; in diffraction experiments,

• a program lo allow user's computers to examine experimental data from
beamJine computer.

• general improvement in program reliability.

• we are in the process of creating extensive documentation of all new
features.

AC Yl. CHAIN PACKING ON A I.ANCMUIR SURl'ACI!

V. Hkilii1, R. Fiscliell i2\ R. Kelley1, S. Amadnr1. University of Connecticut Health Center1,
Hinblriictures PKT2, University of Pennsylvania'1

This is the first lime an area detector (SIT) has been used to rerun! the X-ray diffraction pattern of
.ttyl chain packing of plmsphnlipJds on a Langmuir surface. The X-ray beam entered Ihe
experimental X-ray station al a downward angle of 9.0 mrads with respect to Ihe horizontal. A
nickel coated optical flat was mounted on a four circle diffraclnineter and used as a reflective surface
lo compensale for (he X-r,iy beam deflection- Hy changing the <iri™i<uinn of the optical flat, the
angle between the X-ray beam incident to the I.angmuir surface was varied- A KSV film balance was
mounted on a vertical translation lable lo position Ihe Langmnir surface into the X-ray beam. Given
this geometry, we were illuminating the portion of (he trough nearest the detector. 15|il of PI'PC
(5.15 nig/ml in Cl ICI3/CH3OH 19:1) was added In the clean subphaso surface (1 mM CdCl2 in 12MO
water) and the solvent allowed to evaporate- The film was compressed at a constant barrier speed of
25mm/min, until ihe desired surface pressure was reached. An arc, ranging from approximately 20°-
70" with respect m Ihe equatorial axis, attributed to the acyl chain scallerer was observed al a
surface pressure of 33.6 dyne/cm- Gi ven Ihe geometry 0/ our experiment and I he small incident angle
of our X-ray beam, Ihe meniscus near the edge of the trough closest to the deleclnr was probably the
portion of the film giving rise to this signal- Using this approximation, the arc indexed at -1.9A- This
is a reasonable spacing for the acyl chain packing of the pliospholipid al this surface pressure. Since
Ihe diffraction peak is off axis, the chains are not perpendicular lo Ihe subphase surface. The size of
Iho arc shows a large angular distribution for Ihe lilt cl the acyl chains-The angular range of acv!
chain iiit decreased as (lie surface pressure of the film was increased to 44.4 dyne/cm.

Figure 1- A 60 second X-ray diffraction pattern
from a QPPC monolayer compressed (0 71 = 33.6
dyne/cm. The scattered intensity is displayed as
gray levels with white being the highest intensity.
Since a reflection scattering geometry was used,
scattering was only observed above Ihe pane of the
Langmuir monolayer. Scattering other than uniform
background was observed only in two regions of the
pattern. In the lower left, one can observe the
shadow of the beam slop and the high intensity
"butterfly" shaped scattering around it. In Ihe
upper right, an arc centered about the direct beam
position and extending from 20° tn 70° with respect
to Ihe horizontal can bo seen. II has been
demonstrated (hat this arc is duo lo the scattering
from the acyl chains of the Langmuir monolnyer.

This work supported by NIII:RROI633
This work supported by an ALA-Nalionn) Research Grant (VS).



F,XArS STUDIES OF OXYGEN AMD CABDOW MONOXIDE BINDING TO COPPER PROTEINS AND

IgjgAN|C"lK)DEL COMPLEXES
n. W. Btrange (OR Grad. Inst.), T. Pettingill (OGI), N. J. Blackburn (OGI)

F.XWS measurements have been carried out on reduced (Cu(I)) PDH and its
earbonyl adduct. Previous studies by two different groups (Scott et al.,
Biochemistry, 1908, 27, 5<ill/ Olumberg et al,, J. aiol. Cbem., 1989, 264,
6029) have led to two different structures for reducedHDDil~! Scott et~al.
found a heavy atom (S or Cl) and 2 His residues coordinated to Cu(I), while
Dlumberg et al. found A His residues. The presence of a S atom would hava
profound consequence for the mechanism of the DDM reaction; hence, it was
important, to remeasure the EXAFS under carefully controlled conditions.
Analysis of our April 1990 data has convincingly confirmed the presence of a
heavy atom scatterer in the reduced form of DBH and has allowed a detailed
analysis of the coordination using multiple scattering theory to determine
the number of histidine residues contributing to the outer shell EXAFS and
FTa, This analysis gives 2 histidines at 1,94-1,96 A and a S atom at
2.24 A. In addition, we have recently shown that reduced DBH binds CO in a
ratio of 1 CO per 2 coppers, demonstrating far the first time that the Cu|I)
sites in DBH are inequivalent. The v<CO) of 2009 cm"1 measured by FTIR
establishes that DBH-CO is quite different from carbonmonoxy-hemocyanln
(v(CO) « 2063, 2043 cm'1 ) with CO probably binding to either a 2-coordinate
(2his) type site or to a 3-coordinate (2his,lS(met)) type site. These data,
in conjunction with EXAFS analysis, suggest either a 4+2 coordinate aite for
reduced DBH (CuA • 3his,lS(met); Cufl • 2his)) or inequivalent 3+3
coordination (CuA - 2his,lS(met); CuB - 3his|).

Wo have also carried out EXAFS measurements on oxy-hemocyanin from both
molluscan and arthropodal species and on several model compounds, including
[B(i-Pr1P«)JcuJ(OH) J and its adduct with peroxide. The latter compound is
important because (1) it is known from X-ray crystallography to contain a
/<-1J02• ueroxo bridge between the two copper centers (the first such compound
to be discovered) (Kitajima et al., J. Am. Chem, Soc, 1989, 1 U , 8975), and
(it) Its spectroscopy bears a striking resemblance to that of oxy-Hc and
suggests that oxy-Hc may have the same type of peroxide binding rather than
the cis-//-l,2-peroxo bridge as previously supposed. To test this proposal,
we have carried out multiple scattering calculations on the outer shells of
the model compound and oxy-Hc. Preliminary results on the model indicate
that a significant multiple scattering contribution is necessary to obtain a
satisfactory "iroulation of the outer shells, particularly the Cu-Cu
distance. Ir iV. is excluded, a Cu-Cu distance of 3,79 A is obtained;
whereas with MS, the crystaliographic distance of 3.58 A can be reproduced.
Furthermore, refinement of the Cu-O-Cu angle within the MS calculations
gives the best least-squares residual at 140"; the crystallographio value
being 138". Simulations on oxy-Hc Indicated very similar behavior and
strongly support the presence of the p- n2 Y? -peroxo structure in the protein.

Tills work w/is supported by Grant NS-27583 from the National Institutes of
Health and by the Medical Refiearch Foundation of Oregon.

Angular Dependence) of 1»->3d Ouadrupole Transition*

S. Wang and J. E. Penner-Hahn, U, of Michigan, Ann Arbof, Ml 4B109

The oeneral qua*upole transition cross section matrix elements can be expressed as

For 1s-»3d transitions, Ihe summation Includes onl/ one Initial« (tats and five final d slates. If
we transform the Cartesian tensors Into spherical tensors, Ihe quatapola transition cross
sections can be expressed as functions ol orlenialions defined by three angles: 0, * and y. 0 is the
angle between xy projecllon of the polarization vector and the molecular x axis, * is the angle
between ihe normals of Ihe Incident radiation *k plane and the xy molecular plane and y is ihe
angle defining Ihe k vector In the plane perpendicular to the polarization vector. For example it
one molecule has a D4 h symmtryjwtilch Is the most common ona tor Iron porphyrins), we can
derive ihe following angular dependence for all five d orbitals:
1 nJi /2B/2

lor dx2.y2

o°-0
Z. G=nM, y . ill A, * . 1 7 degree

o ° -3/4\l5C

3. u-0

for other three

Iord22

for dx«.y?

for other three

-V5C
for other threeo°.o

Hera ( I t an Intagratlon constant. The spectra of
the molecule |Fe(TPP)F2]- are shown below
with different transitions detected af different
orlmattons calculated above. ANhouflh the
resolution Is not good{whlch can bo Improved
utlng different monochromotor such as SI(220)
or Sl(311)), Ihe good separation of the eg and
t2g was obtained. It i t obvbui that using this
method the relative energies of the d orbltals
and the ground state of molecules can be
determined, With higher resolution.
Information of quantitative distribution of
electrons among d orbltals is hopeful).

nnl by N)JI:CiM38M7 al>« Cuinill" imil Henry llruyflis FoumlHlian. BMIII l-ino X'i su^mile
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INTERMEDIATE STATES OF B,? ENZYMK CATALYSIS I HOHOLYTIC VI. HETEROLYTIC Co-C
BOND CLEAVJtBS.

H. Wirt, J. Sagi, £ H. chance, Department of Chemistry, Georgetown University,
Washington, DC 20057.

Knowledge of the mechanism of Co-C bond cleavage in R12 dependant
enzymes la critical to understanding the mechanism of Du enzyme catalysis.
To investigate the relationship between geometry of the intermediate and Co-C
bond cleavage, the structures of the lower valence Co(I) and Co(II) n^
intermediates In solution are analyzed by X-ray edge and EXAFS upectroacopy.
Integration of pre-edge transit ions, followed by comparison of these
intensities to model compounds, provides a meana for predicting geometric
conformations, The edge spectrum of the Co(I) B̂ j species contains a moderate
Intensity ls-4p + shake-down (SD) peak and no la-3d transition. Comparison
of these features with model compounds shows that the structure of Co(I) B12
ia distorted square planar (Wirt et al., J. timer. Chem. Soc., 1990,
submitted). For enzymes, such as methionine synthetase (Harder et. al.,
Biochem., 28, 1989, p. 9000) to promote Co(i) formation and heterolytic Co-C
bond cleavage, a weakening and/or cleavage of the Co-dlmBthylbenzlmldazole
(DMB) bond Is required.

Homolytic cleavage of the co-c bond results In the formation of the
Co|II) D12 intermediate. X-ray edge data shows the geometry of Co(II) 812 to
be five coordinate distorted square pyramidal. This result la consistent with
the recent crystal Bt.ructure of Krautler et. al.(J. Amer. Chem, Soc, 111,
1989, p. 0436). Using EXRFS epectroscopy, we have analyzed the structure of
Co(II) B12 In solution. Average Co-N (equatorial) distances to the corrin
ring are estimated at 1.88 + 0.02 A, and the Co-Nd distance to the (DHD)
llgand of 1.99 + 0.03 A (Sagl et al. J. Amer chem. Soc., 113, 1990, In press) .
Our resultti Indicate that as Co-C bond homolysls occurs, the Co-Nd bond
becomes much stronger, while the Co-N equatorial distances show minimal
change.

Structural analysis of cobalamins is a well studied field, however a
number of structures important to nutrition and catalysis are not well
understood.Based on our analysis, the solution and crystal structures of
adenosylcobalamln and methylcobalamln cloeely agree, suggesting that crystal
packing does not significantly perturb the cobalt-ligand distances for these
species. The Co-N average bond distances In the equatorial plane for these
compounds are 1,90+.01 A, while the Co-N and the Co-C axial bond distances are
2.20+.02 A and 2.00+.02 A respectively. The EXftFS solution for cyanocobalamin
ia much more accurate than the x-ray crystallographic solution (Brink-
Shoemaker, et. al., Proc. R. Soc. London., 278, 1964, p. 1.) and demonstrates
an average Co-N equatorial distance at 1.89+.O1 A, a Co-N axial dintance at
2.15+.03 A and a Co-C axial ltgand distance (to cyanide) of 1,89+,06 A.

This research is supported by CSRS/U.s. Oepartraent of Agriculture under
grant #90-37200-5357 of the Program in Human Nutrition.

X9A
X-RAY EDGE SPECTROilCOI-'V OF COBALT (I, II, III) B,,.

Wirt, M. , sagi, i., ctien, Is. , irisbie, S., and Chance, M., Dept.
ot Chemistry, Georgetown Univ., Wash., D.C. 20057

We present the first direct structural studies ot the
cobalt(I, II, III) and "base-off" forms of H,, using x-ray edge
spectroscopy. In addition, model cobalt compounds, including
cobalt (I, 11, III) dimethylglyoxime (DMG) were examined. A
surprisingly small o.5±.2 eV shift to lower energy was observed
for each change in oxidation state from Co" to Co'' to Co" B,,. In
general, a one electron reduction of a metal ion shifts the edge
to lower energy by 1-5 eV. We attribute these small shifts to
some delocalization of electron density of: the cobalt atom in
the two reduced forms. No edge shift was observed for the Co'"
DMG compared to Co", indicating that the unpaired electron
density may be localized on the axial nitrogen of the pyridine
ligand. A 2.0 eV shift to lower energy was observed in the
comparison of Co" DMG to Co", indicating full Co" character for
that species. The pre-edge spectrum of Co" DMG contains a strong
ls-3d transition and no lR-4p + shake-down peak indicating that
the geometry of the four coordinate species tends toward
tetrahedral. The Co" DMG spectrum contains a strong ls-3d
transition and no is-^p + shake-down. These results are
consistent with a square pyramidal geometry for the five
coordinate Co" species.

Comparison of vitamin D-12 pre-edge data with model compounds
of known structure has enabled us to predict the approximate
geometry of three important intermediates of B-12 enzyme
catalysis. The structure of Co(lll) 13-12 has been well studied
and is a distorted octahedron. The presence of a strong ls-3d
transition supports this assignment. The structure of Co(II) B-
12 has been examined recently by both EXAFS and x-ray
crystallography and has been determined to be a five coordinate
square pyramidal species. The presence of a strong is-3d
transition as welj as the absence of a ls-4p + shake-down peak
in the pre-edge spectrum is consistent with these results. A
similar spectrum is observed for "base-off" B-12 indicating that
the structure tends toward square pyramidal as well. The
spectrum of the Co(I) species contains a low intensity ls-4p +
shake-down peak. In addition, the ls-3d transition is extremely
small indicating that the structure of the intermediate may be
a distorted square planar configuration.

X-ray edge spectroscopy is seen to be extremely valuable in
determining tho geometry and extent of electron density
localization on the central atom in these compounds. Further
experiments on cobalamin enzymes will allow an explanation of
their geometries fc>y comparison.

Suppor ted by Nil!: 1)1(01633 and NSF: [)HR8519{]<559
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X-RAY ABSORPTION INVESTIGATION OF VANADIUM IN ARABIAN HEAVY RESIDUA
AT BEAM LINE X9A

Guang Zhang and Gary S. Mondo, Chevron Research and Tochnolooy Company, Richmond, CA
04U02

Wo wore assigned three days beam lime at Benm Lino X9A in January. This was hased
on our gonoral usors proposal "X-ray Absorplion Investigation of Metal Binding Sites in Crude
Oil and Polrcloum Products."

Wo oxamlnod fivo residue samples which woro nil from Arabian Heavy crude: Non
dislillablo 1300 °F+, and its four fractions using Iho (luoroscenco excitation method. Those
samples contained low concentrations ol vanadium, nickel, and iron. However, wo could only
oxnmino tho structure ol vanadium because ol Iho limited beam lime. The results from both
the noar vanadium Hedge spectra and tho lino structure Indicate thai vanadium in Arabian
Heavy residua is in an environment similar to vanadyl porphyrin.

X9A
PROBING THE ACTIVE SITE STRUCTURE DIFFERENCE IN SO-
LUTION AND CRYSTALLINE FORMS OF CARBOXYPEPTIDASE

K. Zhang1, D. S. Auld2, K. S. Union2 B. Chance1, G. Bunker1 (1 Univ. of P<tm
and 2 Harvard Univ.)

X-ray Absorption Fine Structure experiments have been performed on Co(JJ)-
nnd Zn(II)-carboxypeptidase A (CPA) in solution and crystalline forms. The crys-
talline samples were extracted from NaCl and LiCI. Doth Si(lll) and (220) double
crystal nionochroriintors were used for EXAFS and near edgfi studies respectively,
which me mounted side by side on tho beam line. The fluorescences signals from Co
am! Zii Hedge absorption were detected either by a 13-element Ge detector and/or
an Stern/Heald ionization chamber.

Preliminary data analysis showed frignincant spectral difference between so-
lution and crystalline Ramples for both Co(II) and Zn(II) proteins Interestingly,
the difference also was observed between a rediesolved crystalline sample and the
crystalline snmple (see Figure 1).
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Figure 1. Matching the near edge spectra on Zn-K edge of Zn(II)-CPA for
redissolved crystalline sample (solid) and the crystalline sample (flash).

Supported by Chevron Corporation Research Fund. Beam Lino X9 supported by NIH.RR01633.
This work is supported by NIH grant No. RR01G33 .



X9A

4

XAFS STUDY OF METMYOGLOniN IN CRYSTALLINE AND IN
SOLUTION FORMS

K. Zhang, »• Chance, G. Bunker, I. Ayene, and K. S. Reddy ( ISFS/UCSC; Univ.
.if IVim.)

We have performed X-niy absorption experiment on metMl) samples in poly
crystalline, single crystalline, nnd in solution forms. A Si(lll) double crystal
moiiochromator was used. The iron fluorescence from the absorption of the X-
ray boan) were detected either by an ionization chamber or by a 13-element Ge
detector. The dry polycrystalline sample was ground from large single crystals of
metMb to fine powder and cast on Scotch tape for the X-ray absorption measure-
ment. The concentration of the solution sample is about 3 mM. Measurement was
also performed on a single crystrl mclMb sample of several tenth of millimeter in
dimensions on six different orientations.

Data analysis shows that, except for the edge region, the EXAFS of the six
ni imitations are about the same, indicating a symmetric iron environment. The \
data for the polycrystalline sample is about the same as that of the single crystal
sample, excluded the possible changes due to grinding. Differences are found for
the y data between the solution sample and the crystal sample. Direct comparison
of the first coordination \ data shows that the average interatomic distance in
the solution sample is about 0.05 A longer than that in the crystalline sample
(Figiirel). This finding indicates that the active site structure of met-Mb changes
upon crystallization.
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Figure 1. Comparison of the first shell y data in the solution (solid line) and
in the crystalline sample (da.sh line).

This work is supported by NIJI «r;mt 11118708 and RR01633.

X9A
llcani noise analysis using high frequency compensator.

M.Z.Khnng.S. Khalid, B. Chancc(Synchrotronics Inc.)
A stable X-ray beam is becoming a general requirement of many

experiments at the synchrotron source. However, we still observe beam
position fluctuations at the NSLS X-ray ring. These fluctuations could be due
to the warming up of the complex synchrotron ring machine, cooling water
temperature variations , the operation of other facilities around NSLS or
simply power variations.

The NSLS has Pick Up Electrodes (PUE) around the ring to give a constant
vertical orbit, but the electrodes are 15 to 25 meters away from the most of the
experimental hutches on the floor and a beam correction of electrons within
+/- 100 micron can cause X-ray beam shifts of the order of 1 to 1.5 mm. This
kind of movement can be very risky for many position sensitive experiments.

We used a 200 Hz vibrating reed to measure this noise in an open and
closed loop mode. The reed was placed downstream of the sample to get 100%
duly ratio. The z-table had 1 Hz roll off at -3db.

D 50 •

7 70

X-ray absorption data was collected of 2 mM,Co concentration of
carboxypeptid-ise intermediate state with peptide, using 13 element Ge-
detector. The monochromalor was tapped with the same force to induce beam
movement. 'A' and 'B' in the figure show the result of position compensator
in open and closed loop respectively. Due to the slow response of the z-table
the glitch was not fully removed, however we noticed a reduction in the
glitch when the closed loop was on.

Work sponsored by NIH grant SBIR-II,2R44 CA41787-02A2



Small-Angle X-Ray Scattering Investigations of Coals x 1(M •B

and Solvent Treated Coals

P. ]. Hall (Exxon), J. W. Larscn (Lehigh U.) and K. Liang (Exxon)

Coals are heterogeneous materials and scatter x-rays over a large scale-
length range. In the small-angle regime scattering from pores is probably
the dominant mechanism. SAXS has been performed on a series of well-
defined coals obtained from the Agronne Premium Coal Program
(operated under DOE contract number W-31-1O9-ENG-38). It was found
that in the scale-length 20-600 A fractal models describe the scattering.
Fractal dimensions were calculated and are presented as a function of %
carbon content in Figure 1. It can be seen that the fractal dimension varies
systematically with carbon content, going through a maximum at about
80% carbon. This is consistent with known changes to coal chemistry and
structure during coalification.
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Figure 1 also shows the effect of pyridine-extraction on coal fractal
dimension. Fractal dimension decreases for Illinois #6 and Pittsburgh #8
coals but increases for Upper Freeport. The reduction in the fractal
dimension for the Illinois and Pittsburgh coals has implications for mass
transport. Initial data suggests that mass transport times are decreased
significantly following pyridine extraction of Illinois #6. In turn, this has
consequences for such processes as liquefaction and gasification

A SYNCHROTRON SINGLE CRYSTAL X-RAY STRUCTURE

DETERMINATION OF A SMALL CRYSTAL: MO-MO DOUBLE BONDS IN

THE 3-D MICROPOROUS MOLYBDENUM PHOSPHATE

H E. King, Jr., Linda A. Mundi, Karl G. Strohmaier and Robert C. Haushalter

(Exxon Research and Engineering Co.),

Black crystals of NH4[Mo2P20io]H20 can be isolated by reacting M003,
Mo, (NH4)2HPO4, H3PO4 and H2O in a mole ratio of 3:1.1:2:4:120 for 16
hours at 360°C. The structure of this phosphate was determined and
refined from single crystal data collected on a 35 x 20 x 10 um3 crystal at
beamline X10A at NSLS, Brookhaven National Laboratory. The compound is
monoclinic, space group P2i/n with a-9.780(10), b-9.681(5), c-9.884(8)A,
P-102.17(8)°, Vi«915(1)A3. Refinement of 75 structural parameters using
5S1 unique reflections gave R(RW)-Q.029(0.024). It contains MoO6
octahedra and PO4 tetrahedra. The structure is built up from M04 oxo
units that have two edge-sharing Mo^+Os octahedra that contain a Mo-Mo
double bond (2.453(2)A). The same two oxygens that bridge the Mo4+ also
serving as a corner for two additional Mo5+C>6 octahedra. The M04 units
are connected by phosphate groups into a 3-D array which generates
several types of tunnels which are filled with NH4+ cations and H2O. The
material is isotypic with the mineral leucophosphite,
K[Fe2(OH)(H2O)(PO4)2]H2O. Water absorption isotherms show that the
structure is microporous and has about 10-12 vol% internal void space
that can be filled by water,



SAXS Study of Pore Structure of Silicas xiOA.it

F. W. Lai, A. J. Jacobsort, and K. S. Liang (Exxon Res.& Eng. Co.)

The
The structure of silicas with small pore sizes was

investigated by high resolution small angle X-ray scattering,
samples were synthesised by a sol-gel process using acide
hydrolysis of tetraethyl orthosilicato. The surface areas and pore
size distributions were controlled by varying the temperature at
which the samples were dried. The temperatures used were 22, 40,
60 and 85 C for samples a, b, c, and d, respectively and calcined at
400 C for 6 hrs. in the final processing step. The SAXS results
directly reveal the development of the pore structure from a
fractal-structured gel (see Figure below).
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XlftA.B
Grazing Incidence X-Ray Diffraction Studiaa of
Dislocations at Epitaxial interfaces of Mb Films on
Sapphire Substrates

C. K. Loe and
and S . I,, Sa:
H]inois)

K. S. Liang (Exxon Res. I. Eng. Co.), V. ::. <;hiei;
is, (Cornell Univ.), arid C, p. F'ynn (Univ.

For a model study of metal/oxide interfaces, we have
performed grazing incidence x-ray diffraction studies of MBE
grown epitaxial Nb films (thickness ~ 120 A) on sapphire
substractu. We report the results on two sets of sampler,
studied with the surface normal as Nb (11 1) //A12O3 (C001) and
Nb(l12)//A12O3(0110). Using the high-resolution scattering
set-up at the NSLS, we were able to resolve not only the in-
depth strain field but also the weak satellite reflections.
Specifically, the satellite peaks were observed in the in-
plane Nb(112)//A12O3(0110) direction in both samples, which
has a measured misfit of 1.28% (the natural misfit is 1.745%).
Detalil x-ray measurements on both the principal and satellite
peaks were carried out for both in-plane and surface-normal
scans. The results suggest that the satellites are associated
with the interface structure. Model calculations have been
performed using a discommensuration structural model with
regularly spaced dislocations and lattice deformation around
the dislocations [1]. The calculated results are consistent
with our experimental results. The most significance of this
work, perhaps, the demostration of the direct probe of
interface dislocations on the metal/oxide systems using
grazing incidence x-ray diffraction technique.

1. W. Mader, Mat. Res. Symp. Proc. Mo. 82, 403 (1987); W.
Mader and M. Ruhle, Acta Metall. 21, 853 (1989).

0. IA")



K)
-J

X10A,It
SYNCHROTRON X-RAY STUDIES OF HIGHLY ORIENTED DILUTE
MULTIMEMBRANE LAMELLAR PHASES

Ning Lei, Yi Slien and C. R. Safinya (Exxon Res. & Eng. Co. )

We report on high resolution synchrotron x-ray scattering studies of highly oriented
dilute multilamcllar L« phases of a quaternary lyotropic system. The multilayers are
oriented in a rectangular glass cell 0.2mm high by 2.0mm wide-3. Fig.c shows a typical
mosaic scan which has a half-width-at-half-maximum of less than 1 degrce.The first and
second harmonic peaks of the structure factor S(q) have been measured as a function of the
interlayer spacing d. For d larger lhan 104A we do not observe the second harmonic. For d

up to -20OA which corresponds to d/S~10 (8 is the membrane thickness) we still observe
the first harmonic peak. By simultaneously measuring the first and the second harmonic of
the structure factor, we are able to (i) independently measure the bulk modulus for
compression B, which is directly related to the intermembrane interactions, and the layer
curvature modulus K, and (ii) to sclf-consistently check the range of the validity of the
harmonic Landau-Pcierls-Caille model' used to describe these multilayer systems over a
significantly larger dilution range than that in previous studies in unoriented samples^.
Previous x-ray measurements on unoriented samples only measure the power-law exponent
of the structure factor which is proportional to lABK)1 '2 , and not B and K separately.
Figs, a and b show on a log-log scale the intensity verse q/.-G, for two samples with
d=41.5A and 63A. For each sample we plot the first and second harmonic of S(q) where
the peak intensities have been matched up. The harmonic model predicts that for oriented
membranes: S(qz,qi=0)~l/iqz-GI2-1, while for powder samples, S(q)~!/lq-Gll-11, where

H x r a ^ B K ) " 2 and, m is the harmonic number. G=2n/d for the first harmonic and Q=4n/d
for the second.The peak intensities have been scaled to be equal. The quantitative analysis
of the data is in process.

(1) A. Caille, C. R. Acad. Sci. Ser. B 274, 891 (1972)
(2) C. R. Safinya. D. Roux, G.S. Smith, S. K. Sinha, P. Dimon, N. A. Clark and A. M.

Bellocq, Phys. Rev. Lett. 57, 2718 (1986), D. Roux, C R. Safinya, J. Phys. France
49,307-318(1988).

(3) F. Nallet, D. Roux, and J. Prost, Phys. Rev. Lett. 62, 276 (1989).
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X10A,B
Phas* Transitions of Pb Adlayars on a Co(110) Surface

K. S. Liang, C. H. Lee, and K. L. D'Amico (Exxon Res. 6 Eng.
Co.)

Submonolayers of Pb adsorbed on the Cu(llO) surface form
a series of uniaxial commensurate phases. Using grazing
incidence X-ray scattering, we have studied the global phase
behavior of this model chemisorption system in details (see
Fig. 1) . Specifically, we have explored the commensurate-
incommensurate transition, the domain wall pinning transition
[11, and the melting transition (2] in both commensurate and
incommensurate regions. We find that in the narrow
commensurate regions the Cl transition is consistent with the
Pokovsky-Talapov type. However, the predominate if feet of
the transition through the phase diagram studied is seen to
be determined Dy the pinning of the domain walls to the
substrate. The pinning transition (lines Lj and LJJ oi
Fig. 1) as measured by the peak shift witli temperature is
found to be closely related to the CI transition. I'ear the
commensurate coverages, the melting transition is found to be
very close to the pinning transition and a first-order type.
Away from the commensurate coverages, the melting transition
is well seperated from the pinning transition and is ot
second order. By detail analysis of the scatter ng profiles
(see Fig. 2 for exemple), we have investigated |1,2] the
nature of these transitions in the context of current
theories of two-dimensional systems.

1. K. S. Liang, K. L. D'Amico, C. H. Lee, and E. V. Sheu,
paper submitted.
2. C. H. Lee, et al., paper in preparation.
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A Study of Silica Gel Structure Using Small Angle X-ray Scattering X KM, B

M. Y. Lin (Exxon Res. & Eng.); F. Fbrri, B. Frisken and D. Cannell (UCSB)

Silica gel is formed by polymerization of a Si(OCH3)< solution at appropriate
pll values. Evidences from light scattering experiments suggest that the gel has a
fractal structure similar to that of colloidal aggregates, with an up cross-over
length £. This length £ can vary as a function of several parameters such as the
concentration, and the pH value in initiating the polymerization. High resolution
small angle x-ray scattering (SAXS) experiments performed at the NSLS beam
line X10A provide additional data in a wider range of the momentum transfer, Q,
therefore enabling to probe the change in i under a wider range of these
experimental conditions. Indeed, for the concentrations ranging from l/o to "0%
SAXS can probe both the fractal feature shown as a power-law behavior in the
scattering data, as well as the cross-over length £. Figure below shows a typical
scattering data curve, the scattered intensity as a function of Q, from the gel. In
addition to the power-law regime and the cross-over regime, the deviation of the
curve at the high Q end provides useful structural information of the basic silica
subunits that build up the fractal-like gel structure.
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X10A,B
HIGH RESOLUTION POWDER DIFFRACTION STUDIES OF NICKEL-

SUBSTITUTED ZEOLITE L

I. i. Pickering, J. M. Newsam, C-Z. Yang, D. E. W. Vaughan and K. G. Strohmaier (Exxon)

The sites of heteroatom substitution in zeolites can be difficult to measure experimentally.
There remains, for example, considerable debate as to whether Sn, Ti, Fe etc. species incorporated
during synthesis occupy framework or non-framework sites. In some cases, T-atom placement can
be measured by powder neutron diffraction. Synchrotron powder X-ray diffraction can potentially
also be applied to this problem, and an example is shown using Ni-substituted zeolite L materials.
Hieh resolution X-ray powder diffraction patterns of the hydrated Ni-subsmuted zeolite L materials
were collcc'cd using 12keV X-rays, in the two-theta range ca. 2-50°. Rietveld profile refinements
were carried out using the Generalised crystal Structure Analysis System (GSAS) II]. The starting
model for the zeolite framework was taken from Barrer and Villiger [2]. Three extra-framework
cation sites were found to have non-zero occupancies when refined, and the oxygens ot extra:
framework water molecules were also included in the model. The atomic coordinates ano
temperature factors, as well as the fractional occupancies of extra-framework species, were refined
to convergence. In the final refinement the fraction of nickel substituting for Si or Al on the T-sne
was additionally refined. This shows evidence for Ni-substittilion into the framework, wj h a
preference for the 6-ring site. It is planned to extend the studies to include Fe-subsmuted zeolite L
materials.
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[ 1 ] R. M. Barrer and H. Z. Villigcr, Z. Kristallogr. Kristallgeom.. Kristallphys..
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X10A.B
A NONEQUILIBRIUM SYNCHROTRON X-RAY STUDY OF A LIQUID

CRYSTAL PHASE TRANSITION UNDER SHEAR FLOW

C.R. Safinya. E.B. Sirota, and R. Piano (Exxon Research & Engineering Co.)

Using a high esolution x-ray scattering spectrometer we have studied the microscopic
structure of the nematic and SmA phases in 4-cyano-4'-octylbiphenyl (8CB) under non-
equilibrium steady state shear flow conditions. Uner shear, the presence of SmA fluctuations
leads to a novel flow-induced-flucluation-force on the nematic director n which alters its
equation of motion. This leads to rich behavior where the nomatic phase exhibits a sequence of
regimes where the orientnlional phase space explored by n evoives as the N-SmA transition is
approached. We directly observe the critical-slowing-down of the SmA order parameter
fluctuations through the x-ray profiles'.

Figure 1 shows the Couette x-ray shear cell2 consisting of two concentric cylinders
where the outer sylinder rotates and the inner is fixed. A top view of the cell shows the flow
field (with shear rale 7) experienced by the liquid crystal. The cell is termperature controlled
to within ± 5 m°K. The important distinguishing feature of our x-ray Couette cell is that it is
sealed so that we are able to till and rotate the cell and map out the x-ray structure factor both
in the shear-plane and out-oftheshear-plane. We show in figure 2., equal intnsity contours in
the (v-Vv)shear plane as a function of decreasing temperature (shown for four regimes). The

evolution in the elliptical shapes is due to the renormalization^ of one of the nematic viscosities
which arises from the critical slowing down of the SmA prder parameter fluctuations. The
experiments demonstrate that synchrotron scattering tec hniques may be used as effective
structural probes of dynamical steady-state systems.

1. C.R Safinya, E.B. Sirola, R.J. Piano, submitted to Phnys. Rev. Lett,
2. R.J. Piano, C.R. Safinyua. and L. Wenzel, submitted to Rev. Sci. Inst.
3. R.F. Bruinsma and C.R. Safinya, in Macromolecular Liquids, ed. by C.R. Safinya, S.A. Safran,

and P.A. Pincus, Materials Research Society Publishers 177, 1S3 (1990)

X10B

A HIGH RESOLUTION X-RAY STUDY OF LIQUID CRYSTALLINE

PHASES IN BINARY MIXTURES OF SIMPLE ALKANES

Eric B. Sirota, H E. King, J.., 3.J. Hughes and W.K.Wan (Exxon Research and

Engineering Co.),

Binary mixtures of normal alkanes have been shown to exhibit a number
of interesting phases whose structures when observed at low-q
resolution appeared to be characteristic of liquid crystalline phases,
where the molecules are in layers with a well defined repeat distance
but with a lack of long range order within the layers. A high resolution
study was necessary to determine if there were indeed Bragg peaks
below the intense diffuse scattering and if and where such peak
disappear. In addition, it is now well known that in weakly ordered
systems, alignment by taking advantage of spontaneously broken
symmetry is necessary to ascertain the structure. We therefore used a
supported-film technique to align our samples with the layers normal to
the surface, so we could study the peaks due to the layering in
reflection geometry and the in-plane structure in transmission. We
observed an ABAB weakly ordered crystal line-B structure, which
thermotropically evolves into a Smectic-A structure; as well as a
compositionally driven ABC-ABAB restacking transition.
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X10B

FERROELECTRIC LIQUID CRYSTAL INVESTIGATIONS

Paula C. Willis and Aaron Rappaport (U. of Colorado at Boulder)

The University of Colorado's Condensed Matter Physics team recently finished an
experimental run on beamline X10B. The team used Bragg scattering to characterize
ferroelectric liquid crystal behavior, usually in 2jx thick cells--with homogeneous alignment. We
studied four systems: two liquid crystal cells in the smectic C phase, one mixture near its
Lifschitz point, and one material having a newly identified phase known os the SGA. or tristabie
state.

The object of the first experiment was the measurement of layer tilt angle and interlayer
spacing in cells with 1 .lmm thick glass substrates, which are easier to assemble than are cells
with cover-slip (. 16 mm) substrates. Diffraction patterns were obscured by cell absorption and
scattering.

The second smectic C cell examined was the subject of two inquiries: first, we asked
whether a defect structure common to our cell type had a fine structure coarse enough to be
detected using x-ray diffraction. We found no observable evidence of fine structure. Second,
we looked for evidence of layer configuration changes with applied electric field, and saw a
slight layer thinning and tilt angle increase. This latter measurement was in response to a
prediction of layer bending in cells similar to those that we tested.

In the cell near its Lifschitz point, we investigated the effect of electric field on the layer tilt
within the smectic fluctuations present just above the nematic to smectic transition
temperature. We saw a clear effect. This is the first time this effect has been reported.

We also looked for evidence of a ferroelectric structure in the newly identified smectic
CA (tristabie) phase of another material. We observed no evidence of changes in layer
structure with applied field in this phase.

X10A,B

HIGH PRESSURE X-RAV STUDY OF STAGE TRANSITION IN AGXTIS2 AND
LIXTIS2

O.ZHOU, J.E. FISCHER (U. OF PENNSYLVANIA); AND K.S. LIANG (EXXON)

Ambient condition stage-1 powder LixTiS2 (x=0, 0.2, 0.5, and 1)
and single crystal stage-1 Agg,35TiS2 were studied at high
pressure using Merrill-Bassett type diamond anvil cell (DAC) by
x-ray diffraction at NSLS beamline X10B with double focusing
monochromatic x-ray. Single crystal stage-1 AgxTiS2 was prepared
by high temperature (1000C) solid state reaction of Ag and T1S2
in vacuum sealed quartz ampoule and the product was cooled slowly
to room temperature. Powder LixTiS2 was obtained by reacting
proportional amount of Tis2 powder and n-butyl lithium in hexane
solution at room temperature. Single crystal (00L) profiles of
Agg_35TiS2 and powder LijjTiSj spectrum were recorded at various
pressures, with upper limit of 30 Kbar for Ago.35TiS2 and 55 Kbar
for LixTiS2. The onset pressure of stage-2 Agrj.35TiS2 was less
than 2 Kbar, the stage-1 to stage-2 transition was completed at
lsss than 20 Kbar (as shown in the figure). Conversely, no
higher stages of LixTiS2 were found up to 55 Kbar. The results
indicated that intercalant size was a dominant factor in critical
transition pressure. This experiment shows that there exists a
mechanism for stage transition in transition metal dichalcoger.ide
intercalation compound with reasonable kinetics at room
temperature.
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X10C
X10C GAS SVSTEM FOR IN-SITU CATALYSTS STUDIES

S. Ferlisi, M. Sansone, R. Hewitt, G. Meitzner and G. Via
(Exxon)

An essential capability for catalysis research is the ability
to carry out spectroscopic and structural studies under
realistic conditions of temperature, pressure and gas/reactant
environment. Indeed, the study of materials a they exist under
some specific range of non-ambient conditions is a central
feature of our program. To accommodate our catalysis research
effort, we have designed and installed a gas delivery system
which is integrated with the X10C hutch experimental area.

The gas feed and supply system is located remotely in
laboratory 1-152 which is approximately 175 feet from the X1CC
hutch. The system is capable of supplying up to 5 different
gases to the hutch through continuous stainless steel tubing,
and there is a single gas return to the feed cabinet, caustic
scrubber and vent. Control of the mass flow controllers
located in tl.s feed cabinet is accomplished with electronics
located at the X10C hutch. The system is also equipped with a
back pressure regulator for experiments at cell pressures in
excess of 1 atmosphere.

The gas supply system is interlocked through solenoid valves
with 3 sets of toxic/flammable gas sensors which monitor carbon
monoxide, hydrogen sulfide and hydrogen. The sensors are
located in the hutch, in the feed cabinet and in the supply
cabinet. The supply system is also interlocked with
differential and absolute pressure sensors between the supply
and return at the catalyst cell to shut down gas flow if
blockage occurs. The overall system has been tested and
operated under a variety of conditions.

X1OC
Chemical shift effects in the Sulfur K-edge X-ray absorption spectra of
substituted thiophenes.

Graham N. George. Michael Sansone and Martin L. Gorbaly (Exxon)

In or, ollempi lo determine Ihe (odors which govern the voriobilily of Ihe structure observed m sulfur

X- ray absorption K-edge speclro we hove investigated o number of substituted fhiophene derivatives Ihe

sulfur K-edge spectrum of thiophene has been previously investigated by Hitchcock et ol (1). who concluded

Ihot the while line portion of the spectrum is composed ol two moji.- 'esononces - a l s - » ' and o

is-a'(C-S) We hove invesligoled the effects of ring substituonts in both (he 2 - and the 3- position me

subslituonts used possessed o wide ronge of electron withdrawing or donating properties Considerable

voriolion wos observed in the spectra, with the effects being most pronounced lor the 2-substiiuled

thiophenes The electron withdrawing Of donating property ol a ring subslituont con be measured using Ihe

well-known Toll - Ingold parameter ffr ond aj (the resonance and inductive contributions of the Hommet

parameter a). II was lound thai Ihe splitting between 'he \%-r> and 1s-a> resonances wos strongly

dependant upon a, (tigure 1), and essentially independent ol cr, (not shown) indicating (hat the influence of

the ring substiluonls is chiefly exerted via interactions with (he T-electrons

Enrrgy («V) Energy (eV)

Figure 1. Effects of 2-substi(uonts on the Sulfur K-edge X-roy Absorption spectrum of Ihiophenes. The

substiluonts are arranged in order of increasing <rf, from lop to boHotf)

(1) Hitchcock, A.P., Horsley, J. A. ond Slohr, J. (1986) J. Chem Phys. 85. 4835.
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XAK3 microscopy of Green River Oil Shale.

Graham N George. Michael Ainsone ani) Jim Marsch (Exxon)

X ioy nbboiplion spei tmsrnpy (XAS) is innrquobly ornonq Ihe most puwerhil tools thai ton be

applied to amorphous samples We soucjhl lo combine Ihe power ol XAS wilh Ihe highly collimoled beam

available on <IOC, logelher win the sensitivity allorded by our I j element Ge deleclar array lo determine

the environment ol selected elements in samples on a microscopic 5( ,le effectively on XAT? microscope

(oi these preliminary experiments we investigated Ihe arsenic, 7inc, copper, iron and calcium conlenl ol a thin

section ol Green-Rivei Oil Shale, whim had Siqnihcnnl visible structure Ihe sample was mounted on a

motorized singe ond positioned sc that the beam (100*500 jim foi Ihese initial enpenmenls). interrogated

different pails of Ihe sample, while Ihe X-ray lluorescence was monitored with Ihe Ce detector Ihe sample

could be "raster scanned" while the intensity ol a particular fluorescence line (eq. arsenic Ka) was monitored

This gave an image corresponding lo Ihe conlenl of that particular element (arsenic) in the sample

Alternatively Ihe sample could lie positioned so that Ihe beam interrogated an oreo of interest c served in ihe

"image", and an XAIS spectrum letoided The levels of orsenic in oil shales unry from IO-10Qppm, and even

ol Ihese low levels, XAFS datn ol quite acceptable signal lo noise were oht.imed It was found that Ihe arsenic

M I I H I not only m conlenl but also chemically, depending upon Ihe sample posihon

Higher resolutions than the I00i500jim used here could easily be obtained, but ol some r.osl lo

sensitivity

Sulfur K edge X ray absorption speclroscopy of Heavy

Hydrocarbons.

PM:

Graham N George, Michael Sansone, Simon I! Kelemen and Martin L Corhhly (Exxon)

A mo|or gap in our currenl knowledge of Ihe chemistry of heavy hydrocarbon fuels concerns Hie

chemical lorrns and quantities ol organically bound sulfur in lhese materials In earlier ncrk nt '/J?t *,• drive

shown ( I ) thai X-ray absorption spectroscopy con be used to determine, and lo some eaienl

quantity Ihe chemical forms of sulfur in Ihese materials We have enlended Itns work to include a large

number of coals of differing rank, including the Argonne premium coal sample bonk In ordei to quantify ihe

chemical lorrns ol sulfur more accurately we have used a curve filling algorithm to (it eipeiimenlrJ spectra

to a combination ot model compound spectra Using Ibis procedure we have found that o simple rfclritionstup

e»isls belween Ihe cool iank (% carbon), and Ihe lype ol sulfur present in the i.oal (figure 1)

aromatic ~-^>
S-C(sp!> C

! Contour plol of arsenic conlenl of green river oil-shale
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figure J Variation in the form of organic sulfur with coal rank for APCS and other coats
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A 13 «l»n«nt Ga fluorascanca datactor array for X-ray abaorptlon
apactroacopy.

X10C

G. N. George, 0. II. Via and H. Sansone
Exxon Research and Engineering Co, Route 22 E, Annandale NJ 08R01

It Is now widely appreciated that the use of energy dispersive
detectors (1) affords significant advantages for dilute samples with
concentrations In the range 0.1-3.0>»M (eg. see 1-3). We have recently
commissioned a 13 element energy dispersive He detector array on bean line
X10-C, Both windowed and incoming counts are recorded for each of the 13
array elements, the latter being collected in order to perform the dead tine
correction* which are necessary at higher count rates. This Instrument will
be extensively used for experiments which will address a range of different
problems, and In particular for highly dilute samples such as
netalloenzynes. We have also Investigated the capabilities of the detector
to separate components of mixtures.

The generation of accurate structural conclusions front EXAFS data
requires that data over a sufficiently large energy range above the edge Is
available. A frequent problem in many experiments Is that the EXAFS of
Interest is partly obscured by the presence of another absorption edge. A
notable example of such a problem is the EXAFS of Pt/Ir reforming catalysts,
In which the Pt edge obscures a large part of the Ir EXAFS, We have used the
high resolution of our GH detector to separate the spectra of individual
components for such 8 sample by windowing on the fluorescence lines of Ir
and Pt to obtain the Isolated spectra. The results of one such experiment
are Illustrated in figure I.

Flgura 1. Top : total X-ray fluorescence, middle : windowed on Ir Kn, bottom
: windowed on Ft Ka.

1. S. P. Cramer, 0, Tench, M. Yocuni & G. N. George, NiicI, -lustrum, Heth.
1918, A266, 586.

2. 0. N. George, C, I. Coyle, B. J, Hales & S. P. Cramer J, Amer, C/iem.
Sac. 1988, 110, /.057.

3. G. N. George, R. C. Prince & S. P. Cramer, Science 1914, 243, 789,
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•EAMUNt CHARACTERIZATION AND COMMISSIONING STUDIES

M Samsons. G. Via. G. George, G. Meilznor. il Hewitt (Exxon) and J Marsch (BNU

We have carried out studies to characterize the optics, motor control systems,
monochromator feedback electronics, and data acquisition instrumentation of beamlme
X10C. In addition, we Implemented a number of computer-based calibration routines that
facilitate the alignment of beamline optics. The menu-based software scans the vertical slit
position, vertical mirror position, mirror tilt angle, and the vertical hutch table position Tests
indicate that deviations in beam position fram fill to fill require realignment of optics, but beam
motion during a fill is normally acceptable.

The beamline consists of horizontal and vertical tantalum slits. UHV double crystal
monochromatar incorporating AC feedback, and a rhodium coated bent-cylindrical focusing
mirror (see Fig. 1). The mirror is used for horizontal (3 mrad) and vertical focusing and also as a
harmonic rejection filter. The rejection energy is adjusted by changing the grazing incidence
angle. This methodology allows one to use an AC feedback system with a lock-in
amplifier/Integrator ta lock on the peak of the rocking curve for EXAFS scans We have studied
Ihe system noise level, stability, and tracking reliability of this feedback system with Sin l • s220-
and S1311 crystals. For optimum results, crystals with different Darwin widths require specific
values for dither voltage, feedback loop gain, lock-in time constants, and monochromator
settling lime. The monochromator is designed for two fundamental modes of operation In the
first mode the beam heiQht remains constant by adjusting crystal positions during a scan In the
second mode, the crystal positions are fixed and the beam height changes during a scan To
compensate for beam height changes, the vertical posilion of the mirror, beamline. and hutch
tablo are adjusted during the scan. EXAFS experiments on very dilute samples indicate thai
the secor.d mode of operation is superior to the first. The system has been tested from the
sulfur (2.5 keV) to the ruthenium (22.1 keV) K edge, and il has proved lo be very stable with
outstanding energy reproducibility.
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XAFS STUDIES OF NOBLE METAL CATALYSTS

G. Via, G. Meitzner and M. Sansone (Exxon)

The nature of the support is a major factor in determining
cluster size in supported metal catalysts. In bimetallic
catalysts there is also evidence that the interaction between
two metals often results in clusters which are smaller than
those of the pure components. Understanding the process of
cluster generation and the factors which affect cluster
stabilization are important in understanding catalyst
performance.

We have initiated a program using x-ray absorption spectroscopy
to study preparation, reduction and interaction of Group Vtll
metals on alumina supports. Our initial experiments have
focused on model platinum and iridium momometallic catalysts
prepared from the corresponding chlorometallic acids by aqueous
impregnation of an eta-alumina support, followed by air drying
at 110°c. The support was prepared by calcination of p-aluraina
trihydrate at 550°C.

X-ray absorption measurements were carried out at the LTJT
edges of Pt and Ir using Si(111) monochromator crystals.
Figure l shows radial structure functions for several of the Pt
catalysts at different Pt loading levels which indicate that
the average near-neighbor environment of the metal consists of
both oxygen and chlorine ligands. Figure 2 is a plot of the
composition of the first coordination shell for the full suite
of samples expressed as the percentage of metal near-neighbors
which are oxygen. These results show that the extent to which
the starting metal complex reacts with the support depends on
loading level, and chloroiridic acid reacts more extensively
than chloroplatinic acid at all loading levels, We have also
obtained chlorine near-edge spectra on these same materials
which support these conclusions,

• 100-«100
Ridltl Structure Function! af 1
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RESULTS OI; TITANIUM S1UCIDH FORMATION X I I A

D.H. Aldricli, A.M. Edwards, llyeontag Jeon, R.J. Nemanich, D.I'., Snyers
North Carolina State University

Titanium Silicide evolves through it variety of phases before forming the stable TiSij C54
phase. The C54 pluise of TiSij is of particular interest becnu.se of its low resistivity and high
temperature stability. XANHS can initially be used to determine when the pure and mixed phases
are forming. The KXARS can be used lo study the evolution between ihe phases.

Neiu edge X-ray absorption spectra* have been obtained from the Ti K-edge for several
series of titanium silicide samples produced by different techniques, Thick film samples were
fabricated by depositing 400A of Ti on silicon| 1111 and silicon) 100| wafers and subsequently
annealing them up to temperatures from I(X)DC to 900°C in UMV.

Measurements were clone in the fluorescence and total electron yield modes. It was
possible to distinguish between surface und bulk formations by comparing total electron yield and
fluorescence data. The XAN12S measurements were correlated with Rniniin scattering
measurements.

Analysis of the U11V samples shows no silicide formation for annealing temperatures
below 400°C, in these samples metallic titanium was the predominant structure found. The
500°C-60()°C annealed samples contain a structure not seen in any of the standard samples,
Raman analysis indicated that this structure is the C49 phase of TiSi^. Samples annealed at
temperatures of 7(X)°C or greater contain the C54 phase of TiSij. The presence of this structure in
the high temperature annealed samples was confirmed by Raman analysis.

Currently we are investigating of the reactions that take place in thin film samples (30A-
HX)A Ti on Si). There is mi inherent problem with thin film samples because the thin film reacts
with both the substrate and, when removed from vacuum, the atmosphere. Previously all of our
samples were prepared at Norih Carolina Stale University and transported to Brookhaven
National Laboratory for XAFS analysis, To avoid the problem of atmospheric exposure a new
sample preparation technique has been develop&i and tested,

To improve data quality for thin film samples n capping layer is used. To prepare a
capped sample a cover layer ar silicon is deposited, ni room temperature, on ;i sample which has
been prepared by the usual means. The silicon does not react with the titanium film and keeps
oxygen and other contaminants from penetrating in to the layers of interest.

In our study 30A thin films of Titanium were deposited on a cleaned silicon wafer,
annealed to form a TiSij structure, and capped by a 30A or KX)A layer of silicon. The XANKS
data from these samples did not show the presence of any titanium oxides. Signal attenuation due
to the silicon capping layer was not a problem, hut special attention was given to the data
colleclion set-up to insure an adequate absorption edge step from the thin film samples.

By preparing our samples prior to arrival HI the beamline we nvoid the large lime cost
involved with using a UIIV sample preparation system connected to the beamline, Ex-situ data
collection gives greater flexibility in detector configuration. By using this sample preparation
technique we are able to examine the Ti-Si system in a way that would have otherwise been very
difficult given the sample preparation and data colleclion demands and the time limitation of
available XAFS bcaintime.

* X-Ray dala was collected ai NSLS beamline X-l 1A ai Brookbaven National Lab.
Research supported by Ihe U. S. Depi. of Energy under Contract DE-FGO5-89ER45384.

I'UASli FORMATION IN AL/CU AND AL/N1 INTERFACES
I',. V. Barrera* and S. M. llenld, Brookhaven National Laboratory

X11A

The formation of phases in transition meial/AI interfaces during UlfV deposition was studied
using SHXAFS in detect ihe short range interlace reaction on ihe nanometer level. Thin
polycrystalline films of Al/Cu anil Al/Ni were deposited as bilayers and trilayers (ie. AI/Cu/AI) lo
investigate the interface chemistry and structure as formed during room temperature deposition.
With optimum vacuum conditions (p< Sx 10"1() (orr) metal- AI reactions were observed to occur

(forming CuAh and NiAl^j. These results agree with previous studies using phntnemission,
and glancing angle liXAFS and x-ray reflectivity, The Fig. shows some data for Ni/Al. Por the
thin layer clear evidence is seen for a reaction. The Fig. also shows a reduced amplitude
amplitude for the RXAFS. This was u common feature for ihe thinnest layers, and may lie due to
grain boundary diffusion of the metal into ihe AI substrate film.

-1.6
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k (A1)
•Current Address: Dept. of Mech. Bug. mid Mat. Sci., Rice Univ., Houston, TX 772S1

This work supported by the U.S. Dept. of Energy, Div. of Mat. Science under contracts Nos.

DF.-ACO2-7fiCIKXK)lf> and DE-ASO5-8O-ER10742.
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REACTIVITY OF A VANADIUM LAYF.R IN /tl/W<iRAPHITK COMPOSITKS
I'.V. Itiirrera, *llenji Mann mini, unit S.M. lleald
Div. of Applied Physics, llrookhaven Nat. lull., Upton, NY 11973
•NKI.-NRC Associate, Naval Reseiireh Lab., Washington, DC 20375-5000

KXAFS (if I' in A l/V/tirupliitc Composites are compared lo standards of V, VC and
\\(>y A DIIV composite in the ns-deposiled condition compares favorably with V.
The samples prepared using RF plating (designated PER and PAR) arc reacted in
(lie as-deposited condition. Vanadium further oxidizes and VC forms when these
specimen are heated. The oxidation process dominates the V layer reaction.

v ran

VC

Ar

V205 fj. <

Al/V/GR UHV

Ar
Al/V/GR PER

PER 500"C
-v. 10 MIN

PER 500"C
•-- - 30 MIN

Al/V/GR PAR

PAR 500"C
, 30 MIN

K (A"T)"

V in Al/V/GR UHV

A Al/V/GR PER. BASAL PLANE

!\A- .,A1/V/GR PER. 500-C 10 MIN

A Al/V/GR PER. 500°C 30 MIN

Al/V/GR PAR. I1ASAL PLANE

Al/V/GR PAR. 500°C 30 MIN

Fi«. Vanadium KXAFS in A l/V/graphitc compared to V foil, VC and V2O5.

Support for this work was provided by the U.S. Dcpl. of Mner̂ .v Div. of Mils. Sci.
under contract nos. DK-AS(»5-80KR 10742 and DK-AC02-76CM0(H)16, the Off. of

XJ 1A

HT1JDY OF ATOMIC VI HHAT IONS IN NiAl AND KoAl IIY 'I'KMI'KHATIJRK DKI'KNDENT KXAFS

I).I., [trewe, I).H. I'eiiHC, /.. Tnn (mi! J . I . lludnick (U. of C o n n . ) , C.C. Law and
S.M. lluHHiill (Unitnil TKchnoldijicH), M.ll. Cluii , (Catliol i<- Univ. Hudi ra l
Co l l t ' ^o , .Seoul, Koran)

St o i c h iomfi t r ic N i r n A l r . . /in'l (!or A l r . . n 1 loyH have? linun H t uil i ed hy rncau^
nI (?xt*uMifMi x - r a y a b n o r p l i o n cdj>(* l i n e flcruclure measured a t both room and
l i q u i d n i t r o g e n I.empernt-iirfiH .„ Tlie Lranni Lion meta l a b s o r p t i o n edges were
moftHured, imt\ \ hn q u a n t i t y An /At was d e t e r m i n e d , where ho i s the change
in mean squa red r e l a t i v e d isplacement , of the t r a n s i t i o n meta l abso rbe r
r e l a t i v e t o a p a r t i c u l a r c o o r d i n a t i o n s h e l l and At i s t h e cor respondinf l
v a r i a t i o n in t e m p e r a t u r e . An /At. c o r r e s p o n d i n g t o n e a r e s t ne ighbor
(aluminum) atoms i s found t o he about the samu for NiAl a s for CoAl.
However, when Ao /Al i s de te rmined fo r r e l a t i v e motion between the
t r a n s i t i on2met« 1 a b s o r b e r and second o r t h i r d ne ighuor ( t r a n s i t i o n m e t a l )
s h e l l s , Ao /At i s found t o be much l a r g e r for NiAl than for CoAl. T h i s
f i n d i n g may be r e l e v a n t t o the f a c t t h a t , a l t h o u g h NiAl and CoAl have q u i t e
s i m i l a r c o h e s i v e e n e r g i e s , CoAl i s t h e more b r i t t l e m a t e r i a l .

' (b) " ' C o ' • • ' • • •

CoAl

Co Room Temp

R (angs.)

Naval Res. & the Nat. Res. Council.
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RXAFS STUDY OF SILICIDF. FORMATION IN TRANSITION-MF/TAL
IMPLANTED Si( UK)) CRYSTALS

J. I. Budiiick, Z. Tan (U. of Connecticut), F. Namavar (SPIRE),
C. E. Bouldin, and J. C. Woicik (N.I.S.T.)

In order to study the transition-metal silicide formation process in ion
implanted systems, x-ray absorption fine structure (XANF.S and EXAFS)
spectra at the transition metal /(-edge have been measured on Si(100)
implanted with Fe, Co, and Ni respectively. 'Hie spectra were obtained using
fluorescence detection on samples with implanted doses in the range of
lx lO '6 to lx lO l s ion/cm2. Even at a dosage of IxK)'6 Co/cm2,
corresponding to a bulk Co concentration of less than 2%, we observe a
single shell of Si near neighbors at about 2.36 A indicating that the Co local
environment is already similar to that in CoSi2. This confirms Ihe previously
proposed ' (CoSig) core formation at low doses. In Ihe Fe and Ni implanted
systems, we found that the number of mclal-nielal bonds increases in a way
similar to that observed in the Co implanted system.' This implies that the
compound formation sequence in Fc-, Co-, and Ni-implunicd systems may be
similar. Measurements have also been made at both Fe and Ni K-edges on Fc
and Ni co-implanted Si(100).

We acknowledge the support from U. S. Department of Energy under
Contract No. DE-ASO5-8O-ER10742.

' Z. Tanelal., Phys. Rev. B 40, 6368 (1989).

l''lt?iire. Fourier transform
nuifinUutle nf Co K-odRe F.XAI'S
funrl: I nns.

Xll
X-niy Absorption Mviisiirciiiviits of Molybdenum Reduction Products Formed on a
I'hitiiiiini ICk'cti'oilc

d ive R. Clayton, Gary Halada (SUNV/SH), Hugh S. Isaacs and Alison J. Davenport (UNL)

In \i:u glancing-angle X-ray reflectivity experiments were performed on electrochemical
reduction products formed from a dilute deaerated (NH4)6Mo7024«4H20 (parainolybdate)
solution on a Pi electrode. These data were contrasted with XPS spectra collected with
MgKa X-radialion at Stony Urook.^ Tlie latter experiments revealed evidence, ai -160 mV
(saturated calomel electrode, SC12), of dissociation of Ihe paramolybdate to molybdate wiih
subsequent surface adsorption. At -340 mV (SCE) molybdate was observed to -educe to
Mo5 + in the form of Mo2O5. Further reduction to tetravalent species, MoO(OH)2,
followed by Mo02 at larger negative potentials, began to occur at -540 mV (SC1I). No
further reduction to lower valent species at -900 niV (SCE) was observed by XPS. X-ray
absorption experiments were conducted at potentials ranging from 400 mV to -900 mV
(SCII) following replenishment of the solution in the cell with a borate buffer solution of
the same pH as the paramolybdate solution while maintaining the potential on the film.
Hence signals from the Mo ions in solution could be eliminated. At selected potentials
both XANIIS and IIXAFS were conducted in order to provide complementary information
on oxidation slate and structure of decomposition products. Definite changes in edge
position and near-edge structure were observed at potentials corresponding to those
analyzed by XPS. In addition to tbe marked potential dependence of the deposits, changes
in the XANIIS were observed with time during growth of films at fixed potentials from
-700 to -470 mV (SCII) in dilute paramolybdate solutions (figure 1). EXA1-S and XANES
of standard powders, including paramolybdate, a simple molybdatc, several chlorides of
molybdenum and several oxides and oxy-hydrides, were performed to provide data for
comparison.
1. CM. Clayton and Y.C. Lu, Surface and Interface Analysis, 14, 66 (1989)

Figure 1:
XANIIS of time-dependent

film growth on a Pt
surface in a paramolybdatc
solution at -700 mV (SCII) i m v <sci:t •'/,••

Hrlalivu edge pusillnn U'VI

This work was supported by the 11,S, DOE under contract no. DII-ACO2-76HOOO16
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KXA1-'S 01' STRAINKI) All THIN FILMS

C. A. Ik-Ko.se; CiiHe Western KeHorvc U. , W. K. O'Onuiy; NKL, and K. W. Hoffman;
CAIHC Western Reserve U.

'I'llin fl lmn of An were p r epa red by p h y s i c a l vapor d c p o n l t i o n n t 1.0x10

I'orr on p o l y e t h y l e n e HUIIIII r u t c n In t h e thU'kneflfi range 5 t o 80 A1 and c h a r a c -

t e r lisuil by e l e c t r o n v t c l d KXAKS. These f i lms were mounted in a f i lm p u l l i n g

anuembly and EXAKH luami n e a r g r a z i n g i n c i d e n c e abdut the I., edge (11919 eV)

were o b t a i n e d a t t o t a l s t r a i n s of 0 , I , 5 , and 10X. This in p a r t of an on-

going e f f o r t . Hence, t h e f i n a l a n a l y s i s lias not y e t been per formed . Some

p r e l i m i n a r y r e s u l t s on a 13 X f i lm showing x for no s t r a i n and 10% n t r a i n in

t h e p o l y e t h y l e n e appea r In Lite f i g u r e be low, and w a r r a n t f u r t h e r i n v e s t i g a -

t i o n . Till a work was suppo r t ed by the O f f i c e of Naval Kcaearch under c o n t r a c t

number N 0 0 U - 8 9 - 5 - 1555.

AN XAI-S STUDY OF Tl IK SURFACE MORPIIOLOGY AT SEMICONDUCTOR:METAL
INTERFACES

A.M. F.dwards, D.E. Sayers, R. Nemanieh and D. Aldrich (North Carolina State U) , G.M.
Lanihle, S.M. Hcald and l-.V. Barrera (I?NL).

Initial investigations have been made on the surface morphology of thin layers of Ni metal
evaporated onto a Si(l 11) substrate. An excellent 7x7 UiKD pattern was obtained after rigorous
cleaning of the Si wafer. 2()A of Ni were then deposited under UH V conditions and XAFS
experiments were performed in-situ at room temperature after successive, 5 minute anneals at
increasing powers. The actual annealing temperatures have yet to be determined. The sample
position was not moved throughout the experiment, having previously been determined as the
best orientation to minimize Bragg peaks from the substrate.

Preliminary analysis of the results indicates the possibility of three stages of reaction
occtiring within the temperature range studied. The first change occured after the 4th anneal.
The apparent phase shift gives this spectrum a semblance to the c-NiSijdata, shown for
comparison. This is in agreement with the work of others 11 ], assuming corresponding
temperatures. Tung el al. also suggested the existence of a room temperature precursor reaction
resulting in a disordered surface layer. Comparison of the room temperature spectrum to that of
an amorphous Ni:Si:M compound (15at.% Ni) which crystallizes to NiSi2 on beating to 450°C
[2J does not indicate a strong similarity, though this reaction is expected to be limited to a few
monolayers (1,3|. A further, slight shift in phase occured after the 7th anneal, and surprisingly,
it is this spectrum that displays tlie closest resemblance to the disordered structure. The XAFS
results are to be complimented by in-situ Auger spectroscopy and LEED measurements and
correlated with the ex-situ SEM, TGM and Raman spectroscopy performed ?.t NCSU.

|1] R.T. Tung et al., Phys. Rev. Letts., 5Q, 429, (1983).
|2J A.M. Edwards ct al., J.Non-Cryst. Sol., J J i , 41, (1989).
|3] F. Comin et al., Phys. Rev. Letts., 51, 2402, (1983).

7th Anneal

c-NiSi2

4th Anneal

Room Temp.

a-Ni:Si:H

This work was supported by the U.S. Department of Energy, Division of Materials Science,
under contract DE-FG05-89ER4S384.
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Se Edge EXAFS of CdSo and ZnSc in Nallon

R.H. Fclton(Ga. Tech), C. Hoener(U. Texan), and A.J. Barcl(U. Texas)

CdSc is synthesized in the unionir. cavities of the ionomer, Nnfion, by loading the cation
into the liydrnted polymer, followed by dehydration and exposure to giiseous HjSe. Upon
rcliydration of the polymer, the initially formed species (1) experience a growth in cluster
size due to the increase in cavity size and ionic mobility. Accompanying this limitted
growth is a red-sliift in the UV absorption toward the onset of bulk CdSe absorption.

EXAFS investigations provide structural information on the nature of the particles. Wn
have examined the Se EXAFS and find that the rehydratcd particles (2) have a first-shell
distance of 2.58 A or 0.04 A shorter than found in the bulk sample. The coordination
number has been reduced to 3, in contrast to the four-coordinate Se of bulk CdSe. The
number of second-ahell Se atoms is now only 5-6, in comparison to the twelve next nearest
neighbors of the bulk sample. Dy comparison, 1 shows the same first-shell coordination
environment aa 2; however, the number of second-shell neighbors is < 1. A similar result is
found with ZnSe in the state 1, but upon rehydration in air-saturated water, Se clusters are
formed rather than a larger aggregate of ZnSe. We also have observed that penneablity of
• iehydrati-d Nafion to H2Se(j) is markedly reduced; consequently, only 10% of the available
Zif1"1' or Cd+ react to form the corresponding selenide.

A plausible structure of 2 based upon the EXAFS data is shown in the figure, which is
the contents of a 6 A radius sphere, centered on a selenium atom in the zinc-blende lattice
of C'dSe. We note that the samples likely contain a distribution of particle sizes, and thus
some particles will be larger than that shown in the figure.

X11A

Suggested structure of 2.
Larger circles are Cd ions.

OBSERVATION OF HEXAVALENT Cr IN
ANODIZED OXIDES ON SPUTTERED Al-Cr ALLOYS

O.S.Frankel', A.J.Davenport", M.S.Isaacs", A.G.Schrott", C.VJalmcs" and M.A.Russak'
'IBM, "BNI.

Sputtered Al-Cr binary alloys show excellent corrosion resistance. However, corrosion
pits can initiate if a metal surface in a solution is polarized to a high enough potential. It
has heen suggested that pitting initiates in Al-Cr alloys when the chromium in the passive
oxide film is converted to the 6-valent state and dissolves away. The (i-valent state of
chromium is readily determined from the structure of the chromium K edge as it gives rise
to a very sharp peak just below the edge. In order to minimize the signal from the
underlying metal, thin films of Al-Cr were deposited on a niobium film on a float glass
substrate. The Cr K edge was measured ex situ from the fluorescent signal in glancing angle
geometry at angles in the region of the critical angle. The ratio of 6+:3+ chromium in the
oxide film increased with applied potential and with Cr content of the alloy. The chromium
present in the oxide film is electrochemically active as shown in Fig.l. A 4(>%Cr alloy film
40A thick was polarized in a pM 7.4 borate solution for 5 minutes at 5V(MSE). It shows a
significant proportion of +6 chromium (a). Subsequent reduction for 5 minutes at
-1.5V(MSE) reduces all the chromium to the +3 stale (b). On returning to 5V(MSE) for
5 minutes, the + 6 chromium returns (c).

(b) -1.5V(MSE)

pre-edge peak (6-valent Cr) / V

I /
g

! (a) SV(MSE)

(c) 5V(MSE)

3960 5970 5980 5990 6000 6010 6020 6030 604''

energy (eV)

Fig.l Cr K edge for a Al-Cr alloy polarized to (a) 5V(MSE), then to (b) -L.W(MSE) and
back to (c) 5V(MSE)

This work was supported by the U.S. Department of Energy, Division of Materials Science,
Office of Basic Energy Sciences under Contract No. DE-AC02-76CH0OO16.
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X-RAY ABSORPTION STUDIES OPELECTROCHEMICALLY FORMED OXIDE FILMS
ON Al-Cr SPUTTERED ALLOYS

G. S. I-rankcl*. A. J. Davenport", II. S. Isaacs", A. G. Scliott*. C. V. Jahnes*, and M. A.
Russak*

"IBM Research Division, T. J. Watson Research Center, Yorkiown Heights, NY
"Brookhaven National Laboratory, Upton, NY

The nature of Cr in anodic films on metals is of great interest due to its ability to confer
corrosion resistance. X-ray Absorption Spectro.scopy (XAS) lias been previously used to study
Cr incorporated into anodic films on Al by immersion of anodized Al into a eliminate solution
and by anodizing Al directly in a eliminate solution. In this investigation, XAS was used to
study Cr in Al-containing oxides formed by polarizing AlCr alloys in a boratc solution. Cr was
thus introduced into the oxides from the metallic state rather than from the solution as chromatc.

AlCr alloys with 4,20, 32, and 46% Cr and thicknesses of 20,40,70, ISO, and 1500 A
were sputter-deposited onto float glass substrates coated with a thin layer of Nb for conductivity.
The samples were polarized in a beaker of 0.5 M H3BO3 + 0.05 M Na2B4O7 which has a pH of
7.36 to -0.5,0.7, 2 or 5 V and held for 5 min. The valence of Cr in these polarized films was
studied ex situ in air by glancing angle x-ray absorption experiments al the Cr K edge (5989 eV)
using fluorescence detection.

Cr(VI) was clearly evident in the XANES spectra from both the pre-edge peak as well as
the edge position. The fraction of Cr measured in the hexavalent state increased as the applied
potential and Cr concentration in the alloy increased and as the alloy layer thickness decreased.
Alloys in the as-deposited (and air exposed) condition exhibited Cr in only the metallic state.
Following exposure at open circuit and at low anodic potentials, Cr was still primarily in the
metallic state with increasing amounts of Cr(III) observed as the potential increased. The lowest
potential at which Cr(VI) was observed decreased with increasing Cr concentration but was
generally in agreement with the potential of a current peak observed during potcntiodynamic
polarization. The Cr in anodic oxides formed at 5 V MSE was primarily in the hexavalent state
for alloys with 20% Cr of more. Measurements made above and below the critical angle showed
that the Cr(VI) was concentrated in the outer region of the oxide film in all cases. The effect of
nominal alloy thickness on average oxidation state of the surface oxide probably results from an
increased surface to volume ratio for the thinner films which may not have been continuous.
Interestingly, the Cr(VI) is not just adsorbed on the surface. It is incorporated within the alumina
film and can undergo electrochemical reactions. For instance, following 5 min. at 5 V MSE there
was no evidence of metallic Cr at low energies and the pre-edge peak was close in height to the
edge itself. This indicates that the whole alloy layer was oxidized and that most of the Cr was in
the form of Cr(VI). A subsequent treatment for 5 min. at-1.5 V MSE resulted in reduction of
most of the Cr(VI) to Cr(III). The Cr was then reoxidized to Cr(VI) by a second 5 V treatment.
This ability to reduce and reoxiclize the Cr in the film is evidence that it is electrochcmically active
within the layer of aluminum oxide.

CATION IC TIUHHKNIUM RAFTS ON (jamma-ALUMlNA: CHARACTERIZATION BY
KXAFS SIMXTROSCOl'Y

T. FiinR, I'. Tooley, M. Kel ley , I). Koningsbergcr, II. Gates (U.of Delaware)

In a t tempts to prepare s t r u c t u r a l l y simple Bupported metals and cha rac t e r i z e
the d e t a i l s of the meta 1-support I n t e r f a c e , H3Re3(CO)12 was used as a p r e -
cui-Bor, beinK cheminorbed on gamma-alumina. The sample w.-.s t r e a t e d in H2

a t «00"C for It h r s , g iv ing highly d ispersed supported K^ecies that were
c h a r a c t e r i z e d by in f ra red and X-ray photoelectron rpectroticoples combined
with XANF.S and F.XAFS spec t roscopy . The r e s u l t s i nd i ca t e t h a t the rhenium
remained highly d i spe r sed , forming r a f t s of c a t l o n i e rhenium on the surface
of the suppor t . The XPS and XANKS data ind ica ted tha t the Re was in a
p o s i t i v e ox ida t ion s t a t e ; the KXAFS data (Figure I) i nd i ca t ed tha t the
trirhenium uni t s had been largely retained c . the surface. The s t ruc tura l
model (Figure 1) determined from the F.XAFS data represents trlrhenlum
raf t s on the surface. The average Re-Re distance is less than that in Re
metal, and the surface species i s suggested to be a supported metal c lus te r
with multiple metal-metal bonds. This i s the f i r s t evidence of such a
s t ruc ture on a surface.

EXAFS o( Sample formed how

H,Re3(CO),,on Al.O.
Conditions H, 40C*C A 1

Rosulls

He Li. eooe
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This work supported by the U.S. DOE under Contract No. DE-ACO2-76CH(X)O16.
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SM'l'ORTKI) Ru-I't CATALYSTS PRKI'ARKI) FROM MOl.KCUUK BIHKTALI.IC Cl.DSTKHS

T. KunK> ''• Tooli-y, I). KonlimHburRer , M. Kclluy, li. G.-itcH (II.of Delaware)

S t ruc tura l ly slmplu xupportcd bimetal 1lc catalyntB have been prepared from
ort-aiiometal 1 lc chiHturH. The cluutcr I'tI(e(C0)i2 w " s absorbed on gamma-
alumina and t rea ted In H2 at /|OO°C to give a s t ruc tu re that has been
characterized by KXAFS Bpectroscopy and XANKS, in combination with infrared
spectroscopy and X-ray phot ouloctron stpectroscopy .

The s t ruc tu ra l partimett-TH are Bummnrized In Table 1, and a model baned on
these re su l t s is shown In Figure- 1. This i s a unique bi layer s t r u c t u r e ,
with Re in a low posi t ive oxidation s tn te evidently s t a b i l i z i n g Ft In a
very hiyti dispersion on the alumina mipport. The r e s u l t s may ttive an
Important clue about the rol..- of the second metals (such aa Re nnd Sn) used
in combination with Pt In indus t r ia l c a t a l y s t s used for reforming of
petruU'um naphtha.

A Proposed Pt-Re "Bilayer" Model

Oxygens of alumina
[111) lace

Oxophilic nature ol Re

Pi has a lower surface energy than Re

fioRe distance is shorter than OMWon • Osuppon

distance of alumina [111) lace

Ro/Pi-2

EXAFS of Catalyst Formed from

Re?Pt(CO),2onAI203

Conditions: H2,400"C. 4 h

Results
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KXAFS STUDIES OF Ni(ll) AND Ni(f) FACTOR 430M.

CONFORMATIONAL FLEXIKIMI'Y OF THE F430 S'KEMCTON

.COjH

,C02H

C02H

K430

Lars R. I-'urcnlid, Mark W. Rcnncr, and Jack I-ajcr,

DcparlmciH of Applia) Science, UNI,

Factor 430 is the Ni tetrapyrrole prosthetic

group of methyl coenzyme M rcductase, the

enzyme that catalyzes the final stages of the

conversion of carbon dioxide to methane in

methanogenic bacteria. Ni(l) I-430 has been

implicated as a catalytic transient in the generation

of methane. EXAFS studies of Ni(ll) and Ni(I)

F430M* (the pcnta-mcthyl ester derivative of

F430) arc reported, and yield the first structural

information for the environment of low spin Ni(II)

and the paramagnetic Ni(I) in solution.

The Ni(II) species is square planar with average Ni-N distances of 1.90 (±0.02) A to te

contrasted with two sets of Ni-N distances of 1.88 (±0.03) and 2.03 (±0.03) A for the

Ni(I) intermediate. Reduction of low spin Ni(II) to Ni(I) thus causes a distortion around

the metal, in agreement with similar deformations previously observed for Ni(I)

isobaclcriochlorin and tetraaza complexes. Previous EXAFS results for high spin Ni(ll)

F43O of Ni-N = 2.1 A and the present results for the low spin Ni(II) F43OM of 1.9 A

indicate that the F43O skeleton is flexible enough 10 accommodate a change of 0.2 A around

the metal. Not surprisingly, therefore, the tonformationa) requirements for Ni(l) are also

readily accommodated by the F43O macrocycle. Interestingly, the Ni-N distances now

available for high and low spin Ni(ll) in F43O match almost exactly ihe ideal, sirain-free

Ni-N distances for polyamine Ni complexes previously calculated by molecular mechanics::

2.10 and 1.91 A.

•F43OM was generously provided by A.F. Kolod/icj. W.H. Ormc-Jolmson ami C.T. Walsh.

This work was supported by the Division of Chemical Sciences. U.S. Dcparuucnt or Energy, Washington.

D.C., under contract No. DE-AC02-76CII(X)(H6. X-llA is supported by the Division of Materials

Sciences, U.S. Department of Energy, under Contract DU-1;GO5-8'JER4S384.
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GLANCING ANGUS X-RAY STUDY OP THE EFFECT OF OXYGEN ON INTERFACE
REACTIONS IN AL/NI BILAYERS
S. M. Hcaid and E. V. Barrera*, Brookhaven National Laboratory

Glancing angle x-ray reflectivity and EXAFS measurements have heen made on a series of
UIIV prepared Al/Ni bilayers with varying amounts of oxygen impurities. These samples
show a intrinsic reacted region prior to annealing, and for clean samples further reaction occurs
at 250" C. Oxygen is found to strongly influence the course of the reaction with an effect
which depends on its location. A few percent O impurity within the Al film strongly
suppresses the grain boundary diffusion path, which allows the growth of a smooth N1AI3
layer. Intcrfacial O exposures of 60 and 6(X) L inhibit both the intrinsic reaction, and raises the
temperature at which further reaction occurs to as much as 300° C with an effect which depends
on exposure. The thickness of the intrinsic reaction zone is about 6OA for clean samples, and
is nearly eliminated for contaminated interfaces. The results indicate that surface/interface,
grain boundary, and bulk diffusion all play an important role in the formation of these
interfaces, and thai each of these is influenced by O impurities.

Comparison of the interface Ni RXAFS
from samples annealed at 250 °C with
different O exposures. CL samples
have clean interfaces, and A1(O)
samples have ~2 % O wilhin the Al
layers. Note the differing amounts of
reaclion.

12
k (A

•Current Address: Dept. of Mcch. Eng. and Mat. Sci., Rice Univ., Houston, TX 77251

This work supported by the U.S. Dept. of Energy, Div. of Mat. Science under contracts Nos.

DE-ACO2-76CHO0016 and DE-AS05-80-ER10742.

X-RAY REFLECTIVITY STUDY OF S1O2 ON Si
S. M. Heald, J. Jayanetti, (BNL-DAS), A.A.
Vorktown Heights

XUA

Bright, and G.W. Rubloff, IBM

X-ray reflectivity measurements have been used to compare thermal oxides
with plasma enhanced CVD (PECVD) grown oxides. The PECVD method is a low
temperature process offering promise for production of high density chips.
The thermal oxide was of high quality and could be fit with a single layer
with only a few angstroms roughness at the interface and surface (see below,
the solid linos are the fits). For the PECVD sample a distinct beating was
observed which could be fit by a 40A lnterfacial layer with p-2.21 gm/cra3.
The density of the bulk of the was 2.25 gm/cm3 which rjmpares favorably
with the thermal oxide density of 2.26 gro/cm3, and indicates a high quality
oxide. The interfacial layer is thought to be due to the cleaning process,
and further work is planned to investigate it more completely.

10° -

10-1

10 20
Angle (URAD)

10 20
Angle (URAD)

Work supported by the U.S. DOE, Basic Energy Sciences under Contract Nos.
DE-AS05-ER10742 and DE-AC02-76CH0O016.
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X-RAY TRANSMISSION MEASUREMENT OF CONCENTRATION GRADIENTS
DURING LOCALIZED CORROSION OF STAINLESS STEELS

II. S. Isaacs, A. J. Davenport and J. II. Clio (BNL)

Stainless steels dissolve at extremely high rates in chloride environments forming pits
or crevices. The processes taking place are complicated by the very high metal ion
solubilities and high chloride concentrations (about \2M). The feasibility of .studying
concentration changes was investigated. An electrochemical cell was designed to establish
one dimensional diffusion and is shown in Fig. 1. Thin stainless steel foils were sealed
between mylar sheets with the upper edge exposed to the bulk chloride electrolyte. The
concentration gradients in the window formed by dissolving back the stainless steel edge are
being measured. An example of the buildup of iron in solution adjacent to the stainless steel
is shown in Fig.2. Applying a potential of SOOmV/sce causes current to How and the
concentration of iron increased reaching a supersaturated maximum and precipitation of a
salt film. Turning the current off allows the salt film to dissolve and the process repeats on
reapplying the potential. No changes in the near edge structure of the iron ions was
observed. Similar measurement of the other components of stainless steel Ni, Cr and Mo
wen* observed.

rrfrrdirr electrode

counter electrode

thin plastic

metal foil

norking electrode

Hg.I Electrochemical cell for making
transmission measurements in
crevice solutions.

Fig.2 Variation in the x-ray absorption of
iron just above a dissolving steel
surface with and without an applied
potential

This work was supported by the U.i>. Department of Energy, Division of Materials Science,
Office of Basic Energy Sciences under Contract No. DE-AC02-76CH00016.

X11A
TEMPERATURE-DEPENDENT EXAFS STUDY OF
PKROVSKITK-TYPE MATERIALS : PbTiO3 and SrTiO3

M. JOO, A. EDWARDS, AND D. SAYERS (N.C. State U.)

We present temperature-dependent EXAFS studies of perovskite-type materials PbTiO3

and SrTiOi at low temperatures. It is known that PbTiOj undergoes a ferroelectric phase

transition at 490°C where the symmetry changes from cubic O/, (paraelecim) to tetragonal Cjv

(ferroelectric). It is also known that the dielectric-constant measurements of powder samples of

PbTiOj showed small anomalies at approximately 170K, and according to a recent X-ray study

PbTiOj undergoes another phase transition from cubic Q t point-group symmetry to C> at

around 120K . The Debye-Waller factors from our temperature-dependent EXAFS experiments

of PbTiO3 also shows changes at around 170K and 120K |Fig.l(a)|. showing evidence of static

disorder consistent with earlier studies on GePbTe. For SrTiO3, a distinct tetragonal anisotropy

has been observed below about 110K from the dielectric-constant measurements, and a further

lowering of symmetry to orthorhombic (or lower) was reported below about 60K. Our

temperature-dependent EXAFS study of SrTiO3 also shows sharp changes in Debye-Waller

factors around 110K and around 60K [Fig.l(b)]. Further measurements and detailed analysis

will be needed.

Acknowledgement:

This work was done at X-11A Beamlinc at the National Synchrotron Light Source and is

supported by the U.S. Department of Energy under Contract DE-FG05-89ER45384.
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Fig. 1. Debye-Waller factors as a function of temperature (a)PbTiO3and (b) SrTiOj
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TEMPERATURE-DEPENDENT EXAFS STUDY OF SrTiO3

M. J00, A. EDWARDS, AND D. SAYERS (N.C. Stale U.)

The cubic-to-tetragonal structural phase transition in SrTiO3 at 105K involves a rotation of

neighboring TiC>6 octahedra. As a consequence of this structural phase transition, the first shell

of SrTiOj as seen by Sr atom, i.e. Sr-O, is split into 3 sub-shells which will increase the disorder

in the first shell. However, the disorder of the second shell, i.e. Sr-Ti, 'hould not change,

because the second shell is not changed after the structural phase transition. We report the results

of temperature-dependent EXAFS studies of disorder in the first and second shells of SrTiC>3.

An exponential fitting of the Debye-Waller factor(DWF) was used to determine the relative DWF

for each shell at each different temperature. The Einstein model was then used to approximate the

thern.al DWF. The experimental and the theoretical DWFs of the first and the second shells in

SrTiCb are shown in Fig.l(a) and Kb). As the temperature goes down below the phase

transition temperature, i.e. 105K, the DWF of the first shell in Fig.l(a) shows an increase from

the thermal DWF due to the structural disorder. However, the increase in the DWFs of the

second shell in Fig. l(b) is, as expected, negligible compared to the change in the first shell

Acknowledgement:

This work was performed ai the Beamline X-l 1A at the National Synchrotron Light Source and

is supported by the U.S. Department of Energy undx Contract DE-FG05-89ER45384.
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Mononuclear, trinuclear, and metallic rhenium catalysts supported on MgO:
characterization by EXAFS spectroscopy and other techniques.

P. Kirlin, H. Knozinger, D. Koningsberger, F. vanZon, B. Gates (U.Delaware)

MgO-supported catalysts were prepared from |HRe(C0)5] and [H3Re3(CO)i2i and
characterized by extraction of surface organometallics, infrared and ultra-
violet/visible spectroscopy, and EXAFS spectroscopy. The EXAFS analysis and
other data show that (H3Re3(CO)12] was initially deprotonated on the MgO
surface, giving a surface-bound anion with a structure comparable to that of
the salt |Ph4As][H2Re3(C0)]2) and having a Re-Mg distance of 2.39 K.
Heating of the supported cluster anion in helium to 225°C led to oxidation
and break-up of the cluster framework, giving a mononuclear complex formu-
lated as [Re(CO)3(OMg]3] (where the curly brackets (1 refer to groups
terminating the bulk oxide). The distances characterizing the bonding of the
Re to the support are Re-0 = 2.15 A, and Re-Mg - 2.80 A. A Re-Re distance
of 3.94 A was observed, consistent with the decomposition of tht cluster on
the support to form ensembles consisting of three of the Re subcarbonyls,
for which a structural model is presented in Fig. 1. Treatment of this
sample in hydrogen at 350°C gave a Re species with oxygen neighbors at
average distances of 1.94 and 2.45 X. Heating of this sample to 500°C in
hydrogen led to reduction and conversion of most of the Re into metal
crystallites.

The reactivities of the various surface species were also characterized by
temperature-programmed reduction, temperature-programmed desorption, and wet
chemical experiments. The samples were probed as catalysts for the structure-
insensitive propene hydrogenation and the structure-sensitive cyclopropane
isomerization/hydrogenolysis. The supported Re complexes formed from
(HRe(C0)5) on MgO catalyze the alkene hydrogenation, but not the C-C bond
rupture. The ensembles of these complexes formed from [H3Re3(CO)j£l
catalyze both, in this respect resembling supported crystallites of Re metal
partially poisoned with CO. It is inferred that neighboring metal centers
are required for the C-C bond rupture, whereas isolated metal centers are
active for the hydrogenation. The catalyst containing Re metal is, also
active for both of these conversions and is the only one of these samples
that is active for the isomerization of cyclopropane to give propene.

2.9» 1
@ Re ion

Q surface OH

f J 0 atom

O Mg atom

fjg.I. Experimental DWFs (empty squares) and theoretical thermal DWFs from the
Einstein model (solid line); (a) the first shell ofSrTiOy (b) the second shell ofSrTiO3
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MAGNESIA-SUPPORTED DFXAOSMIUM CATALYSTS

II. Lamb, M. Wolfer, B. Gates (U.of Delaware)

X11A
AN F.XAFS STTTPY OF PT, ATTNT1M-NIOKFX MULTILAYERS
G.M. Lainbic and S.M. Hcald (Brookhaven National Lab),
B.M. Clemens (Stanford U.) and M.A. Marcus(AT&T Bell Labs)

so

Structurally unique supported metal catalysts have been prepared from
H2OSCI5 on MgO. The precursor on the support was converted in high yield
to the robust cluster anion [OsigC(CO)24l2~• This was treated in He at
300°C, then in H2 at 300°C, and temperature programmed desorption results
showed that the CO ligands were lost. The sample then became catalytically
active for n-butane hydrogenolysis.

Samples at each stage of the conversion—and after use in a flow reactor for
the catalytic hydroganolysis—were characterized with EXAFS spectroscopy•
The results (Table 1) are consistent with the inference that the OS^Q
cluster frame, although fragmented during the treatment, was reconstituted
and maintained intact even during the catalysis experiment. This is the
first supported metal catalyst with this degree of structural uniformity.

luppotted Osmium*

lPPN);,[O.,f,C(Ca),«]
0.6 2.039 -0,0043
Z.4 1.878 0.0013
2.4 3.044 0.0010
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This study of Platinum-Nickel multilayers was motivated by recent reports which havi»
correlated the mechanical properties of multilayers with a structural expansion of the
constituents. Whether the expansion is a bulk or interface effect remains in dispute, as
does the issue of whether the driving force is electronic or structural, and whether or
not anomalous changes occur in the elastic moduli. We have performed polarization-
dependent EXAFS measurements on Pt/Ni multilayers, of varying bilayer thicknesses,
above the Pt LJI/ edge and the Ni K edge at various temperatures, using fluorescence
detection. Considerable interlayer mixing is evident from the extensive Pt-Ni bonding.
Anisotropy is observed, particularly in the platinum rich regions. We find that the bulk
metallic character is retained within the layers, whilst regions exist where 'the homo-
metallir bonding is clearly modified by the other component. No evidence for any elastic
anomalies ^e found within the Debye-Waller terms. A theoretical model is currently
being developed to describe the structure and composition of the multilayers, which
takes into account concentration gradients at the interface.

F i g l

Fig 1 Comparison of Pt LJU edge data taken at 310K and normal inridenre, a)Pt metal
and bilayer periods b)100A c)35A and d)23 A
Fig 2 Comparison of background subtracted and Fourier filtered data from the Pt L//7
edge of multilayer with bilayer period 23 A, In-plane (full line) and Out-of-plane (stars).

This work was performed under the auspices of the U.S. Department of Energy under
contract Nos. DE-AS05-80-ER10742 and DE-AC02-76CH00016.
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XAS STUDY of LANTHANUM ENVIRONMENTS in K2O-Sj02-La203 GLASSES

E M Larson, a ' A. J. G. Ellisonb, F W. Lyllec, A. Navrolskyb, R B. Greegor0 and J. Wonga

a Lawrence Livermore Nal. Lab. , P O. Box BOB L-369, Lwermore, CA 94551
b Dept otGeol. and Geophys. Sci.,Princeton U., Princeton, NJ,08544
c. The Boeing Company, P.O Box 399S Mail Stop 2T-05, Seattle, WA 96124

All5lra& The La Li and L3 X A N E S and L3 EXAFS have been Invesligated for the series ol glasses
10l<2O-50SiO2-xLa2O3 (x=),fi,10) and (10-x) K2O-40SiO2(xA3) (-3203 <x=7-5,S,2.5) and modei
compounds La2O3, LaAI03, LaP04, La2N«C»4, La2CuO4 and La(OfH)3 As shown in Figure 1, an edge
resonance at - 25 eV above the L i edge in the glass spectra is concentration dependent, decreasing in
intensily with increasing lanthanum concentration. The 2s-» nd forbidden transition increases with LagO3
concentration, indicating a reduction in the "average" site symmetry of the first coordination shell of La. 1

Mapping x(k) space, which is a new and promising technique, was employed to extract bond distance,
coordination number and thermal parameters from fhe EXAFS. By this method, one calculates the
complele x(k) space as a funclion of all physically reasonable values of the adjustsd parameters in all
possible combinations. The advantage in this method is the assurance of a global minimum. Bond lengths
were comparable lo those obtained by Fourier transforming the phase corrected EXAFS. The values are
2.42 A (±0.Q3A) for La-O. 2 The coordination numbers (N <7) were derived by mapping and comparison
to the published structures for other La compounds. x(k) mapping is compared lo least-squares fitting the
data and the correlation between the Debye-Wailer factor and coordination number is also discussed.
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EiflutflX Li XANES X(E) vs. energy (Ep = 6266 eV) spectra for the glasses,
a) (10-x) K2O-40SiO2-x/3 La2Oa ; x= 2.5,5.0,7.5 and b). 10K2O-50SJO2- x= 1,5,10.

1 EM. Larson, A.J.G. Ellison, FW. Lytle, A. Navrotsky, R.B. Qreegor & J. Wong, Physica B, in press
2 EM. Larson, AJ G. Ellison, F.W. Lylle, A. Navrotsky, R.B. Greegor & J. Wong, J. Non-Cryst. Solids.,

submitted lor publication

X11A
HIGH SPEED DIFFRACTOMETEH-REACTION CHAMBER USING SVNCHROTROH
RADIATION

E.M. Larson, PA. Waide and Joe Wong

Lawrence Livermore National Laboratory.P.O. box BOB L-369, Livermore, CA 94551

A high speed dillraclometer capable of recording diffraction patterns in Ihe time scale of a few
milliseconds using a synchrotron X-ray source is described. This instrument is designed to
monitor fast, Se|f-propagaUng High temperature solid slate Synthesis (SHS) reactions in an
inert almosphere. The systems sludjed thus far have been Ni + Al -» NiAl and Ti + C -i TiC.1 A
vertical 6-20 geometry is employed |o collect maximum scattering from Ihe horizontally
polarized synchrotron beam. The detector system consists ol two silicon photodiode arrays
each of which can be integrated in as little time as 4 milliseconds with shorter lime frames
possible il some pixels are skipped. Operation of the detectors, transfer and storage of data
and movement of (he motors are controlled by an IBM-AT compuler. The testing and first data
collections were performed at the Brookhaven National Synchrotron Light Source on beam
line X-11. The design and construction are discussed in detail elsewhere2 This diffraclomeler-
reaction chamber has been chosen as one of (his years Research and Development 100
winners, which is an award given to the 100 foremost industrial inventions by Research and
Development Magazine, a top trade journal. The drawing below is a schematic representation
f th i i l
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V Joe Wong, E.M. Larson, J.B. Holt, P./V Waide, B. Rupp and R. Frahm, Science, Sepl. 21, 1990
2. E.M. Larson, PA Wairia and Joe Wong, Rav. Sr.i., Inslrum., 1990) in press
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3|>i.-p»rliiii:lil uf Hmphybio.. Wi-iziridllll liiblll 1111- .if Si pein e, Hehuvnlh, Israel

I In | > i : . i. in < win' i i i i iwil i i i A liHb I K< i i | i»l i i i( l n i i l i t l sites, urn' of which is in >i tnall y

filled un l i ( i, HIHI I lii . l l n i is a transition ini-liil »ili thai ca.i accommodate a Zn ion

('mil iinavahn A HI such a configuration shows structural changes from solution tip the

cryslal. and w< have suggested thai protein structure deserves scrutiny i imlrr various

conditions' l o examine how tin* phenomenon depends mi Ihf type of metals, we have

made XAI 'S rm-aburenirntb wi th protein samples replacing (M for ('a or replacing Ni fur

Zn Wf liavr also measured tin" polycrystalline samples containing Ni and ('a a| p|| fi.ft,

at whu'li crystals were normally prepared, and at fill ft 2, a normal value fi.r (uncenlraled

solutions

The sutpstiluted samples, i t . Zn.C'd coiicanavalm A and Ni.Ca toneanavahn A,

demonstrates the bame structural changes as the Zn.C'a fonranavii lm A betui-en SI .hit mil

and the crystal Namely, the transition metal has mif fewer hgand in t in rrsfatal than it

hat in solution I lie lost ligand appears to he an oxygen atom I In p l l c hange does not

affect I he ( OOII I I I I . I I IMII nhell of Ni m I lie Ni.Ca (oncanavalin A crystals

\V' I'IIIH linli 111,ii tin olmervcri solution-crystal variation is not an effect from the

p l l enviroii i i i i ills- in « in h I he sampleb are normally prepared, such an effect would make

a possibility pr" l»ibl i thai the change is local to a ligand whose sensitivity tci proton

activity happens i.. full in this range The lack uf pH effect reinforces our notion that

intermoleciilar interaction causes cnnformational reorganization of the protein molecules

in the cryslal which in m m causes changes in the transition metal site These alterations

are insensitive to Uie type of metals we have examined Apparently the differences in the

chemical characteristics between these metals are inferior to the resultant of interactions

which leads to the removal of the ligand from the transition metal site

'To be published un Hiochcmistry.
This work was supported hy NSF DMB-H613U4B oiiit DOR DE- AC027fiCH00nir>
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We have used X ray absorption fim s l r i i i l i i n bpi rlrusci .py (XAFS) to pmbe the
Zn bile s l iuc l i i r i i,f emu anavaliu A Tin spectra *M-n ]iioc essed acci udiug lo t In- normal
p n iced I I re- I he linal bli |i in the proic-duii i in pi' '.veil either (he log ratn. or the l i l t ing
nil-limits In tin- analysis \Vi used Zn forinale i l i l iydiale as tin- /.n oxygen stanclaid and
/ n in xai i i iai la/ol i as ll ie Zn nitrogen blandaicl

I In analysis of the lirsl sheli of Zn revealed bigmlicanl differences hi I ween t in protein
bolulion and the pol\c ivslalhne sampli- In solulion Zn liiib six hgands but in t in irystal
it has i inly f i n I hi average hgand bond length is shorter in the crystal than m solution.
'i he analysis indicated thai the hgand bhell comprised oxygen atoms ami a nitrogen, wilh
I he uncertainly of .me nitrogen atom The removed ligand appears to be an oxygen atom.
J lie shortening of bond lengths happens lo the remaining oxygen atoms the arnopiul of
bond shortening, i e , about (I 1 A, is ciinsistent with a smalh-i Zu c • .oidmati- -n bin II I lie
Zn bile is known lo he about 11) A under the surface , ,f i |i(- mm anavaliii \ molecule,
at a depth perceived not to be affected directly by ihe inleni|. | i- i ulai interaction Our
observations suggest that the protein i imfo i mation has undergone rfoigamyalini i during
rrystalbzal io i i , which leads to the observed alteration in the Zn siti In ihe cryslal
the vibral ional disorder and possibly ihe corresponding bond length show a negative
temperature dependence whereas in solution they vary normally with temperature. 1 li.>
anomalous temperature dependence m the cryslal suggests that ab the temperature is
lowered the protein molecules aie subject lo additional stresses which are transmitted
as a tensile stress al the metal site leading t " distorted geometry and lengthening and
weakening of Zn hgand bonds

'I tie distinctive change's in the Zn site configuration and in its thermal property are
str ik ing considering llie active role of metals in biology. Our results suggest caution in
assuming that protein structure as determined from crystals will always be applicable
to physiological Conditions Direct comparison techniques, such as XAF'S. wi l l he of
particular importance to establish the generality of the variations in structure f..und here
and to correctly understand the relationship between protein structure and funcli. ' i i

Tablt Temperature Dependence of ihe Zn First Shell in Cunranavalin A and in Zn formate As
Determined by Log-Ratio Method".

Ni/Ni Ao2(A2 - HI 3)
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1 0 ( 5 )

'J.fi (5) _

>mv in the mean squared disorder. A A' ib tin' Hiiii-renre in ave r^t bwi.d Ifngih,
f the rourdin.it u>n numbers Suln and rryst icfer 1<< rune an aval in A, ar.d Zn Fmt

0.93 (5)
O.Hfi (5)
(I.Hfi (5)
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Znl-' int, 300 vs 80 K
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1 To hr pulilishcH un lliochcmislry.
2Siern, !•:. A fc Heald, S. M. (IB83) liasic pnnnphs anil applications o] KXAFS, Hnndhoak
mi Synchrotron lladiatum, Vul-I, Kiich. 13. K , Erf-, Norih Hxlland ru l i i i sh ing, pp 05% 1014
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X A f h iranbiiiibttioii t p f . t r * were ohian.eJ ol l i , . f , , l l . ^ ,m h U-mpc («uirci. 30U, 46CJ, 570, ft7&, 6IU,
50 7, til in, fi 03 fill? (icgfcet K d \ lit, v-'hrrj) ir irhi iJrt t l i t irt 1 t/d j ^ f i (uieb in (f ir (fjcjicij ph»sf. Cherks on th«
• I>ef Ira (iitMHK (lie CMO| down pn-res* «rc r unstsleji i with bjicirlra heroic melt ing, ,n>iuaLing th«l the «»mple
•fayed i n t i ' t an<i did mil nxidiiic

One Hitf i r i i l lv in »n«iy*iug hi({)i le inpe i* t »f f X AFH d«ia i t Ui»l »t t)evaled teiDperstures (he X AFS
•ignal i t in ttie notte #t hlgii wave ver l i . f f ix Jn ihis <"**«• ft is RC<-«**ify tu I»I*- (he X A F S figna) «| Jn>y }i
wl icic i l ie l>*ckgi<mn<l i t n>>! easily i l r tcn i i l l i c i l by trad.l iunftl ly t i f i ip ly t i l t ing • t inco l r i spline f i inr t inn, •
regnui then typical ly ignored Here we are forced to cont.idei n, and we nvejroni* i h l * diff iculty by not ing
I l iat al l>>» k 1 tic pliasct t>( itie XAFS signal slum Id not t igmf i ra i i l l v differ will) temperature Thus, careful
al ignment " f f/ ir s i i r r i ra will reveal pn.nU nf" trie i c f o rr.,*sjng* uf l))e XAFft where the dala r r u » Thrc*
or f.-ur luunts at I"W k can he determined »nd uteit «« rdnslra in ls through which a smu'Uti background
must p»&fi FiD-therm»i-e{ an addi t ional c o n s t m n i , the ui,-jil«i,,P sum ruir n, t ) l o enforced WUh t i n *
approach the hacltgr'iund in lead can he determined wi th confidence down \u b eV above the absorption
edge

The rt'Minriivr t ItaracieiiBl K ngn ><f melt ing appears m tlie in ie f rep l of the l r i g i a lm [3 j after the
phase transit ion has orr i i red Here, an apparent apTuni drop by * factor of two in the nearest number of
ncigrihors is obiervedfaee f iguie) This effect actually reflects (he fact th«t Uic Fourier t ramform duet no\
include dala down to tew w i v r vector, and thus nusies the contr ibut jop due |o {iitfutuin m ibe rrielled
phaie The ttcim uf two indicaleb tha i nearest neighbors are diffusing half the t ime rather than tirnply
v ibrat ing

I..-

2Jt> 550 4iQ s s 0 (90
Itmpira lur t (K)

Coordination number vs. temperature, i l lu i t ra lng the apparent loss
of coordination number al the melting temperelure The broken line

serves merely as an aide to the eye
Reference*:

( 1 ] K A Stem .nd Ke Zhang I'hys Bev l.rlt 60, 1»72 (I9B8)

[2J G Bunker Nuclear Instruments and Methods 2U7, 437 (1083)

Arbr i im le i lgemen la : Tins research was funded by D O E coruraci number D E F Q 0 6 »1E)H5|6S We also
thank the NS1.S, supported under POF. contract number |)I;-AC027BC||0(|0]6

X13A

AH X-RAY ABSORPTION STUDY OF THIN FILMS OF CORROSION OH Cu-lli ALLOYS

A. If. Mansour ami C, R. AntleiBon, NSV/C, Research and Technology Department,
1000) IIHW Hampshire Avenue, StJvor Spring, MD 20003-5000

The local structure of Cn and Hi in binary Cu-IU alloys containing 10, 30, and
50 atomic: z Hi and of corrosion an foils of pure Cu and Hi, and the alloys of
Cii-Ili has been investigated by X-ray absorption apectroscopy. The corroded
rei>ions viere induced by placing each of the samples in a plastic beaker
containing a solution of distilled li,0 with 3.5 wt I UaCl (which mimics sea
water) for a period of 13'i hours. The x-ray absorption measurements of both
Cu and Hi K edges were made in the total electron yield detection mode at room
temperature. The chemistry of Cu in the corroded region of the Cu-lli alloys
changes significantly from that of a pure Cu foil as can be seen from
inspection of Figure 1, Analysis of Cu XANES and Fourier transform of EXAFS
data reveals that the corroded region for pure Cu foil consists mainly of a
single oxide component. The chemistry and Btructure of this oxide is very
simitar to that of Cu20. Inspection of Fourier transforms of Cu K-edge EXAFS
data fur the Cu-lii alloys reveals two components. An oxide components which
is distinct from that on pure Cu foil. The other component arises from the
substrate indicating that the thickness of the corroded region is smaller than
that on the pure Cu foil or that the corrosion film i6 discontinuous. Analysis
of Hi K-edge data is in preliminary stsgeG and will he reported at a later
date.
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Figure 1, Normalized Cu K-edge data of corrosion uji pure Cu foil (solid) and
Cu-Hi (50 atomic ! Ni),

This work was supported, in part, by the Independent Research Program of the
Naval Surface Warfare Center. Tha x-ray absorption measurements were performed
at NSLS, which is supported by the U.S. Department of Energy.
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COMPARATIVE STUDY of UTTICE DYNAMICS OP Cu-0 BOHDS II! VBa,Cu3O;.h, CuO, and Cn-fl

A. II. Manspur, I. Talmy, D. llaught, and R. D. Bardo, NSWC, Research and
Technology Dept., 10901 New Hampshire Avenue, Silver Spring, MD 20903-5000

The local atomic vibrations of Cu-0 bonds in high temperature superconducting
YBajCu.]0;.(, CuO, and 0u,0 have been investigated using temperature dependent
EXAFS measurements. The YDa,CusO,.6 superconductor was prepared by reacting
research grade Hfi3, BaC03, ana CuO powders corresponding to a stoichiometric
Y:Ba:Cu ratio of 1:2:3. X-ray diffraction and wet chemical analysis showed
that the resulting material consisted only of a single phase with a composition
of Yj mBa, 9!Cuj06,2. Magnetic susceptibility measurements showed a sharp
transition to the superconducting state at a Tc of 92 K. Analysis of Cu K-
edge EXAPS data taken at temperatures of 13, 00, 110, 200, and 300 K for the
superconductor reveals an anomalous change in the mean square relative
displacement of Cu-0 bonds in the a-b plane (Figure 1). This anomaly was not
observed for CuO or Cu2O. This anomalous behavior for the superconductor is
associated with the transition from the normal state to the superconducting
sate and may be tiue to (i) an anomalous change in the Einstein frequency of the
longitudinal optical stretching mode of Cu-0 bonds, (ii) a change In the static
disorder, or (iii) a highly correlated motion of the Cu and 0 atoms.

100 200
TEMPERATURE (K)

300

Figure 1. Experimentally determined mean square relative displacement of Cu-
0 bonds in the a-b plane versus temperature (closed circles). Solid
curve represents the calculated values (open circles) using the
Einstein model with u£ = 0.12 x 10

13 rad./sec determined from a least
square fit of the data in the temperature range of 110 to 300 K,

This work was supported, in part, by the Independent Research Program of the
Haval Surface Warfare Center. The x-ray absorption measurements were performed
at MSLS, which is supported by the U.S. Department of Energy.
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EXAFS STUDY OF MELTING IN I IK

It. A. Mayanovic and It, A, Hunker, Notre Dame

We have made fiXAFS measurements of the Lln-edge in the total electron-yield and
fluorescence modes on solid and liquid 1 Ig, in the temperature range -50K-300K. Tlie primary
motivation for the study is to understand the nature of the changes in the local environment
close to and on either side of the solid to liquid phase transition in Hg. Of particular interest
to us is the study of the higher-order anliarmonic mode contributions to the EXAFS
Debye-Waller factor near melting for solid and liquid Hg. Preliminary near edge structure
results indicate that [here was a sharp rise in detectable anhamionic moi/on of second and
higher shells relative to the photoexcited atom, well below the melting temperature(~234.3K),
in the temperature range 140K-180K. The fourth-order anharmonic correction to the EXAFS
Debye-Waller term for the first shell, measured relative to its value at 140K, was found to
range from 0.8-1 ixlO5 k" while the sample was heated from 160K to 273K. The temperature
dependence of this correction tenn is such that a noticeable increase in anharmoniciiy
associated with the first shell is detected at and above the melting temperature. While these
results were obtained almost solely from fluorescence measurements, improved versions of
our total electron-yield detectors designed for mounting inside of a displex cryostat should
enable us to improve our signal to noise ratios in future measurements.

Fig.!
The temperature dependence of the
near edge structure of Ln,-edge
spectra for solid and liquid Hg. The
melting temperature is 234.3K.

Supported by Office of Naval Research under contract N00014-89-J-1108.



KXAI-'S MKASUKKMKNTS Ol< DISOKDKK KOH I MIMIIt IT 1 |-S IN SIl.VI'J* XHA
M. N c w v i l i t * , I-:. A . St i - r i i , 1*. l.i v i n n , 'I. 7.\u\\\y,

'1 h e t t ' l i i p t ' r a t u r e d e p e n d e n c e o f l IK* m e a n s q u a r e if i t^j J ;i c e m e n t , <) , f o r .i

va i I f t y " I mt-'Lii 11 i r I mpi i r f t I UH I n s l i v e r w a n m e a m i r e d nrf I IIK XAKS. Mt j aHur <•-

me ill H w i - i f ma i l f o n pur*.1 AH n « we 11 ;IH rt /il. X r n i i i t - a ' r a t : 1 O I I H n l A u , H ^ , V.w, a n d

'w» i n AM b v f J u o r i ' f l i - ^ n r i ' XAI-S ;H t c i n p L T a t i i r L ' H r a n ^ i i i M f r r n n 100K I n HOOK.

T h f r t ' l n p i T ; ) ! i i r t ' ( U ' p e n i k ' n r * * o f ii^ w a s i O t i n d h y t \\u l o ^ - 1 a t I n mt 'L i iod . I ' r e v 1 m i s

w o r k ' o n i m p u r i t. I I»H i n !'h h a s s u j i K ^ " ^ * ^ L h a t t hoHt* i i n p u r f t few w h l e h I D W L T

t h e h u l k m e l t i n g ' e m p e r a t u r
t h a t h a v e t h e 1 a r g e n t mean sq
Ag i n d i c a t e t h a t t h e s l t u a t l ng
Of t h o s e i m p u r i t i e s in Ag will

e Ag J o r n g i v e n t e m p e r a t i

i>f t h e p u r e m a t e r i a l , T n i ( m l ^ h t a l H o b e I h o s e
u a r e d ( f i p l a c e m e n t i i . P r e l i m i n a r y r e . s u i L H h i
n may be m o r e enmp] I c a t e d t h a n f o r t h e l'b h

2 hlnwer Tnj( Zn and f!a h«vt? larger u2 than
p i u i ' / i ^ m i a H j vi-i» i. L-nijif i i i L i i u - , b u t II& lw)M r n u g l i I y the . ' Ha me o ^ H H p u r e A j ^ .

An, t h e out.' iinpur 11 y inuasur^d wh Ich r a l fiua Tn,, a I s« IIHH L*stK*nt i al 1 y tht?
name M- an pu re Ag for a g lv f n tompt : ra tn r i ' . TIIUH t thort- i s m> cor re ) at: 1 on
betwotn o and whet he- r t h e iinpur i ty 1 owcrs Tni, S i m i l a r l y no f o r r u l aL i on
was founcl for the «v«raKf v f b r a t l o n a i f requency of the i m p u r i t i e s wfi/rh
han a (mo-') depend fiice . Tlu- on] y cor r tj 1 at. i on found I H but we on the col imin
In ttiu I ' t ' i l t id i r T a b l e . Thone i m p u r i t i e s t o the r i R b t of A^ lower Tm. Th i s
c o r r e J a i inn is el M forent t han tha t found for I'b.

I . M . A . S u r n , K. Z h a n g , I ' h y s . l i e u . L e t t . fiO, 1H72 ( 19RB)

TI1K KI'I-'KCT 0 1 IMPURITY CONCFWTHAT1ON ON THE IJISORDER OF

<;AI.I.1I!M I M I ' U l i l ' l ' l E S IN SILVER

M. N e w v i l l e , 7.. Z h a n g , E . A . S t e r n , V. 1.1 v l DH , P h y t i i e K D e p t . , i ' M - 1 5 , U, o f

Washington, Seattle, WA 'JHl'K)

X-r<iv absorption fine .ntructure (XAFS) wns useil to measure the mean square

di.splaeement, >J2, as a function of temperature for different concentrations

of ll.i in Ag. Impurity concentrations used were 2.1}, 5, and 10 at^. XAFS

data were taken for temperatures ranging from 80K to 800K, and the mean

square displacement of the fin atom was found relative to that of the 80K

value usJns the log-ratio method. Although not all of the data have been

analyzed, preliminary results suggest that, for a given temperature, o^

increases as the Impurity concenttat 1 on increases by an amount of 5% per atom

7. increase of fin. The bulk melting temperature, T m , of the Ag-Ga alloy

decreases as the f!a concentration Increases for small enough fin

concentrations (Including those used in our experiment). These results

indicate that a decrease In TIn la correlated with an Increase in disorder of

the (ia atoms, and are consistent with the Llmlemnnn criterion that the

larger vibrational amplitude of the fia atoms is Inducing the bulk solid to

melt at the lowered temperature.

Research supported by DOE contract // DE-FfiO6-84ER 45163

EXAFS STUDY OF TOXIC METAL ABSORFJ'ION AND
COPRKCIPITATION WITH AMORPHOUS MFeS".
J. PARISH, M. SOHOONKN (SUNY.StonyBrook), and (1. LAMBLK (NfiLH).
Amorphous KeS ("FeS")is a precursor phase in the formation of pyrite in low
temperature environments. Upon aging in the presence of sulfur, a sequence
of progressively more sulfur rich phases are formed:
"FeS"—>mackinawitc->greigito—»py. Although the conversion sequence is well
documented, the conversion mechanisms are poorly understood. As a first
step in this understanding, we have examined the local structure in the
amorphous "FeS" precursor in order to understand the "FeS'Vmk conversion.
An EXAFS study was carried out at the Fe-edge for a numher of amorphous
and crystalline samples of FeS]+x. Samples wore prepared by mixing
equimolar solutions of Mohr's salt and Na2>S. The precipitation was carried
out in the presence of a phlhallate hufTer (pH=4). The dried samples were
spread onto tape for
collection of
absorption data,
Inspection of the
Fourier Transforms
of the background-
corrected
normalized EXAFS .;
(Fig. Dfor
amorphous "FeS",
and crystalline
samples of
mackinawite,
indicates a local
structure
similar to that
found in
mackinawite.
This suggests
that the first step in aging of "FeS" is the development of long range ordering
in mackinawite-like material. A subsequent investigation was aimed at
studying the local structure associated with coprecipitated and sorbed species
at the 2%-level of loading on amorphous "FeS". Operating in fluorescence
mode, good data were obtained for Zn, Co and Cu. No obvious differences
could be discerned in the local structures around Zn in the two types of
samples, and that found in crystalline ZnS, sphalerite. This may be due to the
lower solubility of ZnS under the conditions used in the experiment, leading to
the precipitation of ZnS rather than its incorporation into amorphous "FeS".
This result underscores the need to study these systems at the ppm level of
loading, in order to avoid such problems.
Beamline X-ll supported by grant DEAC02-7GCH-00016.

Fig I. k** 3-weigh led, Batkground-cor retted l3v\TSoscillalions( A),
afler 111 c It-edge, for amor pit ous'TtS," and ih e Iniirier Transform
(H) un cor reeled for phase sit if I Hie nearest neighbor distances
about lc in niuckinawile are:Fe-S,2.23A;ie-re, 2.6A.
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1IICII I'RKSSUKK STUDIES OF AUSICNIC CHAIX'OCJENrCK CLASSES
USIN(i A DIAMOND ANVII. CV.U.*

C, Pfeiffer. Q T. Islam*. A. Edwards, M. A. Paesler and D. E. Sayers
Depi. of Physics North Carolina State University, Raleigh, NC 27605-8202, USA.

In the study of structural properties of solids, hydrostatic pressure is an important exper-
imental tool for modifying atomic bonding configurations in a controllable fashion. Thus the
ability to perform x-ray absorption spectroscopy (XAS) on samples under pressure is a powerful
method for characterizing the structural changes induced by pressure. While pressures of several
hundred kljaror more can Ix." produced without difficulty in a diamond anvil cell (DAC), attempts
to perform XAS measurements on samples pressurized in a DAC are beset with several technical
difficulties. Firstly, the x-ray beam is transmitted through diamond windows, giving rise to
Bragg reflections for the crystal lattice superimposed on the absorption spectrum. Secondly, the
tnmnif unlnmp ic VITV small (l()0(im or less in diameter and about lOum thick) resulting

experimental considerations, we were
sample volume is very
in very weak signals. Taking into account these
able to obtain useable absorption spectra of
amorphous AS2S i as a function of pressure over the
range from I to 100 kBar. The measurements of
Ihe arsenic K-cdge XANES were carried out using
a Merrill-Bassett DAC with liquid argon as the
pressure medium. The experimental configuration
allowed for optical access to the thin film sample so
that the same sample could be characterized by both
XAS and the standard mby fluorescence method for
determining the pressure. The size of the x-ray
beam was limited to approximately the size of the
sample in order to minimize leakage of photons
around to sample, i.e. x-ray photons reaching the
detector without being transmitted through the
sample. The Bragg reflections form the diamond
lattice were removed from the region of interest by
rotating the pressure cell about the axis of the x-ray
beam. Our data show, that with increasing
pressure, the white line broadens while its peak
height is reduced. Furthermore, the amplitude of
Ihe first oscillation beyond the edge decnases with
increasing pressure. A preliminary interpretation of
the XANES changes in terms of distorted local
structural configurations 11 ] will be discussed.

111. J. M. Lee, M. A. Pacsler and D. E. Sayers, J. Non-Cryst. Solids 123, 295 (1990).

+Present address: Dept. of Physics, Marquette University, Milwaukee, MI 53233, USA

*The experiments were preformed at the XI1-A beam line at the National Synchrotron Light
Source with support form the U, S. Dept. of Energy, Division of Materials Science, under
contract DE-FG0589F.R45384.
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X-RAY ABSORPTION SPECTROSCOPY OF AMORPHOUS As2S3 UNDER PRESSURE

Oerd Pfeiffer, Q. T. Islam, A. M. Edwards, M. A. J'acslcr and D. R. Sayere

Department of Physics, North Carolina State University,
Raleigh, NC 27695-8202, USA

A Merrill Basset! diamond anvil cell (DAC) was used to investigate pressure-induced structural
changes in amorphous (a-) AS2S3 for pressures up to 124 kbar. A 6 nm thin film sample was
loaded into the DAC with argon as the pressure medium. The spectra, taken at 300 K at the As
K-edge in scanning mode at beamline X11 A, were obtained in a transmission configuration where
the x-ray beam is transmitted through the sample and both diamond anvils. Since the diameter of
the sample in the DAC is less than the hole in the gasket in our setup, x-ray photons can reach the
detector without being transmitted through the sample. To minimize this problem, the size of the
x-ray beam was limited to approximately the diameter of the sample with the help of the hutch slits.
Another experimental difficulty was the presence of Bragg diffraction peaks from the diamond
single crystals superposed on the absorption spectrum. Rotating the DAC about the x-ray beam
axis as well as a vertical and a horizontal axis, we were able to obtain spectra with no Bragg peaks
in the irgion of interest.
The XANES spectra show pressure-induced changes in two main features: (1) The white line,
which undergoes only relatively minor changes with increasing pressure and, (2) the first
oscillation beyond the white line, at about 10 eV for samples at l'=0, which is sensitive 10
pressure. The pressure-induced changes in the first oscillation entail a shift to higher energy, a
reduction in amplitude and substantial broadening. The relative shift in the peak position with
respect to P=0 appears to be linear with pressure. The white line is slightly broadened with in-
creasing pressure and decreases significantly in height only at very high pressures (124 kbar).
Since pathways associated with As-(S-As)3 linkages represent the primary contribution to the
white line, the lack of dramatic changes in ils shape with pressure suggests that these linkages are
only weakly distorted under pressure. A preliminary interpretation of the lateral shift of this
feature, based on the relationship AR/R° = - AXp/Xp0, relates the relative change in the wave
vector of the first oscillation to the change in the nearest neighbor bonding distances.11J Thus, the
increase in AXj/Xn0 with pressure implies, as expected for a solid under compression, a decrease
in (he nearest neighbor bonding distances that give rise (o the first oscillation. The decrease, with
respect to P=(), of about 2.5% lit 13 kbar and 15% at 124 kbar is quite substantial compared to
typical values for crystalline materials. However, a larger effeel in a-As2S3 appears plausible
considering the relative prevalence of weak intermolecular bonding and the strong effect of
pressure on the electronic structure. A more detailed theoretical analysis of the pressure-induced
changes by means of a multiple scattering calculation is currently underway.

11 ] G. Pfeiffer, Q. T. Islam, A. M. Edwards, M, A. Paesler and D. E. Sayers, in "Proc. of the
VI. Int. Conf. on X-Ray Absorption Fine Structure (XAFS)", edited by S. Hasnain; Ellis
Horwood, 1990.

This work was supported by the U.S. Dept of Energy, Div. of Materials Science, under contract
DE-FG05-89ER45384.
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Supp'iflcd by DOE contract #I)E'F0DIM4EK ISlflJ

H 38,6568(1981!).

I.. Rabenbcre, U. of Texas, Austin; R. V. Barrera, Rice U., Houston; S. M. Heald, HNJ.;
C. /•. Maury, and C. I I . Alliberf, Lab. de Therm, el PhysicoChimic Melall., CNKS, Si.
Mariin-d'lleres, France

HXA1S has Iwen used to determine the position of Zr within the unit cell of SnvjCoj^
7A is routinely added to Sjr^Cojy permanent magnet alloys because of its effects on their
metallurgical development, but the details of its behavior remain controversial. Induction
melted 'Am-jCo^f/s ternary alloys, aged at 1180° C, then quenched, consisted of intimately
mixed 112:17 and R2:)7 having Zr in solid solution as well as some regions of R2:17 that were
poor in Zr. The samples were magnetically aligned and measurements were made wilh the c-
axis predominantly along the x-ray polarization (a in the Fig), and perpendicular (n) to it.
From the polarization dependence and fits using various model sites, the EXAFS analysis
indicates that the most probable position for Zr is a site having two Sm near neighbor atoms
and 11 Co atoms distributed over three different interatomic distances. This is consistent with
a direct substitution of Zr for Co in the Co site in the mixed planes (12j in Pf^/mmc, or 18f in
R3m).
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This work supported by French Ministry of Research, the Univ. Research Institute of the U. of
Texas, and by the U.S. Dept. of Energy, Div. of Mat. Science under contracts Nos. DE-
AC02-76CH(XX)lfi and DE-ASO5-8O-ER10742.
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Ontario, London, Canada N6A 5B7

X-ray absorption measurements at the Au L edges were made for
(a) a series of Au-non-transition metal alloys (with Cd, In, Sn,
Sb and Te); (b) a series of Au-noble metal alloys (with Cu and
Aq) ; (c) a series of Au- early-transition metal allays (with Ta,
Sc, Ti and V), and (d) a eeri.es of Au-lanthanide alloys (with
La). Trends of charge transfer at the Au sites upon alloying
are established. Of particular interest is the nature of Au-
d-other component-d band interaction exhibited at the XANES of
the Au L-edge spectra. A comparison of the Au L, edge XANES of
Cu3Au with that of AgjAu is illustrated below.

119)1

Acknowledgement: Research at UWO supported by Ontario Centre
for Materials Research (OCMR) and Natural Sciences and
Engineering Research Council of Canada.

OBSERVATION OF LANTHANUM- AND RARE-EARTH-SITE ORDERING
IN T*-I'HASE /,«j „ yU.SryCuOf (H=Sm, En, G<1, Tb, Dy)

S-W
Tan, .1 I lludnick, W. CJ. (,'hcn, I). Urewe, S. Liio (U. of Connecticut),

iiK, A S. Cooper, mid I,. W. Hupp, Jr. (AT&T Hell l i » ) .

The T* phase Lai , ullrSru(Ju<)t compounds with II" Sm, Ku, and (id exhibit supercon-
ductivity with hole charge carriers | l | . Tlie physical properties of this material is of interest
considering it» rolntirjiinfiip to tlie p-type T phase l,aj .rSrmC'u0i and the n-ty|>e T'-phasp
AT/ij ,Cr,CuOt sii|iprcoiidiictorn. The unit coll of the T* structure consists of half of the T
anil Imlf of tin; 'I" milt cells stacked along the letrngmial c-axis [2|. The T* phase only forms
in n narrow range of the rnre-eartli concentration, apparently depending on the size of tlie
rare earth ion It is generally speculated that the I,a nnd the smaller II io:>o aelectively occupy
the two iiie<|iiavalenl sites, the T-lyiie M site and the T'-type M' site, in the T* Btriictnre.
We liiivo demonstrated unambiguously tlint the La and It ions are indeed ordered in T*plia«e
l'<*2 i ylltSrv('u0.\ for R = Sm, Eu, (id, Tb, and I)y, using x-r»y absorption (ine structure
(XANKS and RXAI'S) lerlmiipioa.

La nnd rare-earth l-a-cilge x-ray absorption spectra were measured on tile T*-phast
l,an f,Rn,fiST(t.if'uOt |R-Sm, B«, Od, I'b, Dy) and a series of reference compounds. The
refereiue COIIIJKIUIKIS include T-phase Ln^CuO^ and La^, rIlr('u0t (II-Nd, Sm, (id), and T'-
phase n,CuOt (R=Pr, Nd, Sin, Eu, CJd), NdiMTl>0jC'uO, and NdXMI)yaiCnOA. A unique
peak feature (A) is present at about 20 eV above the absorption edge for Lft and all rare-earth
nloms in the T1 striirutre, but is com])lelcly absent in the T structure (3). For the T'phase
samples, this feature A appears in the Sin, Ku, (id, nnd \)y L$ spectra with a full intensity as
that in the T' structure; but only a smnll residue of feature A i» detected in the La spectra.
These results clearly indicate that the rare-earth ions almost exclusively occupy the T'-type M'
site, nml the ]<a occupies the T-typc M site in the T*pha«e Laj-x-^RtSr^CuO^ for R—Sm,
En, (id and Dy. This conclusion is further supported by tlie Fourier transform analysis of
the IvXAFS data. The oxygen near-neighbor distribution around the rare-earth ions is very
similar to that in the T" structure, but differs from that in the T structure. The imnll residue
of feature A in the l,a spectra is due to the fact that a small amount of La has to occupy the
M' iite for the particular rompoistion studied (the largest Sr ion strongly prefers the M site).
For the Tb T*-phase sample, feature A is not observed in the Tb spectrum, possibly due to a
Tb valence that differs from 3+ However, the site ordering in the Tb sample ran be inferred
from the abscence of fearure A in the La spectrum and the comparison of La and Tb EXAFS
spoctra with those of La nnd (id in the T*-phaae (id sample. Kwci <?( al also observed the
cation ordering in the (id T* compounds |4|.

This work was performed at beamlinc XII at the NSLS, nnd is supported by the U.S.
Department of Energy, under Contract Nos. I)E-AS05-80-ER!07'l2and DI5-FGO2-90EIU542').
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Zhengqtian Tnii.J. I. Hudnick (I) (jf Connecticut), C. R. Uoulilin and J. C, VVotrik (Nat. hint.
Stan. Tech.), S-W. filleting, A. S. Cooper, anil (!. I'. F.npinosa (AT&T Hell Lulu).

In order to study tin- nature of Ce doping in tho electron superconductors, Cu K-cdge
absorption spectra of (> doped NdjCuO^ and I'rtCuOn single crystals wore mcatiurcd in the
fluoreiicence mode with the x rnj polarization vector E perpendicular to and nearly parallel
to the cryitnl c-nxi» [1]. In the XANES spectra for E ncnrly parallel to the c-axis, a new 4ji.
penk appears at an energy rdightly lower than that of the If), peak in 6'iijO and its intensity
increases upon Ce-doping. In the menntime, the intensity of the 4,;), peak of Cu*' decreases
IriK.l (a)|. Thin suggests that some of the (In atoms are added with one electron, likely to
lie of A symmetry, which remains loenlixed at low doping levels. Combined with the resonant
photocmission datn 12], our XANF/S results suggest n picture In which the doped electrons
are initially localized near the Fermi level in the charge-trnimfcr hand gap. The spectra for
E perpendicular to the caxis exhibit an almost rigid edge shift to lower energies upon O
doping [Fig. 1 (b)|. This suggests that the upper unoccupied 4;> states shift to lower energies.
Therefore, the Ce-dopiiig donates electrons to the Cu site and also shifts the unoccupied 4p
band downward. We propone that the upper unoccupied hand consisting of predominantly
(!n 3d stntes shifts downward and eventually joinn the initially localized stnteB near the Fermi
level anil thus, forms the conduction band in the ntype superconductor.

This work wns performed at heamlines X-2.')A2 and XII at the NSLS, and is mipported by
the US. Department of Energy, under Contract Nos. DE-ASO&-8O-15R1O742 nnd DE-FG02-
!)OEIUri424.
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DOPANT-INDIJCRD OXVfiEN PRFKCT AND HOLE DOPING
IN LI.J .Sr.<Ju<)4 AND Ln2 JJn .CuO,

'//heng(|iiati Tan, .1. 1. llndiitik, M. F. Filipkownki, W. Chen, and I). L. Hrewe
(U. of Connecticut), C. R. Houldin nml .1. C. Woicik (N. I. S. T.)

We have carried out x-ray abnorption fitudicn of the local environment «'f Sr and
Bn in La3 mSr,C'u0t and l,a2 rHaxCuOt Buperconductorfl respectively. The local
eiiviroiimcntfl of both Sr and Ha are found to dilfer from that of La which is replaced
by Sr and Ba. In La7. ,STTCUOH prepared under normal conditions, the apical oxygen
with a 2.36 A Ln.-O hontl in removed when La is subntitutcd by Pr. This apical
oxygen can be partially tilled under oxygen annealing. We have proposed that an
i iternlitiai defect oxygen exiritn near the Sr atom and that thie defect oxygen serves
as the hide doping incclianUin in Lai rSrrCuOA (Fig. I). Our experimental results
for Bitmplen treated in oxygen and vacuum under various conditions suggest that this
defect oxygen is intrinsic to Sr doping nml 'IB more stable than the apical oxygen. A
number of physical properties of the La}..mSrrCuOt material can be better understood
based on the defect oxygen structure we proposed |1|, The Ba doping also induces a
defect structure near the dopant atom, hut the details appear to be different from that
for Sr doping.

This work was supported by the U.S. Department of Energy, under Contract Nos.
l)E-AS()r>-8OIi;RI()7'l'2and l>K>(;<)2-"0FJhM.')424, and by the Connecticut Department
of Higher Education.

1. Z. Tan r.t a/., Pliys. Rev. Lett 04, 2715 (1090).

SrxCuC>4

HO. 1 A simplified model prupostd for the Srinducn)
onyicn-defect structure or Ui- .Sr.CuO.. Tlit defect oxygen
O(3) is approximately at (} ,0, t ) in llic tetragonal unit cell.
Possible distortions of other apical oxygen positions due to the
presence of O(3) arc neglected for simplicity The apical oxy-
gen 0(4) (ncareiit to Sr) is at most partially occupied.
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SKXAFS Study or AgllrUll) and (100) Surfaces

P. Tangyunyong and T. N. Rhodin (Applied Physics, Cornell U.), Y.T. Tan and K. J.
Lushington (Research Lab., ilasiman Kodak Company)

Silver halide surfaces play a central role in the photographic process and the
development of an improved understanding of these surfaces at an atomic level is important
to further progress in photographic science. Extensive fluorescence SEXAFS
measurements, using the total reflection geometry, were made at both the Br and Ag edges
for both the AgBr(I11) and AgBr(KK)) surfaces. For the AgBr(l 11) case, contraction of
0.02 10.01 A, 0.03 ± 0.01 A, 0,02 ± 0.01 A, relative to the bulk, were observed for Ihc
nearest neighbor Ag-Br distance and the next nearest neighbor Ag-Ag and Br-Br distances
respectively. These contractions are consistent with a surface reconstruction predicted by a
theoretical models. Quantitative comparison of Ihc SEXAFS data with the simulations of
sever?! models for this reconstruction suggests thai the Ag+- top alternate-row model
provides the best agreements. No corresponding contractions in the Ag-Br, Br-Br, and Ag-
Ag distances were observed from the AgBr( 100) SEXAFS data. The observed distances in
the AgBr( 1(X)) show no changes from the bulk values. The lack of contractions in the
nearest-neighbor distances is consistent with the simulation of'rumpling' model, which
predicts no (10(1) surface reconstruction but rather a rumpling of the top surface ions.

(a) Fourier transform of normalized Ag-edge EX AFS data of AgBr( 111)
surface, (b) top view of the arrangement of ions in the surface layers of AgBr(l 11) as
described by the alternate-row model.

X11A
Temperature-dependent Study of Hulk AgBr, AgCI and Ag (Br,CI)

P. Tangyunyong and T. N. Rhodin (Applied Physics, Cornell U.), Y.T. Tan and K. J.
Lushington (Research Lab., Eastman Kodak Company)

Temperature-dependent transmission EXAFS were measured for AgBr, AgC), and
Ag(Br,Cl) to study the anharmonic behavior of the first nearest neighbor distance between
Ag-Hr or Ag-CI. Apparent contractions in the first nearest-neighbor distance were observed
for all silver halidcs as the temperature was increased, due to the effect of anharmonicity.
The magnitude of the apparent contraction was largest in AgCI. In AgBr, the MSRD (mean
square relative displacement) deviates from the Einstein model at temperatures above 60K,
an indication of anharmonic effect. Using the cumulant expansion method, the anharmonic
contributions can be differentiated, and the resulting harmonic MSRD follows the Einstein
model. For bulk AgBr, the third cumulant A cr3 varies approximately as the square of the
absolute temperature, while the fourth cumulant A cr varies as the third power of the
absolute temperature. In AgCI, the MSRD does not deviate from the Einstein model, and the
anharmonic contribution in MSRD is not significant. The third cumulant in AgCI is much
larger than its counterpart in AgBr and Ag(Br,CI), consistent with the largest apparent
contraction observed in the first nearest-neighbor distance. The anharmonic behaviors of the
first Br-Ag distance for the Ag(Br.CI) are similar to those of the AgBr. It appears that the
main anharmonic contribution in the Ag(Br.CI) is the result of two-body nearest neighbor
interaction.
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Figure!. MSRD values of the first nearest-neighbor shell in AgBr and AgCI. Two sets of
MSRD values were calculated for AgBr, with (open square) and without (open circle) the
contribution of the fourth cumulant term.

This work was supported by Eastman Kodak Company This work was supported by Eastman Kodak Company
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IRON CORE FORMATION IN FERRITIN STODIED BY EXAFS and XANES

E.C. Theil(NCSU/North Carolina State University),E.C. Sayers, J.S.
Rohrer(NCSU), M.-S. Joo NCSU), Q. Wang(NCSU),A. Edwards(NCSU)and Q.
Islam (NCSU)

Structural variations in ferritin iron core structure has recently
begun to yield information when probed by XAS, high-resolution electron
microscopy. Only XAS permits examination of cores under native
conditions. Variations in ferritin iron cores occur in nature as well
as experimentally and include differences in order (microcrys-
tallinlty), conposition (phosphate) and size.

EXAFS analysis of native ferritin and experimentally formed
ferritin with disordered cores associated with high phosphate
concentrations revealed two major findings (Rohrer et al. Biochemistry.
1990, 29, 259-264).

1-Fhosphate dominates over the protein coat in determining the
final core structure. A naturally lew-phosphate ferritin with highly
ordered iron core was converted to a disordered core by adding
phosphate to the reconstitution mj-xture.

2-7he number of detectable iron neighbors in ferritin cores
decreased when phosphate was high. Since the number of phosphorous
neighbors was higher than iron neighbors in high phosphate cores,
phosphate coordination to iron atoms appears to decrease the number of
iron-oxo bridges accounting for the decrease in long-range order.

Preliminary XANES analysis of the kinetics of iron core formation,
measured as the oxidation of Fe(II) to Fe(III), showed that zinc
decreased the rate of oxidation. Excess environmental zinc produces
smaller ferritin iron cores in vivo suggesting that the explanation is
the slow rate of core formation. [Note that Fe(II) is not retained
within the protein as well as Fe(III).

XAS has uniquely contributed to understanding the natural
variations in the bicmineralization of ferritin in nature. Future
studies will combine XAS with genetically engineered proteins to
characterize the role of the ferritin protein coat in iron core
structure and formation

Part support from NIH DK2O251 (D.E.S.,E.C.T.),CM34675
(J.S.R.,E.C.T.,Q.W.), the North Carolina Agricultural Research Service
(E.C.T.) and DE-AC02-76CHO0O16.

X11A

DELOCALIZATION Or HOLES IN U2_x(Ba,Sr)xCuO4

J. M. Tranquada, S. M. Hcald, A. R. Moodenhaugh, and Youwen Xu, BNL

Dilute concentrations of Sr and Ba ions substituted for La in La2CuC>4 create localized

holes which become dclocalizcd at higher dopant levels. We have attempted to probe the

localized hole states in I,a2_xBaxCu04 and . 'udy their delocalization through x-ray absorption

measurements at the Ba and La L3 edges. Measurements were made using fluorescence

detection for the Ba edges and total electron yield for the La edge to avoid thickness affects.

The Pig. shows some example data. It appears that a hole localized around a Ba site has a large

amount of weight on the oxygen neighbors which form the apices of the CuO^ octahedra. The

delocalized holes arc not detected at the> .a L^ edge indicating that these holes have little 2pz

character on the apex oxygens. The observations arc consistent with the commonly accepted

picture of delocalized holes in O 2p 0 slates coupled to Cu 3dx2.y2 in the CuC>2 planes. We

have also confirmed that the average distance between Cu and the apical oxygens is essentially

unchanged by Sr doping.
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This work supported by the U.S. Dept. of Energy, Div. of Mat. Science under contracts Nos.

DE-AC02-76CH00016 and DE-ASO5-8O-ER10742.



KXAFS and XANliS Study of NiO-Mo03 Zeolite Catalysis X11A

Qiwu Want;". Dale Saycrs#, Minming Huang* and Chunliua Yuan*
//Department or Physics, North Carolina State University, Raleigh, NC 27695
•Department of Modern Chemistry .University of Science and Tcchnolcvy of China, P.R.China

Hifunctional catalysts with hydrogenation-dehydrogenation components dispersed on an acidic
support have been recently developed for their important commercial intacsls. The usual metal
components arc Ni, Co, Mo and W. Their catalytic properties depend not only on the individual
characteristics of the two functional groups.but also on the interaction between the support and the
metals or metal oxides. This interaction is strongly affected by the degree of dispersion of the
active components on the support and is directly correlated with the preparation method.
In this study, MoY catalyst was prepared by mixing MoO3 and HY followed by calcination at 723
K for 4 hours. NiY was obtained by (he ion-exchange method. The bimetallic catalysts were
paxluced by impregnation of Ni(NO3)2 on the MoY catalyst or mixing M003 and the NiY catalyst
followed by calcination. Dehydration of Ni-MoY and Mo-NiY samples was done in vacuum at
673K for 1 hour or 15 min. respectively. The metal loading for all the samples is 1.67 Wt % for
Ni and 2.87 Wt % for Mo. The X-ray absorption spectra of Ni or Mo K-cdgcs have been carried
out on X-l 1 A, using Si(l 11) monochromator crystal, in transmission mode and at liquid nitrogen
temperature.
As shown in Pig.l and 2,the procedure of preparation strongly affects the local environment of the
metals on Y-zeolitc. Ni+2 impregnated on MoY, before or after dehydration, has only a single
shell of six octaliedrically coordinated oxygen atoms as in Ni+2 solution. In the spectra of NiY
samples the second coordination feature are always at a longer distance, that means, poor
dispersion or a strong interaction between the metal and support. The near edge curves of Mo
supported on NiY have an obvious pre-edge peak from the effect of presence of M o - 0 in the
dusters (Pig.l). It decreased when the sample was heated and dehydrated. Mo incorporated in
zeolite cages should also have higher shell features, as for Ni in NiY. An important change in the
structure is the absence of Mo=O bond which may be substituted for by a single Mo-0 bond from
ihe zeolite or by Mo-O-Mo bridge bond.

incrqy

Pig.l Mo K-cdgc Fig.2 Ni K-cdge

X11A

KXAFS STUDY OI LOCAL STRUCTURE OK FICKROKLECTRIC II-VI AND IV-VI
SEMICONDUCTORS

Zliiliai Wang and Brute A. Hunker, Physics Dcpl., Noire Dame.

F.XAFS has been used to study the local structure of the disordered alloysZn.Cd, ,Te. PbS.Te, „

PhSe.Te, ,. Based on the temperature variation of the dielectric constant and from the hysteresis

loop at elevated temperatures, R. Weil et al.' reported a ferroelectric transition in Zn.Cd, ,Tc for

x=().()4 to 0.40. From this work, however, it is unclear what is happening structurally through this

transition. Considering the large atomic size mismatch between the Zn and Cd atoms (Zn: 1.31 A,

Cd: 1.3fiA, and Zn24:0.H3A, Cd7*: 1.03A), it is reasonable that Zn ions are off-center in the cage of

surrounding Te ions, and could move in a multi-well potential If the ions are indeed off-center, the

alloy m;\y undergo an order-disorder ferroelectric phase transition as found in Pb, ,Ge,Te ; and

I'bS.Te,, \

The sample of Zn.Cd, ,Te for x=0.2 and standard ZnTe were measured in fluorescence mode

on the Zn K edge at temperatures ranging from 300K to 550K. The preliminary EXAFS results

show that Zn-Tebond length (2.66 ±0.0 \A) in Ziii^iCdumTeis very close to the one of pure ZnTe

(2.642A), but far away from the average lattice constant of Zno2,,Cd0mTe deduced from x-ray

diffraction (3.19-A). Our results also show that the difference in first shell EXAFS Debye-Waller

factors associated with ihe Zn edge in Zn0 J0Cdn fc,.Te relative to ZnTe measured at the same tem-

perature are slightly larger than zero but smaller then O.OOO5A2. This implies that if Zn ions are

off-center then the displacement is smaller then 0.1 A.

Continuing our work on IV-VI semiconductor alloys, we have also performed KXAFS mea-

surements on PbSinoTco w and PbSe,, 2(,Te,, m during this period. Our fin lings support our assumption

that the ferroelectric phase transition could occur generally for alloys in tvhich a substiiutional atom

has a siz.e significantly different from that of the host atom it replaces.

1. R. Weil, R. Nkum, II. Muranevich, and L. Bcnguigui, Phys. Rev. Lett. 62,2744 (1989).
2. Q. T. Islam and B. A. Bunker, Phys. Rev. Lett. 52, 2701 (1987).
X I). A. Bunker, Z. Wang, and Q. Islam, Proe. of XAFS-VI, York, England, Aug. 1990.

Supported by Office of Naval Research under contract NO0O14-89-J-1108.
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X11A
Time-Resolved Diffraction Study of Solid Combustion Reactions

Joe Wong, E.M. Larson, J.B. Molt, P.A. Waide, B. Rupp and R. Frahm*
Lawrence Livermore National Laboratory, University of California,

P.O. Box 808, Livermore CA 94551

Real time synchrotron X-ray diffraction has been used to monitor the phase transformations of
highly exothermic, fast self-propagating solid combustion reactions on a sub-second time scale
down to 50 msec. Three systems were investigated: (i) Ti + C = TiC, (ii) Ti + C + xNi = TiC +
Ni-Ti alloy and (iii) Ni + Al = NiAl. A specially designed diffractometer-chatnber1 was
constructed to enable in-situ diffraction measurements during combustion. A vertical 6 - 2 9
scattering geometry was used. A position-sensitive photo-diode array detector capable of a full
scan of 1024 pixels in 4 msec was used to record the time-resolved diffraction patterns from a
fixed location of the specimen during passage of the combustion wave front. The detector was
triggered by a thermocouple placed upstream from the diffracting area. It was found that in all
three reactions, the first step is the melting of the metal reactants. Formation of TiC in the first
two reactions was completed within 4(X) msec of the melting of the Ti metal reactant, indicating
that the Ti + C reaction to TiC takes place during the passage of the combustion wave front. In
the Ni + Al reaction, however, passage of the wave front was followed by the appearance of a
set of intermediates in the so-called afierburn region. The formation of NiAl occurred some 30
seconds later and persisted as the final product. These results2 are very encouraging and provide
a new experimental approach to study the chemical dynamics of high temperature solid state
phenomena as well as furnish the needed database to test the various models for solid
combustion.

A STUDY OF LOCAL BEHAVIOR OF Sn IMPURITIES IN LEAD USING XAFS X II
7,. Zhang, M. Newvllle, P.Livins and E.A. Stern, Physics Dept. FM-15, V. of
Washington, S e a t t l e , WA 98195

X-ray Absorption Fine Structure (XAFS) measurements of 2 at % Sn in Pb
were made, and the disorder of the Sn impuri t ies was determined for
temperatures ranging from 80K to 300K using the log - ra t io raethod. A
Mbssbauer study1of Sn impuri t ies In Pb has shown a dramatic drop in the
Mbssbauer i n t ens i ty from a Debye-Waller behavior ( th i s drop begins at about
150K for 2%Sn in Pb, far below the bulk melting temperature), suggesting a
local melting effect of the Pb atoms around the Sn impurit ies s imilar to
tha t found2from XAFS for Hg Impurities in Pb. Although the MOssbauer
analys is was able to determine that the Sn atoms were hopping loca l ly , i t
was not able to resolve the time scale of the hopping. The mean-square
d isorder , o" , of the Sn atoms as determined by XAFS shows a l i nea r temper-
a ture increase over the temperature range 80K to 300K, within which the
In of the Mbssbauer in tens i ty showed i t s dramatic drop from l i n e a r i t y . This
ind ica tes that the Sn atoms hop faster than the Mbssbauer l i fe t ime of 10" 'sec . but mucH slower than io~13 s e c , the time scale where XAJFS can detect
hopping. Furthermore, the XAFS analysis shows that the near neighbors of
the Sn atoms are Pb, so that the 2% Sn remains dissolved even at low
temperatures.

1. H. Shechtsr, E.A. Stern, Y. Yacoby, R. Brener, and Z. Zhang, Phys. Rev.
Le t t . f>3, 1400 (1989)

2. E.A Stern and K. Zhang, Phys. Rev. Let t . 60, 1872 U988)

: :k~::
AIUh7'C Figure 1. Selected timc-rcsolvcd diffraction scans of

the Ni + Al reaction showing rcacuinu
melting, appearance and disappearance of
intermediates and formation of the NiAl
final product

"On leave from IIASYLAB al Dculschcs Elcktroncn-Synchrotron DESY, Hamburg, West Germany.
1. E.M.Larson, P.A. Waidc and Joe Wong, Rev. Sci. Insirum. (1990), in press
2. Joe Wong, E.M. Larson, J.B. Holt, P.A. Waidc, B. Rupp and R. Fralim, Science, 9/21 issue (1990)

Supported by DOE contract // DE-FG 06-84ER 45163
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STRUCTURAL AND CHEMICAL CHANGES DURING THE LIFE CYCLE OF Pt/AI2O3

CATALYSTS

P.L. Zhou (NCSU), H.H. Lamb (NCSU), D.E. Sayers (NCSU), G.L. Woolery (Mobil),
A. Fung (Mobil), and M.D. Farnos (Mobil)

Highly dispersed Pt/AI2O3 catalysts were characterized by in situ X-ray absorption speclroscopy
in the fresh state, after sulfiding, and after sulTiding and simulated regeneration. Sulfiding and
simulated regeneration were performed in high-pressure reactor units at Mobil-Paulsboro, and
prcssed-powdcr samples reprcscntatiive of each life-cycle stage were subjected to in s/nillj
reduction at NSLS using Ihe Mobil-NCSU treatment station. Pt L|,[ white-line areas relative to
that of Pi foil were used to assess the extent of reduction. Complete reduction of fresh 0.6 wt%
Pt/Al2Oj (prepared from r^PtClg and calcined in air) required treatment in flowing H2 at
>350°C for 2 h. In contrast, sulfidcd and sulfided/regenerated catalysts were fully reduced by
treatment at 250° in H 2 for 2 h. Analysis of the first-shell extended X-ray absorption fine
structure (EXAFS) spectra of fresh and sulfidedAcgenerated catalysts reduced at 450°C indicated
that they contained supported aggregates with first-shell Pt-Pt coordination numbers of "6.5 and
interatomic distances of 2.76A. Pi aggregates in the sulftded catalyst (reduced at 450°C)
apparently were smaller with an average coordination number of " 5.0 and Pt-Pt distance of
2.7 3A. Pt-Cl phase-corrected Fourier transforms of different spectra, obtained by subtracting Ihe
calculated Pt-Pt contribution from ths Fourier-filtered firsi-shell EXAFS spectra, contain low-Z
contributions near 2.32A. Coordination numbers for these contributions obtained by fitting are
" 1.5 for fresh and sulfidc/regcncrated catalysts and "2.0 for the sulfided catalyst. We suggest
that this signal arises from Cl and/or S backscattcrers in the Pl-support interface.

EXAFS analysis of catalysts initially reduced at high temperature and subjected to mild
reoxidation (Oj. 50 Torr, 300°C) and low temperature reduction (250 or 300°C) indicated that
there were no significant changes in Pt-Pt and Pt-low Z coordination numbers and distances but
that the disorders of the Pt-Pl first shell were reduced slightly. In Situ infrared measurements of
chemisorbed CO has indicated that this rcdox treatment resulted in a 40-50% increase in
chemisorption capacities. Evidently, the increased chemisorption capacities result from subtle
changes in aggregate mrophology; more definite results are anticipated from analysis of Pt-Ft
higher-shell EXAFS.

ZEOLITE-SUPPORTED MOLECULAR CATALYSTS

P-L Zhou, S. Maloney, M. Kelley, B. Gates (U.of Delaware)

A ship-in-a-bottle synthesis has been used to prepare zeolite-encaged
molecular cluster catalysts. The precursor was the volatile H20s(CO)4,
and the zeolite support was a NaV that had been made strongly basic by
treatment with sodium azide. The organo-osmlum precursor was introduced
into the zeolite cages by .apov-phase transport, and then an environment of
CO + H2 was used to convert the osmium into cluster carbonyls that were
too large to fit through the apertures of the zeolite, being entrapped in
the supercages. The catalyst is stable and selective for hydrogenation of
CO to give low-molecular-welght olefins.

EXAFS spectroscopy was used to characterize the encaged clusters, both in
the fresh and used catalysts. The structure data are shown in Tables 1 and
2. They indicate that the structures are well approximated as triosnium
carbonyls; they may be (HOS3(CO)n]-, for example.

Table 1: Fresh Catalyst

Contribution NadJ a, A « o * . A- * Eo. »v

0,-C

Oj-Ol

3.C

3.6

l.M

2JI7

3.06

0.H22 5-55

Table 2: Used Catalyst

CoMrlbmlan NidJ K, A A o 2 . A-2 Eo. t

Ol-C

Os-Os

Os.O»

3.J

2.4

3.3

111

2.«f>

I.M27

IJWK

I.M2S

SJI

IS*

The work was supported by Mobil Research and Development Corporation and by the U.S.
Department of Energy, Division of Material and Chemical Sciences, under contract numbers
DE-ACO2-76CH00016 and DE-FG05-89ER45384 .



XIIA

THIi STRUtTURIi OF GHRMAMUM-SFJ-i'NIUM GUSSHS: AN X-KAY ABSORPTION
STUDY

Weiqing Zhou, Michael Paesler and Dale C. Sayers (NC Stale LI.)

We report an x-ray absorption spectroscopic study of GegSeion-x alloys (x = 100, 40, 37, 33, 25,

20 and 0). The XAS spectra at both the Ge and the Se K-edges were measured on the X-11A

heamlinc. The Fourier transformations were made over a k range from 4.0 |o 17. |7A' . Two

possible bonds, Ge-Ge and Ge-Se, may contribute to the first shells at the Ge K-edges; while Se-

Se and Se-Ge bonds may generate them at the Se K-edges. The similar backscatterjng amplitudes

and the phase shift functions of Ge and Se make the EXAFS data analysis difficulty. Using die

phase corrected Fourier transform technique and also comparing the near edge structures, we

addiess she chemical ordering which exists in this binary alloy system. From the least squares

filling results, we conclude that short range order in ihe first shell is well preserved throughout the

composition range studied. The coordination numbers for germanium and selenitiii) (4 and 2

respectively) are unchanged for 20 < x < 40, which satisfies their normal valence yid the '8-N'

rule. For x < 33, there exists stable tetrahedral Ge(Se|/2)4 units. The larger Pebye-Waller factors

of the honiopolar bond Se-Se, compared with that of a-Se, indicate that these Ge(Se|/2)4 units are

connected by single and/or double selenium atoms as proposed by Feltz e| a ) ' . The structure is

unlikely to be a mixture of Ge(Se|/j)4 units and (Se)n chains as proposed by Phillips-. For X >

33, |!ie Ge-Ge homopnlar bonds appear, and the Debye-Waller faciors of the Ge-Ge and the Ge-Se

honds are larger than those of the Ge-Ge bonds in a-Ge and the Ge-Se bonds in a-GeSei

respectively. This implies that in Ihe range 33 < x < 40, the structure becomes more disordered.

Thereafter we postulate that the ethane-like GejfSe 1/2)6 units, as proposed by Phillips-, possibly

exist within the host network. The amplitude of the second shell is greatly reduced compared with

thai of the first shell, indicating the larger magnitude of the Debye-Waller factors at this increased

distance. This implies that the network structural ordering does not extend much beyond the first

shell distance in this GexSe|()o-ji alloy system-

1. A.Feltz, JI.Aust and ABlayer; J.Non-cryst. Solids 55, 179 (1983).

2. J.C.Phillips, J. Non-crystal. Solids, 4 1 37 (19X1).

This work is supported by U.S. Department of Energy, Division of Materials Sciences under

contract DE-PG05-89ER45384.
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Kinetics of Alpha Crystallization in Triglycerides

Malcolm Capel (Biology Dept., Brookhaven), Allen Blaurock
(Kraft-General Foods), and Heather Chen (Illinois Inst. Tech.)

Crystallization of. triglycerides (TG's) is of interest in the
manufacture of many foods. The kinetics of crystallization from
the melt are being studied for the saturated TG's, trilaurin
(TL), tristearin (TS) and tripalmitin (TP). The TG's are
polymorphic, forming three major crystal forms: alpha; beta
prime; and be^a. Isothermal crystallization to the beta prime
form is slow enough to be characterized by X-ray diffraction,
using the best laboratory sources and an electronic detector,
but the formation of alpha crystals cannot be studied in this
way since this event is more rapid by an order of magnitude.
Therefore formation of ajjJha TG's was characterized using the
X12B small-angle diffraction line at MSLS,

Samples were subjected to repeated temperature (T) cycles:
holding at a high T to melt the TG; followed by rapid cooling to
induce alpha crystalljzation; and finally re-heating to melt the
sample. Time-slice wide-angle diffraction patterns as short as
0.5 sec were recorded (1) during the cooling leg; (2) while
holding at the lowest T in the cycle (40-50° below T );
(3) during heating; and (4) while holding at the higffest T in
the cycle I3O.°C abnue the TG beta melting temperature, Tfl'-
(1) Alpha ciystals alope formed duriny the cooliny leg, provided
that the cooling rate was rapid enough; otherwise some beta
prime crystals formed before the onset of alpha crystallization,
(2) Once formed, the alpha crystals were stable at the lowest T
in the cyc]e, (3) During the heating leg, the alpha crystals
melted at T ; this melt immediately recrystallized to beta prime
crystals; triis form transformed rapidly to beta via a solid-
solid transition below T_,; and finally the beta crystals melted
at T_, (4) Recording thepdiffraction pattern at the highest T in
the cycle confirmed that a standard thermodynamic state (the
only standard state in the entire cycle!) had been reached.

Data from a four-day run in June currently are being analyzed.
Preliminary results are: (1) The rapid alpha crystallization
event j-as been nicely captured (tens of time slices/cycle).
(2) The briefly existing beta prime form (~1 sec) has been
captured iri a fey; slices/cycle, (3) Similarly for the very
briefly existing, apparent melting state preceeding beta prime.
(4) The ensuing solid-solid transition to beta also has been
captured. These results show that NSL3 will enable us to
characterize key events during manufacturing processes.

This nori-proprietary research was sponsored by Kraft-General
Foods,
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Sliilir Slructitres of Associating Polymers
A.I'. Gasi, K Cogan, J Kaalcr (Stanford University)
M t'api-l (NSI.S)

Block copolymeis have ;) tendency iigure^iUc due lo iheir amphiphtlk' nature In dilute
solution these hiriiciiiri's are often spherical, wilh a core of uiMiluhle hlocKs Mirrnuriilal In .1
corona til .solvaied blocks. We have investigated the details nf micelle sinicliire using .1
fomhiriiiticm of small angle x-ray scjiiiiermg (SAXS), Malic light scattering and dynamic light
scattering We apply waling concepts 10 ilevelnp a star-like micelle mode) lor imerpreiaiion oi
the micelle size and the deformation of chains in the micelle corona We envision a dense core
encircled by a semi-dilute polymer solution modeled as a radially expanding collection of slrine*
of lilohs; within each blob ihe chain undergoes a self-avoiding walk.

We find poly(ethylene oxide)/polystyrene diblock cppolymers in cyclopentane associate
into spherical micelles wi(h structures similar 10 nndii-arm star polymers. SAXS in the
intermediate scaling regime probes length scales within (he blobs in the micelle corona; scattering
from asymmetric diblock copolymer micelles exhibits the characteristic scaling exponent of -2
expected from polymers at theta conditions (see Figure 1). In addition, average blob sizes
obtained from Lorentzian plots (see Figure 2) agree very well with star-like micelle model
predictions based on measured aggregation numbers. Scattering from symmetric diblock
copolymer micelles deviate from this scaling picture due to the large numbers of chains in a
micelle. Scaling exponents as low as -1.5 indicate arms are stretched in these micelles wilh
higher aggregation numbers.

The system under study is particularly useful for testing the applicability of the star-iike
micelle model since we can conveniently vary the number of chains in our micelles by adding
trace amounts of water. With increasing aggregation numbers, we find a minimum in R,/Rt
spanning the region between single chain behavior and hard spheres. This surprisingly low
value is realized for micelles with more than tliirry chains and is well explained by the star-like
micelle model.
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XI21!
Static Structures of Associating Polymers and DNA Fragments
via Small Angle X-Uay Scattering
A.P. fjast, R. Pecora, P. Lecrmakcrs, K. Cogan, \. Raeder, J. Tracy, M. Tracy ^Stanford U.)
M ("apd (NSI.S)

Associating Itloik Copolymers
Amphipiiilic polymers have a tendency IO associate in solution. When linear dibiiji-k

copolymers are dissolved in a solvent selective for one block (hey can form spherical micelh'b,
scnucrysiailine aggregates, or extended micelJar or vesicular siruclures. We have been
studying iw> such systems, one with an ionic and one wilh a nonionic insoluble block, distulvcd
in cycWipemane. prom liglu-scallering studies we have found that micelles frum ihcse byMcms
are extremely sensitive lo trace amounts of water in the cyclopentane. lit addition, the wine
polymer is sensitive to ionic itnpurilics in ihe aqueous phase. Controlling waiei and salt
tornrals allows us to manipulate Hie hi/es and shapes of the structures formed in these iysicms.

It is our intention ID study structures formed hy diblock copolymers in dilute solution
with small-angle x-ray scattering. A feasibility run at station XI2D in Pecember revealed
spherical micelles witn structures similar lo mulli-arm siar polymers. A wide range of
scam-ring vectors is necessary lo prohe the pertinent length scales within the micelle/Mar,
from the size of the micelle, i.e., Ihe Guinier regime, lo correlations within the arms. Analysis
of scaling behavior over the intermediate regime has allowed us (o distinguish neiwecn solutions
of single chains or micelles. Furthermore, asymptotic scaling exponents indicate arms are
stretched in micelles wiib higher aggregation numbers.

c , Kratky Plot ModiliGd Kralky Plot
Single Chans (,) and Micelles ( | A l m s a r 0 S | f e K h e d ,n U a I g J , M]Ce l le6 , „

q(A')
DNA Fragments

Prelimary analysis indicates results consistent wilh a rod-shaped molecule. The slope
of a Log (l*q) vs. q*q plot gives a cross-seclional Rg of 7A. In Ilie future, we wish lo examine
smaller scattering vectors in order lo gain information on the persistence length of the DNA and
higher moments of Ihe scattering function.
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EFFECT OF STRETCH ON MERIDIONAL REFLECTION INTENSITIES OF
RABBIT SKELETAL MUSCLE FIBER IN RIGOR OR IN THE PRESENCE OF
PYROPHOSPHATE

II. Iwamoto, , P..J. Podolsky (HIH) and H. Capel (NSLS)

A skeletal muscle gives rise to equatorial and meridional
reflections, which carry information about the distribution of
mass of the major component protein, myosin. Since they report
different aspects of arrangement (axial and longitudinal
orderings respectively) , it is important to record both
reflections for full understanding of structural change
associated with contractile events. Meridional reflections are
10 times weaker than equatorials and their time-resolved
measurement was made possible by using synchrotron radiation,
We measured the change in J4.3nm reflection intensity during
the stretch of rabbit skeletal muscle, in rigor or in
pyrophosphate (PPi), using the time slicing system recently
developed in this beam line, The results are compared to the
those of equatorials obtained with the NIH laboratory source
(Iwamoto S, Podolsky, 1990).

A chemically skinned muscle fiber bundle was placed in the
experimental cell filled with rigor or 4mM MgPPi solution and
cooled to 5 C. In some specimens myosin was crosslinked with
acttn using zero-length crosslinker EDC, The bundle was
repetitively stretched and released by 1% of its length,
Diffracted photons were collected by a 1-dimensional counter.

The rigor fibers showed 10-20% increase in 14.3nm reflection
upon stretch, and the increase stayed unchanged during the
period of stretch (l-5s) . This is in marked contrast to the
equatorial reflections which show no change, or the 14,3 in
contracting muscle which shows a transient decrease upon
stretch (Huxley et al., 19fl2).

The behavior of 14.3 in PPi was essentially similar to that
in rigor, though the increase tended to fade with time. The
increase was observed irrespective of whether the bundle was
crosslinked or not. This is also in marked contrast to the
results of equatorials, in which only crosslinked bundles show
changes upon stretch.

The results suggest that the myosin head rocks on actin in
response to stretch, and that during tuis process its shape
changes in a way that leaves the equatorial reflections
unchanged. The results also suggest that the properties of
myosin in the presence of ppi are more similar to those in
rigor than during contraction. This is in accord with the EPR
study (Cooke et al., 1984) showing that, in PPi, the myosin
molecules are a mixture of rigor-like and disorderd (detached)
populations, the latter being less likely to affect X-ray
reflections upon stretch,

X12B
IIENIJJNG KNKIKiV Of FLUCTUATION MHMliKAHE.'i

Erie: V. Klieu, iixxou fc linij, Cu, , /tuimiidule, UJ OUU01

Bruce L. Carvalho, Dept, of Material Sciences mid Engineering,
Massachusetts Institute of Technology, Cambridge, MA 02139

Malcolm Ciipei, Dent, of Structural liiulogy, llruulilmveii National
Laboratory, Upton, 11373

Sodium ocLyl sulf.tte (S0S)/waler/decuiiol of certain compositions ex-
hibits lamellar structure with water as the continuous phase (1), These
bilayers are mainly formed by SOU molecules while decanol acting as
cosurfactant. Since the bilayer thickness is relatively short ( ~ 20 A) and
the inplane dimension is ranch larger compared to the thickness, one would
expect the membrane to fluctuate with fluctuation modes characterized by its
bending energy. Experimentally, sinull angle X-ray scattering appears to be
a powerful tool for measuring this bending energy because the scattering
signals at small Q (scattering vector) region (see Fig. 1) represent only
the inplane structure once Llie interplane spacing is small enough [2].
Therefore, one can extract the inpUiue structure, particularly, the fluctua-
tions, and thus the bending energy from small Q data.

In this study we examined the bending energies of the S0S/C]QOH
membranes along both water and decanol dilution lines. We have proposed a
theoreticul model to describe the bending mode (Ic) distribution, by which,
the average fluctuation Mode (ic) can be obtained through data fitting. We
have applied the theory by deCleiines and Tnupiii [3] to calculate the bending
energy using Ic.

KQ)

0

Per Eliwall, in Advances i» hki'lii Sry^lnl, I. ed. by G. I!
Academic Press, New York (1975),
G. I'orod, , in Small ancle XzC<\X SenttnHiigj. ed. by 0
Kratky, Acdemic Press,New Yorll (1902).

[3], P. C, deGeqnes and C. Tuupin, J. Phys. Cliem. 00 S 2 9 4
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COMI'l-EXliU WITH BESTATIN AT 2.»A~RES6LUTION~
Slephe.i K Burley'1, Peier R David", Roberl M Sweel . Allen Taylor1 & William N. l.ipscomh'

Ciihbs Chemical Laboratory. Harvard University, Cambridge, MA 021.18; ' Department ol
Medicine, Iliigham and Women's Hospital, Muslim MA 02115; * Department of Biology cml
National Synchrotron Light Source, Rronfchfwen Nnliounl laboratory, Union, NY 11973; ' USIM
Human Nutrition Research Center on Aging, Tufts University, fioslon, MA 0211 I

The three-dimensional structure of bovine lens leucine nminopepiidase (HC .1.'I.I 1.1) complexed with
liestatin, a sinw-hinding inhibitor, has been previously solved in 1.0A resolution by the multiple
isomorphnus replacement method with phase conibination and density modification, and the
isnnioiphous native enzyme has betn refined at 2.7A resolution (S.K. Hurley, P R . David, A Taylor
& W.N. l.ipscomb I'm. Nail. Atati. Sri. LISA H7, 6878-6882). The enzyme is physiologically
aciive as a hexamer, which has 32 symmetry. The monomers are cryslallogrnphically equivalent and
each is folded into two unequal nifi domains connected by an a helix lo give a comma-like shape
wild approximate maximal dimensions of 90x55x55A3. The secondary structural composition Is 35%
a helix and 20% (i strand. The N-terniinal domain (160 aminn acids) mediates irtnier-lrimer
interactions and does not appear to participate directly in catalysis. The C-terniinal domain (327
amino acids) is responsible for catalysis and hinds the two zinc ions, which are less than 3A apart.
The pair of metal ions is located near the edge ol an 8-suanded, saddle-shaped ft sheer The PAST
detector system on X-ray neamllne. XI2-C at the National Synchrotron Light Source at nronkhaven
National Laboratory was used to colled higher resolution diffraction data for the enzyme-bestalin
complex using an X-ray photon wavelength corresponding lo the Zn K-shell ahsorplion edge.
Alihough Ihe diffraction pattern was visible at I 7A resolution, ihe intensity decay due lo radiaiion
exposure effectively precluded dala collection beyond 2.25A resolution. The diffraction data were
collected from 6 small (0 2mm diameter) crystals and were reduced lo structure faclor amplitudes
using standard methods In all, 115.118 observations of 22,245 unique structure factor amplitudes
heiween 6 and 2.2SA resolution were ohiained with R,lielgP<l) = 5.7% Anomalous difference Patterson
and Fourier syntheses confirmed Ihe previously determined locations of Ihe active site zinc ions. The
current refined Ihree-diniensinnal silicon e has a cryslallographic R-facloi of less than 20% with
excellent stereochemistry, and Ihe electron density maps clearly siiow the hesialin inhibitor in Ihe
enzyme aciive site and reveal conformational changes on inhibitor binding.
NSI.S neamline XI2-C is funded by Ihe OIHil! of Ihe United Stales Department of Energy.

J KUKIYAN'.-, TS.k. KKISIINA1-1, li. (HJHNII Ihl< I. X I'. KONfi1 & KM SWKfri '•
' Lalmralory of Molecular liiopliysics and 'l low; rd I luglic-, Mciltcal Inslilule,
The liixkefeller Untversily, 12.W York Avenue, New York, NY 10021
' Depannienl ol liiology, lirnokliaven National Laboratory, Upton, NY 10021

We are working on the mechanisms of two related enzymes, li. toli thioredox.in reduciase
(ThiciKj and i 'riihiilia fuscicuhiui irypanotliinne reduciase (TrypR). These enzymes protect against
ox.idaiive stress, and are also implicated in various regulatory functions. The sapience of ThioR
suytjests that it represents a different evolution,ny solution lo the problem ol NADI'H/disulfide
reduction than that represented by enzymes such as glutatliione reduciase. The ihree-dnnensional
structure of ThioR has recently been determined at 3 A resolution (Kuriyan et al , to be
publishedj, and additional dala collected by us al BNI. has refilled in an accurately refined X-ray
structure at 2.0 A resolution. This reveals that, despite low sequence similarity, 1 hioK has strong
secondary and tertiary structural Mtnilarity to the other enzymes in the family (Figure) However,
the enzyme architecture reveals an entirely new quaternary assembly with a different dimerizalion
mechanism TrypH is specific to the protozoan parasites that cause African trypanosomiasis,
Oiagas' diseaie and leishmaniusis. It is highly homologous to glutathione reduciase, but the two
enzymes are mutually exclusive for substrate. In collaboration with A. Cerami and G. Henderson
we undertook to determine the structure of TrypR in order to understand this enzyme's unique
substrate binding properties, with the eventual aim of designing specific inhibitors. A dataset to
2 A resolution has recently been measured by us at RN1., and structure determination by molecular
replacement is currently in progress.

Support from DOE-OHIvR and the Pew Scholars Program is gratefully acknowledged.

Figure: Left, schematic diagram of one monomer of ihioredoxin reduciase. The aciive site
disulfides are marked with S in circles. The isoalloxazine ring of the FAD is shown schematics!!)'.
The arrows mark the loop that forms pan of the dimer interface. Right, the dimeric aciive form of
thioredoxin reductase.
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RRFINP-D ATOMIC MODP.L OP WHP.AT SER1NE CARBOXYPEPTIDASE II AT 2.2 A
RRSOLUTION

Der-Ing Liao, Ruben M. Sweet', S James Remington

Institute of Molecular Biology, University of Oregon, Eugene, Oregon 97403
' Brookhaven National Laboratory, Upton, Long Island, New York 11973

Serine carboxypeptidases form a new class of .ferine proteinases different in structure
to those of the trypsin and snbiilisin classes. However, the same constellation of active site
residues appear in the active site pockel (aspartate, histidine, and serine) in all three classes,
suggesting that they evolved convergently.

A set of 2.2 A wheat serine carboxypepticlase II native data has been collected using
the synchrotron light source and data collection facilities at the Brookhaven National
Laboratory Using a conventional X-ray source, data can only be collected to 2.7 A resolution.

Three crystals were used for collecting the complete data set The number of observed
reflections is 103780 with a merging R factor oi 6.8% There are 38081 independent
reflections in this data set. Using this excellent data set, a preliminary atomic model has been
refined to a conventional crystal lographic R factor of 16.9%, with excellent stereochemistry.
A manuscript describing this study is in preparation. We are initiating inhibitor binding studies
and anticipate further use of the X12-C beamline

Support: NSF D M B 8817438 (to S. J. R >
Beamline X12-C is funded by O H E R of the U. S. Dept. of Energy.

Stereo view of electron
density of residues
31-37 and 89-94.

ISOTHERMAL TIUCKKNJNC AND THINNING PROCESSES IN LOW HU I'Ol.Y(ETHYLENF. OXIDE)
FRACTIONS

S.Z.D. Cheng, J.-H. Chen, A.-Q. /.hang and J.S. Barley (IJ.Akron),
A. Habenschuss and P.R. Kschack (QRNL)

Based on time-resolved synchrotron small angle X-ray scattering (SAZS) and
differential scanning calorimetry (DSC) experiments, a nontnLegral folding
chain (NIP) crystal can be found in low molecular weight poly(ethylene
oxide) (PRO) fractions, This crystal grows first as a transient state, and
integral folding chain (IF) crystals form Jater through an isothermal
thickening or thinning process. In a PEO fraction with MW=42r>0, it js
observed that either isothermal thickening to the IF(n=0) crystal or thinning
to the IF(n=l) crystal occurs depending upon the thermodynamic stability of
the NIF crystal. At low crystallization temperatures, the main process is
isothermal thinnings at Intermediate temperatures, both thickening and
thinning processes are observed! only isothermal thickening can be seen at
high temperatures. This observation Indicates that the NIF crystal exists
as an initial step of the crystal growth, even though its thermodynamic
stability is less than that: of the lF(n=l) crystal at higher crystallization
temperatures. The fold length of this NIP crystal is crystallization tem-
perature dependent, a similar behavior to the observed changes of fold length
of polymer lamellar crystals. Systematic study in changes of fold length
from the NIF to IF crystals with time has resulted in a kinetic map of such
transitions. This process la related to chain molecular motion along the
crystallographic c-axis in the solid state.

This research was supported by Exxon Education Foundation and National
Synchrotron Light Source (NSLS) llrookhaven National Laboratories.
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DETERMINATION Oh f ANO f" IROM ABSORPTION EDGE MEASUREMENTS: SMALL
OIEEEKENCESCAN HAVE: MAJOR AIT'ECTS ON Sll I • OCCUPATIONS*

(i. I-:. Ice, C. J. Sparks, R. Kumar, E. D. Spechl, P. '/.schack (ORNE), and T. Shiraishi (Kyushu
University, Japan)

Measurements of sile occupations for elements nearby in the periodic table are sensitive lo small
differences in ihe values of I' and I", the real and imaginary parts of Ihe anomalous dispersion
corrections lo the atomic scattering factor. Eor example, when nickel is substituted for gold in a
CuwAut4Ni(l alloy, the small differences between the atomic scattering factor of copper and nickel
make it difficult lo determine if nickel resides on the gold suhlatlice or Ihe copper suhlallice of this
face-centered tetragonal structure. Measurements of powder diffraction dala on a Cu50Au44Ni,, alloy
for six different X-ray energies near absorption edges were subjected lo simultaneous Rjclveld
analysis 11|.

Values for (he anomalous dispersion terms of the X-ray atomic scattering factor were derived from
absorption edge data such as that shown al ihe lop of Eig. I for the NiK edge. Erom Ihe difference
between the two absorption curves, the Cmmer-Eiheiman values lor ihe real and imaginary parts
were corrected |2|. The difference is shown in ihe lower curve of Eig. I. As expected, the
differences are largest near the edge where the width of the measured absorption edge flattens Ihe
measured anomalous dispersion curve. Differences in f real for nickel 2 eV below the edge are
about i\.\ e.u. and were found lo ailed ihe sile occupation parameters of nickel by about MY'/o.

cnouEnijiiF.ni/Au

9 100
X HAY ENEtlGV (

I . A C . Larson and R. B. Von Dreclc, Generalized Structure Analysis System, Los Alamos National
I. ihoralory Report, LAUR 86-748.

2 I.. K. Templetcm and D. II. Templelon, J. Appl. Crysl. 21, 558 (I«JKH).
•Research sponsored by the Division of Materials Sciences, U. S. Department of Unergy, under
contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.

X14

URANIUM M,v AND Mv RHSONANT RAMAN X-RAY SCAITLRINfJ*

ii. I-. Ice ((JRNI-). I'. Zschaek (ORNI.), and I-;. Isaacs (ATI)

We have studied Resonant Raman X-ray Scattering (RRXS) al the U Mlv anii Mv edges.1 These
edges were studied because of their large resonant magnetic sciilleriny.' (J) pyriicular interest are
differences in the unfilled density of stales to which the Mlv and Mv electrons ample, which might
account for Ihe two orders of magnitude larger resonant magnetic scattering al the U Mlv edge
compared lo the U Mv edge. Measurements were laken on several uranium single crystals, including
a heavy fermion URu2Si2 crystal. No change in Ihe (RRXS) was observed as the crystal was cooled
lo below the anlilerromagnelic ordering temperature. As seen below, the satellite peak arising from
the M,v edge is more narrow than the corresponding Mv peak. This appears to be due to a
difference in Ihe band structure to which the M,v and Mv electrons couple. An unidentified satellite
line in the M,v spectra is observed below threshold. This line vanishes above threshold and may arise
from multiple! splitting induced by a spectator electron residing in a localized hand. Spectra taken
10 eV below the M,v and Mv edges are shown below.

E=3.542 keV E=3.71O keV

-20 0 20 -20 0 20
RRXS ENERGY (eV) RRXS ENERGY (eV)

1. C. J. Sparks, Phys. Rev. Utt. 33, 2ft2 (1V74).

2. II. D. Isaacs, D. B. McWhan, C. Peters, G. E. Ice, D. IV Siddom, J. R I ladings, C. Vettier, am'
O. Vogl, I'hys. Rev. Ull . 62, H)71 (l'JS<>).

3. O. Keski-Rahkonen and M. O. Krause, Phys. Rev. A 15, V.T/ (l'/77).

'Research sponsored by the Division of Materials Sciences, U. S. Department of Energy, under
contract DF.-AC.05-84OR21400 wilh Marlin Marietta Energy Systems, Inc.
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DIFFUSE SCATTERING STUDIES OF A YBa2(Cui-xAlx)3O7i6 SINGLE CRYSTAL
(x=O.O45, 0.055) IN THE TETRAGONAL PHASE

X. Jiang, P. Wochner,+ S. C. Moss (U. of Houston); P. Zschack (ORNL)

Single crystals of the Al-doped 123 superconductor YBa2(Cui-xAlx)3O7+r,,
[provided by Y. M. Zhu, BNL] were Studied for x=O.O45 and 0.055. In several prior
studies on doping with Al, Fe and Ga [all of which substitute on the Cu chain site,
Cu(1)], it has been determined that the orthorhombic distortion in these compounds
decreases with increasing dopant concentration. In our Al-doped crystal, an
orthorhombic-tetragonal transition occurs at Xc~0.035 below which the super-
conducting Tc remains high; it decreases substantially only well above the "critical"
concentration xc. Just above xc there is electron diffraction evidence for extensive
diffuse scattering associated with local chain order and/or micro-twin domains. The
present preliminary diffuse scans have been collected around several Bragg points. In
Fig.1 we show iso-intensity contour maps of raw diffuse scattering on a logarithmic
scale, about the (400) and (220) Bragg points. There is only woak asymmetry
(associated with atomic displacements) and the scattering resembles a smeared
distribution of (micro) twin reflections centered on the tetragonal reciprocal lattice point
(i.e. no split peaks). Scattering data normal to the hkO plane has also been collected.

-V) \ ,

(a) (b)

Figure 1 Logarithmic iso-intensity contours about a) (400) and b) (220) Bragg
points in a YBagfCu.gssAI.045)307+6 single crystal; in both tho <100> is to the right.

Research sponsored by the NSF on DMR-8903339 and the Texas Center for
Superconductivity at the University of Houston. +Supported by a fellowship from the
Deutsche Forschungsgemeinschaft.
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X-RAY STUDY OF DIFFUSE SCATTERING AND DISORDER IN AN
INCOMMENSURATELY MODULATED Bi2Sr2CaCu2Oa.x (2212) CRYSTAL

X. B. Kan and S. C. Moss (U. of Houston)

The orthorhombic crystal structure of the high Tc superconductor Bi2Sr2CaCu2O8<z

is incommensurately modulated along its b-axis with a period of ~ 4.72 b. Using an
excellent crystal supplied by Y. F. Yan and co-workers (Beijing), we have done both a
4D crystallographic analysis of the modulated structure and a careful study of the
^-dependence of the various (Mth) satellite ordeis at HK0.M (M = +1. ±2, ±3, (L =
continuous variable). Two effects were revealed: 1) M-dependent broadening along
2 (greater for larger M), and 2) broad diffuse scattering at all space group-unallowed
positions save for K and M = 0. The first effect is due to a small, continuous, .• >ndom
faulting in the modulation structure while the second is due to small coherent
transverse displacements in the average structure, correlated over ~ 84 A, which
locally destroy the B-centered symmetry. We show below a typical fit to the scattering
profile along & at M = 2 for the 04J?.2 reflection set. The measured data are broader
than the calculated profile due to the mosaic spread and (small) resolution volume.
While there are clear discrepancies, especially in the diffuse scattering, overall the
agreement along several £-scans is instructive.

OfiL.3.

I

£•
0 1 \l 11 12

Research supported by the NSF on DMR-8903339 and the Texas Center for
Superconductivity at the University of Houston.
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DIFFRACTION STUDIES OF THE EFFECTS OF METAL IONS ON
LANGMUIR MONOLAYERS OF HENMCOSANOIC ACID

B. UN, T.M. BOIIANON, M.C. SHIH and P. PU1TA, Northwestern University

Metallic ions in the subphase are known
to affect the properties of fatty acid
monolayers on the surface of water. They
are extremely important for the fabrication
of Langmuir-Blodgett multilayers on solid
substrates: small ion concentrations
improve the transfer ratio and reduce the
number of defects. A large number of
experiments have been performed to £ '
study the role of metallic ions in
modifying monolayer characteristics, but \
these studies have not addressed the ••••!
quest ion of whe the r the structure is iW|
modified. J^ I

-nil

We have studied monolayers of * \
heneicosanoic acid as a function of pH, in '"I
the presence of copper and calcium ions, i»J
using isotherm measurements and X-ray
diffraction.1 With either ion in the
subphase, the isotherm features change
markedly as the pH changes. The
diffraction data indicate that the structure
of the high-pressure phase also changes
with pH, and that the structural
transitions correlate with the changes in
the isotherms. Both tilting and changes
in in-plane lattice spacings are observed.
With calcium ions, one of the transitions
occurs when the pH equals the pKa.

FIG. 1: Pressures at which isothorms show
discontinuities (top); in-plane diffraction
poak positions (middle) and integrated
Intensities (bottom) as a function of pH for
heneicosan
subphase.

1 B. Un, T.M. Bohanon, M.C. Shih and H. Dutta, Langmuir 6, 1665 (1990)

(Work supported by DOE a'ant no, DE-FGO2-84ER45125)

X-14
TILTING AND STRUCTURAL TRANSITIONS IN L1PJD MONOLAYERS

Fi. UN, M.C. SHIH, T.M. BOHANON and P. DUITA, Northwestern University,
and G.E. ICE, Oak Ridge National Laboratory

Although the diffraction peaks from rnonolayers are technically 'rods', the
intensities can vary strongly along the rods when the molecules are large. The
maximum intensity is in the monolayer plane when the rod-like molecules of a lipid
monolayer on water are vertical; when the molecules tilt, some diffraction maxima
stay in the plane, while others move off the plane, depending on the tilt direction
relative to the in-plane lattice. Therefore, from rod scans one can determine the tilt
angle and direction; this works only when there is a Bragg peak, but for ordered
systems it is a more sensitive way to determine tilt than reflectivity scans (which in
effect measure thickness and so are insensitive at small tilt angles).

Fig. 1: Qualitative phase dia-
gram (DH = distorted hexago-
nal). Striped areas are coexis-
tence regions; the dashed line
indicates a tentative section of
the phase boundary.

We have eliminated monolayer stability problems reported earlier by the use of a
helium atmosphere (suggesting that radiation-induced oxidation was responsible).
We have been studying heneicosanoic acid, a simple single-chain lipid whose
monolayers reach equlibrium within the plane in minutes (unlike larger molecules).
In the range 1-8UC, we find' (a) two distinct distorted-hexagonal (DH) soiids at high
pressures, both with vertical chains; (b) two distinct tilted DH structures at interme-
diate pressures, differing in the direction of tilt; and (c) an expanded solid at the
lowest pressures. All 'plateaus' in the isotherms in this region correspond to
changes in the in-p ane lattice; all 'kinks' correspond to continuous solid-solid tilting
transitions. We see no disordered phases; although such phases should appear at
higher temperatures, our results show that Langmuir film phases should not be
labelled 'liquid expanded', 'liquid condensed', etc. simply on the basis of isotherms.

1 B. Lin, T.M. Uohanon, M.C. Shih, G.E. Ico and P. Dutta, Phys. Rev. Lett. 65, 191 (1990)

IWork supported by DOE grant no. DE-FG02-84ER45125]
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X-RAY DIFFUSE SCATTERING STUDY OF LOCAL ORDER IN
SINGLE CRYSTAL Fe.53Cr.47

L Reinhard,4 J. L. Robertson and S. C. Moss (U. of Houston); G. E. Ice, P. Zschack and
C. J. Sparks, Jr. (ORNL)

A single crystal of Fe.53Cr.47 quenched to 300K after a long anneal at 1108K
(15 K above the o-phase boundary) was studied at three X-ray energies: 5.969 KeV,
7 092 KeV and 7.6 KeV (where the x-ray contrast was - zero). With a novel analyzer-
detector,1 we were ablo to remove the Compton and resonant Raman scattering
experimentally to leave solely the elastic diffuse scattering from concentration
fluctuations and atomic displacements. Using the 7.6 KeV data to determine and
remove Huang and thermal diffuse scattering, the other two data sets were least-
square fitted for short-range-order (SRO) and local atomic displacement parameters.
These latter data sets both indicated a pronounced clustering tendency (Fe-Fe, Cr-Cr
local environments). The calculated short-range-order and displacement scattering
was reconstructed from the measured parameters and is compared in Fig. 1 with the
normalized data. (Note the region excluded near the origin (000) and the (200) Bragg
peak). Final fits and an inverse Monte Carlo determination of pair energies are
currently underway.

Figure 1

000
Comparison of Measured and Reconstructed Diffuse Scattering in a
Fe.53Cr.47 Crystal, Quenched from 1108K.

1. G. E. Ice and C. J. Sparks, Jr., Nucl. Inst. & Meth. Phys. Res. Vol A291. 110 (1990).

Research sponsored by the NSF on DMR-8903339. +Supported by the Swiss
National Science Foundation.

X14
THE 'SUPERLIQUID' REGION IN LANGMUIR FILM PHASE DIAGRAMS

M.C. SMIM, B. UN, T.M. UOIIANON, J. MIKRUT and P. DUTIA, Northwestern
University

Many fatty acid and alcohol Langmuir isotherms show a curious feature: a
'kink' in the isotherm that becomes, as a function of temperature, a small flat sec-
tion and, within a few degrees C, a kink again. Because of anomalous viscosity
data, the high-pressure phase in this region of the phase diagram was labelled
'superliquid' by Harkins; we will refer to the entire region by this name.

We have studied monolayers of heneicosanoic acid, in which the transient flat sec-
tion appears between about 19"C and 23"C. We find that:

(a) At the lowest pressures, the
monolayer has a distorted hexagonal
structure with tilted chains; we
previously referred to this phase as an
unidentified 'expanded solid' labelled
'D'. The structure is distinct from (and
expanded relative to) the tilted 'B' and
'C phases reported earlier. The off-
plane diffraction peak is much broader
than the in-plane peak, implying
anisotropic in-plane order.

(b) At pressures above the isotherm
discontinuities, the structure is distorted
hexagonal (with vertical chains) at low
temperatures, becoming undistorted
precisely at the kink-to-flat-section
point ('superliquid transition'); the
diffraction peaks become very broad at
the transition.

(c) Diffraction peaks move continuously
from one structure to the other as a
function of pressure when the
temperature is such that the isotherm
shows a kink; when the discontinuity is
a flat section, the diffraction peak
positions change discontinuously across
the transition.

1 "i

Fig. 1; Correlation lengths (top) and
diffraction peak positions (lioliom) as a
function of temperature along a 35
dynes/cm, isobar (above the isotherm
discontinuities). The dashed lino marks the
superliquid transition temperature. Since
the peaks become very broad near the
transition, the peak positions are not
reliable, and so the transition should not be
assumed to be first order.

[Work supported by DOE grant no. DE-FG02-84F.1M5125]
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ROUGHNIISS COR RUCTIONS TO POWDER X-RAY INTENSITIES IX)K RliUAIlI.B SITE
OCCUPATIONS*
C. 1. Sparks, R. Kumar, O. E Ice, 1'. Zschack, Ji. D. Spechl (OUNL), and T. Shiraishi (Kymhu
University, Japan)

That roughness of powder samples can affect their diffracted intensity was shown by <Ic Wolff |l |
from measurements ol fluorescence us a function nl scattering angle. In the determination of site
occupations in C'u5,,Au, ,Ni, alloys rather precise intensity measurements are required when elements,
Midi as nickel and copper, oilier so little in atomic scattering factor. Powder samples packed with
minimum pressure to avoid preferred orientation and with surfaces raked Hat with a glass slide were
prepared from powder passing a -325 mesh screen (£45 um diani particles). Shown in Fig. 1 is the
angular independent resonant Raman scattering (KRS) as a function of 20 for a Cu)()Au44Ni,,
composition. The incident X-ray energy is K%v eV or 10 eV below the CuK. edge and the RHS is
near K894 cV.

Table 1. Isolopic Thermal Parameter
B = 8 f l i ! <M3> in A2.

J-

Sample

CuAu (2|

Cu5OAu44Ni,,
Roughness
Corrected

Not Corrected

0.56

0.70

-0.01
Fig. 1. The angular dependent of the
resonant Raman intensity provides a
correction curve for powder diffraction
intensity.

As shown in Fig. 1, the roughness of the powder affects the low 20 diffracted intensity most. This
is opposite to (he correction for thermal motion which reduces (he high angle intensity most. Such
a strong correlation will reduce the observed thermal parameters even causing them to go negative.
In Table 1 we list the isotopic thermal parameter derived from uncorrected and corrected dala to
illustrate the magnitude of the roughness effect in highly absorbing powders loosely packed. Reliable
thermal parameters and static displacements from X-ray powdur dala require careful a I ten lion (o (he
internal and external roughness of the sample.

1. P. M. de Wolff, Aeta Crystl. 9, 682 (195f>).
2. Mean B'orCu and Au at lin K from Table 3.3.5.1 B, International Tables for X-Ray

Crystallography, Vol. HI (1962).
* Research sponsored by the Division of Materials Sciences, U. S. Department of Energy, under
contract DE-AC05-84OR21400 with Martin Marietta Energy Systems, Inc.

X14

MEASUREMENT OF THE STRUCTURE OF A BURIED INTERFACE BY X-RAY
DIFFRACTION: GAAS/SI(100 ) .

E.D. Specht, G.E. Ice, C.J. Peters, and C,J. Sparks (OR'iL);
M. Lucas, X.-M. Zhu, and R. Moret (U. of Illinois).

By measuring the intennity along the substrate crystal trun-
cation rods, we have analyzed the structure of an interface
between a 90 nm GaAs film an'! a Si substrate. We find that
the interface may be described by a a grid of misfit dis-
locations, but with a large degree of disorder: mean square
displacements of the interface atoms from an ordered structure
are O.i nm, and the interface roughness is 0.3 nm. Only 60% of
the 4% Si-GaAs misfit is accomodared at the interface; 10% is
accomodated by a linear strain gradient across the thickness of
the film, leaving 30% to be taken up 2 to 10 nm from the inter-
face. The figure shows intensity along one of two truncation
rods measured. The calculated intensity (solid line) is broken
up into Si and GaAs contributions. Measured intensity is shown
by circles. Strained GaAs falls in partial registry with the
Si substrate at the interface, producing a satellite peak to
the left of each Si Bragg peak.

Research sponsored by the Division of Materials Sciences,
Dept. of Energy, under contract DE-AC05-B4OR21400 with
Martin Marietta Energy Systems, end under contract
DE-AC02-76ER01198 with the University of Illinois.
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DETERMINATION OF INTERFACE STRUCTURE IN CU/SK111) USING
ANOMALOUS SCATTERING OF CRYSTAL TRUNCATION RODS.

F.J. Walker, E,D. Specht, R.A. HcKee (ORNL)

Using the anomalous scattering at the Cu K absorption edge, we
have determined the structure of the interface between a Si
substrate and a 100 nm thick epitaxial Cu film. Intensity
profiles along substrate crystal truncation rods show that
the substrate ip truncated by a well ordered double layer of
unreconstructed Si. We see additional scattering due to a
highly disordered layer of atoms directly above the uppermost
atoms of the double layer. As shown in the Figure, the
intensity of the Si truncation rod exhibits a dip at the Cu
K edge, as does the Cu scattering factor, in regions where
strong scattering is observed from the disordered overlayer.
This identifies the layer as Cu atoms which are in partial
registry with the Si substrate. There is a 14% misfit, and
subsequent layers follow the bulk Cu structure.
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Intensity of Si crystal truncation

rod at (0.6.0.6,2.6)

\f
8.85 8.90 8.95 9.00 9.05 9.10
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Research sponsored jointly by the U.S. Air Force Office of
Scientific Research under interagency agreement DOE No. 1854-
A077-A1, USAF No. AFOSR-ISSA-89-0115, and the Division of
Materials Sciences, Dept. of Energy, under contract DE-AC05-
84OR21400 with Martin Marietta Energy Systems.

XI5A
X-RAY STANDING WAVK STUDIES OFSrF2-ON-Si(lll)

J. Dcnlinger,* M. A.Olmslead* and 12. Rolenbcrg,* E. Fontest and J. R. Patel.t *U. California,
Berkeley, CA 94720,1AT&T Bell Labs

The location of Sr atoms at ihc interface of Srp2 and S i ( l l l ) has been determined using
synchrotron radiation and the X-ray standing wave fluorescence technique. The experimental
motivation is to study the effect of the greater lattice mismatch (6.8%) of this epitaxial
insulator-semiconductor system on interface formation as compared to the closer lattice-
matched prototype system of CaP2/Si( 111). Photoemission studies of SrF2/SiO 11) indicate the
dominance of chemical factors giving rise to strong Si-Sr bonds similar to the CaF2 case.
Recent"1 x-ray standing wave analysis of CaF2/Si(l 11) (mismatch 0.6%) has located Ca atoms
on three high symmetry sites a top site, and '\\ (4-fold top) and H3 (3-fold hollow), whereas
medium-energy ion scattering results indicate the T4 site only. Our results, using [111] and
|220| reflection measurements for <1 and 2 monolayer coverages, show that Sr sits in a top and
in T4 and H3 sites. The registry of the Sr atoms to Si(l 11) is shown in Fig. 1 and represent the
(111) & (220) standing wave results. The cross (+) between the H3 & T4 sites is the result of
the (111) & (220) location measurements. The three positions of Sr atoms consistent with the
(111) & (220) results arc shown. Thicker coverages show an expected increased average
perpendicular Sr distance relative to the silicon [111] planes due to SrF2 relaxation from the
strained configuration at the interface to its larger bulk lattice constant. Large lateral
relaxation for greater than one monolayer is also seen by the [220] measurement as well as by
LCED. We conclude that for a deposition temperature of 763°C Sr occupies thiec different
sites top and H3 & T4, with regions separated by phase or misfit boundaries.

[1] J. Zegenhagen and J. R. Patel, Phys. Rev. B, March 15 (1990).
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STRUCTURE ANALYSIS OF Si(lil)-(VTxV3)R30'-Ag USING

X-RAY STANDING WAVES

E. Vlieg, E. Fontes, J.R. Patel, AT&T Bell Laboratories, Murray Hill, NJ 07974

The (V3xV3)R30* reconstruction induced by Ag on the Si(l 11) surface has become one of
the more challenging structures in surface science. No consensus has been reached on this
structure, despite studies involving almost all structural techniques used in surface science. Among
the techniques that have studied the Ag on Si(l 11) system are: AES, LEED, RJHEED, SEXAFS,
ICISS, STM, ion scattering, X-ray photoelectron diffraction and X-ray diffraction. One of the
reasons that no consensus has been reached may be the fact that most techniques provide an overall
picture of the structure, and the results are hard to interpret for someone unfamiliar with the
technique or without access to the appropriate analysis programs.

Simple structural parameters are therefore very important. One such parameter is the position
of the Ag atoms with respect to the Si substrate. X-ray standing waves is a technique that is able to
determine distances from specific reflection planes with high accuracy. We have therefore
performed X-ray standing wave measurements on the Ag on Si(l 11) system, using the (111) and
(1 lT) Bragg reflections and observing the La emission from Ag. The (111 Reflection determines
the heigh! of the Ag with respect to the (111) bilayers, whereas the (111) reflection gives in
addition information on the lateral position of the Ag atoms.

These two reflections alone are not enough to fully determine the positions of the Ag atoms in
the reconstructed unit cell. This is not necessary, because there is a wealth of structure proposals
which can be tested against the X-ray standing wave data. We find that our results arc not
compatible with the Ag-honeycomb model as proposed by several authors [1], Asjshown in the
figure below, the arrangement of the Ag atoms that describes both the (111) and (111) data is one
in which the Ag atoms form a triangle with closest Ag-Ag distance of 3.5 Angstrom and height
3.44 Angstrom above the top-most mid-bilaycr of Si. This model is in agreement with that
proposed by several groups [2]. Triangular (trimer) structures with a different size or orientation
[3] are also not in agreement with the present results.

[1] Le Lay et al., Surf. Sci. 72 (1983) 169; Wilson and Chiang, Phys. Rev. Lett. 59, 2329
(1987); Bullock et al., Phys. Rev. B41, 1703 (1990).

[2) Takahashi et al., Jap. J. Appl. Phys. 27, L753 (1988); Vlieg et al., Surf. Sci. 209, 100
(1989); Iehimiya et al., Appl. Surf. Sci. 41/42, 82 (1989).

[3] Van Loenen et al., Phys. Rev. Lett. 58, 373 (1987); Porter et al., Phys. Rev. Lett. 60, 1739

(1988); Copel and Tromp, Phys. Rev. B39, 12688 (1989).
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XI5A
COPPER ON SILICON (111)

J. Zegenhagcn, E. Fontes, Jr., and J. R. Patel. AT&T Bel) Labs

From x-ray standing wave studies we are beginning to g;t indications that hetero-epitaxial
systems particularly metals on semiconductors are more complex than originally imagined. A
general trend emerging from these studies is that in epitaxy or pre-epitaxy the first monolayer
normal to the surface is usually well-defined. However, the lateral registry with the crystal
lattice below is quite poor indicating the presence of either well registered but multiple lattice
sites or an incommensurate structure with domain boundaries separating areas of misfit. In situ
x-ray standing wave studies of Cu deposited at high temperature (T = 650"C) on Sid 11)
substrates follow the pattern described above. The x-ray reflectivity and fluorescence yield
result Fig. 1 shows that Cu occupies a position close to the middle of the (111) surface double
plane with a fairly respectable coherent fraction of 81%.

To determine the lateral registration of the Cu atoms to the substrate a (220) reflection inclined
to the surface (111) plane was used. The (220) measurement (Fig. 2) shows a very low
coherent fraction (27%). This indicates that either Cu on silicon (] 11) is not registered with
the crystal lattice below or that there are multiple sites leading to a domain structure. The
LEED (S.3X5.3)'1' pattern has qualitatively similar features to that observed for monolayer Ga
on silicon (III). Scanning tunneling images'2' also appear to indicate small triangular
domains ~15A in size. Our standing wave findings support a model where the majority of Cu
atoms are arranged in a unique position normal to the surface, between the topmost Sid 11)
surface double planes. However, the low coherent fraction for the inplane registry suggests
that the Cu atoms form incommensurate domains with the underlying silicon. These
conclusions are consistent with the LEED and scanning tunneling microscopy results.

[ 1 ] H. Kemmann, F. Miiller and H. Ncddcrmeyer, Surf. Sci. 154,267 (1985).

(2) J. E. Nemuth, U. K. Koehler, R. J. Hamers and P. Kaplan, Phys. Rev. Lett., 641 (1989).
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CaF2/Si IIETEROEPITAXY: IMPORTANCE OF STOICHIOMETRY INTERFACE
BONDING AND LATTICE MISMATCH

J.Zcgcnhagcn and J. R. Patel, AT&T Bell Labs, Moray Hill, New Jersey 07974

The growth of good quality hcteroepitaxia) crystals is a highly developed art. However, in
most systems the factors influencing growth are not really understood. Considerations arc
frequently limited to easily accessible facts such as iattici mismatch between substrate and
film. While a good lattice match is important, it is not sufficient and often factors such as
interface chemistry and stoichiometry may play a more important role. As an a example of a
closely matched hetcroepitaxial system we have made an in-situ UHV study of the location of
Ca atoms during the early stages of growth of CaF2 on Si(l 11) (mismatch only 0.6%), using
x-ray standing waves.

A new and subtle arrangement of Si(lll)/CaF2 interface emerges from this study. For
deposition at high temperature the first monolayer of CaF2 dissociates and CaF is formed at the
interface, with Ca atoms equally distributed in the H3 and T4 sites (hollow and filled sites on
SiC 111). For lower temperature deposition a larger fraction of CaF2 remains undissociated and
a third Ca site 7 fold coordinated in addition to the T4 site is consistent with the standing wave
results. The high temperature result for the (111) and (220) reflections arc shown below.

Our model disagrees with the atop'1' and exclusively T4'2' sites predicted from high resolution
transmission microscopy and medium energy ion scattering respectively. Our conclusions are
that Ca atom positions at the interface arc a strong function of substrate temperature and
interface stoichiometry. The occurance of three distinct sites in a well lattice matched system
emphasizes the important role of interface chemistry and stoichiometry with lattice mismatch
playing a less important role.

[11 J. L. Batstonc, J. M. Phillips and E. C. Hunkc, Phys. Rev. Lett. 60 1394 (1988)

[2] R. M. Trompand M.C. Rcuter, Phys. Rev. Lett. 61,1756(1986)
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X15A
REGISTRATION O F Ga ON S i ( l l l )

.1. Zegenhagen and J. It. Patel, AT&T Bell Laboratories, Murray Hill, New Jersey
07974

In the period 1988-89 a new dedicated UHV x-ray standing wave facility has been
developed on Beam Line X-15A at the National Synchrotron Light Source at
Brookhaven. The system consists of an air operated double crystal spectrometer with
independent axes of motion under the control of microstepping motors. Energy
ranges between 6 and 17 keV can be easily accessed with the present arrangement.
The monochromated beam passes tlirough an ion chamber and mechanically operated
slits, entering the vacuum chamber tlirough a Be window. The UHV apparatus
consists of three chambers. (1) Sample preparation is performed in a Liq N2

shrouded environment. The sample is mounted in a flexible heating stage which can
be tilted to receive molecular beams from K cells. (2) Surface analysis can be done in
a chamber equipped with LEED and Auger instruments. (3) Finally the sample can
be transferred to an X-ray chamber equipped with a custom designed rigid stage with
a high degree of maneuverability for positioning specimens for various Bragg
reflections. Samples are introduced through a load lock into a circular transfer
chamber to which the above three chambers are attached.

As a first test of the system we have repeated and extended measurements performed
on a rotating anode in a UHV environment. The experiment involved the position of
Ga atoms on Si(lll). Measurements at the synchrotron confirmed those performed
earlier at Bell Labs. In addition, the registry of Ga atoms, determined from x-ray
standing wave experiments, for the V/3"X\/J structure demonstrated quantitatively
that the T4 site was occupied by Ga as shown in Fig. 1. At higher coverages the low
coherent fraction observed in reflection from planes inclined to the surface showed
that Ga was only weakly registered to th-j surface with no unique in plane lattice site.
The performance of the x-ray standing >vave system is better than we expected. We
can routinely do experiments with much higher resolution than could be obtained
with the laboratory rotating anode source. | GOOMSHHIIO.MML
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X15B&U16B "IN-SITU X-RAY DIFFRACTION STUDY OF SUICIDE PRECURSOR STRUCTURES" X I 6 A

LOCAL BONDING STRUCTURE OF THE Si(lll)-Sb INTERFACE BY SEXAFS AND
PHOTOEMISSION

.1 C. Woicik and C. E. [Souldin (MIST), T, Kendelcwicz, K. E. Miyano, P. L. Mcissner, P. Pianella,
and W. E Spicer (Stanford U.)

Tli«? combined techniques of surfa«? extended x-ray absorption fine structure (SEXAFS, X15IJ) and
higb résolution core level pholoelectron spectroscopy (PKS. U16B) have been used to investigate the
local bonding structure of tbe Si(lll)-Sb interface. From PKS, we find tbat the adsorption of 1
monolayi-r (Ml,) of Sb completely eliminates the surface components of the Si 2n core level
local bonding structure of the Si(lll)-Sb interface. From f'ES, we find that the adsorption of 1
monolayi-r (Ml-) of Sb completely eliminates the surface components of the Si 2p core level spectrum.
The Sb induced Si 2|> inlerfacial core level is found to be shifted 0.20 ± 0.02 eV towards highrr
binding energy with an intensity which corresponds to the top I ML of surface atoms (figure 1).
From SEXAFS, we determine the absolute surface coordination numbers and bond lengths within tbe

figure I
figure 2

ma

figure 3
Ski»

Tliis research was supported by the Stanford Synchrotron Itadia'ion Laboratory which is »peratcd by
the Repart nient of ICnergy. Office of Basic lirergy Science, Division of Chemical Sciences, ;ind bv
DAR PA and O.N'R under contract NOOOM-iifl-.M083.

P. A. Bennett and B. Devries (ASU), E. Vlieg and I. K. Robinson (ATT-Bell).

We have investigated the spontaneous formation of cobalt suicides on
SKI 11) at room temperature, ln-situ deposition allows monitoring the diffracted
intensity during the growth. In addition, Auger and LEED are done at numerous
coverages by transfering the sample into an adjoining preparation chamber.
Multiple deposition cycles could be performed on the same sample, using Argon
sputtering plus annealing to remove the cobalt overlayer.

The uptake behavior is shown in Fig. 1 for (h,k,l) » (2, -2 2\^%. The
intensity first drops to a minimum near 1Â, then rises to a maximum near 5Â and
asy; ;totically approaches a final value near 12Â. Similar uptake curves were
found for several different (h,k.,0 values on the integer rods. Uptake curves for
the seventh order spots are different ior reflections nearest the integer rods (1/7 -
type) and reflections in between integer rods (3/7 and 4/7 - type). These
reflections are known to arise primarily from stacking faults and adatotns,
respectively, on the clean 7x7 surface, it is remarkeble that ordered structures
form at all at room temperature, since the LEED pattern is completely extinguished
at about 2Ä coverage. The behavior of the superlattice reflections indicates that
the reaction takes place at preferred sites in the 7x7 unit cell.

We measured "rod scans " for 6 different structures: native oxide overlayer
(as inserted), dean 7x7.. 1Â, 5Â and
12Â overiayers, and a 5Â annealed
overlayer. It remains to do the
model calculations to determine these
precursor structures. However, it is
evident by inspection, that none of
the precursors correspond to B-type
NÍSÍ2, as has been claimed in
previous studies.

This work provides entirely
new and unexpected information
concerning low temperature suicide
formation, with implications for
heteroepitaxial growth of metastable
layers, in general.

(2,-2,2) reflection, Co on Sid 11)

4 e
Coverage (X)

(Work supported in part by DOE Fac. & Stud, award, and NSF *f)MH
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X-llay Dlffrariion From lluried Incoherent Interfaces

Alloiuri'l, (i.Hermwi, i'.l'ims AT&T Bell Lahs, Hnlmdel
(i.Fi'uilk'1 Service ih11'h.yaique, CEN Grenoble, France

GRAZING INCIDENCE X-RAY SCATTERING STUDV OF
STEP-STEP CORRELATIONS ON Si(OOI) SURFACES.

X I 6 A

helemepitasy (if ihin films with iarge misfit and/«>r different orientations is
rally difficult to coiitrnl. 'Hie generation of well ordered incoherent interfaces is a

The
generally difficult in control. 'Hie gene
key point in relaxing (lie strains and introducing minimal propagation of defects into
the epilaycr. X-ray diffraction data from periodic incoherent interfaces has been
collected using the grazing incidence geometry, in order to precisely determine the
mechanisms by which incoherent interfaces are formed.

A (II1 )CilTe epilayer grown on a (100)GaAs substrate exhibits a series of superlattice
reflections indicating a reconstruction at the interface. This supercell is either (2x9)
for the nominal (100) substrate, or (2x8) for the vicinal (100) substrate with Ga steps.
H;,sed on the measured superlaiiice diffraction intensities, combined with high
resolution electron microscopy on the same interface, a structural model is proposed.
This model has one Ga monolayer from the substrate incorporated in the first (111)
plane of the epilayer. This implies that the first Te atoms which are attached to the
substrate induce a phase transformation of the top Ga layer. In addition, for the
nominal ( UK)) substrate the epilayer is not fully relaxed: the residual strain is 2% in
the < 110> direction. In contrast, the vicinal (100) is fully relaxed showing that Ga
steps favor the formation of the incoherent interface and make the elastic relaxation
easier.

Until ZnTe as well as GaSb (UK)) epilayers give typical satellites peaks close to the
main epilayer or substrate peaks. The misfit for both systems is 8% and in a very early
stage of the growth1 the interface contains an array of dislocations. Therefore these
satellites are interpreted as due to the periodic array of dislocations. The ZnTe
epilayer grown ;it 320°C has poor dislocation order with a correlation length limited to
23 nm and an average periodicity of 7.5 nm. The ZnTe epilayer has a residual strain of
().5r'c, the periodic array of dislor' 'ons is pure edge along <110> and is intermixed
with an aperiodic series of 60" disi.; ations not visible by X-ray diffraction. The GaSb
epilayer' grown at higher temperature (470"C) has a well ordered dislocation array
with a correlation length of 35nm and an average periodicity of 5.4 nm. The GaSb
epilayer is fully relaxed und only one type of dislocation is present; pure edge along
<|10>. These dislocations are already formed for a nominal epilayer thickness of
lnm. Growth proceeds by islands formation and therefore, the dislocations seem to be
incorporate.' ai the interface edge (triple point) during lateral growth of the islands.

1. J. Cibcn, Y (iobil, K. Saminadayar, S. Talarenko, A. Cbam>, G. Feiiillel, Le Si Dang and E.
Ligcon, ApplPhysXell 54, »2« (I98H)

.'. A. Rocher, F.W.f). DaSilva and C. Raisin, Rey.Phys.Appl. to be published

G. Renatid, P. H. Fuoss, 1. Bevk, B. S. Freer (AT&T Bell Laboratories) and P. O.
Hahn (Wacker-Chemitronic, Germany).

Steps are known to affect strongly the fundamental properties of surfaces, such as
electronic surface states, sticking coefficient and space charge mobility. They also play a
dominant role in the process of thin film epitaxial growth, chemical reactivity of surfaces
or the realization of quantum wires. In view of these technological and fundamental
properties, deeper knowledge of the thermodynamics and kinetics of step ordering on
Si(001) surfaces during epitaxial growth or high temperature annealing is required.

X-ray scattering has been used to study regularly spaced steps on Si(OOl)
surfaces. Staircases of steps were obtained after molecular beam epitaxy of 2500 A of
silicon onto atomically flat Si(OOl) surfaces with a small residual miscul, and subsequent
annealing at 1000°C. Crystal truncation rods were shown to he strongly affected by the
macroscopic miscut: they were displaced with respect to their ideal location in the
reciprocal plane of the interface, in the direction of the miscut. The value (0.047°) and in-
plane orientation of the miscut were determined with precision from truncation rod
splitting data, obtained by rocking scans at integer order reflections, by analysis of the
way >he in-plane resolution function crosses the crystal truncation rods during theses
scans. Several orders of reflection by the successive terraces were present (see Fig.),
which enabled to derive precise statistical information, such as average terrace width
(3300 A) and root-mean square terrace width variation (4O0 A). A notable results is that
die height difference between adjacent ordered terraces is two atomic layer. The excellent
resolution of the synchrotron experiment enabled us to resolve the very small width of the
step diffraction peaks, which was found to arise from newly observed long-range (4 pm)
and sizeable step-step correlations (Fig.). A simple mode) was derived to simulate die
peak intensity distribution without relying on the common assumption of statistical
independanre between neighboring steps. By comparison with an unannealed sample, we
show that annealing at IOOO°C determines the step ordering.

0.3-0.2-0.1 0 0,1 0,2 -O.l-O.l • &l
*(*•»•>

Fig.: (110) truncation rod data (left), logarithm of the intensity as a function of die
azimuthal rotation - Simulation without step-step correlations (upper right) and with long-
range step-step correlations (lower right).
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GRAZING INCIDENCE X-RAY SCATTERING STUDY OF
EPITAXIAL OXIDE AT THE Si«WI)-SK)2 INTERFACE

X16A

G. Renaiid, P. II. I uoss, A. Ournwd, J. Bevk, B.S. Freer (AT&T Bell Laboratories)
and I1 O. llahn (Wacker-Chemilronic, Germany).

There have been numerous attempts to understand the atomic mechanisms by
which the structural and chemical transition from c-Si toa-Si02 occur at the Si(OOl)-
S1O2 interface. HRTEM has recently revealed an epitaxial oxide ~7 A thick, with the
structure of tridymite, a bulk phase of S1O2, but the presence and structure of this
mterfacial phase have remained highly controversial.

We have used grazing incidence x-ray scattering techniques to investigate Si-
SiO7. interfaces, obtained on very well polished Si(OOl) surfaces, after MBE deposition
of a buffer layer of 2500 A of Si. The samples were oxidized at room temperature in dry
oxygen for several hours followed by exposure to air, producing oxides -15 A thick.

The diffraction pattern in the reciprocal plane of the interface (Fig. 1) clearly
contains fractionnal order reflections arising froin a 2x1 interfacial phase. Rocking scans
(Fig 2) reveal perfectly centered half-integer order peaks with comparable width,
indicating that the interfacial phase is coherent with the underlying silicon substrate. The
lateral extension of the interfacial phase domains, estimated from the width of the
fractionnal order reflections, is larger than ~500 A. The 2x1 nature of the diffraction
pattern rules out, on the basis of symmetry considerations alone the model of an
epitaxial oxide with the structure of cristobaliie. To discriminate between the different
two-fold models proposed in the litterature, we compared the experimental integrated
intensities with calculated ones. Among the many models tested, such as a buried dimer
reconstruction, only a ~5 A thick epitaxial oxide layer of structure similar to Eridymits is
in agreement with the experimental data. The combination of x-ray results and HRTEM
cross si^tionnal images taken on the same sample indicates a decay of lateral coherence
wilhin the final two layers of the interfacial tridymite from the -500 A to the -50 scale,
shedding some lighl on the way the perfect crystalline order in c-Si decays into disorderd
a-SiO2 via an intermediate crystalline phase.

The extend and perfection of the epitaxial oxide were found to strongly depend on
the flatness of the initial silicon surface prior to oxidation.

Fig. I: Diffraction pattern of the Si(001)SiO2
interface.

Fig. 2: Rocking scans at half-integer
reflections, as a function of the
momentum transfer variation.

Oxygen-induced reconstruction of stepped Cu(001) surfaces. XI6A

I. K. Robinson and E. Vlieg (Bell Labs) and S. Ferrer (ESRF)

We examined the structure of a vicinal Cu(001) surface under the
influence of oxygen chemisorption. The initial electropolished surface
consisted of a fairly regular array of steps and terraces which
preferentially orient the oxygen-induced reconstruction Prolonged
annealing led to a hill-and-valley morphology with large (001) facets, upon
which the preferential domain orientation was lost, just as it is tor a flat
Cu(IGO) surface. Crystallographic analysis of the diffraction data showed
this to be a "missing row" structure with 25% of Cu sites vacant and large
relaxations in the top layer, but the oxygen site was not uniquely
determined. The structure of the reconstructed steps was deduced from
a characteristic broadening of the diffraction out-of-plane. These
structures are drawn schematically in the figure.

The Cu(001)/O structure has a surprising similarity lo that proposed
for Cu(110)/O, also drawn. In fact both these surfaces, the CU(410)/O
surface and the step structure can all be decomposed into the same
basic structural element, which is a Cu-O-Cu chain oriented along bulk
[100] directions.

QXJ XIX
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Figure 1 Side view of the oxygen induced reconstruction of the Cu(lOil) M
showing its missing row structure. Reconstructed (410) and (110) f;icets .m-
drawn to demonstrate their similiir composition.
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STIICTUKIC DKTICUMINATION OF Cu(IO0)-p(2x2)-S

l)SIN<; X-HAY DIFFRACTION

X16A

(<:. Vlieg, IK. Robinson and R. MaeGralh, AT&T Bell Laboratories, Murray Hill, NJ 07974

The role of substrate reconstruction in the Cu(100)-p(2x2)-S system has been investigated
using x-ray diffraction. The generally accepted structure model for this system has the S atoms at
fourfold hollow sites, see fig. I. Hut, while a LEBD analysis |11 arrived at a mode! in which the
lop-layer Cii atoms move awa) from the S, an angle-resolved-photoemission exlended-fine-
siniciure (ARPKFS) siw'y \1] concluded that the Cu atoms are displaced towards the S.

On the sample 16 fractional-order diffraction rods were measured and A integer-order ones,
some of which are shown in fig. 2.. By filling the structural parameters shown in fig. 1, the solid
curves through the data points are obtained. We find that the Cu atoms are moved 0.03±0.01 A
away from the S atoms, in agreement with the LEED resells. Our data are parliculalry sensitive to
the lateral displacement of the Cu moms. If the Cu atoms were not reconstructed, they would not
contribute to the fractinonal-order structure factor and the only /-dependence in the rod profiles
would be due to the atomic scattering factor of S. The computed rod profiles for this case are
shown as the dashed curves in fig. 2. Clearly the data show more structure than these
monotonically decreasing profiles, implying that the Cu atoms must be reconstructed. The i.ign of
the Cu displacement can be inferred by noting that only a displacement away from the S gives rod
profiles with the correct increase or decrease as a function • f / for adjacent reflections.

| l | II.C. Zeng, R.A. McFarlane and K.A.K. Mitchell, Phys. Rev. B39, 80CK) (1989).
|2 | C.C. Uahr, JJ . flarion, Z. Hussain, S.W. Robey, J.G. Tobin and D.A. Shirley, Phys.
Rev. B.15, 3773 (I9K7).

I O P VII W

50

25

VII W
t , i

£ 25

•fc 0

25

(2.5.0)

wm

.li 10.6,0}

(2.5,1)

(1-5.1)

(1,0.5)

Search for surface charge density waves. X16A

X. Zhu, R. Moret, H. Zabel (Univ. of Illinois)
R. M. Fleming, E, Vlieg and I. K. Robinson (Bell Labs)

The apparent failure of scanning tunneling microscopy to observe charge
density waves (CDWs) on the surface of the blue bronze K03Mo03 has
prompted the undertaking of a depth-resolved x-ray diffraction study.
Measurements of the CDW at the incommensurate reciprocal lattice
position (4, 0.2615, 0.5) were made on beamline X16A. Careful
investigation both as a function of temperature between 125K and the
phase transition at 181K, and as a function of grazing incidence angle
(and hence penetration depth), revealed no anomalous effects. Changes
of incommensurability or CDW amplitude might have been expected,
possibly resulting in a 'dead layer' of zero order parameter in the surface
region. The most surface sensitive conditions probed a depth of order 25
Angstrom, which is therefore the experimental limit of this null result

The figure shows the tem-
perature dependence of
the CDW diffraction inten-
sity, both on logarithmic
and linear scales. Differ-
ent curves correspond to
different incidence angles,
a,. It is clear that there
is no dramatic surface
modification of the sec-
ond-order phase transi-
tion.
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XI6B
SINC1I.I-CRYSTAL X RAY DlrlRACTION STUDY Ol-'(

I'. Hordet, J I. Modeau, M. Marcvio (hib. tie Crislalhuraplnt' CNItS, MM2 Crenobk Cfih'X,
limui'j and II H. McWhan (AT AT licit Uihs, Murray Hill, N.I Q7')74 USA)

The title compound cryslalliy.es with the T* phase structure which is formed by alternate
stacking along the c axis of half unit cells of the T (U2C11O4) and T ('rii2(.'iiO4) structures. When
properly doped, it is a p type superconductor at - 30K. We have recently shown that it undergoes a
tetragonal orthorhombic transition a t - 2(M) C probably related to lilts of the pyramidal coordination
polyhedra of copper, which leads to the existence of superstructure spots at room temperature
indexable in a =. <a,W2 x a,,V2 x c) unit cell. However, previous experiments on conventional \-ray
sources failed to detect any difference between a and I) or twinning due to ortiiurlionibicily.

The present experiment was carried out on XI6B with Oe (I II) inonochromalor and analyzer at
X=1.6'JA. Scans in the principal reciprocal space directions were measured around subcell and
superstructure reflexions. The profiles clearly show the presence ol 2 phases will) slightly different
c parameters (fig. 1) : 12.47211)A and 12.547(3)A for the majority and minority phase,
respectively. This induces the presence of defects similar to Iwisl boundaries in the crystal, which
••lie revealed hy ilie observation of large and structured reflexion profiles in the plane perpendicular
to the reciprocal vector originated at the center of the lattice (e.g. the (b*,c*) plane for the (MX))
reflexions, etc.). The presence of this second phase might b*- due to Ihe lead atoms on the La site
previously delected on the same sample, or to variations of the Lu/l'b composition of the mixed Tb
site.

Superstructure reflexions display asymmetric broadening along the 11(K)|, |OIO| and |001|
directions (fig. 2) corresponding to short range ordering with a coherence length of = 3(H)A. This is
attributed 10 microiwinning of small disordered onhorhomhic domains. Since no corresponding
broadening of the subcell reflexions is observed, the contribution of the distortion to these
retlexions is negligible.

figure I :
I scan of the ((KM) subcell reflexion

figure 2 :
l-scan of the (-3 0 -3) superstructure reflexion

X16E

INVESTIGATION Of SELf-Af I" J!U SURFACI FRACTALS THROUGH SIMULTANEOUS ADSORPTION
ISOTHERM AND X-RAY REiLICTIVITY MEASUREMENTS. ( I )

J. Krim and R. (.hiarello (Northeastern U.), C.Thompson (Brooklyn Poly. Ins t . )

Measurements of the specular and d i f fuse r e f l e c t i v i t y of x-rays have been
used to investigate the properties of evaporated Ag and Au f i lms which have
been indicated by adsorption isotherms to exhib i t se l f -a f f i t i e or f rac ta l
scaling at microscopic length scales. We have successfully recorded data for
both the bare surface and also for two thicknesses of adsorbed water f i lms .
(Figure 1) The manner in which a l i qu id f i lm smooths underlying roughness
must be understood in order for fur ther progress to occur in the use of
adsorption as a probe of surface roughness. We w i l l use th is data to
compare the f racta l dimension indicated by adsorption to that indicated by
the off-specular r e f l e c t i v i t y . In the future we w i l l examine the adsorption
of f i lms which have substant ia l ly d i f fe ren t surface tension than water in
order to probe the tradeoff between van der Waals interactions (which tend
to make the f i lm "track" the roughness) and surface tension (which tends to
make the f i lm "smooth over" the surface),The success of these experiments
opens up a wide range of future studies involving surfaces of varyinn f racta l
dimension and range of f rac ta l scal ing. These experiments const i tute the
f i r s t microscopic characterization (by adsorption and x-rays) of macroscopic
objects believed to be sel t ' -af f ine according to computer simulation.

R/R,

l . U

0.5

0.1

.05

- \

Vi

r II
;

i. . . j .

i i i

w•

I

; N r

solid line •

daub, line = 40

i 1 i

' ' 1

= Bare Au

AHaO/Au

1 ' _

-

-

—

-

i i

Figure 1, Reflectivity of bare Au compared to water adsorbed on Au.
Work supported by N.S.F. and P.R.F. (J.K. and R.C.)
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I.-VKSTJUATJON OK SICI.F-AFFINKSUHFACF, FRACTALS THROUGH SI
MUI.TANF.OU.S ADSORPTION ISOTHERM AND X HAY REFLIOOTIVITY
MICASIIRKMKNTS. ( u )

.1. Kiiiiuiii'l II. Cliiaie||o(Noil|i<-a!stcrn I).), C. Thompson (liiooklyn I'oly. Inst.J
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Work mippoiled by N.S.F. and I'.R.F. (J.K. and R.C.)

HK/ll.-TIMK X-RAY SCATTEHIKG USING A r:cii DETKCTOR

n, Rodrioks I MIL APS Division). C. Brlzard
(U. MiohiRan), W. Lowe ( AT&T Bell l.abs)

(AHi, AI'C Division), It. Clarke

Wo demonstrate the ability or a "virtual phase" CCD to be used as an
X-ray detector for the purpose of recording real-time diffraction
patterns. The flexible readout of the CCD allows one to use It in throe
different modes. In the first mode, the detector Is used as a full frame
camera where entire x-y Intensity Images can be captured. In the second
mode, the detector is used as a streak camera. Here a few rows are
summed in the serial register and readout as a one-dimensional data
set. This mode gives us a time-resolution of 100 ms. The third mode
used for very fast transition studies is where the CCD Is used as a
storage device. Here one row is used for detection and the rest of the
device (approximately 580 rows) is used for data storage. In this mode,
diffraction patterns can be recorded at a rate as high as 1 per 25
usecs. Fig 1 show3 a diffraction pattern recording from Sif'lOO) in 25
lia. Figure 2 is a picture of the incident beam off the mirror located
upstream at the 1:1 position. Note that the high spatial resolution of
the detector reveals subtle features In the beam such as the "->ross"
structure introduced by the mirror. Direct exposure of the CCD to (.3
keV X-rays for a cumulative period of several hundreds of hours produced
no detectable degradation in the device performance.

We have proven tiiat the CCD as an X-ray detector is not only viable
but can be radiation hardened, can be operated at Vfiry high speed3 and
easily operate; In several modes necessary for
diffraction.

• I • 1

fl 1 - Diffraction pilk 5i {400)

Fig 2 - Direct Beam profile

This work Is supported by the U.S. Department of Energy, BES-Materials
Sciences, under contract no. W~31-109-ENG-38.



CHARACTERIZATION OF POWDUR SAMPLCS OF KgPbNi(N02>6

X16C

Powder Diffraction Study of tlie Incommensurate Superlattlee In the One-Copper
Layer Superconductor, D l j ^ . S r j C O

C. Broholiji, C. Aeppll, I). I). McWhun, A. I'. Ramirez, li. liucher (.ATfcT-BI.) , Cli.
Kloc and J. Ilaumann (U. Konstanz, FRG)
l-'CC ant 1ferromagnetH with domlnat ln|4 nearest neighbor intei net Jonti do not have
a unique Heel grounds!:,! t e , This r e su l t s In the- suppression of 'l'n as compared
Lo a cha rac t e r i s t i c in terac t ion energy eg. -U^y. We are interested Jn the cor-
re la ted , but disordered s t a t e which ex i s t s for T--ij<;y. l ^ b N i (NO;,)/, IK an FCC
anllferromagnet which we have studied by specif ic heat and neutron-scat ter ing
experiments. One powder sample (III) has two apeclflc heat anomalys around 2K
and orders antiferromagnetira]1y at the upper anomaly. A di f ferent ly prepared
powder sample (.112), however has only a Sthottky-1 Ike specif ic heat anomaly.
The present synchrotron powder di f f ract ion experiment showed that there are
subtle s t ruc tura l differences at 30OK In the two samples which surpris ing] y
give r ise to the qua l i t a t ive ly different specif ic heat anoroalye. The figure
shows, the (h't'i)"^). 13A~' powder liragg peak for the two samples. Sample 1/1 shows
two closely spaced peaks (.ti / i'k')') O"'1) . All Bragg peaks In t h i s sample had a
similar r e l a t i ve s p l i t t i n g . The resu l t Indicates that two cubic phases with
s l igh t ly d i f ferent l a t t i c e parameters exis t In sample 01. Sample 112 has only
single ISragg peak;; which at higher Q ars asymmetric and broadened beyond the
Instrumental resolut ion. Thin shows that there i s e i ther a d i s t r ibu t ion of
grains with di f ferent l a t t i c e parameters or s t r a in gradients in the gra ins of
th i s sample. The pronounced difference in the magnetic specif ic heat In sam-
ples with so subtle s t ruc tura l differences may be related to the f i i i s t ra t ion
of the FCC an t if erroHiagnet. Work continues to document t h i s , and to obtain
single phase, unstrained sar..ples.
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R M Fleming, S. A. Sunshine, L. F. Sclmeernfyer, and J. V.
Laboratories

WasicmV, AT&T BeJJ

Wt liavt used powder x-ray diffraction from ceramic samples of th* one-copjw Jaytr
superconductor, Bi s + ,Sr a_ fCuO e_ ( : to determine the period of the intommtnsurat«
superlative In Bi 2 + 1 Sr s _ f Cu0j_ ( , the mismatch between the Bi-O layers and the Cu-0 layers
is accommodated by a buckling of the layers and the incorporation of extra oxygen.15 This
i-suits in a superlative that is composition dependent with an incommensurate period of
approximately five in the o* direction and 2 - 2.5 in the t* direction. Superlattice peaks were
identified by observing shifts of peaks with composition as shown in Fig 1. The spectrum was
indexed by assigning eacli peak an h,k,l index plus an additional index, m, that was zero lor a
suljcell peak and ± 1 for ft supercell peak (Only first-order satellites were identified.) A least
squares program was used to refine the a* and the t* parameters of the tetragonal sub-cell plus
the q, ami qt parameters of the supercell We find that within the single-phase region of
Bi2 + (Srj_,CuO,_j, the c-axis periodicity of the superlattice is linearly correlated with the Bi/Sr
ratio as shown in Fig 2(a). We also find that the coherence length of the supt-rlaiuce, as
measured by the width of the satellite peaks, decreases dramatically as one moves toward the
strontium poor region of the solid solution, as shown in Fig 2(hJ.

'V. U Page, W. R. MrKinnon, J.-M. Tarasron and P. Darboux, Pbys Rev B 40, 0810 (19S9)
2M. Onoda and M. Sato, Solid Slate Commun. 07, 790 (JD88).
SR S. Roth, C. J Unwn and L A IWlersky, J Mattr. lies 6, Jan (1090).
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Figure 1 . A portion of a powder scan for
four compositions, -jperlattice
peak are composition dependent.

1 A

Bi/Sr

Figure 2. Dependence of (a) S, , the c-
component of Che modulation and
(b) f, the superlattice coherence
length on the Bl/Sr ratio
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HIGH KNKRGY L\W COMB MONOCHKOMATOK
X17 It I

IN-SITU X-RAY 1)11 FRACTION STUDY ON THE PHASE TRANSITIONS OI Mn'liO,
AT HIGH PRESSURE ANI) HIGH TEMPERATURE

00
o

Michael Murl
Physics Department, Schuster LatHiratory, University ol Manchester

Manchester M B «JI'l., UK

Dean Chapman
National Synchrolmn Light Source, Hrookhaven National laboratory

Upton, New York

A high energy l.aue 'comb' mnnochromalor was tested on the X I7B I beiiinline. 'Il ic rnoni>chri>iiiaii>r
was a comb type structure prepared from a silicon single crystal panillclopipcd ( approx, Kmm x lOinrn
x SOniiii ), The (220) rellection used was parallel to 111 lOniin direction. Repetitive saw cuts transverse
to the long dimension left a 'comb* of wafers attached to an ~ l l i m m thick backbone. liacli of Uie 4H
wafers wa.s nominally 0,1.5nmi Ihick.

The niomK-'hroinator was supported by two pins. When weights were added to ends of the comb, tiic
backbone would (lex proviiling an ajigular offset between adjacent wafers. The beam prepared by such
a monochromator would Ihcn be composed of 4K individual l)eams, with each beam providing a
different mean energy. 'Ilie total energy range would then depend on the numi)er of wafers and Uie
\KIH\ riidins.

The |ierformancc of the mnnochromalor was tested at the design energ; 'if IMlkeV. Tlie figures an1 a
Si(220) Kane rocking curve of Uie lx.'ain prepared by the inonochromfilor for two different bend radii.
The first shows a near optimal l)cud with beams overlapping. The second shows the monochroniator
oirr ln'ni with each beam being resolved in angle.

R~l50m.

Jaidong Ko, Donald J. Weidner, Michael T. Vaughan, Amir Yeganeh-Haeri,
Rosemary E. Pacalo, Yanbin Wang, Xing Liu, and Yusheng Zhao

Mineral Physics Institute and Department of Earth & Space Sciences
SUNY at Stony Brook, Stony Brook, NY 11794

High pressure phase transitions of MnTiO-, are investigated using SAM-85, a cubic-
anvil press on the X17 wiggler port at BNL, At room temperature, the progress of the
phase transition from MnTiOjII (lithium niobatc structure) to MnTiOjIII (perovskitc
strticture) is ohserved at closer pressure intervals within 2 knar of the transition point.
The onset of the transition is char-
acterized by splitting of reflections 11*0,
11*3, 02*4, and 21*4 of MnTiOyl in the
X-ray energy dispersive diffraction
pattern. During the transition, a hybrid
phase and a structuial fluctuation appear
to be present, indicating that the two
structures undergo a dynamic structural
change related to the tilting of cation
octahedra and the displacement of cation
atom. The data further confirms the
topotaxial relationship which can he
predicted from the similarity of the two
structures.

MnTiO3I (ilmenite structure) tran-
sforms to an unidentifiable phase (?) at 7
GPa and U00°C. This phase transition
exhibits the sudden emergence of new
reflections from 01*2, 02*4, 11*6, 01*8,
21*4, 10*10 of MnTiO3I in the X-ray
diffraction pattern, supporting the
presence of an orientational relationship.
In cooling, this phase transforms into a
perovskite phase (?) between 1100°C and
mrc and gradually becomes MnTiO3IH
between 900°C and 300"C. The two
higher temperature phases and MnTiO3III are similar in the X-ray diffraction pattern and
thus, may be structurally related phases. Assuming that they are dimensionally ortho-
rhombic, the variation of cell parameters can be estimated at temperatures. The result
indicates that a, b, and c vary differently (as shown in the above diagram), but volume
change appears to be linear, implying that the transitions to MnTiO^III is likely related
to structural distortion.

«'{•

o in cooling cycle
• in heal ing cycle

Temperature (°C)
Cell Parameters of MnTiO3 Perovskite
vs. temperature at 6 GPa
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ACCURATE DETERMINATION OF THE PRESSURE-TEMPERATURE-VOLUME
NOMOGRAM FOR FORSTERITE, Mg2SiO4 USING SYNCHROTRON RADIATION

Yasuhiro Kudoh, Jaidong Ko, Donald J. Weidner, Michael T. Vaughan, Xing Liu, Amir
Yeganeh-Haeri, Rosemary Pacalo, Yanbin Wang and Yusheng Zhao

Mineral Physics Institute and Department of Earth and Space Sciences
State University of New York, Stony Brook, NY 11794-2100

In situ measurements of lattice constants of synthetic forsterite with chemical
composition Mg,SiO4 were done at 9 different temperatures up to !000°C at 30 kbar and
60 kbar using a DIA-6 type cubic anvil apparatus (SAM-85) with the X17 superconducting
wiggler at 4 Teslas. A boron-epoxy cell assembly (4:1 ratio) was used. NaCl was used as
a pressure standard. Temperatures were measured with a W-Re 5-26% thermocouple.

The results of present work provide the pressure-temperature-volume nomogram
for forsterite. We observe that the slopes of iso-volume curves (curves of equal V/Vo

vaiues) in a P-T diagram become parallel to the phase boundary.

BIOLOGICAL EFFICACY OF THE AUGER EFFJCCT

B.ll. Laster, W.C. Thorn) inson, C. Gordon, 11. Gmur, 11. Dizarz, V.
Benary, L. Warkentien and K. G. Fairchild

Iododeozyuridine (IdUrd), an analog nucleoside to the natural base
thyraidine (Thd), is incorporated in cellular DMA during coll
replication. In addition to its radiosensitizing properties, the
presence of iodine in D1IA could provide even more ionization within
the DMA itself if activated by photons above the K absorption edce
of iodine (33.2 keV). Enhancement of dose would accrue from the
induction of the photoelectric effect in iodine and the concomitant
release of Auger electrons. The X17B1 bea.̂ i line of the national
Synchrotron Light Source (NSLS) at Brookhavcn national Laboratory
(BHL) delivered monochromatic photons above and below the K edge of
iodine to V-79 Chinese hamster colls with and without IdUrd in D11A
to evaluate this phenomenon. Results indicated t 40% enhancement
of dose between iodinated cells irradiated above and below the V.
absorption edge, thus showing significant biological efficacy of
the Auger effect. The senoitization enhancement ratio (SEl<) for
iodinated and noniodinated cells was 3.0. These findings indicate
that Photon Activation Therapy (PAT), using DHA-incorporated IdUrd
with Fairchild sources (samarium-145 emitting 40 fcc-V photons) via
brachytherapy techniques is a promising new modality for the
treatment of malignant brain tumors. Additionally, the use of
X17B1 for the external irradiation of superficial tumors with DJJA-
incorporated IdUrd should be considered for tumors that
cannot be adequately resected.
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COMPRESSIBILITY AND EXPANSIVITY OF CaGeOs Pl-ROVSKiTI-

AND GARNET POLYMORPI IS.

Xing I .in, Yanbin Wang, Robert C. Liebermann, Donald J. Weidner, Yusbeng Zhao,
Jaidong Ko, Micliael T. Vatighan, Rosemary Pacaloand Amir Yeganeh-Maeri

Mineral Physics Institute and Department of Earth and Space Sciences
Slale University of New York, Stony Brook, NY 11794-2100

The garnet and perovskite polymorphs of CaGcOj have been studied by in situ
high T-P X-ray powder diffraclion in a DIA-type cubic anvil apparatus (SAM85) installed
on the superconducting wiggler port of NSLS at Brookhaven National Laboratory using
while radiation from the synchrotron and an energy-dispersive detector system.
Compressibilities of both phases were determined to 6 CiPa at 25"C. The thermal
expansivity of orthorhoinbic pcrov.skilc (Pbnm) phase has been measured lo 760"C at
l'= 1 bar and to 60()"C al 3.5 GPa, above which temperatures the perovskite is unstable.

At both pressures, the thermal expansion
increases abruptly at a critical temperature
Tc of 250°C (P=l bar) and near S0()"C
(P = 3.S Gl'a) (sec Figure for P = 3.5 GPa,
MgO is the internal pressure standard mixed
wilh the sample powder), suggesting a
transition to a higher symmetry phase (Liu ft
ill., GRL, IS, 1231, 1988). At both pressures,
the thermal expansion coefficients of the
perovskite below Tc are comparable. The
degree of tetragonal distortion of the garnet
phase (I4]/a) is unaltered by healing to
riO()"C at l'= 1 bar, above which temperature
the garnet transforms to a wollastonite
phase. The perovskite phase has a greater

, t^r bulk modulus than the garnet phase as
measured up to 6 GPa at room temperature.
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The Polnrizntion of the X-17 Wigglcr

ML. Rivera, S.R. Sutton
Dept. of Applied Science, Brookhaven National Is Moratory, Upton, NY 11973 and
Center for Advanced Radiation Sources, The 'Jniv of Chicago

The on-axis radiation from bending magnet and wiggler sources is linearly polarized This
linear polarization is important for a number of experiments. In white-light x-ray fluorescence,
for instance, one can greatly reduce the background signal from coherently and incoherently
scattered photons by placing the detector in the plane of polarization at 90 degrees to the
incident beam. For these experiments the degree of linear polarization is critical. At the X-26A
beamline we regularly measure the ratio of the scattered background to the Sr Ka fluorescence
peak on a glass standard. This ratio changes by a factor of 4 when the experiment is moved
±0.6nuii vertically in the beam (Figure 1). Since the degree of linear polarization from a wiggler
source should be better than tha* f'om a bending magnet, we had expected this ratio to he
better when this standard was run on X-17 than on X-26A. In fact the ratio was 2.9 times poorer
and was quite insensitive to the vertical position (Figure 1), In an attempt to under?tand these
observations we have done Monte Carlo calculations to predict the linear polarization of a dipole
source with a finite <>mittance beam. For the predictions one needs to specify the following items:
E/Ec, <yt fiv, distance from the source, and machine energy. The values we used were for the
NSLS x-ray ring (2.52 GeV, ev = 10"" m rad, at an x-ray energy of 17 kcV The results for the
X-26A dipole source (/3v = 15m, di»tance=0m, E/ Es = 'iA) and the X-17 1)1 beamline (/?„ = .33m,
distance=27m, E/E,-.9) are shown in Figure 2. The results are quite surprising. The X-17
source has much poorer polarization (9'S.4%) than the X-2fiA dipole (99.5%) The difference is
due entirely to the difference in /3, at tlie two locations, not to the differences in E/Et. The very
small beta function at the X-17 source point leads to an electron beam which is extremely small
but whose divergence is much greater than the intrinsic vertical opening angle of the synchrotron
radiation. This leads to a "smearing out" of the radiation distribution and a reduction in the
peak on-axis polarization. The predicted polarization of the X-17 radiation is 7.3 times poorer
than that at X-20. The observed increase in the scattered intensity, however, is only a factor
of 2.9. The difference is probably due to the fact that we have modeled the X-17 wiggler as a
dipole source and neglected the cnnceJntion from the opposite poles.

(Research supported by NSF EAR89-15O99, NASA NAG9-106, NAG9-304, DoE DEAC02-
76CH0001fl.)
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Synchrotron X-ray Fliiori-seeiice Analysis of Rwe-Enith Elements

M.I, Hivers, S H Sutton an<l K. W. .lones, Dept of Applied Science, Brookhnven National
Laboratory, Upton, NY 1 H»73

Rare-earth elements (REE) have proven to be extremely useful in understanding a variety
of problems in geochemistry. Synchrotron x-ray fluorescence (SXRF) !ias the potential to
permit microprobe analyses of HKE, which is useful for studying problems such as mineral
partitioning, zoning, and analysis of minor phases.

SXHF analysis of REE can be performed using either the 1,-series x-ray lines (4.8 • 7.7
keV) or the K-series lines (35 • 54 keV). The L-serieB lines have the advantage of higher
x-ray cross section and thus greater fluorescent signal for a given incident flux. They can
also be excited using bending magnet radiation at (he National Synchrotron Light Source
(NSf/S). However, the L-series spectra are extremely complex and suffer from overlaps with
the K-linen of the much more abundant transition elements (Ti - Ni). These problems
can be overcome only by the use of WDS spectrometers an<i x-ray focussing mirrors to
increase the incident flux In contrast, the Kseries lines are relatively free from spectral
interferences. Synchrotron sources such as the superconducting v/iggler (SCW) at the
NSI/S can provide the higher fluxes and excitation energies required for optimal analysis
of the REE Klines. The gain in the region of the REE K edges (30-60 keV) is a factor of
100-1000.

Some preliminary experiments were performed with the ring restricted to low current
mode (2 niA) during operation of the SOW. Although little experimental time has been
available to optimize analytical conditions, < 50 micrometer beams were achieved and
some trace element analyses were performed primarily on standards. For example, mea-
surements on a USCi'S manganese crust standard (figure) indicate < 5 ppm detection
limits for the light REE (250 micrometer beam, 400 second acquisition, 250 micrometer
Ta filter on incident wiggler radiation). Encouraging results were also obtained in an
experiment aimed at ascertaining the feasibility of making non-invasive, in-vivo measure-
ments of lead in the human tibia. Comparable sensitivity with a 25 micrometer beam is
expected when the SOW is commissioned 1o operate at high ring current. These condi-
tions will then be attractive for studies of high atomic number elements in a wide range of
materials. (Research supported by NASA NAO0-1OG, DoE DE-AO02-7SOH00016, NSF
EAR80-15699.)

USGS Standard Manganese crust A-l
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COMPRESSION AND THERMAL EXPANSION OF MgSiOj CMNOENSTATJTK

Rosemary E.G. Pacalo, Donald J. Weidner, Jaidong Ko, Michael T. Vaughan,
Amir Ycganeh-Haeri, Xing Liu, Yanbin Wang, and Yushcng Zhao

Mineral Physics Institute and Department of Earth & Space Sciences
State University of New York at Stony Brook, Stony Brook, NY 11794-2100

MgSiOj clinoenstatitc (P2,/c) has been sludied to 65 kbar and 70CTC in a DJA-iype
cubic-anvil press (SAM-85) using white X-ray radiation and an energy-dispersive detector
system installed at XI7. The goals of this study were two-fold: 1) to look for a phase
transition from the P2j/c to a C2/c structure, hypothesized to occur at a minimum
pressure of 55 kbar at room temperature1 (Figure 1), and 2) to measure the
compressibility and thermal expansion of clinoenstatite. Typical spectra consist of many
poorly-resolved diffraction peaks (Figure 2) and were complicated hy the inclusion of NaCl
as a pressure standard. Preliminary analyses of the dala show no evidence of the phase
transition at these conditions. However, no modifications of the phase diagram are
justified, as sluggish kinetics may have inhibited the transition. The compression and
thermal expansion data will be used in thermodynamic calculations to provide additional
insight in the construction of an accurate phase diagram.
Reference
1. Pacalo, R. E. G. and Gasparik, T.,J. Geophyx. Res., 95, 15853, 1990.
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HIGH ENERGY SPECTROMETER
RESOLUTION FUNCTION MEASUREMENTS

D. P. Siddons, J. Hastings, and D. Chapman
National Synchroiron Light Source, Brookhaven National Laboratory

Upton, New York 11973

A high energy spectrometer was rested on ihc X17BI bcamlinc to assess the feasibility of doing experi-
ments in the energy range beyond lOOkcV wmic mamuiining reasonable llux and resolution as com-
pared to s|Kcirometers operating in the lflkeV range. Tliis spectrometer made use of a conventional 4-
circlc diffractornctcr with 2 additional precision axes for the monochromator and analyzer crystals.

The inonochromator and analyzer were 4 mm thick Si(220) Laue type crystals. These crystals were
cylindrical!? bent in a radius which nearly matched the source to crystal distance ( appnu. 20m ). This
allowed the crystal planes to locally match the vertical divergence of die incident beam ( Cauchois
geometry ). Thus, the energy spread of the monochromatized beam was minimized to that of or near
the Si(220) intrinsic width.

The resolution function of this spectrometer was measured at l50keV with a Si(220) thin Laue sample
crystal (0.2mm thick). A contour plot of die instrument's throughput parallel and perpendicular to die
sample's scattering vector is shown in the figure.

Resolution Rinction at 150keV

Bent Si(220) Laue Mono - F1»L 3(320) Uue Sample - Benl 31(?20) Laue Analyzer

2SO0O uuitl/iut.

ReUllvt Tniuverm Q (I/A) xlO"
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Computed inicrotomog-.-aphy for the study of remodelled bone at the bane-
cement and bone-implant interface.

P. Spanne, K.W Jones, BNL, ML. Rivers, Univ. Chicago, DA Hoeltzel, Columbia
University, NY.

The long term prospects for the success of an orthopedic implant is critically dependent
on the materials properties of the bone and soft tissues adjacent to the implant. There
exists a strong need for development of non-destructive methods to perform such charac-
terisations Computed tomography has previously not been possible to apply to studies
of the ni""tal-remodelled bone interface region because of artifacts caused by the so called
partial volume effect. These artifacts appears as streaks extending tsngentially outwards
from the surfaces of metal objects in tissue or other low Z materials. In principle they
can be avoided using an x-ray beam with a narrow energy bandwidth and a sufficiently
high energy in combination with a much finer spatial sampling than is normally required
to spatially resolve the morphological structures to be studied. The requirement on the
energy excludes the use o! a bending magnet In this experiment we used synchrotron
X-rays from the X17 wiggler for a feasibility study of this approach. A

A first generation computed microtomography scanner (Spanne and Rivers 1987) was used
with the X17B1 wiggler beam collimated to a 25x25 /im field by two pairs of crossed
tantalum-slits. The beam was filtered with 250 (im tantalum. The scanner was run in
absorption mode and a CaFj(Eu) scintillation detector was used to detect the radiation
transmitted through the sample. A bone implant phantom cosisting of a 1 mm steel rod
implanted with orthopedic cement into a rat bone was imaged. We also imaged a bone
sample that had grown in vitro between two metal plates. The tomographic section was
in the latter case oriented to include bone from a substantial part of the interface region
an well as more central parts of the sample. Both samples were too thick to be imaged
using synchrotron X-rays from a bending magnet.

The image of the bone with the cylindrical implant shows that the beam hardening arti-
facts can be eliminated with the suggested method, opening up the possibility for bone
mineral measurements of remodelled bone in the bone-implant interface region. The to-
mogram through the in vitro grown sample clearly reveals a difference in linear attenuation
coefficient between the inteface region (higher attenuation) and the more distant parts of
the bone sample. This further emphasizes the usefulness of computed microtomography
utilizing the relatively high x-ray enegies available from the X17 wiggler for bone-implant
interface studies.

(Research supported by DOE DE-AC02-76CHO0016)

P. Spanne and M.L. Rivers, Computerized microtomography using synchrotron radiation
from the NSLS. Nucl. Instr. Mcth. Phys. Res. B24/B25, 1987, 1063-1067
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Rare-Ear th Element (REE) MieroannlyHis using Superconduct ing Wiggler Ra-
diation at X.17131 (I) : Analytical Consideration!)

S.R Siitton, ML Rivers, and K. W. Jones, Dept. of Applied Science, Brookhaven Na-
tional Laboratory, Upton, NY 11973

Synchrotron x-ray fluorescence (SXRF) has the potential to p< :nit microprobe analyses
of rare earth elements (REE). Synchrotron sources such as the superconducting wiggler
(SCW) at X17 can provide the higher fluxes and excitation energies required for optimal
analysis of the REE Klines. The SOW gain in the region of the REE K edges (30-60
k<-V) is a factor of 100-1000 compared to bending magnet sources at NSLS.

A motor-driven, slit assembly ( I n Ta) was used to define an adjustable beam between
0.05 and 1 nun. Fluorescent x-ray spectra were obtained with an intrinsic Ge detector
positioned within the storage ring plane and at 90 degrees to the incident beam. Filters
(typically Pb) were placed in the incident beam to exclude useless x-rays below the REE
K-absorption edges. This filter was initially placed downstream of the slit assembly but
in this configuration the filter acted as a scatterer of Ta K-fluorescence (Ko 1 = 57.5
keV) generated in the slits by very high energy synchrotron radiation. The substantial
Compton shift of these x-rays into 90 degrees (5.7 keV) resulted in an unacceptable
background under the REE K fluorescence peaks, This problem was solved by placing
the filter upstream of the slits.

Minimum detection limits (MDLs) were typically between 1 and 3 ppm (light to heavy
REE) using a 200 micrometer beam, a 1/16" Pb incident beam filter and a 15 minute
acquisition time. MDLs were relatively insensitive to filtering conditions - heavier filtering
reduced Compton background under the fluorescence peaks but produced an excitation
spectrum farther in energy from the absorption edges. Sensitivity was limited primarily
by the relatively high Compton scatter background that was observed (this problem is
discussed in an accompanying abstract, Rivers et al., 1990).

Quantification protocols were tested using
a synthetic cajciuin-aluminosilicate glass
containing about 40 ppm of each rare earth
element (NIST SRM 612). AH REE (La -
Lu) were detected in this sample. Stan-
dardless REE results, i.e., REE concentra-
tions calculated using the known 13n con-
tent (41ppm), and theoretical relative flu-
orescence yields predicted by NRLXRF,
were all within about 20% of nominal con-
centrations (see table).

(Research supported by NASA NAC59-1O6,
DoE DE-AC02-76OU00016, NSF BAR89-
15699.)
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Rjire-Enrth Element (REE) Microniiniygis using Superconducting Wiggler Radia-
tion nt X17B1 (II): GeucliKinicnl mid CoMiiocheinical Remilts

S.R Sutton, ML. Rivers, and K. W. Jones, Uept. of Applied Science, Brookhaven National
Laboratory, Upton, NY II973

I). Burnett, California Institute of Technology, Pasadena CA
J. Chen, SUNY-Genesoo, Geneseo, NY

liare-earth elements (RKK) have proven to be extremely useful in understanding a variety of
problems in geocheini»-;y. Synchrotron x-ray fluorescence (SXRF) has the potential to permit
mkroprobe analyses of RISE, which is useful for studying problems such as minera! partition-
ing, zoning, and analysis of minor phases. Analytical considerations for SXRF on X17B1 are
described in an accompanying abstract (Sutton et al., 1990).

(!) Y/Ho Fractionntion: Yttrium and holmium arc 'wo elements of identical size and charge
and should therefore be geochemically inseparable. However, factor of 2 differences between
meteorites and lunar and terrestrial rocks have been reported and may be cosmocheiiucal in
nature. Cosmochemkal fractinnation, e.g., by volatility differences, is potentially a powerful
planetary signature. For SXRF, the precision with which Y/Ho can be determined is limited
by Ho sensitivity. Bishop Tuff, a terrestrial igneous material, was fused (i.e., homogenized)
at high pressure and temperature in a piston cylinder apparatus and analyzed to determine
Ho sensitivities. REE abundance patterns (see figure) closely match, in relative and absolute
terms, limited published INAA data (Hildrcth 1979). Ho Ka fluorescence yield tar a 45 min.
measurement with n 400 /tm bear • was 400 counts on a background of 7000 counts suggesting
that the Y/Ho precision is about 40% (1 stand, dcv.).

(2) Defect Partitioning of REE in Mantle Garnets: Defect partitioning has been hypothesized
to produce sharp increases in partition coefficients at low concentrations. Patterns obtained
at X17B1 for S. African garnets (see figure) show the characteristic heavy REE enrichment.
Greater precision will be required to search for predicted odd-even effects characteristic of the
defect enhancement.

(3) REE mineralization processes: Specimens from the Bayan Obo ore deposit, China, were
studied to understand origin and mode of occurrence of the associated REE-rich minerals. REE-
petrogenetic data will aid the exploration of these strategic elements.

(Research supported by NASA NAG9-106, DoE DE-AC02-76CH00016, NSF EAR89-15699.)
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Microtoinogmphy of Meteorites: A Novel Approach to Imaging file Internal
Structure** of Rare Ol)jc<-t8 Collected in Antarctica

Brookliaven NationalS H Silt ton, I' Spanne, and ML Rivers Dept. of Applied Science
Laboratory, Upton, NY 11073

Large number* of meteorites are routinely collected from Antarctica, Although the ma-
jority of these specimens fn.ll into the conventional meteorite groups (irons, chondrites,
etc.) n small fraction are very unusual objects including rocks from the Moon and possi-
lily Mars. An unfortunate characteristic of these interesting ohjects is that they tend to
be small, i.e., typical dimensions of centimeters. Analytical strategies for tliene samples
(dissection, allocation, application of destructive techniques) are a matter of some debate.

One of the most basic pieces of information needed prior to dissection of a small meteorite
in the "petrography", i.e., the spatial distribution of clasts, mineral phased and voids.
Ideally, nits would he made along planes that intersect large clasts which often hold
important clues to the origin and history of a meteorite. Presently, exposure of clasts is
a I'il fir-miss proposition

X ray computed niirrotoinography (CMT) can be used to obtain this information in a
manner which is nondestructive, has spatial resolutions below 5 microns, and can provide
information on major and trace element composition. Synchrotron radiation sources such
as the superconducting wiggler on XI7 are ideal for GMT of cm-sized, silicate-rich objects
because they deliver high flux at sufficiently high photon energies to penetrate.

A demonstration experiment was performed on X17B1 using a 1 x 1.5 x 0.5 cm piece of the
Allende carbonaceous chondrilc This meteorite was selected as a test sample because
it -ontainn abundant, spherical to pseudo-spherical chondruies in the size range 0.1 to
several millimeters The incident wiggler radiation was filtered with 0,25 mm Ta and
collimated to 25 micrometers. A Na|(TI) scintillation detector was used in transmission
mode 419 points on each of 007 angles were measured for 30 milliseconds for a total
imaging time of !50 minut™ The resulting reconstructed tomogram clearly shows the
•'hondrule positions with a spatial resolution of about 30 micrometers. In principle, this
2-dimcnsional scan can be repeated at various sample heights to produce a 3-dimennional
image These results clearly demonstrate the ability of CMT for imaging the internal
structures of meteorites.

by NASA NAG!)-1()(i, DoE DE-AC02-76CH00016, NSF EAR89-(Research supported
15HIM.)

Computed microtomogiaphy (CMT) image
of the internal structure of the Allende car-
bonaceous meteorite. This 21) image is
about I x 0.5 cm. The white, circular ob-
jects show the positions of silicate-bearing,
chondruleB intersected by the tomographic
plane.
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MEASUREMENT OF NON-HYDROSTATIC STRESS COMPONENTS !N A

MA-TYPE MULTIANV1L PRESS USING SYNCHROTRON RADIATION

Michael T. Vaughan, Donald J. Weidner, Jaidong Ko,
Ken Baldwin, and William Huebsch

Mineral Physics Institute and Department of Earth and Space Sciences
State University of New YorkStony Brook, NY 11794-2100

We have installed a large volume high-pressure DIA-type apparatus (SAM85) at X17.
With 6 mm anvil truncations, we have achieved pressures of 8 GPa and temperatures of
1500°C with sample dimensions exceeding 1 mm. We are able to measure the cell
parameters of the samples as functions of pressure and temperature using white X-ray
radiation and an energy-dispersive detector to energies of 100 keV. The irradiating X-rays
are collimated to a beam dimension of 100 x 200 fiin. The detection optics employs two
parallel 100 fim slits which limit the 2-theta acceptance angle to 0.06°.

The presence of nonhydrostatic stress is revealed by the systematic variation in cell
volume of NaCI and gold when calculated from various X-ray reflections. For example,
if the a axis is vertical, which approximately puts (h,0,0) in diffracting condition, then the

average) will result in an increase in strain relative to the hydrostatic case. Knowing the
elastic constants allows the values of a2 and a3 to be calculated if d can be measured for
at least two (h,k,l) reflections.

In the figures below, the differential stress (o^a-0 as measured in both NaCI and gold
is shown us. total pressure ((a, + 2a s) /3) and vs. temperature.
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PHASE TRANSITION AND THERMAL EXPANSION OF MgSiOj PEROVSKITE

Yanbin Wang, Donald J. Wcidner, Robert C. Liebermann, Xing Liu, Jaidong Ko,
Michael T. Vaughan, Yushcng Zhao, Amir Ycganch-Hacri, and Rosemary E.G. Pacalo

Mineral Physics Institute and Department of Earth & Space Sciences
SUNY al Stony Brook, Stony Brook, NY 11794

MgSiO-, perovskiie has been studied to 7.3 GPa and 1000°C in S/\M-85, a DIA-typc
cubic-anvil press, installed at X17 using white X-ray radiation and an energy-dispersive
detector system. At room temperature, the orthorhombic distortion of the Pimm perovskite
increases with pressure, with the h axis being the least compressible, consistent with
previous single-crystal studies in diamond anvil cells. At 7.3 GPa, the thermal expansion
behavior is anisotropic. Between 300° and 35O°C the specimen undergoes a phase
transition to another pcrovskile-iype structure with a volume increase of 0.7% (Figure).
The volumetric thermal expansion is low, and increases only slightly across the transition
from 1.44 to 1.55x10' /"C. Our data below 300°C agree well witl> the thermal expansion
data of (1) and (2), both obtained at atmospheric pressure. At 7.3 GPa, the pcrovskite-
type structure is retained up to 980"C, above which the specimen becomes amorphous and
(lien rapidly rccrystallizes into a pyroxene pha.se. The high T-P phase transformation in
MgSiOj reported in this study has profound implications for the bcha .; of this materi-
al in the Garth's lower mantle.

Ki'feri'itcus
(1) Ross ami Hazen, Phyx. Chem. Minerals, 16, 415, 1989.
(2) Parise et «/., Gcophys. Res. Lett., in press.

A NEW POLYMORPH OF SiO2

X17B1

Amir Yeganeh-Haeri, Donald J. Wcidner, John Parise, Jaidong Ko, Michael T. Vaughan,
Xing Liu, Yusheng Zhao, Yanbin Wang, Rosemary E. Pacalo

Mineral Physics Institute and Department of Earth and Space Sciences
State University of New York, Stony Brook, NY 11794-2100

and

Michael Saltzberg
Dupont Experimental Station
Wilmington, DE 19880-0356

Silica is a chemically simple compound yet it exists in a wide variety of structural forms
under different pressure and temperature conditions with different physical properties.
High-crislobalite is the stable polymorph of SiO2 above 1750°K, however at about 550°K
it undergoes a rapid reversible transition to low-cristobalite (tetragonal; space group
P4,2,2). We have recently investigated the compressional behavior of low-cristobalitc by
in situ X-ray diffraction using the DIA type high pressure apparatus (SAM85) on X17. We
find a novel structural phase transition in low cristobalite to a new phase with a symmetry
lower than tetragonal at about 1 GPa characterized by the dramatic splitting of the 101,
111, and 102 type reflections. This pressure induced phase transition appears to he second
order in nature and nonqucnchable. Work is in progress to determine the symmetry and
space group of this new phase.
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HIGH P-T X-RAY STUDY OF NRM|F 3 and KM«F3 PEROVSKITES

Yusheng Zhao, Donald J. Weldner, Xing Liu, Jaidong Ko,
Michael T. Vaughan, Rosemary E.G. Pacalo, Ysnbln Wang, and Amir Ysganeh-Haeri

Mineral Physics Institute and Department of Earth and Space Sciences
State University of New York, Stony Brook, NY 11794-2100

We report the results of an In situ high P̂ T (up to 6.5 GPa and 1100°C energy dispersive
X-ray powder diffraction study conducted on perovskites of NaMgF3 (orthorhombic,,
Pbnm) and KMgF3 (cuhic, Pm3m) using SAM-85, a DIA-type cube anvil press and
synchrotron radiation, We find a structural phase transition in NaMgF3 perovskite,
preliminarily identified as orthorhombic Pbnm to orthorhombic Cmcm, at about 750°C for
atmospheric pressure and 900°C for P=6,5 GPa, The NaMgF3 perovskite decomposes
above 900°C at atmospheric pressure and 1100°C at P»6,5 GPa, NcUher structural phase
transition nor decomposition are found for KMgF3 perovskite within the investigated P-T
range,

The compressibilities and thermal expansivities of NaMgF3 and KMgF3 perovskites
were measured. The experimental results show that both compression and thermal
expansion of the orthorhombic

P=6.5 GPa
4,00

NaMgF3 perovskite is larger
than that of the cubic KMgF3
perovskite. For cubic ABX3
perovskite, only changes in the
D-X bond lengths of the BXg
octahedral framework
contributes to the pressure and
temperature induced volume
change, However, the volume
change of the orthorhornbically
distorted ABX3 perovskite can
be empirically' expressed as a
combination of the change of
B-X bond length and the
change of tilting of BX6
octahedral framework. The
observed excesses of
compression and thermal expansion of the orthorhombic NaMgF3 perovskite over the
cubic KMgF3 perovskite supports this model of equations of state for centrosymetrie
perovskite which separates the contributions of octahedral tilting from octahedral
compression/expansion,
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A 2W00 KEV DOUBLE CRYSTAL MONOCHROMATOR FOR THE
MECT PROJECT AND MATERIAL SCIENCE STUDIES

RA. DilnMniM, H.F. Garreit (BNL, Med.), T. Oyersliiwen, L.D. Chapman, L.E. Beanan, C.A. Brite. NF.
Gmflr, J.B. Hastings, N.M. Lazarz, A, Uhnard, MR. Moulin. P.P. Siddoni, W.C. TfwmlinaM (NSLS) aid
H.D, Zemin (U. ofTenn.)

A two-cryMl fixed-exil (Oolovchenko-type) monochromaior for 20-100 ktV x n y i hat been developed 10
be used an the X17B2 and Bl tuper-conduclini wiiglw beamlinei. lu applicaiianc will be in ihe Mulupie
Gnerty Compuled Tomofraphy (MECT) projecl for human head wd neck ima|in| M the Synchrotron Media!
Keaean* Facility (SMERF), and for malerwlt acience Mudiu. Iu ipeciBcationt are ihe following::

1. Bn(f-Bra«f geomcu> wilh a conuanl offset of 15mm and an angle ran>e from 2 - 25°.

2. Firat cryml ia water coohsd to wilhuand ihe full X17 witjler bewn inieniiiy.

3. The second crystal can be detuned for harmonic rejection uiing piezo-eleciric iraniducen.

4. The final cryiiMlt will be 12 cm wide lo accept 5 lurizonud mrad at 23 m from the rawc.

5. The maximum vertical acceptance will be S mm, resulting in 6.5 cm long Si<220> cryMls u 80 keV,
again at 23 m.

6. The monochrawaiar energy i« acanned with » single linear drive, allowing a 5 second swiidi time from 40
to 100 leV.

7. The mechanism ia UHV compatible.

The baiic mechanism of the low angle mono-
chromator wa* deiigned and constructed by T,
Oveniuizen in 1W6, The system ww completed
recently within the framework of the MECT pro-
ject, and was tested in the X17B1 beamline in
October 1990, The new additions included an
aclualor, crystal holders, piezoelectric devices, cool-
ing system, » d mount,

The measurements on X17B1 were carried
out with a 2 cm x 3 cm x 1 mm first crystal, and a
2 cm x 3 cm x 6 mm second crystal, both Si<22Q>
perfect cryiMls. The X17 beam was used both
unnliercd, and filtered wilh 3 mm Al. The wiggler
was operated at 4,4 Testa, and the ring current was
in the 100-190 mA range, The first crystal was
mounted on a copper cooling block using a thin
layer of gallium indium eutectic to provide thermal
conductivity. The crystal was butted against a thin
ledge to prevent it sliding off the holder; otherwise
it was only restrained by surface tension,

Fig, 1 shows the racking curves obtained with the system, using 3 mm Al filtering. The width of ihe
curve did not change -mbstantially when die Al filler was removed at 190 mA ring current, for the whole range
of angles shown in Fig, 1, This shows thai Ihe manochromator is capable of working at a very high beam inten-
sity. More tests on X17D1 are scheduled in January 1991 lo study the characteristics of the system.
Technical assistance from R. Greene and M, Shleifer is appreciated. This work has been supported by the US
DOE Office of Health and Environmental Research (OHER),
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Figure!, Monochromator rocking curves.
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MULTIPl.n liNEBOV COMPUTED TOMOORAPIIV (MECT) FOR NEUUOHAPIOUKiY WITH
MONOCHROMATIC X RAYS*

F.A. Dilmnniiin, R,P, fiitrrell, D.N. .Slalfcin, N.D. Volkow (f)NL, Mcd.), W.C, Thomlinsnn, L.E. Herman,
L.IV ChiipmHD, N.F. Ciiniir, J.li, Hastings, N.M. La/ar^ H,R, Mnulin, T. Overslui/cn, D.I'. Siddons (NSLS),
AC. Thompson (LFIL), mill 11,0. Zeman (U. of Tcnn.)

A new medical project has been started ill the Synchrotron Medical Research Facility (SMfi(iF) at
Ihc X17 Superconducting Wiggler, The project is H monochromatic CT scanner for imaging the head and
neck culled Multiple Energy Computed Tomography (MBCT)', SMERF, which so far has been dedicated lo
Ihe Coronary Arlgiography Project, will, also accommodate the MECT Project. Monochromatic x rays
produce ( T image of much higher contrast resoUilion and (uianlitativc precision because: a) there in no
beam hardening, and h) energy-selective methods such an K-edge subtraction of contrast elements and dual
photon ahsorplmmclry can he used. The XI7 wiggler provides adequate beam intensity for monochromatic
(T. The intensity required is about lflOO limes greater than that obtained from rotating anode x-ray tubes.

The CT configuration will be Ihal of a horizontal fan-shaped beam »ml a upright, .waled, rotating
subject (Fig. I). The beam width at Ihe patient position will be 20 cm, The major components of die system
are Ihe monochromalor and the deleclor,

A monocliromiilor currently being developed for the system was recently tested ill the XI7RI hutch,
ll is based on a two-crystal Golovchenko-type design (sec accompanying abstract).

The detector being designed for I lie system is a high-purity germanium strip deleclor of -II HI strips of
(1.5 inni strip width, made of cither a single detector element of 20 cm active width, of 1 detector segments of
about 1)7 mm width each, Lawrence flerkclcy Laboratory is currently manufacturing the first lest detector
for this project. A prototype system is being developed for phantom studies and later for studies with small
animals and autopsy specimens. First, we will use Ihe present monochromalor together will) a Si strip
deleclor of (1.25 mm strip width and 30 mm active width, Later, a (ie strip detector of 0.5 mm Mrip and 15
mm active width will be used.

The human study stage is expected to be reached in IW.l. This stage of the work will he tarried out
in collaboration with Dr. I'.L. Kornhlilh and his associates from Albert Einstein College of Medicine, Uronx,
NY, and Prs. P.A. lleim and HL. Atkins and their associates from the Health Sciences Ceuler of SUNV ai
Stony (Uook.

ELECTRON STORAGE
KING

X17C

Fig. I Schematic view of the MECT system

'Work supported by ihe DOE Office of the Health and Environmental Research (OHBR),
The authors would like lo acknowledge the technical support of C.A, Brite, A, Lcnhard and M. Schleilcr.

I, I'.A. Dilmanian el al, "Computed Tomography with Monochromatic X Rays from the National
Synchrotron Light Source", Proceedings of the Eleventh International Conference on the Application of
Accelerators in Research and Industry. November 5-8, I'M), Dcnlon, TX,

8PECTRAL CHARACTERIZATION OP BEAM LINE X17C

J. V, Gilfrich (Sachs/Freeman Associates), S, B. Qadrl (NRM. N. K. MouMon*
(N«U and E. F, Skelton (NRIJ

One Important Issue which needs to be addressed before serious Intensity related
research can be performed on this beamllne concerns (he "purity' of Ihe radiation entering (he
hutch. Several of Ihe early spectra showed the presence of Pb K and L fluorescence radial ion it
was suspected Ihat this characteristic radiation may be coming from scattering somewhere In
Hie beam path, perhaps (he alloys used for the apertures. However, Ihe insertion of a 50 |im Cu
foil into Ihe beam, which should have attenuated Ihe Pb I. radiation by a factor of 1OO. had no
effect. It was found that ihe fluorescence was originating from the Pb shlei.iing wrapped
around (he XI70 pipe which passes through the XI7C hutch. Placing a 1.25 cm Al plate between
that pipe and Ihe detector reduced Ihe l'b-L fluorescence below the minimum detection limits
and reduced the Pb K-fliiorescence by a factor of 2.

An experiment performed !o determine Ihe continuum spectrum entering Hie bulrh had
two components, for redundancy. The first measurements ysed a 75 (im Kaplon foil placed at
45° to the x-ray beam to scatter the entire spectrum Into a Ge detector positioned at 90° to Hie
beam. The second set of data was collected using a selection of pure elements spanning the
periodic table from V to Pb, thus spanning x-ray emission energies from 5 to 87 keV. Since Ihe
only part of the Incident spectrum which will exclle the fluorescer lo emit its characteristic
radiation is that which is above the absorption edge energy of Ihe flunrescer. It Is possible lo
construct a histogram representing the spectrum from the Intensity measured by the Ge
detector from each of these fluorescers. Shown belaw is the spectrum produced with a Zr
fluorescer and illuminated with a 25 u.rn square beam. The complete spectral histogram will be
published elsewhere.
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DIFFRACTION FROM SINGLE CRYSTALS OF SUB-FBMTOLITER VOLUME

K. F. Skelton (NUIJ. H. K. Mao (CIW). U W, Finger (C1W), S, 0. Qadrl (NRL). J.
Z. Hu (CIW), N. E. Moultont (NRL), and J. D, Ayeis, (NRIJ

A procedure for producing very fine glass fibers containing single or multiple metallic
filaments was first reported In 1924.' With this procedure, filaments having diameters as
small as a few pm can be drawn, By cascading (his process and using glasses with properly
selected melting temperatures, It Is possible to produce a single filament "wire" having n
diameter of sub-pm dimensions.2 Because of the minute sample volumes Involved, efforts to
obtain structural Information from a single sub-urn diameter filament using conventional x-
ray sources have been unsuccessful,

One of the firsl experiments performed on X17C entailed collecting single crystal
diffraction data with n Oe detector from a Bl crystal 0.2210.02 um In diameter with an incident
beam of less than 10 (tin; the volume of sample illuminated was leu than 0.4 fcmtollten.
Nevertheless, diffraction peaks were relatively strong, e.g., the (012) and (024) peaks could be
detected In a measurement period as short at 10 msec (see below). The crystal is under a
residual stress due lo (he different thermal expansivities of the glass and the metal. From the
measured d-spacings of 25 Independent reflections, the strain tensor was determined. Rocking
curve measurements were also made of several reflections; all were less than 100 arc seconds
wide.
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X-18A
A SYNCHROTRON DIFFUSE X RAY SCA'ITERJNG STUDY OF AS
QUENCHED Ni 12.5 at% Si*

J.P. Anderson (U, of Illinois) and Haydn Chen (U, of Illinois)

A single crystal specimen of the Ni-12.5 al% Si superalloy was
prepared and quenched from 1383K. The x-ray intensity in
reciprocal space was measured and separated inio iis shori-range
ordering (SRO) and size effect components, \ v j e w of |(,e SRO
intensity is given in Fig, 1, Diffuse intensity maxima near the
superlattice positions indicate a preference for unlike nearest
neighbors.

Three-dimensional Fourier inversion of the SRO intensity
distribution results in the Cowley-Warren SRO parameters in Table 1.
An 8000 atom model has been prepared which conforms lo these
SRO parameters. The model shows no extended domains containing
the equilibrium long-range ordered structure, but does show smaller
domains containing structures which serve as precursors to the long-
range ordered state.

Table I. SRO parameters for as-
quenched Ni-12.5 M% Si.

l inn *»mn

0 0 0
110
2 0 0
21 1
220
310
222
321

0.925
- 0.094

0.106
0.019
0.024

- 0,012
0.011

- 0,014

* Postdoctoral Associate of the Office of Naval Technology
>G. F. Taylor. Itiys. Rev, 33,055 (1024).
'.). 0. Avers, "Glass Fibers with Metallic Cores" in WU, RmHmu, (NRt Publication No, 158-4831 (June,
IOOO), pp. m-07

Fig, 1, Separated ISRO for as-
quenched Ni-12,5 at% Si,

•National Science Foundation Grant No, NSF-DMR-87-21796.
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X RAY DIFFRACTION FROM A LIQUID CRYSTAL FILM ADSORHKU ON SIN(il,K-
CRYSTAL (iKAPIIITK

P, Dni, S.-K. Wnng, II. Tawb, anil J. E. Buckley (U. or Mo.-Columbia); S. N, Ehrlich (Purdue U,); and J.Z, Urese

Recently, scanning tunneling microscopy (STM) has been used to image monalnyers of the bulk liquid-crystal
molecules n-alkylcynnohiphenyl (HCR) adsorbed on the basal plane surfaces of highly-oriented pyrolytic (HOPG)
graphite,'"' It is of considerable interest to verify independently the monolaycr structures inferred by STM. We
hnvc undertaken experiments in which synchrotron x ray diffraction and STM measurements are performed on the
mine 10CB film adsorbed on single-crystal graphite,

A graphite crystal was epoxicd to an aluminum pedcsutl which could he mounted cither in a Nanoscope for STM
measurements or on the Huber goniometer at the X18a beam line. The lOCB was vapor deposited onto the freshly
clcnved crystal by the same method used in the previous STM experiments.2 X ray diffraction scans with the
sqnlfering vector Q perpendicular lo the surface indicated that only a single layer of IOCS was adsorbed on Ihis
sample. In radial x my scans parallel lo the surface nearly along a graphite [100] direction, we observed a single
Itragg peak corresponding lo a d-spacing of 38,5 A as shown in Fig. 1. This is less than the ~43 A row-spacing in
this direction inferred from our STM images one of which is shown in Fig, 2, Possible origins of this discrepancy
are being considered, The Bragg peak of the mnnolaycr persists above 127 "C (Fig. I) with no indication of
thermal expansion. From both our x rey and STM results, we conclude that the 10CB monolayer is commensurate
with the graphite but has a different structure from that reported earlier on an HOPG substrate,2'-1

,... »

o.i4 n. in o in o n i o 13 M

4 IA ') d {.lugr^ei}

Fig. I Fig, 2

'J.S. Foster and J.E, Frommer, Nature 333. 542 (1988),
2D.P.E, Smith, II, Horbcr, Ch, Gerbcr, and G, Binnig, Science 245,43 (1989),
3D.P.E. Smith, J, K, H. Horber, G, Binnig, and H, Nejoh, Nature 344, Ml (1990).

Supported by NSF Grans 1 nMR-8704938 and DMR-9011069, DOE Grant No, DE-FC1(W-R5ER<I5I83 of the
MATRIX PRT at the NSLS, ay- »OE Division of Materials Science Contract No. DE-AC02-76CU00016,

ANISOTROI'Y IN CHARACTERISTIC X-RAY FLUORESCENCE DOE TO EXCITA-
TION POLARIZATION.

S. M. Durbin, R. Rana, S. Hoffman*, and S. Ehrlich, Purdue Univemity.

The charftcteriiitic line rfldifttion from a ntandard x-ray lube i» generally regarded »•
isotropic and unpolarized, whereas it in well known that the bremiitrahlung background
radiation is polarized along the direction of the electron deceleration in the target. There
is good reason to expect that the fluorescence excited by polarized incident radiation m»y
aliio be partially polarized and nniaotropic. When the exciting radi.tion ia an x-ray, the
polarization of this incident photon providen a direction about which angular momentum in
quantized. Thin imposes constraint)! upon the de-excitation procew which in general lead to
anisotropy in the fluorescence. Measurements of the angular distribution of L fluorescence
from Sm show evidence for a weak polarization, about 0.5%, as shown in the figure. Similar
measurements of Cu K radiation reveal no anisotropy.

1.010
Sm L Fluorescence

90 180 270
ANGLE (degrees)

360

Work supported by National Science Foundation Grant DMR-8657587.

* Kodak Fellow.
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Anomalous X-Ray Scattering of LausSro.isCuO^

with Ni and Zn Dopants

S. N. Ehrlich, S. A. Hoffman, S. M, Durbin and M. Castro (Purdue University)

Anomalous x-ray scattering measurements were made on polycrystalline samples of

lanthanum strontium cuprate, at 40 K superconductor, with and without dopants of nickel and

zinc. Measurements were made on Lai.asSro.iBCuO^, Lai,t5Sra,i;CuOo,97sNia,o2s04i

l.ai.KsSro,iSCuOo,<)75Znn.ojs04 and L.aLssSro.isCuOo^sNin.omZno.omCM in order to

determine which sites the Ni and Zn dopants occupy in the lattice structure. Fluorescence

EXAFS was first done on each sample at energies below and above the absorption edges of the

elements Cu, Ni and Zn. This data is then used to calculate the imaginary and real parts of the

structure factor for each of the above elements as a function of energy. The intensities of

several reflections were measured for each sample at energies below and above the absorption

edges of these elements. The calculated structure factors are then used to determine the

intensities of the same reflections assuming placements of the dopant elements in the lattice

structure.

Work supported by DOE under grant DE-FG02-85F.R45183 and the Indiana Center for

Innovative Superconductivity Technology.

ANOMALOUS DISPERSIVE X-RAY DIFFRACTION STUDIES OF YIU3C11,ssNio joGao ,SOT ,<

S. A. Hoffman*, G. C. Follia, and S. M. Durbiii (Purdue University)

Investigations of the lite occupancy of magnetic N! and nonmagnetic Ga simultaneously doped
into Yl)iijCiiaO7_j liave been done uaing anomaloua dispersive x-ray diffraction. Previous work on
Ni-rinpeil Yna3Ci!;i07_< showed a smaller decrease of Tc with concentration than that for doping
of nonmagnetic Zn into the tame material (e.g. ref. 1). This suggests a non-BCS response <n
magnetic spins. Doping by a magnetic impurity, however, not only contributes spins but may cause
changes in unit cell volume and carrier concentration. We have prepared ceramic specimen* of
VHHJCIIJ ssNiii.juGfK) ir,O7 _i simultaneously doped with Ni (charge 2-)-) and Ga (charge 3+) with
a 2:1 ratio, to maintain the 2,33+ charge of the Cu ions, with a minimal change in cell volume.

To interpret changes in 'I',- in our samples we must know where Ni and Ga go into the sample.
It is expected that Ni and Ga go into the two Cu sites (e.g. refs. 2,3). To determine the site dis-
tribution we use anomalous dispersive x-ray diffraction, which makes use of the strong dependence
of the structure factor, FHW,, °n the atomic scattering factor, f = fo + f + if", of an atom near it's
absorption edge,

We have measured the intennities of the (001) anil (002) reflections at nine energies near the
K absorption edge for each of the elements, Ni, Ga, and Cu. We have also made EXAFS scans of
the Ni, Cia, and Cu absorption edges to determine f", from which V is calculated. Values off" and
f for Ni are shown in ths figure. The site distributions for NI, Gn, and Cu will he determined by
fitting to the intensity data, using the measured values of f and f".

1. J, M, Tarascon.et, al,,
Phya- Rev. B, 36 , 8393 (1987)

2. R. S, Rowland, et. al.,
Phy». nev. D, SB, 90)7 (J989)

3. Y. Maeno, et. al.,
Nature, 328, 512(1987)
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Work supported by Indiana Center for Innovative Superconducting Technology and the National
Science Foundation through Grant DMR 8(157587,
*Kodak Fellow
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STRUCTURAL AND TRANSPORT MEASUREMENTS IN Lii1.HSro.2NiO(,lS-

S. A. Hoffman"', C. Venkatranmn1', S. N. Ehrlich1', S. M. Durbin", «nd G. I., Lied)1',

(a) Department of Physics, (b) Department of Materials Engineering, Purdue University VVesi
Lafayette, IN 47907

Lattice constants, electrical resistivity, and magnetization have been measured us a
function of temperature on single crystals of Lai.8Sro,2NiO<1(fi, a nickelate analog of lanthanum
strontium cuprate, the 40K superconductor. Tlie oxygen concentration WHS carefully controlled
to probe the region close to stoichiometrie lanthanum strontium nickelate, from 8 = 0.001 to
0.00.1. At least three phases appeared between room temperature »nd 4,2 K, The high
temperature tetragonal structure persists down to near 100 K, with semiconductor-like
resistivity showing activation energies between 32 and 54 ineV, depending on 8, Below UK) K
the structure transforms into a low-temperature orthorhonibic phase, ofien displaying distinct,
cycling-dependent changes in activation energies. In some specimens the resistance
occasionally fell by several orders of magnitude, but recovered to previous values within a few
degrees. X-ray diffraction rocking curves reveal striking changes in the mosaic spread of these
specimens as a function of both time and temperature, which helps explain the ineproducibiliiy
of the activation energies and the resistance anomalies. Although no further structural changes
are observed, a third phase is c.bserved below 20 K, where the paramagnetic susceptibility goes
through a maximum. Consistent with previous reports, the magnetic remanence becomes finite
below 20 K and the susceptibility decreases, sometimes becoming diainngiielic above 4.2 K.
The activation energy in the phase abruptly decreases to only 2 meV, while the resistivity
exceeds 10' Q-cni. No evidence of zero resistance was found.

Work supported by DOE under grant
DE-FQO2-85ER 4518,3 and NSP under
grant DMR8657587. v2- s.438
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Observation of Phase Effects in the Renninger Plot of a Quasicryatal.

II. Lee and R. Colella

Department of Physics, Purdue University, West Lafayette, IN 47907

When u 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 (hkl) intensity
vs. <>, the azimuthul 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 been pointed out that this ((symmetry 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: Alf t j jCu^PeuT The weak (240442)
reflection was used as the main reflection. The experiment was performed at NSLS using
synchrotron x-rays, with \ = 1.54 A The asymmetry effect on the wings of some Renninger
peaks could be clearly observed. Interpretation of these results using standard dynamical n-
beam diffraction theory will be attempted.

1) Q. Shen and R. Colella. Nature, 329,232 (1987),
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Giazing-Ineidence Small-Angle X-rny Scattering: New Tool for Studying Thin Film Growih

Jimime R. Levine, J. H. Cohen, Y. W. Chung and P. Oeorgeopoulos

Department of Materials Science and Engineering, The Technological Institute, Northwestern
University, Evunston, Illinois 60208, USA

Grating-incidence small-angle X-ray scattering (GISAXS) is introduced as a method of
studying discontinuous thin films, In this method, the incident beam is totally externally
rellccted from the substrate followed by small-angle scattering of the refracted beam by the thin
film. The experiment described establishes the ability of GISAXS to provide size information
for islands formed in the initial stages of thin film growth. The data presented are for gold films
of 0.7 and 1.5 nm average thicknesses on Coming 7059 glass substrates. The Porod radius a
volume area average, for the 1.5 nm film is shown below. The advantages of this technique are
that it is non-destructive, can be done in situ, provides excellent sampling slatistics, does not
necessarily require a synchrotron source, and is not limited to thin or conducting substrates.

Work is supported by MATRIX
through POfi contract no.
ni--rGO2-K5F.R45183.AOO5.
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Study of the Hnrly Stages of Precipitation in Al-Li Binary Alloys

V. Mahadev," K. Mahalingam,* G. L. Lied!," and T. H. Sanders. Jr1'

(a) Department of Materials Engineering, Purdue University, West Lafayette, IN 47907 (b)
Georgia Institute of Technology, Atlanta, Georgia

A structural study of the 8' precipitation in a binary AJ-3-2 wt% Li alloy was performed
by x-ray diffuse scattering experiments. The goal of this work is to provide information on the
early stages of precipitation. The relative roles of clustering, ordering, growih, and coarsening
are unknown in the early stages. Experimental information on the structural characterization
has not been previously reported. Scattering from a high intensity synchrotron beam is required
for sufficient intensity to study the early stages of the precipitation. The superlattice scans
shown below clearly indicate that the 8' precipitates exist in the as-quenched state itself. The
integrated intensities of the super lattice peaks increases with aging indicting an increase in the
volume fraction of the 8' precipitates with aging. This result clearly indicates that the initial
stage is due to a growth process. Peak width analysis indicates the average particle size
increased from 1.8 to 3.8nm on aging for 15 minutes. Further study involved the diffuse
scattering from a single crystal sample of the alloy in the as-quenched slate and after short
isothermal aging treatments at 433K. The average atomic displacements and short range order
parameters were determined. Calculated values of the displacements are very small, indicating
that the strains associated with the precipitation are negligible consistent with prior work. The
measured values of the short range order parameters indicate that the 8' phase is essentially
fully ordered in the as quenched state itself. A simple model is proposed to examine the
implications of the experimental observations

Work supported by DOE under grant -7
DE-FG02-85ER 45183 For the MATRIX f
PRT.
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EXAFS OF SPUrTTCR-DEPOSITEIJ MoS, FILMS'
J.R. Lince, MR, Hilton (Aerospace"), and A.S. Rommannavar (Brooklyn College of CUNY)

X1HB

Thin sputter-deposited MoS, lubricant films are finding increasing application in mechanical devices
used in space systems. However, their besic composition and structure are not well understood. R" H XPS
results' have shown that considerable amounts of oxygen can on*' <n these films, while X-ray iliffreuicm' and
transmission electron diffraction1 have shown that Ihc presence (if the oxygen causes the lattice constants in the
(h k 0) directions to he smaller than for pure MoS,. The results were consistent with the presence of a MoS,.
,(), solid solution with a MoS,-likc structure, which may Ire described us MoS, with oxygen atoms substituting
into sulfur lattice sitt-s. The small crystallite size and disorder in the films resulted in the inability to discern
multiple phases by diffraction.

EXAFS of the Mo-K edge was obtained for .sputter-deposited MoS, films produced at a numlwr of
laboratories. The resultant radial distribution functions for these films, which have 5-15% oxygen, are shown
in Fig. 1, along with that for a pure MoS] standard. The appearance of (wo peaks representing ncighltnring Mo
atoms [denoted Mo-Mo(l)|, shows that the Hints actually consist of two microcrystalline phases: a pure MoS,
phase and the Mo8,,O, phase mentioned above. The latter is represented by a peak indicating a smaller Mo-
Mo(l) distance, in agreement with the diffraction results that showed an oxygen-induced decrease of (he (0 0 1)
lattice constant. The small height of (he peaks relative to that for the MoS, standard is due to the small
crystallite size in the films. Increasing the relative amounts of the MoS,,(), phase results in smaller crystallite
sizes in the films.
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Figure 1 EXAFS Radial distribution functions
for (a) an rf-magnetron- sputtered MoS, film
grown at NASA Lewis (200 W/cm1 power
density), (b) a 900 W/cmJ NASA film, (c) an
rf-sputtcrcd film deposited on a 335 K substrate
at Aerospace, (d) a 525 K film deposited at
Aerospace, (e) a 525 K film with O, added to
the growth chamber during deposition, (f) a
DC-spuftcred film grown at Hobman Plating
and Mfg., (g) an rf-magnetron-spultered film
grown at National Centre of Tribology, and (h)
a MoS, standard.

'J.R. Lincc, J. Mater, Rc«. 5 (1990) 218,
'J.R. Lincc and P.D. Fleischauer, J. Mater. Res. 2 (1987) 827.
JM.R. Hilton and P.D. Fleinchauer, J. Mater. Res. & (1990) 406.
'Supported by the Aerospace Sponsored Research Program and by DOE- Divisions of Materials and Chemical
Sciences (DOE contract number DE-AC02-76CH00016).
"Aerospace Corp., P.O. Box 92957, Los Angeles, Calif., 90009
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XAFS AS A PROBE OF THE LOCAL COORDINATION ENVIRONMENT OF IRON IN
ORGANO-CLAYS AND COALS'

K. A. Carrado, K. Pandya and R. E. Winans (Argonne National Laboratory)

The nature of XAFS makes it a powerful tool for the investigation of short-range order of
transition metals in clays and coals, XAFS is atom-specific and, since it is sensitive only to
local environments of absorbing atoms, polycrystalline and amorphous rather than single crystal
samples may be probed.

Studies of transition metal-exchanged clays can yield information pertinent to catalytic mech-
anisms and simultaneously explore fundamental coordination chemistry. Clays containing
iron(lll) ions, for instance, are catalytically important materials, especially tvhen organomctallic
iron compounds are intercalated between the aluminosilicate clay layers. In this study, iit-situ
preparations of clays containing organometallic species are compared with analogous ion-
exchanged natural clay minerals. The specific organometallic compounds of interest are water-
soluble iron(III) porphyrins. Transmission data was gathered for iron(III) standards and the
mctallo-porphyrins relative to iron foil. Because the amount of iron present in the exchanged
and synthetic clays was quite dilute (<20% of the total absorption), fluorescence detection was
necessary for these samples. The data has not yet been analyzed.

Iron in pristine and weathered Argonne Premium Coal Samples was also examined by XAFS.
Although the data has not been analyzed, visual inspection suggests that there are significant
differences between the various ranks of coals. In addition, in some of the samples the iron
is affected by weathering, as shown in the figures below.

(a) (b)

Fiiure I. XAFS iron(III) fluorescence spectra of Illinois #6 coal (a) before ind (b) tfter
weathering (exposure to oxygen).

•This work WM performed under the auspices of the Office of Basic Energy Sciences. Division
of Chemical Sciences, U.S. DOE, under contract number W-3I-109-ENG-38.
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XA;-S STUDIES OF IRON-BASED COAL LIQUEFACTION CATALYSTS

Fulong l.u, B. Ganguly, N. Shah, M. Taghiei, F.E. Muggins and G.P. Huffman
CFFI.S, 233 Mining & Minerals Resources Building, University of Kentucky, Lexington,
KY 40506

QUANTITATIVE XAFS INVESTIGATION OF DIFFERENT FORMS OF ORGANIC
SULFUR IN COAL AND COAL EXTRACTS

S. Mitra, F. Lu, P. E. Muggins, N. Shah, and G. P. Huffman
233 Mining and Mineral Resources Bldg., University of Kentucky, I/'rington, KY 40506

XAFS measurements at the Fe K-edge are being used to investigate the dispersion
and local structure of various iron-based coal liquefaction catalysts. XAFS measurements
were made in fluorescent geometry from pulverized samples and were analyzed in
standard fashion.

To date we have examined the catalytic species obtained from Fe carbonyl used
in co-processing of coal and heavy oil residues and iron-oxide catalysts dispersed on coal
and carbon. XANES data, supplemented by 57Fe Mossbauer spectroscopy, show that the
actual catalytic species is iron sulphide formed from the Fe(CO)5 in the co-processing
samples. The dispersed oxide catalysts exhibit a RSF similar to that shown in Figure 1.
The difference in the amplitude of the next nearest shell peaks relative to the first oxygen
peak between this RSF and that from bulk-Fe2O3 (Fig. 2) is due to small particle size
effects in Fe2O3 catalyst. Work is in progress to quantify these size effects. Several
additional types of iron based liquefaction catalysts are also under investigation.
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This research is supported by the U.S. Department Of Energy through the Consortium
for Fossil Fuel Liquefaction Sciences under DOE contract No. DE-FC22-89PC89851.

Fluorescent XAFS experiments have been performed at the sulfur K-edge on
selected sulfur compounds and on sulfur-bearing coals and coal extracts. A typical array
of XANES spectra of compounds with different sulfur oxidation states is shown in Fig. 1.
The major peaks of these spectra arise from the electronic transitions from the Is to the
vacant np levels. The spectra were analyzed by means of a least-squares-fitting routine
based on an arctangent step representing the continuum edge jump and a number of
lorentzian peaks representing the ls-np transitions and scattering resonances. As each
different sulfur compound should have its own step and one or more peaks, a coal or coal
product containing a number of different forms of sulfur should have a corresponding
number of steps and peaks. A reasonable fit on our coal-related samples was possible
with just two arctangent steps, the first for sulfur bonded only to carbon and the higher
energy step for sulfur bonded to oxygen (Fig. 2). The relative peak areas were used in
o semi-quantitative way to ascertain the different organic forms of sulfur present in coals
or coal-related samples. Further work is under way to put these measurements on a
more quantitative basis.

1 2 •

• Raw data

— Fit
•••• Peaks
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•10 10 30
Ensrgy In eV (Sulfur standard)

Fig. 1 XANES of a few sulfur standards

•10 10
Energy in aV (Sulfur standard)

Fig. 2 XANES and least-squares fit for a coal

Supported by Electric Power Research Institute, Palo Alto, CA. [Contract RP-8803-20]



X19A

X-Ray Absorption Spactroacopy of tha Mn containing Cataiaae
from LactobacllluB plantarum.

G. S. Waldo and J. E. Penner-Mahn, U. of Michigan, Ann Arbor, Ml 48109-1055

Tha target of our rat aarch It tha manganata containing enzyme Itolated from Lactobaclllus
piMnlMrum. Thlt enzyme, and two related manganese catalates have recently been Itolated
and purified. Thete enzymet function at one the principle routes for hydrogen peroxide
detoxification In aerobic organlimt:

2H2O2 -* 2H2O + O2

Wa aeek to determine the nature of thlt biological oxidation-reduction reactlon-ths
ttructure and function of the manganete active site. Recently we have been able to prepare
and Interconveri homogeneous oxidation ttatat of the enzyme: a reduced Mn(ll)/Mn(ll)
form ; and an oxidized Mn(lll)/Mn(IV) form. We hava uted EPR to characterize the
Mn(lll)/Mn(IV) form.

XAS offers the opportunity to determine the oxidation state(s) of the reduced and native
forms of the enzyme. Model compound fits of XANES spectra (see Pig. 1) of these forms
indicate: the reduced form is predominantly Mn(ll); the native form is nominally Mn(lll);
and the oxidized form is a mixture of Mn(lll) and Mn(IV) forms •• confirming the EPR
results (see Fig 1). Preliminary analysis of the EXAFS (Fig. 2) of the oxidized form
shows a Mn-Mn distance of about 2.7 A, suggesting a di(u-oxo) structure for the bridging
llgands In the active site.

CHARACTERIZATION OF DEFECTS IN ICE SINGLE CRYSTALS.
X19C

•••U1

I. linker, F.I'. I.in (Thayer School of Kngin., Dartmouth College), C D V,n> and M. Dudley (SIINY Stony
llrnnk),

Synchrotron while ltr>am X-ray topography in transmission l.aue geometry has been MM*!! to characterize
th(! defect structures in single crystals of ire grown liy a technique based on thai of VVhitworlli el n\,'
S|iecial cold stages went doxigned lo Ixilh to transport I he crystals and to enable llnw to|iogra|iliic studies.
Figure I shown h white hrain synchrotron topograph (g= 1011) recorded from a hum thick ice single rrjhlal
Ocri'ds observed incluile dislocntioiisi D nnd small angle boundaries U The inlliKiire of ihiw lioundaruv
on plastic deformation behaviour is of /{real interest, and will form the subject of further studies in the
near future.

2mm

Fig 1 Fig 2

Fignrn 1.

deferences: (1) M. Ohtomo, S. Ahmiul anil R.W. Whitworlh, J. <ln Pliysiq., C l , 595, (I!I87).

Acknowledgeiiionts: Work performed in part on the Synchrotron Topography Project llramliue X-1'.K ,̂
which is supported by DOE under firant No. nE-FG02-81K!M!i098. Hesearch supported l.y Army Re-
search Olfice under contract DAAti2D-85-K'02&l. The authors arc grateful to I'rof. R.W. Wliitworili for
useful discussions.
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AN I N V E S T I G A T I O N I N T O FIBER A N D M A T R I X C R A C K I N G IN A N
INT E RME T A L L IC MATRIX C O M P O S I T E

J.E. Bcnci. Naval Air Development Center, Warminsler, PA.

The efficiency of gas turbine engines can be increased by decreasing ihe weight of the engine and increasing the
operating temperature. New lightweight materials with good high temperature strength must be developed to meet
the demands for higher ihrusl-lo-weight ratio jet engines needed for future high performance military aircraft.
Titanium aluminidr intermeiallic alloys are candidate materials because of their low density and elevated
temperature capability. However, these aluminide alioys generally exhibit low room temperature toughness. The
low temperature toughness of the titanium aluminides might be improved by reinforcing the alloys with high
strength fibers. If successful, Ihe titanium aluminide composites would have a lower density and may exhibit
increased stiff new and strength at elevated temperatures in addition to an acceptable room temperature toughness.

As part of a Navy sponsored program to investigate ihe feasibility of using titanium aluminide matrix
composites in turbine engine components, researchers at the Garrett Engine Division of the Allied Signal
Company have fabricated SCS-6 silicon carbide fiber reinforced Tij Al matrix composite samples. Monofilament
compression samples were machined from this material system in order to dcUrmine the strength of the fiber-
matrix interface. The samples were loaded in compression to a specified load and then unloaded. One sample was
dunned down to 2.7mm and examined with mkroradiography.

Figure l(a) is a microradiograph of the thinned sample from a region around Ihe lip of the (40}un diameter
SCS-6 fiber. The end of the fiber had broken off from the rest of the fiber. The fracture must have occurred during
processing prior to consolidation because ihe fracture region is filled with matrix material. A defect in the fiber is
visible in the mfcrondiograph shown in fig. l(b). This defect probably also occurred during materials processing.
No other cracking of the fiber and no cracking ii. ihe matrix was detected in this sample. However, a coating which
hod been applied hi the filler is clearly visible in the M/o microndiographs as lighter bands about 3 to IDjim wide
on both sides of the fiber.

ACKNOWLEDGMENTS
The radiography experiments were performed at Ihe Synchrouon Topography Project Beamline of the National
Synchrotron Light Source. BNL. which is supported by the D.O.E. under grant DE-FC02-84ER4S098. The T13AI
composite sample was provided by D.K. Schuyler from the Garrcll Engine Division of Allied Signal Company.
The author is being supported by a post-doctoral fellowship sponsored by the Office of Naval Technology.

(b)

Figure I. (a) Microndiograph from Ihe fiber tip region of the T13AI/SCS-6 composite compression sample
showing fiber fracture, (b) A notch in the fiber was delected as indicated by the arrow. The fiber coaling can be
seen as a lighter band on both sides of the fiber.

xwc
M I C R O R A D I O G R A P H Y O F A L U M I N U M - G R A P H I T E C O M P O S I T E S

J.E. Bcnci. Naval Air Development Center, Warminsler, PA.

Graphite fiber reinforced aluminum matrix composites are being developed as lightweight, high strength and
stiffness structural materials for naval applications. The properties and behavior of the matrix aluminum alloys and
OK ex -situ fibers are fairly well clwaclerized. The in-situ properties of Ihe fibers and fiber-matrix and fiber-fiber
interactions also need I) be characterized since these properties and interactions strongly influence Ike composite
materials behavior. In Liiss project, microradiography is being used to characterize the properties and interactions in
an aluminum-graphite composite system.

Some preliminary microradiography experiments were performed on as-fabricated Al-gnpiiile samples. The
lOtim diameter graphite fibers were received in a tow approximately 35Ojun in diameter consisting of several
dwusand fibers. The tows were laid-up in a plane separated by 5-600|un. Three layers of lows were Slacked on top
of each other so thai Ihe second layer was offset by half the low spacing from Ihe first layer, and the lows in the
first and third layers were lined up resulting in a hexagonal amy of lows in OV fiber cross-section. The sample
was oriented in the x-ray beam *o thai Ihe plane of Ihe tows was perpendicular 10 ihe beam.

Figure l(a) is a photomicrograph from a radiograph of the Al-graphile sample. The contrast modulation every
5-6OOum in the x-direction is caused by the geometry and spacing of the lows. Figure l(b) it a higher
magnification photomicrograph from a region of the radiograph seen in l(a). Pans of individual fibers are
distinguishable as dark lines about 5-lQMm wide in this micrograph.

Tensile samples of this material are currently being fabricated. These samples will be deformed 10 various
strains and then examined with microradiography to the evaluate Ihe behavior of the composite.

ACKNOWI FnTiFMRNTS
The microradiography experiments were performed at the Synchrotron Topography Project Beamline of the
National Synchrotron Light Source, BNL, which is supported by the Department of Energy under grant DE-PG02-
84ER4S098. The Al-graphMe samples were provided by B. Maruyama and R.K. Everett of Ihe Naval Research
Lab. The author is being supported by a post-doctoral fellowship sponsored by the Office of Naval Technology.

Figure 1. (a) Microradiograph of an aluminum-graphite composite sample. Contrast modulation on the 500-
6C0|im scale is due to ihe low geometry and spacing, (b) Higher magnification view of a region from (a). Pans of
individual fibers can be seen as dark lines 5-KVTI wide in this microradiograph.
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X-RAY TOPOGRAPHIC OBSERVATION OF THE INTERACTIONS BETWEEN DIS-
LOCATIONS AND TWIN LAMELLAE IN TERPHENYL SINGLE CRYSTALS.

II. OiSalvo and M. Dudley (SUNV Slony llrook), W. Jones (Cambridge U.),

X-rny topographic studies have been undertaken of twin lamellae in p-terphenyl single crystals.1 These
lamellae, which are invariably observed in closely spaced pairs, are occasionally observed in preference to
the macroscopic twins reported separately in this volume.3 These pairs of twin lamellae have associated
stress fields which appear effective in both generating dislocations and interacting with mobile dislocations
in the surrounding crystal, Kxamples of these twin configurations are shown in figure 1 (g=211, A=1.23A),
which shows 2 such pairs. Note the long dislocation loops, L, emanating from the twins, T. The twin
lamellae are too thin to give rise to orientation contrast, bu'< become evident through extinction contrast
from their associated strain fields. Determination of the conditions under which this strain contrast is
invisible enables determination of the twin plane, This contrast minimum wns observed on the (201)
reflection, as shown in Figure 2 (A=1.3lA. Note that the twin is invisible whereas some of the dislocations
remain in contrast), so that the twin plane was the same as that of the macroscopic twins, i.e. (201). In
figures 1 and 2, note the interaction between the ends of the twin lamellae and the group of dislocations
generated at the mounting point, M of the crystal. The progress of these dislocations has clearly been
impeded by the presence of the twin lamellae.

O.Sinni

Fig'iro 2.Figure 1.

References: (1) G.-D. Yao, M. Dudley, S.-Y. Hou and R. Disalvo, to appear in Nucl. Instr. tc Moth.,
(1091), (2) S.-Y. llou, M. Dudley and W. Jones, in this volume.

Acknowledgements: Work performed in part on the Synchrotron Topography Project fia,mlihe X-19C,
which is supported by DOE under Grant No. I)E-FG02-84EIM5098. and funded in part by the donors of
the Petroleum Research t\md, which is administered by the American Chemical Society.

X19C
X-RAY TOPOGRAPHIC STUDIES OF DISLOCATION MO'IION IN SILICON CAUSED
BY RAPID THERMAL PROCESSING (RTP).

T. Fanning, G. Toiis, F.F.Y. Wang and M. Dudley (SUNY Stony Brook), D.T. llodul (Vatian Research
Center, Palo Alto).

Synchrotr' n Topography has been need to investigate the influence of Rapid Thermal Proce-*;..; (RTP)
on the low dislocation densities often observed in nominally "dislocation-free" silicon wafc ,- ''.oeesring
conditions were chosen to be within what are generally accepted an being safe working condition for the
technique (according to the usual criteria of no generation of slip bands which are visible optically). Figure
1 (g=133, A=0.57A) shows a typical dislocation configuration oberved in the wafer* prior to IOT. Net*
dislocations 1 and 2 and the slip band I), The line directions of the various segmenU of dislocations 1 uid
2 arc indicated on the figure. Figure 2 (g=133, A=0.57A5 shows the umc volume of crystal following RT'!1.
Note the glide that has occurred in two segments of dislocation 1 and in dislocation 2. Dislocation 2 his
also interacted with the swirl defect S. In addition note the propagation of slip band B. It it clear from
this work that significant dislocation motion, which can be detrimental to subsequent device performance,
occurs under conditions which were previously thought to be within "safe working limits"- Further research
is being conducted to redefine these limits.

[101], [112] ftOl]

fl.Smin

Figure 1. Figure 2.

References: M. Dudley, F.F.Y. Wang, T. Funning, G. Tolis, J. Wu and D.T. Hodul, to appear in Muter.
Lett*., (1990).

Acknowledgements: Work performed in part on the Synchrotion Topography Project Beamline X-19C,
which is supported by DOE under Grant No. DE-FG02-84ER45098, and funded in part by the donors of
the Petroleum Research Fund, which is administered by the American Chemical Society. RTP performed
at Varian Research Center.
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x-nAY TOPOGRAPHIC STUDIES OF THE INFLUENOR OF RAPID THERMAL PRO-
CESSING (RTP) ON SWIRL DEFECTS IN SILICON,
T. Fanning, G. Tolis, F.FY Wang and M. HutUey (SUNY Stony «took), D.T. Ifoctnl (Varían Research
Center, l'alo Alto).

Synchrotron Topography hag been usci) to investigate the influence of Rapid ¡liermal Processing (RTP)
on type-A swirl defects in silicon. Processing conditions were chose» to be within what are generally
accepted as lining safe working conditions for tile technique (as in the case where dislocation studies were
conducted, as reported separately in this volume). X-ray topographic contrast outlined from the swirl
defects, S, prior to RTP, is shown in Figure ! (g=133, A=O57A). The contrast most ofien consists of a
single or double line of enhanced intensity compared to the background. Information on t i e nature of the
strain Held associated with the swirl defect is obtainable from contrast variations on different reflections.
If the spatial orientation of a segment of circumference of the swirl defect can be defined by a radial vector
R. (which is oriented perpendicular to the circumference), then examination of a series of images recorder!
with g vectors perpendicular to this vector reveals that the swirl defect disappears. I» Other words, contrast
disappears when g • R ¡s zero. Figure 2 (g=W!,1, ,\=fl.57Á) shows the same area imaged in figure I, this
lime following RTF- Note the enhancement of the contrast associated with the "wirl defect. Analysis of
contrast o« different reflections s|\ows that the directionality of the strain field is unchanged, so that there
Is simply an increase in the magnitude of Hie strain associated with Hie defect which accompanies RTP.

O.Siiua

Figure 1, Figure 2,

References: M. Dudley, F.F.Y. Wang, T. Fanning, 0 . Tolis, J. Wit and D.T. Hodui, to appear in Mater .
Lett»,, (1090).

Acknowledgements: Work performed in part on ihe Synchrotron Topography Project Qeamline X-19C,
which is supported by DOE under Grant No. DE-FG02-84ER45098, and funded in part hy the donors of
the Petroleum Research Fund, which is administered by the American Chp.nical Society. RTP perform*«!
at Varían Research Center.

XlfC
WHITE BEAM T O P O G R A P H I C IMAGING OF DEFECTS IN INDIUM ANTIMONIDE
SINGLE CRYSTALS.

R.W. Green and G. Bryant (O.E. Corporate Research, Schenectady), G. Ramseyer and T.H. Myer« (G.E.
Electronics Lab., Syracuse) and M Dudley (SDNY Stony Brook)

Many of the applications for InSh tingle crystals require defect free material, so Ibat non-destructive
characterization of defect structure in such crystals is desirable. To this end, the defect structure of single
crystal InSb has been examined using white beam synchrotron topography in transmission geometry
Defects observed include dislocations generated during the growth process, some residual surface damage
induced during polishing, and some inclusions, thought to he small "island grains" (small grains willi a
surface orientation that differs slightly from that of the matrix). Figure 1 shows a detail from a transmission
topograph (magnification 50X), showing curved dislocation images D. Figure 2 shows a detail from asimilar
topngrapb (SOX), showing several inclusions I

Figure 1,

Figure 2.

Acknowledgements: Work performed in part on the Synchrotron Topography Project Deamline X-19C,
which is supported by DOE under Grant No. 15E-FG02-84ER45098. Research funded by POD contract
awarded to General Electric Company.
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W, P, Hanson and B, E. Green (The Johns Hopkins U.)

The synchrotron is being used to investigate the effect of a
variety of resonator properties on the mode shape, strain fields
around defects in the crystal interact with the acoustic wave and
change the mode shape. The size and orientation of the defects are
being compared with their effect on mode shape, A Michaeison type
heterodyne fiber optic interferometer will be used in conjunction
with the synchrotron beam. The interferometer will be used to
measure the displacements in the oscillating quarts crystal plate,
A displacement map of the resonator will be generated by scanning
the crystal in front of the laser beam with a computer controlled
x-y stage, signal processing techniques should yield resolutions
of ,1 A.

l Topograph of oscillating 10 MHz Quartz Resonator

Thia work h«« baan aponaorad by tha cantac for Noitdaatruotiva
evaluation (CKDI) at Tha Johns Hopkina Univaraity.

X19C
SYNCHIlOTnON X-RAY TOPOGRAPHIC OBSERVATION OP PREFERENTIAL ItE-
ACTIVITY AT DISLOCATIONS IN »IS(PROPIOLATO)TETRAAQUOZINC(II) SINGLE
CRYSTALS,
S.Y. !Iou and M. Dudley (SUNV Stony Orook), ll.M. Foxnian (Brandeis Universi-..i).

While beam synchrotron topographic imaging, using a filtered beam, has heen used to investigate the role
of dislocations in the X-ray induced solid state polymerization reaction of bi&(prnpin|ato)tetraaiiuozinr(]|)
eingle crystals. This reaction involves a single crystal to amorphous transition. Therefore, if reaction
occurs preferentially at dislocation sites, the dislocation ttrajn field should he relaxed since the reacted
volume surrounding Die dislocation line heco,nea amorphous. On an X-ray topograph, this should manifest,
itself by a loss of definition in the dislocation images. Figures 1-3 (g=112, A=04A), recorded in situ with
cumulative exposure times of 80, 120 and 1&5 seconds, respectively, show that this actually occurs '

Figure 1,

0,5mm

Figure 3,

Figure 3,

References:
1. M- Dudley, S-Y. llou »nd BM. Foxman, Mol. Cryst. Liq. Cryst., (J990), (In Press).
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which is supported l>y DOB! under Grant No, DF>FG0'2-8<tKR4&098, and funded in part by the donors
of the Petroleum Reaenrch Fund, which is administered by the American Chemical Society (Mil), and by
NSF under (rant No. DMlt 88)3427 (DMF).
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X-RAY TOPOGRAPHIC STUDIES OF TWINNING IN TERPHENYfc SINGLE CRYS-
TALS.

S.-Y. lion BIKI M. Dudley (SUNY Stony ItrooW), W. Jones (Cambridge U.).

X-ray topographic studies have been undertaken of twinning in lerphonyl single crystals. Analysis of
I.aue patterns obtained from parent and twin rogions of crystal has enabled unambiguous deleniiinntinn
of the twin plane (through which the lattice is mirror reflected) in this system* Figure 1 shows a typical
transmission Lane pattern recorded from a twinned crystal, recorded with the twin plane parallel to the
incident heam direction. Figure 2 shows a detail from » topograph taken from such a typical (.fine pattern
(g=201, A=1.2;lA) showing the contrast from the twin boundary itself, T, (there is no orientation contrast
on this reflection) as well as dislocation loops, I,, emanating from the edge of the crystal

Figum I ,

0,5mm

Figure 2,

Acknowledgements: Work performed in part on the Synchrotron Topography Project Ueamlillfi X-19C,
which is supported liy DOE under Grant No. PE-FG02-8<IEiM5008, and funded in part by the donors of
the Petroleum IleBearch Fund, which is administered by the American Chemical Society (MR),

X19C
X-RAY TOPOGRAPHIC STUDIES OF THE DISTRIBUTION OF DAMAGE ACCOMPA-
NYING THE ELECTROMAGNETIC BREAKDOWN OF PN JUNCTIONS ON SILICON.

G. Tolis, M Dudley (SUNY Stony Brook), C. Fazj (Harry Diamond Laboratory) and D. Gordon-Smith
(University of Warwick).

Variable penetration depth white heam topographic imaging has been used to determine the distribution
of damage as a function of depth, resulting from the electromagnetic breakdown of PN junctions on silicon.
Damage resulting from breakdown in bath forward and reverse bias was studied, and clear differences were
revealed. Damage in the reverse bias case was much more extensive in the regions close to the specimen
surface than in the forward bias case. In the forward case, damage very close to the surface (within the
first few microns) was found to be relatively small, whereas damage was found to increase beyond this
depth. These results are in qualitative agreement with calculated estimates for the distribution of dauiagi-
as a function of depth. Figures 1-3 show details from three grazing Bragg-Laue lopographs, recorded from
a PN junction which failed in forward bias. Each image lias a different Jfineinatical penetration depth (rj).
Figure 1, g=3i3, A=0.85A, tj=3.4/im; Figure 2, g=3l"S, A=0.OA, tj=fl.l/im; Figure 3, g=313, A=0.'J!)A,
tj"=IO.5/im. Note the contrast changes which become apparent as the penetration depth in

Figure 3,

Acknowledgements: Work performed ill part on the Synchrotron Topography Project Beamline X-1M",
which is supported by the U,S. Department of Energy under Grant No. DE-FG02-8-1EIU5098, and funded
by Harry Diamond Laboratory through I,os Alamos National Laboratory.
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THERMALLY INDUCED STRAIN IN GALLIUM ARSENIDE AS OBSERVED IN WHITE BEAM
TRANSMISSION TOPOGRAPHY

J, M. Winter, Jr., and R. E. Green, Jr., Center for Nondestructive
Evaluation, The Johns Hopkins university, Baltimore, Md., 21218

This x-ray topography effort uses synchrotron x-ray radiation for
imaging gross defect structures in "as-received, cut-and-polished"
GaAs wafers, which are otherwise ready for initial processing in a
monolithic microwave integrated circuit production line. A real
advantage of this approach arises from the fact that the measurements
generate data in the form of images.

In the course of development of this technique for GaAs, we have
moved from initially making mosaics of static "snapshots" to
implementing a scanning "camera". The latter generates on film a Laue
diffraction image of (a large part of) a three inch wafer in a single
pass. Although the resulting images reveal a lot of fine detail on
the defect structure, they have been plagued with various distortions,
particularly noticeable along the edges. Major modifications of the
scanning camera were implemented with the intent of eliminating the
possibility that the camera itself was responsible these distortions,
with no corresponding'improvement in the scanned images.

Further measurements revealed the distortion was related to a
warping of the wafer caused by inhomogeneous deposition of thermal
energy during the scan. This thermal energy presumeably is generated
by the absorption of a major portion of the incident beam, most of
which is at the wrong wavelength to contribute to Bragg diffraction.
The amount of strain induced can better appreciated by estimating the
radius of curvature necessary to give the observed distortion. Such
estimates yield radii of curvature in the range of twenty to thirty
feet. We are addressing this problem by reducing the total absorbed
flux, thereby reducing the heating effect. The film originally used
is relatively slow with more spatial resolution than we require for
the observed structures within the Laue images. We can scan
appreciably faster using faster film, While sacrificing some spatial
resolution. Measurements made with much faster emulsions have been
quite successful. We have sucessfully scanned a wafer without
introducing distortion, rescanned at half the rate to cause
distortion, let it cool, and scanned a third time at the original high
rate to again reproduce the undistorted image.

Acknowledgements: This work was supported by Weptinghouse Applied
Technology Division, and was performed on beamline X-19C at the
National Synchrotron Light Source, which is supported by the U.S.
Department of Energy, Division of Materials Sciences and Division of
Chemical Sciences.

X-10C
COMPUTER AIDED ANALYSIS OF WHITE HEAM SYNCWIOTRON X-RAY TOPOG-
HAPHS.

J. Wn and M Dudley (SUNY Htony llrook),

In order to expedite analysis of synchrotron whitf) radiation topography it is extremely useful to he able
to obtain stereographic projections of the crystal utilized in the experiment, for any orientation, and also
he able lo either generate the associated l,aue patterns or index the associated I.aue patterns, for any
incident beam direction, ami any detector portion and orientation. To these ends, computer programs
have been developed on heamline X-IOC to (]) plot stcreographic projections for any crystal structure
and in any orientation, into which structure factor and extinction information can be inserted so that only
the poles of high intensity reflections are plotted', (i!) Generate haue diffraction patterns for any incident
beam direction and for any crystal structure (llii» program also works for any relative orientations and
positions between (he specimen am) detector); (3) Index L»ue patterns for any crystal structure in the
case that the incident beam is perpendicular to the detector. These approaches and algorithms have Iteen
developed independently by I he authors and programmed in 1I)M3O9O and HIM personal computers by
using FORTRAN and Pases! with Disspla and Turbo Graphic Toolbox software. A computer program,
based on the algorithms of Mjltat and Dudley1, which exploits projective geometries on white I.eam
topographs to help in defect geometry analysis, has also been developed by the authors. This program,
which lias been expanded to allow for any relative rotations between detector and specimen, as well as
for any crystal structure, enables routine determination of dislocation line directions from their projected
directions on any two reflections. These programs have successfully been used during analysis of results
of work on for example silicon, magnesium, Zn(II3O).|(IIC=CCOO)a, p-terphenyl, LaGaO3, pyrene, PTS,
CdTe and GaAs crystals. The figure below shows a comparison between experimental ((a)) and calculated
((!>)) Laue patterns for a single crystal of Zn(H:iO).,(llC=CCOO)j (monoclinic structure), with beam
incident normal to the (0 15 1) planes.
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References: (1) Miltat, J. and Dudley, M., J, Appi- Cryst., 13, 555, (1980).
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program are acknowledged.



X19C
an.OWTII AND CHARACTERIZATION OF MAGNESIUM SINGLE CRYSTALS.

.1. Wo ami M. Dudley (StINY Stony lirook).

Single crystals of magncHiiini were grown from the melt under an argon atmosphere in a gradient furnace
liy Ihn llridgmau technique. Different hoat shapes and material)) were tented in order to minimize stresses
induced l>y ililferential thermal expansion and contraction hetween the boat and crystal during the growth
process. Graphite was found lo lie the moat suitable crucible material, in order to avoid problems with
vaporizr.lion and oxidization of the magnesium, different maximum temperatures, temperAture profiles,
furnace heating and cooling rates, and crystal growth rates were tested to achieve best results. This
methodology has enabled growth of bulk single crystals of sufficient perfection for x-ray topographic anal-
ysis. As grown single crystal magnesium specimens were cut (using a diamond saw) and then mechanically
and chemically polished to remove any residual damage and stress. A series of vacuum anneals was carried
out to further improve the quality of the single crystal specimens, Then while beam synchrotron radiation
x-ray topography was used to characterize the quality and defect structure of tbe magnesium specimens.
Figure 1 shows a synchrotron white beam x-ray topngraph of a slice cut from an as-grown magnesium
crystal- Figure 2 shows a synchrotron x-ray topograph of same specimen after series of anneals. It is
clear that the quality of magnesium single crystal sample was significantly improved after tbe annealing.
Several twin lamellae and dislocation tangles are in evident in these images,

\

Figurn 1. Figure 2.

Acknowledgements; Research work was supported by the Division of Materials Research, National Science
Foundation, under Grunt No, OMH-850H918. The topographic work was performed on the Synchrotron
Topography Project, lienmlJuR X-IOC, which is supported by the U.S. Department of Kncrgy under Grant
No. niM'GOZMKIHMWS

xwc
WHITE BEAM TOPOGRAPHY OF NATURAL DERYL SINGLE CRYSTALS.
G.-D. Yao and M. Dudley (SUNY Stony Drook), C.Y. Yang (UNI,).

The large unit cell volume and good quality of Beryl single crystals have suggested potential application
as low energy monochrnmatars, An Usue crucial to such application is that of radiation damage. Tins
report describes the results of a preliminary study of white beam radiation damage in natural beryl single
crystals. Contrast changes observed differ from those observed by Herres and Lang1, and, contrary lo
the results of these authors, visible coloration was evident in the crystals after irradiation. Figures 1-3
show white beam topographic images recorded after cumulative exposures to the full white beam available
on X-19C, of lOsecs, 2hrs and 4hrs, respectively, Contrast changes appear to indicate appreciable lattice
bending, possibly giving rise to multiple scattering effects previously observed in bent Si crystals.2

2mm

Figure I ,

Figuro 3.

References:
1. N. ilerres and A.R. Lang, J, Appl. Cryst,, 1(1, 47, (198.1).
2, K. Naukkarinen and T. Tuomi, "hys, Stat, Sol,, (a) 08, «87, (1982).
Acknowledgements: Work performed in part on the Synchrotron Topography Project. Heaniline X-lltl',
which is supported hy DOE under Grant No. DR-FG02-84ER45098.



ANALYSIS OP DEFECTS IN STRAINED LAYER SYSTEMS.
X19C

U»

8

G.-D Yao and M. Dudley (HUNY Stony |)rook), D. Paine and D. Howard (Division of Engin., Brown U.),
UN Sacks (United Technol. Research Center, ?Mt Hartford).

Strained layer systems allow great flexibility in tailoring electronic and optical properties. Since the ma-
terials which make up the heterostmcture are - above a critical Dim thickness - mechanically metastablc,
they may undergo strain relaxation during growth, device processing, or operation. The defects introduced
during relaxation catastrophic/illy degrade the most desireahle electronic properties of the material and,
hence, relaxation imiBt. be avoided. While there hn« been great progress in the area of strained heterostruc-
turea, and in the lutGai_,As/GaAs system in particular, questions about the mechanisms of strain relief
via dislocation formation still remain. The study of mechanisms and kinetics of dislocation nucleation
and propagation in strained-layer systems iB essential both to the fundamental understanding of defects
in pneudomorphically grown thin films and to guide future device development. Hera were provide a brief
report of the application of a technique which is particularly suitable for the investigation of defects in
strained-layer systems: Synchrotron X-ray Topography.

The epitaxial layers used in this work were grown in a Varian CRN II Molecular Beam Epitaxy
(MBE) system. For each film the following layers were grown in sequence; a 100 nm thick buffer layer of
GaAs, a 1(1 nm thick AlAs layer, then 80 nm'sof GaAs, a M.<1 nm thick strained layer of ln,Xi»i-iAs,
and finally an 80 nm thick GaAs cap.The following In concentrations were studied: i=0.0S, 0,10, 0.19,
and 0.22, although results are only presented for i=0,05, Figure 1 shows a (100) reflection topograph
allowing a typical uiti'rfnc'm] dislocation striiclurn. The lengths of the segments of dislocation correlate
well with Transmission Electron Microscopy studies.1 In addition, graiing Flrngg I,ane topography has
enabled depth profiling of the dislocation distribution.1

0.2mm
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Figurn t.

References: G.-D. Yao and M, Dudley, D. Paine, D. Howard and R.N, Sacks, to appear in Mntur. Sci,
fc Eiigln. D,, (1091).
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which is supported by DOE under Grant No. DE-FG02-8<IRR4fiO()8, and funded in part by the donors of
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X19C
CHARACTERIZATION AND ANALYSIS OP TWINNING IN LANTHANUM GALLATE
SINGLE CRYSTALS USING WHITE DEAM SYNCHROTRON TOPOGRAPHIC IMAG-
ING.

fi.-O. Yao, M. Dudley, Y. Wang, X. t.iu and R.C. Liebermann (SI/NY Stony Brook).

The nature of twinning in both the room temperature orthorhombic and high temperature rhombohedral
phases of l.nGaOa has been revealed using white beam topography in both reflection and trausmiuioii
geometriea. The twin systems were unambiguously identified by calculating the angular shifts between
diffracted beams emanating from twin related regions, and comparing with observation. Four different
kinds of twin were identified in this way in the room temperature phase, while only one kind waa discernible
in the high temperature phase. Figure 1 shows a reflection topograph recorded from the planea parallel
to the (110)orlk specimen surface, clearly showing the twin domains. Note the shift associated with twins
T(l). Figure 1 shows a similar topograph recorded with an orthogonal plane of incidence. Note how the
shift associated with the same twins T(I) differs from that evident in figure 1.
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Figure 2.
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which is supported by DOE under Grant No, DE-FG02-84ER45098. Research funded in part by NSF
under Grant No. DMR 8SO6048 and by the donors of the Petroleum Research Fund, which ii administered
by the American Chemical Society (MD). Tlmnks to P, Mankiewich (Bell Labs, and Boston II.) and J
Lukena (Stony Brook) for providing samples.



X19C
X-RAY TOPOGRAPHIC STUDIES OF THE PHASE TRANSITION OCCURRING AT
MS'C IN LANTHANUM GALLATE.

G.-D. Yao, M. Dudley, Y. Wang, X. Liu «mt ll.C. Mehornmnn (SHNY Stony Brook).

An i« sifu while beam synchrotron topographic study of tin! phase transition occurring in i,»CiiiO:i m. \<\!>°('.
has liecn uiiili'rtrtkcii,' 'J The room temperature microstructiire was dominated by twins (nee accompanying
experimental report on twinning in this material). AH the temperature approached the transition tem-
perature the density of twins ww seen to diminish, and at the transition temperature, the Lane pattern
nf the room temperature orlhorlionihic phase was gradually replaced liy that corresponding to the high
temperature rhombohedral phase. Figure 1 shows a region reproduced from the Laun pattern correspond-
ing to the orthorhomhic phase, recorded at zoom temperature, Figures 2 ami .'I, show Hit; same region at
temperatures of H5°C, and 147.6*0, respectively. Note how the density of twins revealed in lioth figure
2 and 3, decreases as the temperature increases, The surface distortions associated with the changes in
twin configurations which accompany the transition, are important when considering the usefulness of this
material as a substrate for high ffc superconductor epilayers.

Figure 2
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Figure 3.

Inferences;
1. G.-D. Yao, M.Dudley, Y. Wang, X.Uu and ll.C, Uebermami, submitted to Mater, Sci. it Eng,, (1990),
2, Y. Wang, X.l.iu, 0 , -0 , Yao, ll.C. Liehermann and M. Dudley, nubmitted to Mater. Sci. Jk Eng.,
(1090).
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X19C
DETERMINATION OF THE DEPTH OF DISLOCATIONS IN GALLIUM ARSENIDE
EPILAYERS ON SILICON.

G.-D. Yao, J. Wu and M. Dudley (SUNY Stony llrook), II.-Y. Liu and Y.C Kao, (Texan Instruments).

Variable penetration depth white beam topographic imaging in grazing Dragg-Laue geometries hat born
utilized to determine the depth of dislocations in GaAs epilayers on Si. The the topographic images of
the dislocations of interest, which are of edge type, and which are parallel to Hie interface, can be luaijr
lo appear and disappear by small changes in diffraction geometry, The visibility of these images ha* been
shown to depend on whether or not the rays which can form the image pierce the volume surrounding the
dislocation line which contributes to the image. The penetration deptli of these rays, which are outside
the normal acceptance angle of the perfect crystal and so do not experience extinction, can be computed
using kinematical theory. The volume contributing to the image can be defined by computing the she. and
shape of the volume surruiinding the dislocation line for which fi(&0) > 6 where, A(A0) is the effective
misorientation and & is the perfect crystal rocking curve width. This volume is delineated by a contour over
which />(A0) = 6. Figure* 1 and 2 are grazing Bragg-Laue topographs recorded exclusively from the epilayer
(substrate contributions are attenuated in the epilayer due to Hie skew geometry). The edge dislocations
are visible in Figure 1 but not figure 2. Figure ,1 and 4 show the equi-elfcctive misorientation contour
plots corresponding to figures 1 and 2 respectively, showing the dislocation at the interface. Superimposed
on these plots are the corresponding kinematical penetration depths. Figures 1-4 demonstrate that the
dislocations are indeed visible if the rnys of interest pierce tlie contour of interest.'•a'3

Figure 3. Figure 4.
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X20A

PHASES AND TRANSITIONS OF THE AU(OOl) SURFACE

S.G.J. Mochrie, Physics Department, Massachusetts Institute of
Technology, Cambridge, Massachusetts 02139, D M . Zehner, Solid
Stale Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
R.M. Ocko and DOOM Gibb.s, Physics Department, Bmokhaven National
Laboratory, Upton, New York.

As part of an ongoing investigation of I he (001) surface of Au,
we have performed measurements of the absolute x-ray reflectivity
of the Au(001) surface at X20 (examples are shown in the figure).
These experiments have lead to a detailed, microscopic picture of the
surface reconstruction. The atoms in the top layer form a (slightly
distorted) hexagonal lattice which is incommensurate with the layers
of square symmetry lying beneath. An additional key feature of this
structure is a substantial surface corrugation, which propagates from
the surface to subsurface layers. Furthermore, we have found that
the amplitude of atomic vibration in the direction perpendicular to
the surface is significantly enhanced over-and-above the bulk value
for several near-surface layers.

X20A.C

X - R A Y SCATTERING STUDIES OP THE SIO,/8I(001) INTERFACE STRUCTURE.
T.A. Rabadaau, I.M. Tidiw.ll, P.S, Parakan (Harvard U.), J. Bavk and B.S. Fraar (AT&T Bali laba)-

X-ray ralactivity and gruing incidanea diffraction (GID) kava baaa amployad in • atudy of tba
9lO,/3i(001) intarfac. atructur*. Tha aubatrataa otiliiad In thaaa atudic* win wall oriantad (.025-.0W
miacnt) Si(001) wafan. Prior to oxidation 2x1 dimar raeonitructad Si aurfaca* witb minimal dafact deniity
wara nbtainad by MBES irowtb of ~250OA of Si followad by briaf bi|b tamparatura annaala. Tba SiO./Si
intarfacaa war* prapvad by (a) oxidation for 12 or mora boura in pur" oxyga* at room tamparaiwe, (b)
oxidation for two or mort how* in humid air, or (c) oxidation for 12 houri in pur* o x y i u at room tem-
paratur* followad by a 2.S hour annaal at B5fl°C in vacuum. Throughout aampi* tranaport from tba MBE
frowtk cbambar (ATfcT Ball Laba) to NSLS and tha x-ray maaauramanta tba aubatrataa war* maintained
in vacuum.

Spacular raftactivity, truncation rod (witb intagral and half intafrai in-plane momentum tranafer), and
GID data wara collactad. Fita to apacular ralactivity data indicata oxida thicknaaaae ranga from SA (dry
oxidation) to 10+A (wat oxidation). Spacular and truncation rod data »ra itaad to cbaracwriaa tka loaa of
cryatailina ordar at tha SiO./Si intarfaca. IVunction rod data at amall / and H, k integral abow auparUltic*
paaJti raanltuf from wall ordarad arraya of tarracaa at tha SiO,/Si intarfaca. (Tbaac tarracaa aria* from tka
amall imacnt ralativa to tha (001) axia.) GID data provida claar avidanc* of a 2 X 1 apitaxial atructura at
tha SiO./Si intarfaca. Tha charactarutic l«n|th of tha dry oxida apitaxial atructura (on* over tha GID paaJi
kaif widtka comctad for inatrumant raaolntion) ran|a* from 4B00A in tha diraction parallal to tba Urraca
•dfaa to SOOA >> tha diraction parpandicular to tba tarrac* adfaa. Comparabla in-plana characUriatic
lanftha war* obaarvad for all oxidaa atudiad ra|ardlaaa of oxida formation condition*. From tha intcgratad
intanaity of tha GID paaka and tb* abaolut* acattarinf intanaity alonf fractional ordar roda it ia avidant
that tba 2 X J intarfacial ordar ia tba lariaat in th* dry oxidiiad wafar with aubataatial loaa of auch ordar
apparant apon tharmal annaalinf or wat oxidation.

Tha aynunatry of th* obtarvad GID acaMarinf pattarn ia inconaiatant witb criatobalit* or tridymit* baa«d
modala of tha SiO./SI intarfaca atructura. Of th* many modala taatad for conformity with tha acattarini
data th* b«»t afraamant w u obtainad for a diatortad, oxidiiad dimar :tructura localiiad *t tha SiO,/Si
intarfaca.

Work aupportad by tha DOD Joint Sarvicaa Elactronlci Program undar grant N000M-49-J-I0ZS and by
AT&T Bali Laboratoriaa.
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ScaUarini along tha (.1/2, 1/2, () (Q) u d tka
(1/2,3/2,1) (•) roda for a dry <»idi**d waf*r. Tk*
Uaaa rapnaant tk* caknUtad acaUaring from tk*
diatortad, oxidUad dimar modal <* tka utnfacial
ordar (x* - 2.J).
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The Pt(lll) Surface - X-Rav Reflectivity X20A

A.R, Sandy, S.G.J. Mochrie, Department of Physics, MIT, Cambridge, MA 02139; k.G.
Huang, G. Grubel, Doon Gibbs, Department of Physics, BNL, Upton, NY 11973; D.M.
Zehner, Solid State Division, ORNL, Oak Ridge, TN 37831.

The x-ray reflectivity of the clean
(111) surface of Pt has been studied as a
function of temperature at MIT/IBM
beamline X20A. This study is
complimentary to glancing angle
diffraction measurements made on
P t ( l l l ) 1 on beamline X22C. In
agreement with previous
measurements we find that the (111)
surface of Pt is unreconstructed at 300 K.
In fact, the surface remains
unreconstructed to approximately 1300
K or 0.64Tm, where Tm is the bulk
melting temperature of Pt (2045 K).
However, above 0.64Tm the (111) surface
reconstructs.

Referred to a hexagonal
coordinate system2 we have measured
the reflectivity of the (00L), (10L) and
(OIL) rods both above and below the
transformation temperature (figure 1).
The profiles obtained at 0.63Tm are
characteristic of an ideally terminated
surface. Above the transformation
however, the non-specular rods develop
strong minima at L=3. These reflectivity
profiles are similar to those observed for
the AuOll) surface2. By a->-ilogy to
Au(lll) we propose the following
model for the Pt(lil) reconstruction.
The surface reconstructs to an

isotropically compressed phase.
However, the compression is not
uniform. Instead, these reflectivity
measurements suggest that the surface
layer is comprised of regions with both
the correct f.c.c. ABC-stacking and
regions of faulted ABA-stacking. The
different stacking regions are separated
by discommensurations.

1. X22C Progress Report, NSLS Annual
Report 1990.
2. K.G. Huang et a\, Phys. Rev. Lett., in
press; A.R. Sandy et nl, PRB, in press.
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X20A
X-Ray Reflectivity Study of the Relaxation of the Au(UO) Surface

A.R. Sandy, S.G.J. Mochrie, Department of Physics, MIT, 02130, K.G. Huang,
L.D. Gibbs, Department of Physics, BNL, 11073, D.M. Zehner. Solid State
Division, ORNL, 37831.

Specular reflectivity of a clean (2Xl)-rcconstructed Au(llO) surface has been
measured at MIT/IBM beaml'ine X20A. The range of wavevector transfer was 0.2
A " ' to 7.0 A "' . The large range of wavevector transfer employed in this study
enables us to definitively address questions concerning the composition of near
surface layers, the surface roughness and the nature of any layer spacing
relaxation or surface enhanced vibralional amplitudes.

Below is presented the specular reflectivity obtained at 300 K. Open circles
arc data. The solid line is the best fit to a simple model for the (110) surface.
The long-dashed line is the calculated reflectivity for an ideally truneatea Au(llO)
crystal, Reflectivity of an Au(110) crystal with the top layer spacing (rf01)
expanded 40% from that of the bulk (llO)-laycr spacing has also been calculated
and is displayed as a short-dashed line. Our best fit to the data suggests: The
surface layer density is 0,51 ±0.03 of the density of the bulk (110)-planes. dot is
contracted by 17.6±3.6% relative to the bulk (110)-interlayer spacing. There may
be corrugation of the third layer.

A top layer density of ~ 0.5 is consistent with the (2X1 ̂ reconstruction for
the Au(HO) surface layer determined by previous measurements12. The large
contraction of dol is consistent with the low energy electron diffraction and ion
channeling measurements1. It is in contrast to the large expansion of d0l
determined by previous election microscopy and x-ray studies2. Our data clearly
rules out the possibility of an expansion of dm.

"W. Moritz and D. Wolf, Surf. Sci. 88, L29 (1078); S.H. Overburv, W. Heilland,
D.M. Zchner, S, Datz and R.S. Thoe, Surf. Sci., 109, 239 (1981); J. Moller, H.
Nielms and W. Hdland, Surf. Sci. IBB, LU1 (1986); M. Cope) and T. Gustafsson,
Phys. Rev. Lett. 57, 723 (108B).
2L.D. Marks, Phys. Rev. Lett. 52, 1000 (1983); I.K. Robinson, Phys. Rev. Lett.
50, 1145 (1983); W. Moritz and D. Wolf, Surf. Sci. 163, L655 (1985).
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X20A X2CB

X-RAY SURFACE DIFFRACTION STUDY OFTHE Au(Ul) SURFACE

A. R. Sandy, S. G. J. Mochrie, Center for Materials Science and Engineering, Mas-

sachusetts Institute of Technology, Cambridge, Massachusetts 02139, K. G. Huang, L. D.

Oibbs, B. M. Ocko, Brookhavcn National Laboratory, Upton, New York 11973, D. M.

Zehner, Solid State Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

We have performed glancing angle

X-ray diffraction and X-ray reflectivity

measurements on the clean Au(Hl) sur-

face. Measurements were performed in

the temperature range 300K to 125OK.

Referred to a hexagonal coordinate

system1 we have measured the

reflectivity of the (00/), (10/). (11/) and

(20/) rods at room temperature (figure 1)

as well as the specular rod at 7S0K and

11S0K. This data combined with high

resolution glancing angle diffraction data

lead to the following picture for the

Au(l l l ) surface reconstruction at room

temperature.

Au(l l l ) has a 23x1 reconstruction

corresponding to a 4% compression

along the <ilo> directions. The recon-

struction is well described by a p=2

striped domain wall phase with the

domain walls sepcrating regions of

unequal size of ABA and ABC stacking.

Consistent with HAS2 and STM3 meas-

urements of the surface we find the ratio

of A stacking to C stacking of the surface

layer to be about 0.7. The width of the

domain walls is about 2.5 nearest neigh-

bor seperations.

At T = 800K there is a first order

transition to an isotropically compressed

' B «.. Wairtn. XRay Digrmion (AiUiionWelky,
Rudin|,MA,1969).

1 V.IUttmil il.PKLS4,26W(m5).
1 Ch W<ai,« W, PRB 39,7911 (1919).

phase. The reconstruction peak

corresponding to this compression is very

well described by a Lorentzian in both

the transverse and longitudinal directions

(figure 2). Reflectivity measurements at

high temperatures are needed to better

establish the nature of this phase. We

speculate though that at high tempera-

tures the surface is a melted domain wall

phase.

figure
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Synchrotron X-ray Diffraction Study of Trilayer Xenon on Single Crystal
Graphite

J.P. Hill. W.J. NullaU, B. McClain, K. Blum. R.J.Birgeneau
Otpartmtru ofPkytici. MiasachiaUtt Insiiiiiu ofTtcHnob(y, Coinbridgt. MaaackuitM 02139

H. Hong
Prasurt and Vacuum Laboratory, KSKf, FO Box 3. Datdok Seltnct Town. Dmjon. Kona

Rare | u c s adsorbed on graphite hive been
the subject of much experimem*) study over the
put two decades. A Urge variety of experimental
techniques have been used on this system, includ-
ing- heat capacity woric, adsorption isotherms
(using vapor pressure, ellipsomeuy or micro-
balance techniques) and neutron and x-ray investi-
gations. The unique combination of an easy to
clean. atomicaUy flat, weakly interacting substrate
and a simply interacting adsorbaie make this an
ideal system for experimentalists and theorists
studying two and low dimensional physics (low
coverages) or the varied phenomena of crystal
growth (high coverages).

While much is known about the detailed
position*! and orientaiional epitaxy of the mono-
layer and sub-monolayer coverage regime of
rare gases adsorbed on gnphiie, and in particular
Xenon on gnphiie, very little work has, until
recently, been done on the detailed growth of
multi-layered films.

We report the results of an x-ray sewering
study of a triUyer Xenon film, grown on a single
crystal of graphite. Initially two Kish crystals of
high crysialtographic quality were used. In neither
case could a monolayer with a correlation length
i, > 200A be grown. Subsequent STEM analysis
of the Kish crystals at MIT leads us to suspect
that a 1% contamination of Silicon was the cause
of this disorder.

We then used a natural graphite crystal,
from New York Limestone, on which * well
correlated ft > lOOOA) monolayer was success-
fully grown. We then grew a trilayer Xenon film
and studied this at a function of temperature for
fixed coverage. At high temperatures (100K) a
single aligned incommensurate peak was
observed. At the temperature was reduced the
incommensurability decreased and, by 54K, two
distinct peaks weft resolved; • commensurate
peak from • V3xV3R3O* structure and an incom-
mensurate peak, with an excess of scattering
between the two. These icraires remained, with
very little change in width, or position, as the

temperature was decreased lo 43K.
There are »l least two possibilities which

might explain these data, the first is that the three
layer film is in a region in which the commen-
surale and aligned incommensurate phases coex-
ist, and the second is that one (or two) layers),
presumably those closest to the substrate, are
commensurate with the graphite, while the
remaining layer(s) are incommensurate with thc«.
Future experiments are planned in order to eluci-
date these questions.
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Characterization of a new fixed energy, horizontally focusing bcamlinc

J.P. Hill, W.J. Nutlall
liepalmenl of Physics, Massachusetts Institute of Technology, Cambridge, Ma.isttcku.vlls 02139

II. Hong
Pressure and Vacuum Laboratory, KSRI, PO llox 3, Datdok Science Town, Datjon, Korea

X20B

A new fixed energy bcamlinc has been
built by Ihe MIT-IBM PRT. ll was designed pri-
marily for use in the horizontal diffraction
geometry, lo accommodate large experiments
which need lo be mounted vertically, and was
intended (o be of a simpler design than the exist-
ing two beamlines.

To meet these requirements u single
bounce, horizontally focusing, monachromatar
was chosen. Initially no mirror was included in
the bcamlinc. Construction began in laic 1987 and
was completed in early 1989. X20B achieved
stand alone status in July 1989.

The monochromaior is a symmetrically
cut, silicon single crystal, loaned 19.7m from the
source point of the bending magnet. The 6 motion
of the crystal is driven by an external rotation
stage, through a differentially pumped rotary seal.
The till and bend of Ihe crystal are controlled by
two Burleigh UHV inchworm motors. The crystal
is mounted such that Ihe scattering plane is hor-
izontal. It accepts a I.Smrad fan of radiation from
the source and is cut into a pennant shape, 30cm
long and -lem thick. This shape was chosen
because it allows the stress resulting from the
bending moment applied M the apex of the trian-
gle to be transmitted linearly along Ihe crystal,
resulting in circular curvature.

The crystal was horizontally bent with »
radius of curvature of 170m, to focus the beam at
the sample position 13.3m away. No vertical
focusing was applied. The monochromaior was
clamped to a water-cooled copper bar at the base
of the triangle. It was estimated that a tempera-
ture gradient of SOK, across the crystal, would be
set up by the incident while beam. Physical res-
trictions at NSLS determined the outgoing angle,
off the crystal, and hence the energy of (he beam-
line.

We measured the energy lo be I7.44KCV.
ll was found that this could be varied over the
small range of 210cV, which is simply the angu-
lar width of the bcamlinc.

The absolute flux was measured, using a

calibrated Nitrogen ion chamber, to be 7.03x10*
photons mA"'. which is a factor of four smaller
than Ihe typical flux at X20C at 8.65KcV. (How-
ever the intensity at X20C is considerably larger
than at X20B because it has vertical focusing).
This reduction in flux is consistent with rough
calculations based on attenuation at Beryllium
windows and Silicon reflections, and the spectral
distribution of the storage ring.

We found thai the horizontal spot size was
0.65mm HWHM, which is to be compared with
the horizontal source size of 0,38mm.

By measuring Si(l l l ) rocking curve
widths in the "W configuration" and the "C
configuration" ( which for a flat monochromaior
would correspond lo non-dispersive ami dispersive
geometries respectively) we can extract the ener-
getic and angular spread of the beam. The meas-
ured energy dispersion was oTi=32.6cV whilst the
horizontal ungulur spread was 80=0.09°.

This energy spread comes from a variety
of sources, inducting the spread in incident angles
at the monochromaior. which contributes 7cV.
The change in lattice spacing due lo the thermal
gradient will also cause a spread in wavelength
across Ihe beam, though il is not expected lo
account for the rest of the dispersion.

The angular divergence arises from focus-
ing thft beam and the measured value implies
19cm of ihe monochromaior is illuminated.

Future plans for the bcamlinc include the
installation of a flat, double bounce mirror, in llic
experimental huich, lo remove the SIKcV, V3
radiation present as a result of the Si(333)
reflection, and the use of asymmetrically cut
monochromaior crystals to improve reciprocal
space resolution and signal rales.

Many thanks are due lo all ihe MIT and
IBM personnel who helped in the construction of
X20B, especially J.L Jordan-Sweet and G.B.
Siephcnson.

X20R
Magnetic x-ray scattering study of the 3d Random Field Ising Model

J.P. Hill, M. Ramsud, R.J. Birgcneau

Department of Physics, Massachusetts InMiiule of Technology, Cambridge, Maaachuuits 02139

T.R. Thurston
Sandia National Laboratories, Albuquerque. New Mexico 971V

The problem of quenched impurities sitd
their effect on phase transiUons is one of wide
ranging fundamental importance. One example is
the random field problem in magnetism. The ran-
domly diluted Ising antiferromagnet in an external
field provide* ihe most convenient realiraiion of
this model, and has received a lot of attention in
recent years.

In particular neutron scattering studies
were performed on the weakly anisotropic Ising
antiferromagnet, Mn<njZno2jFi. These experi-
ments found a domain state with short range
order, on field cooling (FC) through a metaslabil-
ity boundary inio Ihe Ising phase. Long range
order could be obtained by cooling in zero field,
then railing the field (ZFC), or by crossing into
Ihe Ising phase from the spin flop phase which
has long range order (LRO).

We report a magnetic x-ray scattering
study of Mno7sZno2sF2. The crystal, from the
same boule as the neutron work, was of exceed-
ingly good quality, the (200) mosaic was 0.004°
FWHM. The (100) magnetic peak was 10 Cis s"'
well below the transition. The largest contribution
to the background came from multiple scattering
processes. These could be minimized giving a sig-
nal to noise ratio of up to 40:1.

The principle result of Ms experiment is
the observation of sharp Bragg peaks in the Ising
phase, u reached by FC or ZFC paths, in stark
contrast to the neutron scattering work. This
astonishing result implies thai the true ground
stale of uv: axiom Field Ising Model has LRO.

We abo found that reaching a given slate
by winning M 6.0T (FH path) from the spin flop
phase (which produce! no magnetic peak) pro-
duced • 40% increase in the peak intensity i.e. a
40% increaie in the total moment sampled, this is
not true at 5.0T where the spin flop phase is not
entered. Similarly ihe ZFC path produce] a larger
total moment

An explanation of theie data which it also
continent with the neutron work hingei on ihe
small depth probed by x-rayi (5.5(im) compared

lo neutrons (the whole crystal). If the surface
allows the spins to relax into their true ground
state, preventing them from getting stuck in the
metaslable stale, then this order will penetrate
some depth into the crystal and give Bragg
scattering. The neutron signal will be dominated
by the bulk and will be broad. Coming from an
LRO state the whole crystal will remain ordered
and die x-ray peak will be more intense. This
hypothesis suggests the order penetrates 3.9|im at
H»6.0T. Evidence that ihe x-ray transition tem-
peratures are lower and exhibit a larger shift with
field, further suggest* lhat we see the true transi-
tion to LRO which in the bulk is preempted by
Ihe meuulabilily.
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TIME RESOLVED X-RAY SCATTERING STUDIES OP X20C
RAPID CRYSTALLIZATION OF AMORPHOUS Fe3B

S. Hraiior, II.E. Fischer, JO. Strom-Olden, M. Sutton (Mcfiill University);
( i l l . Stcphcnson (IBM);

Our time resolved x-ray scattering studies of crystallization of amorphous metals have been extended
10 include the polymorphic transformation ofthe Fc^B system. The relative stability and crystallization
mechanisms of the plumes of Fe:,B arc still controversial. In contrast to our previous work, a transmission
geometry was selected to nllow simultaneous small Anrl large Angle scattering, And to decreus<; our sensi-
tivity to surface effects. During a typical experiment, a segment of amorphous metal ribbon is abruptly
heated to a temperature where it rapidly crystallizes. The temperature is measured pyrometrically and
proportionally controlled (Figure 1). Simultaneously, diffraction scans arc repeatedly collected to monitor
the phase transformation. Using the high intensity multilayer monochromator on IHM/MIT beamline
X20C, and a fast linear photodiode array detector, 250 pixel LAXS and SAXS patterns were acquired in
11 niN intervals.

The LAXS data given in Figure 2 shows Bragg peaks of the bet nnd orthorhombic FejB phases
growing out of the broad amorphous peak. During the same period, the tails of the central SAXS peak
grow monitonically. By annealing samples at different temperatures, we have studied crystallization
with time-to-half-transforrned varying from 0.4s to fifiOs, Although at our lowest temperatures, only the
tetragonal phase is formed, <u> the crystallization temperature is increased an ever greater fraction ofthe
orthorhomhic phase is created. Aside from helping to clarify the crystallization behavior of this system,
it is our hope that these results will provide a test of nucleation and growth model* which include the
competition of two crystal phases. ,_ ,

TIME RESOLVED X-llAY SCATTERING STUDIES OF
CRYSTALLIZATION IN THE METALLIC CLASS "ITNEMET"

X20C
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Figure 1

Supported in part by the Natural Sciences and
Engineering Research Council of Canada.
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Figure 2

S Brauer, J O . Strom-Olsen, M. SuUon, Y.S. Yang (McGill University);
(i II. Stepheumn (HIM); I). Kdster, I). Schunemann (University of Dortmund)

Time resolved x-ray scattering is ideal for obtaining detailed structural information during the <rys-
l.illization of metallic glasses. The high intensity multilayer monochrometer on 1HM/MIT lu-mnlim-,
X20f', provides a flux of I01'1 photons per second and with a fasi linear photodiod'-* array dH.<-ft<ii, (;>1
pixel powder diffraction pal tt-rns may be acquired in as little /is \\ ins. In the present experiment, :i small
amorphous metal sample is abruptly heated to a temperature where it rapidly crystallizes. Simultane-
ously, diffraction scans are repeatedly collected to monitor the phase transformation.

The samples were iiielt-spuu ribbons of "Fineniet", a recently developed metallic glass alloy (!>-'-
Cu-Nb-Si-B), which crystallizeH into very fine (~ 400 A diameter) o-Fe particles upon partial aim'-altn^,
I hereby forming an excellent soft magnetic material. During isothermal crystallization, as shown in Figun-
I, Hie n-i'e (110) peak grows at the expense of the broad amorphous background. By fitting a gaussian
liueshape to the rt-Fe peak and a sloped gaussian to the amorphous background, the amorphous and
crystalline scattering intensities, shown normalized in Figure 'in, can he used to calculate the transformed
volume fraction ns a function of lime. Tlieo-1'e peak shown in Figure I narrows as it grows, and th.wi-lih
was used to calculate the mean crystal diameter as a function of time (Figuic'^b), via theScheri'-r formula
The results agree with KuhKeijueui electron microscopy observations. The ratio of the transform'-'! volume
lo the mean crystallite volume is a measure of the number of crystals formed Nucleaiiou ami diffusion
controlled growth models may be tested with these results. The growth r/i'e is a iiie.-»iil'- '4 III'- diffusion
constants involved.

Careful examination of Figure 1 also reveals a clear shift in the n-Fe peak position during ilu- irans-
f'ormaiiou. The BCC lattice parameter as a function of time is shown in Figure 2c. Wv atlriLutf lib:
peak shift to the diffusion of the larger Nb atoms out. of the o-Fc crystals during growth

These results demonstrnle the reiiwrliable ability of time resolved scattering experiments to nv.al,
/II-SI/II , the intricate behavior of structural phase transformations.
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TIME RESOLVKD X-IMY SCATTERING STUDIES OF RAPID X20C
CRYSTALLIZATION IN AMORPHOUS Fe,.»B, NEAR THE EUTECTIC

Henry E. Fischer, S. Brauer, J. O. Strom-Olwn, M. Sutton (McGill University);
G. I). Stephenson (IBM);

Euteclic crystallisation of binary metal-metalloid alloys proceeds in a fashion qualitatively dissimilar
to polymorphic or primary crystallization. Beginning either from the amorphous or liquid state, eutectic
crystallization involves the simultaneous production of two different crystal phases of distinct chemical
composition, which generally form a granular or lamellar structure, and which cause no overall composi-
tion change in the matrix as they crystallize. The particular microstructure of the final product, including
the size nnd arrangement of the grains, depends on the specific thermal history of the sample.

Our nieltspun amorphous Ke|.xB« ribbons arc very rapidly heated and then stabilized to a constant
temperature in order to produce isothermal crystallization. A millisecond time-resolved x-ray scattering
technique then obtains in situ both large-angle (LAXS, Pig. 1) and small-angle (SAXS, Fig. 2) diffraction
patterns during the crystallization. We have performed these measurements for Fei-«H» with composi-
tions of x ~ 16.5, 17 5, 19.0 and 20.5 at%, and for 50%-crystallization times from 0.35 to 140 seconds
(nearly 3 decades). We observe two phases in the crystallized samples: the stable a-Fe phase and the
nietastable Fe:)(> phase. Our data can be analyzed to produce the volume fraction of these phases versus
time We find that the regime of eiitectic crystallization, as well as the intcrlamcllar spacing of eutcctic
cells, are functions of both the chemical composition of the alloy and the annealing temperature.

The figures show data for a sample having a composition very
X*17.S% 8. T*4B2 C ,,ear the equilibrium eutectic point. The SAXS data in Fig. 2 have

two distinct features: an increase in the scattering intensity near
Q = 0 for later times, and the evolution of an additional peak at
higher Q This finitc-Q peak appears to grow first at its higher
wavevectors, and then to later fill in its Iower-<J scattering.

X * 17.5* B, T * 402 C

2.0 3.0 3.4
ScatUrinf Vector (A'1)

Figure 1

JO 20 30 40 50
Scattcrinc Vector (JT1

Figure 2

00 80

)

Supported in part by the Natural Sciences and Engineering Research Council of Canada.

Synchrotron X-ray Study of Vicinal Si(lll) Surface

D.Y. Nob, K. Blum, M. Ramslad, and RJ. Birgeneau

Department of Physics, Massachusetts Institute of Technology
Cambridge, Massachusetts 02139

X20C

The behaviors of vicinal surfaces (
surface cut a few degrees away from low
index facets ) cast important clues on the
problems of surface structures such as
equilibrium crystal shapes (ECS), rough sur-
faces, faceting, and reconstructions. 'Die
.stability of vicinal surfaces is determined by
the shape of the equilibrium crystal sur-
faces. A vicinal surface, when it is stable,
forms a structure consisted with low-index
terraces separated by step edges. A vicinal
surface becomes unstable when the free
energy of a nearby low index facet is
lowered drastically by some mechanism,
like reconstruction or impurities.

We report an x-ray scattering study of
a vicinal S i (Hl ) surface misoriented by
3.5° toward 8° away from (112) direction.
Tiic experiment was performed at the
IBM/MIT beam line X-20C at the National
Synchrotron Light Source. The longitudinal
resolution is 2xl0~3A (HWHM) and the
transverse resolution is 4xlO~4A(HWHM).
The resolution was controlled by pairs of
slits and relaxed as needed. The incident
and outgoing x-rays were at angles of =0.3°
with respect to the surface. The Si wafers (
p-typc.10fl-cm.20x6x0.3mm) arc prepared
in a UHV surface chamber with base pres-
sure below 2xI0"10!orr. The samples were
cleaned by flashing them above 1250°C for
approximately 1 minute. After two or three
limes of flashing, sharp ( resolution-limited
) integer order and 7x7 peaks of (111) face
arc appeared at low temperature, which
indicates the samples are quite clean and
well ordered.

At high temperatures, we observed
resolution limited step supcrlmticc peaks
split in the direction of misoricntation. The
step spacing calculated from the spacing

between the peaks and the overall misoricn-
tation angle indicates that the steps height is
same as the spacing between the S i ( U l )
bilaycr. Although the peaks arc resolution
limited, we have observed significant diffuse
scatterings on the tails. On the other hand,
at low temperatures, integer and 7x7 peaks
from (111) facets appear. We also observed
small supcrlallicc peaks whose peak position
is temperature dependent. This indicates that
the surface at tow temperature is composed
of large (111) facets separated by stepped
regions with higher misoricmation angle.
The transition region was very sharp. The
transition region was less than 10 K wide.
Figure 1 shows representative scans at both
above and below T c .
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X-RAY RESONANCE EXCHANGE SCATTERING IN E11A.S3

T. Chattopadbyay (CENG and ILL. Grenoble), G. Grilbel, J.D. Axe and D. Gibbs (BNL)

X-ray resonance exchange scattering investigations have been performed in the scmimeiallic
antiferromagnct E11AS3 at Lj| and Lm absorption edges of europium. A (001) single crystal
plate nuAs3 sample of dimensions of 8 mm x 8 mm x 3 mm with a mosaic spread of
0.02 deg. was mounted inside a helium cryostat of the diffractometer on the beam line X22B.

No magnetic reflection was observed at T = 6.2 K (TN = 11 K) at Q = (1 0 5/2) when the
energy of the incident X-ray was far away from the absorption edges. As the energy 01 the X-
ray was tuned close to Ln or LJJI absorption edge a sharp magnetic reflection was observed.
Fig. 1 shows the background and the integrated intensity reduced to the monitor of the 10 5/2
magnetic reflection of the commensurate phase of BuAsi as a function of the X-ray energy
about the Ln absorption edge of europium. The line shape of the intensity vs. energy curve is
asymmetrical. Similar effects have been observed at the Lin absorption edge of europium for
which the resonance enhancement was found 10 be stronger by a factor of about 3 compared to
that at the Ln absorption edge (Fig. 2). Two symmetrically situated satellite reflections at

(1 0 j i 5 ) were observed in the incommensurate phase of EuAs3 at 10-5 K. No resonance

enhancement has been observed at the Li absorption edge. Attempts are being made to
understand the resonance enhancement of the magnetic scattering E11AS3 quantitatively and to
extract information about the Fermi edge structure from the resonance line shape.
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X22D
Structural studies of epitaxial CoSi2 column* embedded in S i ( l l l )

K.G. Huang, M.K. Sanyal, and S.K. Sinha (BNL*); R.W. Fathaucr (JPL, Caltech")

Epivaxial C0S13 on S i ( l l l ) has been widely studied as a model system to determine
the atomic coordination at the interface and to understand its relationship with Scbottky
barrier heights across metal/semiconductor interfaces. Recently, a new technique has
been developed to grow columns of single-crystal CoSij surrounded by epitaxial Si on
Si ( l l l ) substrates. The epitaxial layer has a typical thickness of 100-150 nm within
which the average column diameter and spacing between columns are 70 nm and 120
nm, respectively. To understand the structural properties of such a system, we have
studied two samples with column height of 100 nm and ISO nm, using x-ray diffraction.

C0S12 has a cubic, CaFj structure and a lattice mismatch of -1.2% to Si at room
temperature. It is found that for the 150 nm CoSij columns embedded in S i ( l l l )
surface, the average mismatches in lateral and normal directions are -0.85% and -0.75%,
respectively, and the C0S13 columns i\re under tensile strain. Fig. (a) and (b) are plots
of two scans through the cubic (200) reflection of 150 nm B-type CoSij columns, showing
mismatches normal (a) and parallel (b) to the (lll)-plane. For convenience, a hexagonal
coordinate system (H,K,L) is adopted in reciprocal space. Dashed lines correspond
to periodicities of the Si substrate and arrows point to the positions for unstrained
CoSij. The CoSij peaks are much broader than the corresponding resolutions and
than the widths expected for a uniformly straint s. CoS'12 structure. This suggests that
the strain in a C0S12 column varies slightly across the grain with the largest at the
CoSij-Si interfaces. The Si layer surrounding CoSi2 columns was found to be epitaxial
and unstrained. A detailed data analysis is underway to determined the strain in A-
type columns as well as the ratio of A-type and B-type CoSi2 columns. In future
measurements, samples with thinner epilayers will be investigated to determined the
interface structure and to study the diffuse scattering from this system.

* Work supported by US DOE contract No. DE-AC02-76CH00016. ** Work supported
by SDIO/IST.
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X-ray Scattering Studies of Capillary Wave Fluctuation at Mquiil Surface

M- K. Sanyal, S. K- Sinha, K. 0 , Huung. B, M Qcko (BNI-.)

A liquid surface represents one of the most commonly occurring systems where the

reduced dimensionality of (he surface has a profound effect on llie density fluctuations at the

surface. It was predicted' using continuum capillary wave theory that the true specular reflection

of x-rays from a liquid surface is replaced by a power law singularity in (lie diffuse scattering at

the specular ridge, i.e. along the Qz axis (in reciprocal space), z being the direction normal (o the

liquid surface. The exponent of this power law singularity is a continuous function of Qz, We

have demonstrated 2 that such scattering exists from a liquid surface viz, the eihanol/vapor

interface at room temperature and is in quantitative agreement with capillary wave theory.

Fig. 1 shows scans of the diffuse scattering as a function of transverse Q at several values

of QZ l together with the instrumental resolution around Qz=O, Fig, 2 shows the scattering

parallel to but displaced from the specular ridge (top) and along the specular ridge (bottom).

Solid lines in Fig. 1 represent best fit obtained using the above theory keeping the background

and resolution function as free parameters, The solid lines in Fig, 2 show the curve calculated

from capillary wave theory added to the background obtained by linear interpreation of the values

used in Fig. I.

The experiment was performed using Harvard/BNL liquid spectrometer and it was

supported by US DOE Contract No, DE-AC02-76H00O16,

1 S. K. Sinha, E. B. Sirota, S. Gasoff and H, B- Stanley, Phys, Rev, B M , 2297, 1988,
2 M. K. Sanyo!, S. K. Sinha, K. O, Huang and B. M, Qcko, Submitted for publication,
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X22B
X-RAY REFLECTIVITY OF A POLYMER MONOLAYER AT THE

WATER /VAPOR INTERFACE
M.L. Sr.hlossman, D.K- Schwartz, EH. Kawamoto,

G J. Kellogg, and P.S. Pershan

Department ofPhyiici and Division of Applied Sciences,
Harvard University, Cambridge, MA- 02138

M.W. Kim and T.C. Chung*

Corporate Research Science Laboratories
Exxon Research and Engineering Company, Annandale, NJ. 08801

X-ray specular reflectivity from a mpnolayar of co-poly 1,2-butadiene/butyl alcohol (60*
random substitution) at the water/vapor interface was measured from the critical wave vector for
water, 0.0217 A"1, to Qs « 0.6 A"1 (where Qz is the transferred momentum normal to the inter-
face). The sample was prepared on a Langmuir trough and measurement* were made at live dif-
ferent surface densities in the high pressure, or saturated region, of the isotherm. In the accom-
panying figure the ratio of the measured reflectivity to the theoretical Fresnel reflectivity is plot-
ted versus Qz2 for the three surface pressures: 20,3 (•), 23.7 ( • ) , and 28.2 (*) dynes/cm.

The data near the critical angle are too
compressed to be clearly seen in this
figure; however, they were fit to the
Fresnel functional form to verify that
the critical wavevector, Qc, was exper-
imentally indistinguishable from that
for pure water. X-ray absorption af-
fects only the data near Qc and was
accounted for by using the value for
pure water. The most striking aspect
of the data is that for large Qz the re-
flectivity decreases linearly with Qx

2

and is well represented by the form
R(Qz) - A2 exp(-Q,2«ia) with A2>1.
This is interpreted to obtain a profile of
the average electron density p(z) as a
function of distance z along the sur-
face normal that has a local maxi-
mum, near the surface, approxi-
mately 10* larger than the electron

density in the bulk. At the highest pressure* the width of the liquid/vapor interface is -10% larger
than the value calculated from thermal capillary waves tisii.g in litu measurements of the
surface tension; however, for smaller pressures the measured and calculated values agree.

t Permanent address: Department of Materials Science and Engineering, Pennsylvania
State University, University Park PA 16802.

This work wai supported by the National Science Foundation through grants NSF-DMR-88-
128S5 and NSF.DMR-89-2049Q,
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X22B
RELAXATION AND APPEARANCE OF A HEENTBANT PHASE IN A MOLECULAR

MONOLAYER

M. I Schlossman, D. K. Schwartz, P. S. Per«han, E. H. Kawamoto,
G J Kellogg, and 8. Lee

Department of Physics and Division of Applied Sciences, Harvard University, Cambridge, MA
02138

The structure of monolayers of CHa(CH2)22CQQH on water, along -21 °C isotherms between
18 and 35A2/molecule, has been studied with glancing angle X-ray diffraction and specular
reflection- Fallowing an incremental area change, in some regions of the isotherm, the
diffraction patterns evolve until the surface pressure n is relaxing S 0.01 dyn/cm-h. As a
consequence sequence of diffraction patterns observed during slow compression (i0.05A2/li) of
monolayers of C24 is different from the sequence fonned at more typical compression rates
(>1 -} 0 A*/h), raising the question of the nature of the equilibrium in all monolayer studies. Fig.
a, represents one typical isotherm, taken simultaneously with diffraction measurements. Fig. b
is a composite of diffraction data from several, The solid paints ( • ) illustrate the microscopic
area per molecule determined from diffraction, Ax, 9* * function of the macroscopic area per
molecule, A, calculated from the amount of deposited material; the inset (c) illustrates the
extension of this data to larger areas. The open points ( • ) illustrate diffraction data from an
isotherm taken more rapidly.

The three diffraction
pattern* that were observed
are I and F, corresponding to
distorted triangular order in
which the molecules are
tilted towards or between,
nearest neighbors respec-
tively; and U corresponding
to an untilted rectangular
phase, For the isotherm
taken more slowly; e.g.,
( • ) , the regions in Fig, b
correspond to: (1) islands of I
coexisting with a lower den-
sity phase that is not observed
by diffraction, (2) a rela-
tively homogeneous I phase
in which Ax-A, (3) U regions
coexisting with a more dense
phase that is not observed, (4)
reentrant appearance of the I
order that now coexists with a
region of lower density, and
(5) and a relatively homoge-
neous U region in which
Ag-A, F order is primarily
observed to coexist with I
order in region 3 for the more
rapid isotherm,

X22B

X-RAY STUDY OF FATTY ACID MONOLAYERS AT THE VAPOR/WATEH INTERFACE

D. Schwartz, H. Schloasman, E. Kawamoto, G. Kellogg, S. Lee and P.s. pershan

Both specular X-ray reflectivity and grazing incidence diffuse scattering
measurements were carried out on monolayers of I,ignoceric acid
(CiislCHjJjjCO^H) at the 'vapor/water (pH = 2 using HC1) interface. Specular
reflectivity was measured as a function of surface ares, along a room
temperature isotherm from the crit ical angle to Q? = 0.6 A"l (where Qz is
the transferred momentum formal to the interface) as a function of surface
pressure. Grazing incidence scattering measurements have been carried along
a number of isotherms within a few degrees C of room temperature. Figure
10 i l lustrates a section of one isotherm at T-21.3°C and the position
parallel to the surface (i .e. Qx) of four different sets of observed peaks,
grouped according to the wavevector transfer normal to the surface. The
results are s t i l l being analyzed in detail, however, the preliminary
indication is that there are five distinct regions of the phase diagram,
separated by broken lines in the upper panel. The region to the extreme
right has been measured out to approximately 27A2. The surface pressure
falls monotonically with increasing area and there are two peaks at
QX=1.44A~1 and Qz~0 and 0.72A"1. These same peaks are observed in the flat
region of the isotherm between approximately 189.9A2 and 20,7A2. Data from
other isotherms contain other peaka and wa suspect that his region may be
one of coexistence with the large area phase to the right. The third
region, counting from the right, between 19.OA2 and 19.9A2 is probably a
separate phase. It contains three peaks, at three different values of Qz.
Interestingly, the second region, now counting from the left, between
18.2A2 and 19. OA2 has exactly the same peaks as the large area phase. This
is surprising in that i t appears to be a reentrant phase. It is observed in
virtually all of the data sets taken between Sept. 1989 and March 1990. At
the highest density there is a t i l ted phase in which none of the peaks are
at Qz=0.

Although similar experiments have been done by other groups we
believe the samples in present experiments may be closer to thermodynamic
equilibrium, , 1^

r"r" °°'° *° fM> **" V "°""'°>T «• V> 13/g"

Figure 1 Data on Fatty Acid
(CJ4) Monolayer on HjO, no

This work was supported by the National Science Foundation through grants NSF-DMR-88-
12855 andNSF-DMR-8B-20490.
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X-RAY REFLECTIVITY AND DIFFUSE SCATTERING STUDY OF JNTERFACIAI. ROUGHNESS OF
METALLIC AND SEMICONDUCTING MULTILAYERS

S,K. Sinhs, M. Sanyal (BHL), S.K. Sattja, C. Majkrzak, D, Newman (NIST),
II. Homa (CCNY) and I.K. Schiiller (U. California, San Diego)

We have carried out detailed specular reflectivity and diffuse scattering
studies nf Pb/Ge, Fe/W and GaAs/AlAa multilayer superlattices. Pig. 1 shows
the specular reflectivity for the Pb/Ge 20 bilayer multilayer, showing the
superlaf-tice peaks as well as the structure around the Pb(lll) peak at
layer Q valves. The auperlattice modulations are also quite pronounced in
the diffuse scattering scans indicating that the interfacial roughness
between layers is highly correlated in the direction normal to the layers.
Models which include correlated interface roughness due to microorystalline
facets as well as layer thickness errors are being used to fit both the
specular and diffuse scattering.

PG4. 3. L3 (LI & L2) Lscqn (L= 0 - 2.6)
T

X22H. X22C

In Silu Electrochemical Reconstruction and Anion Adsorption
at Ihe Au (111) Surface

Jia Wang, H.M, Ocko, Alison Davenport, and Hugh Isaacs

We have carried out detailed studies of the Au(l 11) surface in an clecirocheniica!
cell in weak acid electrolyte solutions of HCIO4, H2SO4, NaCI, and KBr. At potentials
less than Ihe potential of zero charge (PZC) the surface gold atoms (arm a striped surface
reconstruction, (23x\/3), Glancing incident angle diffraction measurements have been
performed to elucidate the nature of the reconstructed phase. Within this region the stripe
separation length and surface coherence length depend on potential, the electrolyte and the
scanning direction. Close to (he PZC in 0.01 M NaCI and KBr (see figure) solutions the
stripe separation reaches a minimum 23a which is identical to the vacuum value. (a=2.885
is the surface lattice constant). For 0,01 M HCIO4 acid the maximum compression is
reduced and Ihe closest stripe separation equals 26a.

Above the PZC, which is Ihe electrochemical analog of the work function in
vacuum, negatively charged ions in the electrolyte are adsorbed at the surface. In order to
elucidate the nature of this adsorbed layer along the surface normal direction, we have
carried out absolute x-ray specular reflectivity measurements from the An (111) surface. At
sufficiently negative potentials (reconstructed surfaces) these results are consistent with
experiment performed in vacuum.' At positive potentials the reconstructions vanish in all
four electrolytes. For the HCJO4 electrolyte the reflectivity can be understood in terms of a
perfectly terminated (lxl) layer. However for NaCI and KBr electrolytes, the reflectivity at
positive potentials cannot be described by the gold atoms alone and ali models must
incorporate an adsorbed electrolyte layer. Further experiments at higher energies (less
absorption) will elucidate the nature of the adsorbed layer.

This experiment was supported by US DOE Contract No. DE-AC02-76H00016.
I Alex Sandy (M.I.T.), private communication
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SLOPE DISCONTINUITY AND FLUCTUATION IN ANISOTROPIC LATTICE EXPANSION
OF UNTWINNED YBoaCu;^-* SINGLE CRYSTALS NEAR Vo

II. You, U. Wolp, and Y. Fang (AND

High resolution measurements of lattice constants of untwinned single crystals unveil
several previously unobserved effects. Largo slope discontinuity in nil of the lattice constants
was found near the superconducting transition temperature. Especially b axis shows a neg-
ative thermal expansion in the superconducting phase, While the exact reason is yet to be
understood, it is speculated that the negative thermal expansion is from the unbending of
Cu-0 bonds probably due to the interaction between the bond bending phonon modes and
the superconducting electrons. In addition, anomalous expansion of lattices near Tc was ob-
served. This anomalous expansion was also most clearly seen in b axis. The anomalous lattice
expansion near T,. is a direct evidence of lattice fluctuation (as the thermal expansion is re-
sulted from thermal fluctuations of lattice.) probably induced by the coupling of lattice with
the superconducting order parameter. The amount of slope discontinuity and fluctuation was
at least order of magnitude larger than the mean field calculation of discontinuity and Gaus-
olan fluctuations by A. J. Millis based on electronic heat capacity discontinuity, Figure shows
the temperature dependence of b axis lattice constant neat Tc. The solid line is a guide to the
eye. The observed strong slope discontinuities and fluctuations of lattice expansion probably
suggest thnt the superconducting transition might be fluctuation dominated, The strong fluc-
tuation and slope discontinuity is unexpected in BCS type momentum space pairing. Study
of magnetic field effects on the slope discontinuity and fluctuation is on the way.

3,8871 -

3.8866 -

50 75
•Work performed under DOE contract W-31-lO0-Eng-38

Structure and Phases of I't (001) Surface

D. Gibbs, G. Grubel (BNL), D.M. Zehner (ORNL), P. Abernathy and S.G.J.
Moehrie (MIT)

X-ray scattering studies have been perfomed on the structure and phases of
the Pt (001) surface between room termperature and its bulk melting temperature
(Tm). These experiments were performed in both reflectivity and glancing
incidence geometries, using a UHV apparatus for x-ray surface scattering. Three
distinct surface structural phases have been identified. In the high temperature
phase (0.88 <T/Tm<l), the x-ray diffraction pattern has the (lxl) symmetry of the
bulk, and is consistent with a disordered surface layer. At a reduced temperature
of about T/Tm~0,88, there is a reversible phase transformation to an
incommensurate, distorted-hexagonal structure, which is modulated by the
underlying square substrate, Below T/Tm'-0,73, there is a continuous, rotational
transformation in which hexagonal domains rotate to positive and negative
angles. The dependence of the rotation angle on temperature exhibits mean field
behavior. The temperature dependence of the rotation angle and of the
incommensurability along the [1,1,0] and [1,-1,0] directions are shown below.
This work is supported by US DOE DE-AC02-76CH00016, US NSF DMR-8719217
and DMR-8806591, and US DOE ACQ2-84OR12400.
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X-RAY RESONANT MAuNKTlC HfiATTKRINO KiiOM 1102 AND Ililh.

t), UililiH, H. llergng, I,, Ruin-Inky (II.N.I., Physics),
W.G. Stirling, P. Jones, C. Tang (II of Keelo, II.K),

(1,11. Lander (KITH, Karlsruhe).

Fill lowing the discovery of resonant magnetic scattering in both Mo' and WAB 2, we
were interested to see whether these effect could lie used to investigate Die
detailed electronic structure of uranium materials. The aim of the present
oxperipent was therefore to •ensure the resonant magnetic scattering through the Hiv
and Mv edges of II (3,728 and 3.552 keV, respectively) frna the two antiferromagnetic
aatttriala 1102 and USb, The oxide is • localized 6f> inmilator with T N - .11 K, whereas
the antimonide (T»=220 K) is « seaimetal with a strongly hybridised Af-Sd hand, but
of predoiiinant 5f3 character,

The first investigations of UOj were performed in July 19(13 and thia work was
continued by measuring the energy dependence of both the (001) and (102) magnetic
reflections at 12 K. The polaritation dependence of the (00)) peak was also examined
and found, as expected, to be almost completely aigaa to pi. The result of a fit
using two atoaic dipole oscillators3 ia shown in Fig. 1. Similar data were taken for
the (001) peak of I/SI) at 12 K and a similar fit was unite.

Superficially the data froa these two systems appear siailar. However, a
detailed analysis of the line shape, particularly of the strong Miv resonance,
reveals that the resonance lineuirtth for UOj is about 20 - 30 % larger than in USb,
Thia coapariaon is illustrated in Fig. 2. The Il3h values are consistent with those
found for IIAs2, which is expected as these two materials have siailar electronic
structures, Thia is a aupriaing observation aa one might reasonably expect that the
conduction electrons would give rise to a shorter lifetime (larger width) in the

X22C

inferences : (1) I), (iitills et al, Phys, Rev, Let, SI 1241 (1988). [2] E. D. Isaac et
l 62 ( ) [1

, y
al, phya. Rev. I.ef, 62 1671 (1989), [31 J.
(lQflfl).

Fig 1. Fit of two dipole ..acillatora
to the Niv and Mv resonant scatter-
ing in UO2.

0
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L
0

P. Harmon et al, Phys. Rev. let, 61 1245

Pig 2. Comparison of resonant
lineshapes in U3b ( o and — )
and in UOj ( — ),

'1 0011

HIGH TnMPERATURB RECONSTRUCTION OP PK1U)

C. Cnibcl, KG Huang, Boon Gibbs <HNI.'), DM. Zchner IOHNL"), AH Sandy and SC.J. Mochric
(M IT" ' )

High resolution x-ray scattering studies of the PK11I) surface were performed between 300K tad
the bulk melting temperature (2O45K), At 300K, we find that the surface it unreconttructcd in
•grccmenl with previous work. However, for temperature! greater than 1150K, we otxerve an
incommensurate 1 econilmction. Pig. 1 (left) thow* a radial Kan at T-J740K through the bulk
truncation rod (0,1,.09) and the reconstruction peak. The complete diffraction pattern consuls of a
cylinder of diffuse (callering surrounding each bulk truncation rod. The cylinder ndius
(incommensurability) appear* to increase continuously with temperature. Fig- 2 (right) displays
the observed incommensurability at a function of the temperature. In addition, with increasing
temperature, the cylinder acquires a six-fold orientalional modulation. At the highest
temperatures, the diffraction pattern is similar to that observed in the high temperature phase of
A u d i I).1 By analogy with Au( l l i ) , we suggest that the reconstructed PK111) surface is
isolropically compressed relative to the bulk (Hl)-pUnes, and that the additional scattering
arises from a disordered network of discommensurations separating regions of ideal ABC-slacking
from regions of faulted ABA-stacking.

1. KG. Huang, H al., Phys. Rev. Lett. 65,3313 (1990); A.R. Sandy el al., I'hys. Rev- B, in press.
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KLI3CTH0CIIF.MICA1. STUDIES OF SURFACES

R.M. Ocko, Jia Wang, A.J. Davenport, U.S. Isaacs

in jliim x-ray specular reflectivity and glancing incident angle x-ray
diffraction measurements have been performed at the Au(OOl) surface in
0.01M HC1 acid solution in an electrochemical cell. At negative potentials
with respect to a Ag:Ag/Cl reference electrode the surface reconstructs
with K. "!ax20" hexagonal overlayer. From glancing incident angle
diffraction studies it was determined that in-plane lattice constant and
rotation in the electrochemical cell are identical to those observed in
vacuum. In addition, the density of the hexagonal overlayer (1,25) and the
expansion of the top layer (20%), as determined from the specular
reflectivity data (see Fig. 1), are identical to the vacuum results.
However, the roughness of the top layer (0.5A) is larger than the vacuum
result (0.3A). At sufficiently positive potentials the hexagonal
reconstruction disappears and the extra atoms pop up and form a new layer
with a density of 22% of a bulk layer. We do not know whether the atoms in
the top layer form a well ordered reconstruction or small clusters (20A).
This transition is reversible. However, there is considerable rate
dependent hy3teri3is.

GRAZING INCIDENCE STUDIES OF SPUTTERED AND ION-DAMAGED
FILMS OF AI.83Mn.17

J. L. Robertson, X. Jiang, S. C. Moss (U, of Houston); S. Hashimoto (IMR, Tohoku U);
D, C. Jacobson, J. M. Poate (AT&T Bell Labs); K, G. Krelder (NIST)

Thin films (0.6nm-3.2jim) of AI.83Mn.17 were RF sputtered onto silicon and
vitreous SiO2 substrates at -300K and ~543K. These films were then masked and
ion-damaged at 77K at energies selected so as to penetrate the films uniformly. X-ray
scans were done in a fixed grazing incidence/grazing exit geometry to keep the
scattering wave vector essentially in the plane of the film. Our most striking results,
shown below in Fifl.1, indicate that S(Q) for the damaged quasicrystalline (QC) film
(deposited at 543K) is very similar to S(Q) for the original sputtered "amorphous" film
(considered to be microquasicrystalline1). Inasmuch as ion-damage is not a grain
refinement procedure, we conclude that the QC film was amorphized at 77K and
microquasicrystallized on heating to 300K. This establishes a very low energy barrier
between the amorphous and QC structure.

Co
Electrochemistry - A U ( 0 0 1 ) in O.O1MHCI0.
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• • - - v-+i .o(nt)

1 2 3

L (UNITS of c*)

Figure 1 Specular reflectivity of Au(001) in 0.01M 1IC10, for various
potentials.

Figure 1 (a) S(Q) for an as-sputtered "amorphous" film of AI.e3Mn.17
(b) S(Q) for a quasicrystalline film sputtered at 543K, ion-damaged at 7/K

with Si+ ions to a dose of SxiO^/cm2

Both (a) and (b) were studied at -300K

1. L, C. Chen, F. Spaepen, J. L. Robertson, S. C. Moss, K. Hiraga. J. Mater. Res. 5,
1171 (1990).

Research sponsored by the NSF on DMR-8903339 and DOE on
DE-FG05-87ER45325.
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X-RAY REFLECTIVITY STUDY OF Cu-SOLUTION ELECTROCHEMICAL INTERFACE*

II, You, Z. Nngy, C.A. Melendres, V,A. Moroni, and W. Yiin (AND

Wo developed a novel elftctroehomical cell that permits in-situ x-ray scattering measure-
ments of electrochemical interfaces in a transmission scattering geometry (Lnue geometry).
The transmission geometry offers many advantages over the reflective geometry that hat*
been used for previous scattering and EXAFS studies. Tho transmission geometry elimi-
nates prohlcms of non-uniform electric fields and the need for thinning tho solution layers
for x-ray measurements. Using this cell, measurements wore made a t tho NSLS on passiva-
tion of metn! films under in-situ potential control.
The measured x-ray reflectivity manifests for-
mation and reduction of oxide passive films on
noble metals such as copper and silver depend-
ing on the potential across the interface. The
surface morphology ol oxide layers at the metal-
solution interface transforms rovcrsibly in re-
sponse to the electrochemical potential. Anal-
ysis of the data indicates tha t the initially flat
surface roughens by n» much as 30 A in rms
(root mean square) fluctuation and reversibly
recovers nearly its original flatness under re-
duction potential conditions. Fig.l shows the
cyclicvoltamogram and x-ray reflectivity scans
of a copper film at potentials indicated. The
oscillation seen in tho scan for the open circuit
potential (A) sharpens following reduction of
the oxido film (I)), becomes very smooth upon
full oxidation (C), and recovers tho sharpness
on full reduction (D). Tho roughening of tho
metal surface in found to be due to the rough-
ening of the metal/oxide interface and also to
dissolution of oxide into the solution, It is also
found that the oxide surface morphology strong-
ly depends on the pH and the solubility of the
oxide. This oxidation study is only one exam-
ple of the many electrochemical phenomena that
can be studied with the transmission interface _|7.
x-ray scattering technique. Other cloctrochom- 10 ,̂05 0,10 0,
ically forefront problems, such as the study of Q (*"'
diffuse double layer, are in progress,

*Work performed under DOE contract W-31-109-Eng-38

X2JA1

XAFS AS A PROBE OF THE LOCAL COORDINATION ENVIRONMENT OF COPPER IN
NATURAL AND SYNTHETIC ORGANO-CLAYS*

K. A, Currado, K, Pandya and R. E. Winini (Arionne Nitiontl Laboratory)

Elucidation of tht molecular structure of ieliv« iii*t in heterogeneous catalyfti is of
fundamental Importing in the determination of structure-activity relationship*1, ftvdle* of
transition metal-exchanged days ctn yield information pertinent to both catalytic mechenieiM
•nd fundfm«nti| coordination chemistry, In copper-containing clays t th» eopptri.il) few* e n
cxitt in the gilltry space at either hydrated or oraanomatallic complexes In thit study, water*
soluble nwtillo-porphyrJni, like /t/r<i»:/j(N,N,N-trlm*ihyl-4-anlSinium)porphyrin (TAP), i r t
ion-exchanged into mturil clay mintrili. TnnimUiion dim wu |ttb«nd for coppti(n)
ittndtrdi tnd nwuUlo-porphyrini relative to coppir foil. itctuM tht amount of eopptr
prtMnt in th« cxchaniid clayi wu quite dilute (<20% of the tout abtorp(ion), fluorteceoct
detection w u necettary for theie tamplei.

The data hai not yet been analyzed fully, but preliminary inspection of the raw data y
promifinf information. In Figure l(a) and l(b), Cu(II)>TAP appeari to Intercalate without
dematallatint into the aelUrlu of a bentonite clay. The umple Cu(II)-ion-exchan|cd bentoiite
is shown In Figure l(c). When this material w u treated with the free bat* TAP, tea Figure
l(d), the characteristics of the spectrum appear to mitch the metallooorphyrin, which agree*
welt with UV-vlsible ibsorpUon spectroscopy results.

(b)

* . m,

(c)

-m, •• v .

Flgura I. CiKII) XAFS spectra of: (i) Cu(H)TAP (b) CuttI)TAP-bentonite (c) CtOO-
beotonlte and (d) TAP exchanged Cu(II)-bentonlte.

•This work wai performed under the auspices of the Office of Basis Energy Sciences. Division
of Chemical Sciences. U.S. DOE, under contract number W-3J-109-ENG-M.
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SEARCH FOR FAST, HEAVY-ATOM SCINTILLATORS

S. Doronzo (LBL), W. Moses (LBL), T. DeVol (U. Mlchl(jan), and J. Cahoon (LBL)

Tho ob|ectlve ot this work Is the discovery ol last, heavy-atom sclntlllators for the detection ol 511 koV
annihilation photons fn positron emission tomography (PET), and the measurement o) their fluores-
cence decay lifetimes and emission spectra. PET is a medical Imaging method that uses positron emit-
ting tracers and arrays ot detectors to measure dynamically and non-lnvaslvely biochemical processes In
the human body, primarily in the study ol heart and brain diseases. Of the sclntlllators used In PET, BGO
has Ihe best stopping power but poor speed, and BaFz has excellent speed but relatively low stopping
power. We wish to develop a scintlllator with the speed of BaF2 and the stopping povt jr of BGO.

A total ot 427 compounds in sealed quartz vials were Irradiated with 20 keV synchrotron radiation X-
rnys on boamline X23-A2. Of these, 10 were previously known scintlllators and were used as calibration
standards, while the scintillation properties of the remaining 417 were not known. Four methods were
used to measure their fluorescence properties, as described below:

1) The total fluorescent light output was measured using a pholomultlpllor tube with a fused silica
window. Of the 417 test compounds, 39 exhibited measurable fluorescence. Of these 417, 158
showed a fluorescence decay time taster than 1 us and their oscilloscope tracings were photographed.

2) The fluorescence decay time distributions were measured (or the 10 known scfntlllators and (he
158 luminous test compounds using the delayed single photon method. A time-to-amplitude converter
was started with a single photoelectron signal Irom the test compound and stopped with a Pilot U scintil-
lator that was in a portion of the X-ray beam. The timing resolution was approximately 1ns.

3) Fluorescence spectra were measured for 116 of the 158 luminous compounds using a mono-
chromator placed between the test compounds and a photomultipller tube with a lused silica window.

4) Wavelength resolved decay time distributions were measured for the 25 compounds that
displayed multiple component time and emission spectrum structure. The monochromator was set to
various fluorescent emission wavelength bands and the delayed single photon method was used to
measure the lluorescent decay time of each.

From ihese experiments we were able to identify and characterize six new and potentially uselul
scintillators, and also make measurements lhat will help us unravel their scintillation mechanisms. Similar
work performed at this beamllne 18 months ago has led to four publications in refereed journals and two
patent applications. Measurements 1), 2), and 4) were performed during single bunch mode running
and would have been impossible In normal multi-bunch mode.
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(XANCINK-ANGLK XAFS STUDIES OF PREMFXTING AT Cu/AI,O,

IN TERFACIAL REGIONS

R. A. Mayummc, It. A. Hunker, and N. Jisrnwi, Physica Dcpl., U. of Noire Dame.

Studies on nietuls have shown that premelling at Ihe surface occurs considerably below
the hulk melting temperature, indicating that the wet surface of a solid may act as a nucleation
source (luring melting. Our aim in this work is to study the atomic thermal-motion disorder
and vacancy formation associated with (he precursors lo melting at metal-insulator interfaces
using XAFS. Cu K-edge XAFS spectra were taken on Cu/Al2O3 multilayers, grown using RF
sputtering on optically flat Si wafers having 20 layers each of -lOOA of Cu and ~100A of
A12O,, using the glancing-angle of incidence technique in the fluorescence mode.
Measurements were taken at several angles of incidence, ranging from ~2.5 to 13 mrad, at
room temperature and 420±2°C, The multilayers were studied under two orientations: the
x-ray polarization vector parallel and perpendicular to the Cu/Al2O3 interface. Preliminary
analysis of the polarization dependent high-temperature data reveals a directional anisotropy
in the EX AFS Debye-Waller factor indicating that the amplitude of relative Cu atom in-plane
motion is larger than for out-of-plane motion at the interface (see Fig.l). The implication of
this is that the interface may experience premelting behavior differently than a free surface
for which the directional anisotropy in atomic vibrational amplitudes is reversed. Besides
completing a thorough quantitative analysis of our data, we plan to do a more systematic
study of this nature versus temperature at both orientations.

0.06

0.0'. :

0.0?

0.00 ;

0 02 :

0.04

0.06 :

0.08-'

2

Fig.l Normalized EXAFS oscillations
for the Cu K-edge, n>e,istired on a
Cu/AljO, interface, at 2.5 mrad
incidence angle and 420 + TC. The
solid line (dashed line) represents
measurements made with the x-ray
polarization vector perpendicular
(parallel) to the interface.
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Supported by Office of Naval Research under contract N00014-89-J-1108.

Figure 1. Fluorescence decay of BaF2 powder excited by single-bunch 20 keV X-rays. Left: Fast fluo-
rescence decay for 220 nm emission peak. Right: Slow fluorescence decay for 310 nm emission peak.
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X ANES of Transition McUl Zinc-Blende Semiconductor* X23 A2
David A. McKeown, NiUon«l Institute of Standards and Technology, Building 225,

Roam A305, Gaithersburg, MD, U.S.A. 20899

XANES data were filhercd for three transition metilf: Fc, Cu in chalcopyrite
(CuFeSj), »nd Zn in sphalerite (ZnS), where all are found in nearly identical atomic
environments [1J, These two zinc-blende structures are very similar to the structures
of I1I-V semiconductor compounds. The edges have been presented separately [2,3],
but no comparisons or calculations of the same type have been made for all three
edges. The data show similar interference features except near the edge, where the
white line amplitude increases and a "pre-edge" feature decreases in amplitude from
Fe to Cu to Zn (Fig. 1); EQ values for Fe (7112 eV), Cu (8979 eV), and Zn (9659 eV) have
been shifted to zero so that similar interference features in the different spectra
line-up at the same energy. Calculations on zinc-blende clusters have been done to
see how well theory mimics the data, and to determine possible reasons behind die
changes in the data. Initial calculations, using DLXANES [4], have been performed on
these structures to a cluster size of 5 shells (46 atoms), which determine multiple
scattering (m.s.), single scattering (s.i.), and atomic absorption (uo) contributions to
the theoretical spectrum. The calculations show some similarity with the data.
Compared with the data, theory over-estimates the interference amplitudes.

Calculations, that best match the
data, use molecular potentials
incorporating Z n + + , Cu+, Fe + 3 , and S"2.
The calculated M 0 edge covers a
narrower energy range and develops a
white line from Fe to Cu to Zn. The
general edge features are seen in the
two shell (16 atom) calculation, and can
be mostly described by s.s.
contributions. A weak "pre-edge"
feature is only seen for larger cluster
Fe and Cu calculations, and is not
observed in the Uo f o r C u o r Fc- T h i j

feature is due to interference effects,
rather than atomic transitions
(i.e. Is to 3d). Features in the calculated
spectra for the ZnS structure,
generally converge as larger shells are
added; this is different compared with
what has been done [3]. At least six
shells (70 atoms) will be nccesssry for
the calculation to replicate all of the

Cu

Fer
-10 0 10 2 0 3 0 4 0 5 0

Energy (eV)
Fig.l. K-edge data: Zn (sphalerite),

Cu and Fe (chalcopyriie).

features in the data. ICXANES calculations [5], using a variety of molecular potentials,
are being performed on these clusters.

[1] B.J. Wuensch, Sulflde Mineralogy, Reviews In Mineralogy, v.l, P.H. Ribbe, ed..
Bookcrafters, Inc., Chelsea, Michigan, p.W-26 (1982).
[2] J. Peliau, P. Stjncuvit, G. Calas, Mat. Set. and Eng., v.Bl, p.237 (1988).
[3] P. Sainclavit, J. Petiau, O. Calas. M. Benfstto, C. Natoli, J. de Physique, v.C9, p. 1109
(1987).
[4] P. Durham, J. Pendry, C. Hodges. Comp. Phys. Comm., v.25. p.193 (1982).
IS] D. Vvcdensky, D. Saldin. J. Pendry, Comp. Phys. Comm., v.40, p.421 (1986).

X23A2

BXAFS STIJDV OF LOCAL STRUCTURE OF FERROELECTRIC II-VI AND IV.VI
SEMICONDUCTORS

Zhihai Wang and Bruce A. Hunker, Physics Dcpt., Notre l)anu\

F.X AFS has been used to study the local structure of the disordered alloys Zn,Cd,.,Te. PbS.Te,...

I'bSe.Te,.,. Based on the temperature variation of the dielectric constant and from the hysteresis

loop at elevated temperatures, R. Weil et al.1 reported a ferroelectric transition in Zn,Cd,.,Te for

x-0.04 to 0.40. From this work, however, it is unclear what is happening structurally through this

transition. Considering the large atomic size mismatch between the Zn and Cd atoms (Zn: J.3JA.

Cd:1.38A. and Zn*:().83A, Cd2*:l.O3A), it is reasonable that Zn ions are off-center in the cage of

surrounding Te ions, and could move in a multi-well potential. If the ions are indeed off-center, the

alloy may undergo an order-disorder ferroelectric phase transition as found in Pb,.,Ge,Te2 and

PbS.Te,., \

The sample of Zn,Cd,.,Te for x=0.2 and standard ZnTe were measured in fluorescence mode

on the Zn K edge at temperatures ranging from 300K to 550K. The preliminary EXAFS results

show that Zn-Te bond length (2.66 ± 0.01/i) in Zno.MCdo mTe is very close to the one of pure ZnTe

(2.642A), but far away from the average lattice constant of Zno.2oCdnnTe deduced from x-ray

diffraction (3.19A). Our results ulso show that the difference in first shell EXAFS Debye-Waller

factors associated with the Zn edge in ZnaniCcWre relative to ZnTe measured at the same tem-

perature are slightly larger than zero but smaller then O.OOOSA'. This implies that if Zn ions are

off-center then the displacement is smaller then 0.1 A.

Continuing our work on IV-VI semiconductor alloys, we have also performed EXAFS mea-

surementsonPbS0,nTe,,w and PbSeO2oTeoiin during this period. Our findings support our assumption

that the ferroelectric phase transition could occur generally for alloys in which a substitutional atom

has a size significantly different from that of the host atom it replaces.

1. R. Weil, R. Nkum, E. Muranevich. and L. Benguigui, Phys. Rev. Lett. 62,2744 (1989).
2. Q. T. Islam and 8. A. Bunker, Phys. Rev. Led. 52, 2701 0987).
3. B. A. Bunker, Z. Wang, and Q. Islam, Proc. of XAFS-V1, York. England. Aug. 1990.

Supported by Office of Naval Research under contract N000J4-89-J-1108.
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DIITKACTION IMAGING OF SYNTHETIC DIAMOND

D. R. Black, II. E. Burdotto mid M. Kurlynmn (NIST)

Synthetic diamonds nro used to moke high precision cutting toola, Che quality
nnd yield of which depend critically on the processes of producing hlfih quality
nynthetlc diamonds. Figure In shows an Imnge from a synthetic diamond which
contains a large amount of nitrogen In processing. Figure Ib nhows nn linage
taken from n different synthetic dlnmond which contalna much less nitrogen
Identified as "ultra pure nitrogen" dlnmond. The diffraction images from both
diamond.1; Indicate that the crystnl growth Is kinetic driven, presumably In phase
transformation processes under high pressures at elevated temperatures,
resulting In facet growth. Also present arc interfaced, or layers extending
over a large portion of the crystals. Thane layors are (111) plnnen, probably
created by higher concentration of nitrogen in the phase transition process.
Tho "ultra pure nitrogen" diamond Iui3 much loss lnyer formation; each layer la
clearly visible, while die other synthetic diamond has layers overlapped with
each other throughout the crystal. These layers ns well ns the facet fronts
are considered to be chronological traces of the crystal growth.

Scientists In Industry have Indicated that the cross section of these layers
may be related to nn optically observed flaw in failed tools. Also, n non-
fnceted growth region which forms Irregular boundaries seen In the left top
corner of Figure la is recognized ns a trouble region for grinding out the edge
of machine tools. To resolve the problems that industry is facing, further
systematic studies of diamonds with different levels of nitrogen are obviously
required In a close collaboration with the diamond supplier, Sumitomo Electric
Industries, Ltd as well ns Edge Technologies, Inc.

Figure 1. H I asymmetric transmission diffraction images of (a) synthetic
diamond used for ranking cutting tools, and (b) "ultra pure nitrogen"
synthetic diamond.

HIGH SPATIAL RESOLUTION ENERGY DISl'ERSIVE X-RAY DIFFRACTION

Dnvld R. Black (NIST) and Todd Kuntz (V. Va.)

Energy dispersive x-ray diffraction (EDXRD) con be used 1.0 directly measure the
distribution of strain within a sample1 . For application to new industrial
composite materials, significant changes in the residual strain occur on a size
scale commensurate with the reinforcing component. In order to provide data
that Is necessary to Improve the processes that produce these composite
materials higher spatial resolution EPXRD experiments must be performed. The
spatial resolution of this technique can be limited by several factors.
However, the grain size of the material sets the absolute lower limit of
resolution. The volume from which diffracted intensity Is collected must be
large compared to the grain size so that the diffraction pattern represents an
average of grains distributed throughout the probe volume.

We have examined o fine-grnlned Ti-Al-Nb matrix SIC fiber-reinforced conposite
material in an attempt to characterize the reslcual strain that results fron
the thermal processing of this material. The reinforcing fiber is approximately
130 /im in diameter. The Illuminated volume within the sample is determined by
the size of the entrance and detector slits and the scattering angle. He used
a scattering angle of 15* and slit openings as small as 50 x 50 unr. The snail
scattering angle makes the third dimension of the probed volume nuch larger but
the sample is always oriented so that this long dimension is orthogonal to the
diffraction vector. For a 50 /im vertical entrance and detector sill-, the probe
is 380 /»m long. Figure 1 shows a typical diffraction pattern acquired froa a
volume of about 5 x 10' * mm3.
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KICRORAOIOGKAt'lllC OBSERVATION OF A SINGLE SIC FIBER IN A FIBER REINFORCED MKTAI--
MATRIX COMPOSITK

R. C. Dohbyn, I). K. Blnck, II. P.. liurdette and H. Kurlyama (NIST)

The newly developed high resolution hnrd x-rny microscope hns many applications
In the detection of flows nnd defects In nil sorts of materials. These Include
advanced structural and functional material components, dental, medical and
biotechnologies! inacurlals as well as In the development: of new processing and
chemical treatments for these materials. As a straight forward application of
this microscope to mlcromdlography, a reinforced T13A1 Nl> metal-matrix
composite material in used to linage a single SIC fiber with the microscope
operated at a mngni f icntlon of 5!i X and at a photon energy of 12.15 keV. The
thickness of the sample Is about 1.7 mm, This fiber Is roughly 130 urn In
diameter, surrounded by a T13A1 Nb matrix. A graphite core Is at the center.
Tho detailed structure of SIC appears as a bundle composed of layers with great,
clarity; no pixel Images arc discernible. The CCD pixel size Is equivalent to
0.36 /mi .it this magnification. The separation of a SiC layer In the outer edge
of the fiber Is prominently shown. Also significant is the existence of a dense
material region between the graphite core and SIC layers.

X23A3
THE X-RAY MICROSCOPE AS A MICR0TOM0G11APHIC DETECTOR

R. C. Dobbyn, D. R. Black, R. B. Spal, II. E. Burdette and M. Kurlyam.-i (HIST)

The bard x-ray microscope has been used to
Image a single SIC fiber within a TijAlNb
matrix composite material1 . This imagine,
experiment clearly demonstrates the
microscope's utility in the field of
microtomography. During the experiment the
sample was viewed with the fiber axis
parallel to the Incident beam direction and
with the fiber axis at different angles to
the beam direction. Three separate views,
each differing by 0.1 degree arc shown below.
Each view shows a slightly different aspect
of the SiC fiber.

The x-ray microscope was operated at a
magnification of 55 X and with monochromatic
photon energy of 12.15 keV. The square in
each view indicates a 10 fim X 10 /jm area. As
In the operation of an optical microscope,
the zooming capability of the x-ray
microscope is indispensable to first locate
such a small single object in a wide field of
view, using a lower magnification, and then
to increase the magnification to desired
levels. Also necessary is the capability to
manipulate the sample orientation while
viewing images.

As this series of high resolution images
shows, a set of two-dimensional images is
easily collected as a function of rotational
angle at increments of less than one degree.
This is an essential step before
reconstruction of a three-dimensional image.
Algorithms are available for tomosynthesis.
Thus, a working microtomographic system
capable of reaching one micrometer spatial
resolution Is achievable now, using this
detector.

'R~! C. Dobbyn,et al. NSLS Annual Rept.,
1900.
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X-RAY PHASE CONTRAST MICROSCOPY OF COHERENT L-iYF.RS IN A LASER DIODE DEVICE

R C. Dobbyn, 11. E. ilurdotte, R. D. Spal and H. Kurly/in/i (NIST)

Device features In microelectronics nnd
photonics are prepared to be almost perfectly
lattice-matched to each other and to the
substrate. It Is difficult to create Images
with good contrast from mutually coherent
features consisting of similar materials.
Electron microscopy suffers the same problem.
The physical shape of these features, If
visible in roicroradlography, may not give
clues for the understanding of phenomena
actually taking place.

An InGaAsP multilayer device structure (laser
diode) was studied in transmission
diffraction under the high magnification of
the x-ray microscope. The microscope was
operated at 100X and 12.3 keV and was
positioned to view
the 220 transmission diffraction Image (H-
bcam). Two thin layer Images, A and B, near
the surface of the device are made x-ray-
vlslble by either local strains or lattice
parameter changes, representing the 0.5 - 1.0
/im layers, which may be AlGaAs or InP doped
differently on the InP substrate. Note that
the diffraction vector, (220), Is contained
in the layers, thus making the diffraction
condition most sensitive to the Interfacial
strains. The figure shows that layer A
appears to be discontinuous and layer B
appears segmented. The discontinuous nnd
segmented images of these layers are
indicative of the local variations of the
precise Bragg angle for these layers. When
the sample Is rotated by less than 1 arcsec,
new segments of the layers replace the
existing linages. The layers were confirmed
to be continuous by the Images obtained from
diffracting planes which are rotated by 90°
from the [220J direction and are less
sensitive to interfacial strains.

In this mode of phase contrast imaging, the
dynamical diffraction effect guarantees that
those images transmitted in diffraction
represent true transverse cross sectional
images of the layers. This work was
performed in collaboration with II. Kuwamoto
and A. Applcbaum, Rockwell International
Corporation.

HIGH RESOLUTION IIAHO X-RAY MICROSCOPE

R. C. Dobbyn, R. D. Spal, II. E. Burriettc and II. Kuriyaina (HIST)

An x-ray microscope operating in the energy range 5-30 kcV and capable of
resolving sub-micrometer features has been installed on the X23A3 beamllne.
It has been used successfully in both rndlographic and diffraction imaging.

The x-ray microscope (Figure 1) consists of asymmetrically-cut x-ray diffraction
optics. A and I), which function as the objed Ive lenses of the microscope.
Control of these optics is provided by their respective rotators, C and D. which
are capable of sub-arc second rotation steps. The beam containing the image
impinges, via the objective lenses, on an x-ray sensitive, 516 x 516 CCD array,
E, which is cooled to -'tO'C to virtually eliminate dark noise. The carrousel
mounted on the CCD camera bead holds a photodiode, F, used In alignment of the
optics, a lead foil shutter, G, and a cl.ear-liiie-of-slght aperture, H.

A unique feature of this microscope is the use of direct conversion of x-ray
photons to charges accumulated In each pixel of the CCD array. This accounts
for its much higher resolution compared with other C'CD applications in the x-
ray field. Direct conversion has been considered by many to be sedulously
avoided for fear of destroying the CCD array because it is subject to radiation
damage. Our developmental work, however, has shown that serious degradation
does not ensue if the Intensity (brilliance) of x-rays striking the CCD array
is kept below 10* to 105 photons/mm2/sec.

Figure I. The high-resolution hard x-ray microscope.
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RESOLUTION OF THE X-RAY MICROSCOPE AT X-23-A3

R. C. Dobbyn, R. D. Spa], II. E. Burdotto and M. Kurlyama (NIST)

An evaluation of the spatial resolution of the h»rd x-ray microscope has been
made using a somewhat less than Ideal specimen The difficulty of obtaining
n good sample with features of known dimensions in the one-micrometer range has
been considerable. The resolution measurement requires a set of line pairs
(lines and spaces of equal width) of the appropriate dimensions. The sample
used for this measurement shows an overall mosaic structure which we ignore;
the line pair patterns are the important feature.

Shown below are mlcroradlographlc Images of Pd line pair patterns of several
widths with spaces equal to the line widths. The images were obtained with the
microscope operated at a magnification of 79. The lines in image (a), 1.4 /jin
wide and 1.4 ;im apart, and In image (b), 1.2 /iin wide and 1,2 /im apart, are
clearly resolved. The lines In image (c), 1.0 /jm wide and 1,0 /im apart, are
not resolved. Although the microscope is able to show isolated submlcron
features, as evidenced in an accompanying report, the resolution of the
microscope is currently 1.2 /itn. The metrological Pd pattern samples were
provided by I. C. Ba^signana and S. Eicher, Bell-Northern Research Ltd.

Mlcroacopa Oparatad at a Magnification of 7fl«

Enargy 12.25 KaV

20|im

20|im

X23A3
EFFECT OF PHOTODEPOSITEI) IRON OXIDE AND TIN OXIDE ON THE CONSOLIDATION OF
POROUS VYCOR GLASS MEASURED BY MEANS OF SMALL-ANGLE X-RAY SCATTERING.

G. G. Long (NIST); P. R. Jcmian (Northwestern U); E. A. Mendoza, D. Sunil,
E. Wolkow, II. D. Gaffney, M. II. Rafailovich and J. Sokolow (Queens College);
S. A. Schwartz and B. .1. Wilkens (Bellcore).

Recent experiments have shown that highly resolved gradient index patterns,
or patterns of electrically and magnetically addressable adsorbates, can be
produced by photochemical deposition of metal oxides in porous Vycor
glass (PVG). To gain some insight into the relationship between glass
morphology and the distribution of the metal oxide, i. e., the factors that
ultimately control pattern resolution, iron oxide and tin oxide impregnated
samples have beep examined by means of small-angle x-ray scattering (SAXS).

Measurements were made on four samples: unconsolidated Vycor glass,
unconsolidated Vycor glass impregnated with iron oxide, consolidated Vycor
glass impregnated with tin oxide, and consolidated Vycor glass impregnated
with Iron oxide. The results show that the glass consolidates about the
iron oxide but not about the tin oxide. Thus, photodepositlon of tin oxide,
which appears to chemically modify the the glass surface and to prevent its
consolidation, offers a means of producing highly resolved regions of
porosity in the otherwise consolidated glass. Figure 1 shows the SAXS curves
on an absolute scale for the four samples. The SAXS peak, characteristic of
the Vycor glass structure, is much less pronounced for the consolidated
iron oxide impregnated glass than for any of the other samples.

Figure 1. Absolute SAXS scatt-
ering intensity vs. scattering
vector for: open squares -
unconsolidated PVG, impregnated
with iron oxide, open diamonds »
consolidated PVG impregnated
with tin oxide, solid squares -
unconsolidated PVG, and solid
diamonds - consolidated PVG
impregnated with iron oxide.

U .1 .2 .3 .4

Scattering vector, nm-1

Work supported by the U.S. DoE under contract no. DE-FG02-86ER45229.
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X23A3
EVOLUTION OF THE PORE SIZE DISTRIBUTION IN ALUMINA DURING FINAL STAGE
SINTERING MEASURED 8Y MEANS OF SMALL-ANGLE X-RAY SCATTERING.

G. G. Long, S. Krueger, D. R. Black and D. Minor (NIST); P. R. .Jemlan and
G. W. Nieman (Northwestern U): and R. A. Page (Southwest Res. Inst.)

The evolution of the microstructure of the porous phase within alumina
during sintering was studied by means of small-angle x-ray scattering (SAXS).
Earlier studies (1) of the sintering of alumina using multiple small-angle
neutron scattering (MSANS) indicated that the effective pore radius is
constant during the Intermediate stage of sintering, independent of the
presence of MgO sintering aid. As final stage sintering begins,
the open porosity of the intermediate stage breaks up into isolated porosity
and the effective pore size increases abruptly. The measured pore size was
never observed to decrease as density increased, even for material more than
98% dense.

The present SAXS study was undertaken to measure the evolution of the pore
size distribution during densiflcation. The high resolution SAXS instrument
used (2) for this study has a scattering vector range suitable to the
measurement of particles or pores 3 nm to l̂ irn in size. 11 keV photons were
used tc measure the 150 - 200 ̂ m thick samples of A1.0- and Al-O., with
0.25 w/o MgO with densities from 97 to more than 99% of theoretical. The
effective mean pore radius was found to increase as density increased,
confirming the earlier MSANS results. More importantly however, it was also
found that the pore size distribution broadens significantly as density
Increases. (See Fig. 1.) This is significant because the pore size is
related to the dihedral angle between grains, which is in turn directly
related to the driving force for sintering.

0.4 _ , _______ J
Figure I. Volume fraction
distribution of pores in
MgO-doped alumina, as
measured by SAXS. Sample
D6 is 97.5 % dense,
D7 is 98.9 % dense, and
D7a is 99.7 % dense. As
final stage sintering
proceeds, the median pore

0.3 - - -

0.1

0.0

size increases and the
distribution of pore sizes
increases in width.

.2 .4 .6 .8 1
pore diameter,urn

Long, S. Krueger and R. A. Page, submitted to J. Am. Ceram. Soc.
Long, P. R. Jemian, J. R. Weertman, D. R. Black, H. E. Burdette,

and R. Spal, to be published in J. Appl. Cryst.

X23A3

OPTIMUM MON0CHROMAT0R OPTICS FOR THE X23A3 X-RAY MICROSCOPE

R. Spal (NIST)

The effect of asymmetrically diffracting monochromator crystals on the photon
flux and spatial resolution of the X23A3 x-ray microscope has been studied.
Geometrical optics predicts that, compared to symmetric diffraction, asymmetric
diffraction can significantly enhance the microscope flux without noticeably
degrading its resolution. Experimentally, an enhancement factor of 3.0 has been
achieved without loss of resolution.

The microscope uses asymmetric Si 111 diffraction to magnify the object. The
magnification factor m is typically 80. Since the energy bandwidth for
asymmetric diffraction is proportional to m 1 / 2, the bandwidth of the microscope
Is typically 9 times that of a symmetric Si 111 reflection.

For optimum flux, the bandwidth of the monochromator should match that of the
microscope. For a double flat crystal non-dispersive monochromator using Si
111 reflections, a match may be obtained by requiring that nij - l/m^ - in, where

and m2 are the magnification factors of the first and second monochromator
crystals. Geometrical optics predicts that when
resolution is nearly independent of

•• l/m2, the microscope

Figures 1 and 2 compare radiographic images of the sane 1 pro wide parallel
lines, taken with different monochromator crystals. Both images were taken with
12.3 keV radiation, m - 80, and nij « l/m2 . In Figure 1, mt — 1, while in Figure
2, iDj - 10.5. The measured flux in Figure 2 is a 3.0 times greater than that
in Figure 1, In good agreement with the predicted factor of 10.51/2. Note the
resolution is the same in both figures.

Figure 1. Image taken with
normal bandwidth monochromator
using Si 111 symmetric
reflections. Square overlay Is
10 X 10 um.

Figure 2. Image taken with wide
bandwidth monochromator using
Si 111 asymmetric reflections.
Note spatial resolution is as
good as in Figure 1, while photon
flux is 3.0 times greater.
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VERTICAL AHP HORIZONTAL RESOLUTION OF THE X23A3 X-RAY MTCROSCOVE

1!. Spal, R. Dohbyn .mtl I). Kunyama (MIST)

The spatial resolution of the X23A3 x-ray microscope has been characterized
using a line pattern produced by photolithography• Different resolution Is
observed depending on whether the lines are oriented horizontally or vertically,
i.e., parallel or normal to the electron orbit plane, respectively. This is
a geometrical optics effect due to the aniantrnpy of the source size and to the
geometry of the microscope.

Figures 1 and 2 show images of horizontal and vertical lines, obtained at 12.3
keV using a microscope magnification of 76. The lines are 1 /im wide and 50 /tin
long, with a center to center spacing of 5 //in. The graphs show ttie integrated
intensity in each row (Figure 1) or column (Figiue 2) of pixels parallel to the
lilies, as a function of the ruw or column number. One pixel represents 0.26
/tin.

In Figure 1, the average FWHM of the dips representing the lines is 1,2 im.
This value is consistent with a line spread function whose FWHH is 0.17 /im, as
computed from the source size (200 /iin) , source to object distance (20 m) , and
object to magnifying element distance (1.7 cm). As expected, the intensity
between the lines ievels off at the background value. The anomalously nigh
intensity at the line edges is due to Fresnel diffraction.

In Figure 2, the average FWHM is 2.4 >*m, and the inter-line intensity does not
level off at the background value. This degradation is due to a 12 fold
increase in the FWHM of the line spread function, of which, a factor of 4 is
contributed by the ratio of the horizontal to vertical source sizes, and a
factor of 3 by the ratio of the distances from the object to the horizontally
and vertically magnifying elements. Interchanging these elements would change
the factor of 3 to 1/3, making two resolutions nearly equal by enhancing one
at the expense of the other.

X23A3

SUB-MICROMETER FEATURES Ri'SOi.VKIJ WITH X-RAY MICROSCOPE

R. p. Spal, K. C. Dobbyn, II. E. llurdette and H. Kuriyaina OUST)

A 0.6 /jm feature has been resolved with the x-ray imaging microscope on X23A3.
Figure 1 is the radiographlc image of a pattern of 0.15 pm-thick Pd HUBS, of
various widths, deposited on a 0.38 mm-thick Si wafer. It was obtained a»: a
magnification of 79 and a wavelengt-h of t.O A, with a 10 minuce exposure at a
storage ring current of 105 inA. At this imgnification, one CCD pixel represents
0.25 /im. The eleven evenly spaced lines are 1 /*m wide and 50 ftm Jong,, with a
center to center spacing of 5 /iin. The single line above the eleven is 0.6 /;m
wide. Figure 2 is a plot of the average pixel intensity tor each (horizontal)
row of pixels, superimposed on the view of Figure 1. The dips in intensity for
the eleven 1 ism lines have an average FWHH of 1.4 /im, while the dip for the 0.6
/im line has a FWHH of 1.0 /iin, in good agreement with the predictions of
geometrical optics. However, Clie secondary dip between each 1 ;im primary dip
cannot he explained by geometrical optics.

The vertical spatial resolution, expressed as the FWHM of the line spread
function, is limited by the source size to 2oy dj/dj - 0.16 >im, where oy - 0.1
mm is the standard deviation of the vertical position of the electron beam, d}
(sample-source) - 20 in and d2 (microscope-sample) - 1.6 cm. The vertical
resolution is also limited by Fresnel diffraction to roughly (A d 2)* = 1.3 fim,
(A = 1 A) . In a previous report1 , the resolution of only 2.7 /ii» was obtained.
The main improvements here were the reduction of d2 and the replacement of
unmatched asymmetrically cut crystals (nij = 2,m2 = 1/4) by matched
asymmetrically cut crystals (IÎ  ̂  10, m2 = 1/10) in the monochroiaator.

Figure 1. Radiographic image of
eleven 1 /im wide and one 0.6 /nn
wide lines inside rectangle.

Figure 2. Average pixel
intensity for each row of
pixels inside rectangle.

Figure 1. Horizontal lines. Figure 2. Vertical lines. R. D. Spal, et al., NSLS Ann. Rept. p. 554, 1989.
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A DIFFRACTION LIHITED X-RAY IHAGING MICROSCOPE WITH OHE MICROMETER RESOLUTION
R. 0. Spal, R. C. Dobbyn, and H. Kurlyaraa (NJST)

Fresnel diffraction limited performance of the x-ray imaging microscope on
X23A3 has been demonstrated. This Improvement'" was achieved mainly by
reducing the sample-to-detector distance and using successive symmetrical
diffraction In the monochroniafor crystals.
The vertical spatial resolution, expressed as the FWHM of the line spread
function, is limited by the source size to 2uy d2/di = ° 1 6 Hm< Where av -
0.1 mm Is the standard deviation of the vertical position of the electron
beam, d, (sample-source) = 20 m and d2 (microscope-sample) = 1.6 cm. The
vertical resolution Is also limited by Fresnel diffraction to roughly (A d 2)*
= 1.3 /im, (X = 1 A).
Figure 1 is the radiugraphlc linage of a pattern of 0.15 /jm-tbick pd lines, of
various widths, deposited on a 0.38 mm-thick SI wafer. It was obtained at a
magnification of 79 and a wavelength of 1,0 A, with a 36 minute exposure at a
storage ring current of 108 mA. At this magnification, one CCD pixel
represents 0.25 urn. The eleven evenly spaced lines are 1 /jm wide and 50 /im
long, with a center to center spacing of 5 /tin. The single line above tbe
eleven Is 0.6 /im wide inside the Indicated rectangle. Figure 2 is a plot of
the average pixel intensity for each (horizontal) row of pixels, only
considering pixels Inside the rectangle, The dips in intensity for the
eleven 1 /'m lines have an average FWHH of 1.4 /im, while the dip for the 0.6
fim line has a FWHM of 1.0 /im, in good agreement with the predictions of
geometrical optics. However, the secondary dip between each 1 /im primary
dip, and the peaks at br>th edges of the 0.6 inn dip, cannot he explained by
geometrical optics, and are attributed to Fresnel diffraction.

Figure 1. Radiographic Image of
eleven 1 /im wide and one 0.6 /im
wide lines inside rectangle.

1 R. D. Spal, et al., HSLS Ann. Rept, 1989.

Figure 2. Average pixel
intensity for each row of
pixels Inside rectangle.

Residual Irregularities
in Low Dislocation Deiysir-y Sllicon-Doped tialliua Arsenide

Bruce Steiner, Hasan Kuriyama, and Ronald C. Dnhbyn
National Institute of Standards and Technology

Gaithersburg, Maryland 20899

Margaret Brown and David Larson
Grumman Aerospace
Bethpage, Hew York

High resolution, monochromatic synchrotron radiation diffraction imaging
of silicon-doped gallium arsenide grown by liquid encapsulated Czochralski
techniques at low pressure In low thermal gradients' reveals few defects. As
a result, the precise nature of individual irregularities can be analyzed,
leading to insight into their origins and the role that silicon plays in the
inesoscopic structure. One sample (Figure 1.) appears almost completely free
of volume defects. A second sample displays a few crystallographic line
features containing strong evidence that they had been generated during the
preparation of the sample surface rather than during crystal growth. A third
sample (Figure 2) displays two distinct sets of quasiperiodic line features
resembling growth-related Loiner-Cottrell locks in that l)their Burgers vectors
do not lie in their own slip planes, and moreover 2) the locks are associated
with interfaces that themselves become visible in one of the high resolution
diffraction images. However, these features are spaced nearly regularly at 50
micrometer intervals. The orientation and Burgers vector of these dislocations
are Interrupted possibly by antiphase domain boundaries arrayed at the 50 micron
intervals previously observed in undoped material.^'3

Figure 1. Ioage of (20) diffraction Figure 2. Taage of (0/.0) diffraction
fro« square sanple in Laue gconetry. froa wafer section in Laue geometry.

1. A. Grant Eliott, Chia-Li Wei, and David A. Vanderwater, J. Crystal Growth
85, 59 (1987)

2. Masao Kuriyama, Bruce Steiner, Ronald C. Dobbyn, Uri Laor, David Larson,
and Margaret Brown, Phys Rev. R 38, 12121 (1988)

3. B. Steiner, M. Kuriyama, R. C. Dobbyn, U. Laor, D. Larson, and H. Brown,
J. Appl. Phys. 66, 559 (1980)



Influence of Rotation on Regularity During Growth X21A3
of Undoped Gallium Arsenide

Bruce Steiner, Masao Kurtyomn, ant! Ronald C, pobbyn
Nntinnal Institute of Standards and Technology

Galthersburg, Maryland 20B09

August Witt
Massachusetts Institute of Technology

Cambridge, Massachusetts

The role of rotation In the establishment of crystal regularity during
growth of undoped gallium arsenide, distinct from the control of diameter, is
one of the fundamental open questions of crystal growth, Wo have begun to
address this question in d series of high resolution monochromatic synchrotron
x-radlation diffraction Imaging experiments. Figure 1, Illustrating (242)
asymmetrical diffraction from an entire crystal in Bragg geometry in radiation
with a divergence of the order of 0,1 arc seconds, indicates that the crystal
being examined is of high quality with relatively little orientation changes
even during periods of change In rotation rate. Figure 2, an enlargement of
the central part of the diffraction In Figure 1, shows more detail in this
region of relatively high regularity, Toward both edges this regularity falls
off. Both this variation with radial position and axial variations with changes
in crystal growth are now being actively Investigated.

1, Image of (i/»2) asyn-
diffraction from sample

Figur
• e i r i a l diffract
in Bragg geometry

Figure 2, Enlargement of central
portion of image in Figure 1,

xrm
PHOTOCONDUCTIVITY AND LUMINESCENCE MEASUREMENTS OF X-RAY
ABSORPTION IN LIQUIDS FROM 4 TO fi keV ENERGY

R. A. liolrnyd, Chem. Dept., BNL, Upton, NY 11973
T K. Sham and P. Krjstof, Chem, Dept,, U. of Western Ontario, U>ndoii, Canada,
N6A5D7

Conductivity measurements of liquid hydrocarbon liquids were made at several
photon energies from 4 to 6 key. These nwasurements, done as a function of applied field,
allow determination of the specific jonization yield; that is, the charge per unit energy
deposition in the liquid. This work extends a previous ionizMion study (R. A. Holroyd
and T. K. Sham, J. I'hys. Chem, 89 29(19, 1985) to lower photon energies.

In addition, EXAFS spectra and Sn-edge jumps were observed by conductivity for
solutions of leirameihyltin (TMT) in isooctane. The edge jumps are inverted in the sense
that the current decreases at the edge. This is illustrated by the figure which shows
lnilo/lccll) versus photon energy at the Sn Lm edge, The magnitude of the edge drop
decreases with dilution. The L| and 1-n edges were also observed by this technique. In
parallel experiments we observed the Sn-Lju edge by UV-luminescence (emission of
-4 eV photons) from a solution of (TMT) in toluene. This luminescence is presumed in
arise from the ioni/mion leading to excited stales of the solvent, toluene, wliich emit.
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Acknowledgement: RAH supported by U.S. Dept, of Energy; TKS and PK supported by
Ontario Center for Materials Research and NSERC of Canada.
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XAFS MEASUREMENT OF SINGLE CRYSTAL MATERIALS

i i 1 r

K. H. Kim (NRL/NRC), W. T, Elam (NRL), J, P, Klrkland and R. A.
Neiser(SFA)

We have measured the x-ray absorption fine structure of a single crystal
Fe film on a single crystal GaAs substrate using conversion electron
detection. By rotating the sample slightly, we were abje to move the Bragg
peaks to different energy values. Figure below shows four spectra taken at
different sample orientations, (Top three spectra are shifted vertically for
clarity,) The top spectrum was taken with the sample surface (nominally)
normal to the beam. Three lower spectra were taken at orientations where
the sample was rotated by 2 degrees around three mutually perpendicular
axes,

From these
spectra, we were able
to obtain a spectrum
without Bragg peaks
by pa tch ing a
spectrum containing
Bragg peaks with
portions of another
spectrum where the
Bragg peaks appear in
different places, The
result ing spectra
were analyzed to test
the effect of patching
and the results were
satisfactory,

The same method
or similar ones can be
used to take XAFS
spectra of single
crystal materials in a

systematic way, Detailed procedures and results are published elsewhere

| I | K, H. Kim, W, T, Elam, E, F. Skelton, J, P, Kirkland and R, A, Neiser,
Phys, Rev. B (1990, to be published) and Proc, of the 6th international Conf.
on XAFS (to be published),
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CONVERSION ELECTRON EXAFS STUDY OF FE/CU MULTILAYERS

S. n. Qaclrl. C. Kirn (NRI.) and K. H. Kim (NRC/NRL)

Although the stable phase of Fe Is bcc, II has been prepared In fee phase by growing thin
layers epilaxially on Cu (100) substrates |1 | . In our previous work we reported that Fe is
formed in fee phase when multilayers of Fe/Nl were deposited either on Si or glass
substrates using Ion beam sputtering method, for wavelengths less than 36 A |2| Since
Cu/Fe multilayers were reported lo have unusual magnetic and structural properties based
on their method of preparation, we used the dual ion beam technique lo deposit thin
multilayers of equal Fe and Cu thicknesses and studied their magnetic and structural
properties. To determine the local structure of Fe component of the multilayers, EXAFS
measurements were made at the K edge of Fe using conversion electron detection method.

Two samples of Fe/Cu, which were prepared with ion beam assisted and unassisted
respectively, were measured al the K edge of Fe along with Fe film prepared by Ihe same
technique. The raw data were normalised by the edge step after a linear pre-edge
background subtraction. The normalized spectra for these and Fe film are shown in the
figure below. (Top two spectra are shifted vertically for clarity.) Fourier transform analysis
show peaks characteristic of bcc phase; These results are consistent with x-ray diffraction
measurements.
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[11 B, Heimich, Z. Cellnskl, J . F, Cochrnn, W, B, Mulr, J. Rudd, Q. M. Zhong, A. S. Arrott, K.
Myrtle, and J. Klrschner, Phys, Rev, Lett 84, 673 (1990)
|2] C. Kim, S. B. Qadrt, H, Y, Yu, K. H, Kim, B, Maniyama, and A. S. Edelstein. J . Vac. Sei.
Technol. AS, M07 11090)



ARI'KI 'S S t u d y o f p ( 2 x 2 ) K / N i ( f I I )

Z.Q. I luting, L,Q, Wiing, A.JJ. Schacb von Wittenati, Z, Hussain,
and D.A. Shirley

Department of Chemistry, University of California
and Materials and Chemical Sciences Division

Lawrence Berkeley Laboratory, 1 Cyclotron Road
Berkeley, CA 94720

Hie adsorption of alkali metal on transition meial surfaces
has been the subject of many experimental and theoretical studies
because alkali additives are known to promote some major
heterogeneous catalytic reactions'. Few surface structures have been
determined, however, of these alkali-metal adsorption systems. We
report the first experimental study of the geometric structure of
p(2x2)K/Ni( 111) using the technique of Angle_Resolve<!
Photoemission Extended Fine Structure (ARPEFS)2,

The p(2x2)K/Ni(111) system was prepared by evaporating K
from a commercial SAGS getter source onto a clean Ni(l 11) held at
room temperature until a sharp, clear p(2x2) LEED pattern with little
background was observed. K 1 s angle-resolved photoemission was
then measured on bciimline X24A at NSLS. Results showed an
energy dependent oscillation of the K Is photoemission intensity
over a kinetic energy range of 65-450 eV, arising from the
photoelectron difffraction near the surface. Preliminary Fourier
analysis of our data indicates that K atom most likely adsorbs on the
three-fold hollow site on Ni(l 11 )surfnce with a K-Ni distance of
3.2-3.3 A. Comparison of experimental data with Multiple Scattering
Spliericfil-Wave(MSSW) calculation is under way to reveal more
structural details.

*This work was supported by the Director, Office of Energy
Research, Office of Basic Energy Sciences, Chemical Sciences
Division of the U.S. Department of Energy under the Contract No,
DE-AC03-76SF(KK»8, It was performed on the Beam Line X24A
at the National Synchrotron LigU Source, which is supported by the
Department of Energy's Office of 3asic Energy Sciences

1) M. Gninze, in The Chemical Physics of Solid Surfaces and
lleterojieneous Catalysis, eds. D.A. King and D.P, Woodruff
(Elsevier, Amsterdam, 1982) vol,4, p,143
2) J.J. Barton, C.C. Bahr, Z. Hussain, S.W. Robey, J.G. Tobin,
L.E. Klebanoff, and D.A. Shirley, Phys.Rev.Lett. S_L 272 (1983),

AKGOH PHOTOIOH AUfiER-KLECTROH COINCIDENCE MEASUREMENTS X24A

J. C. Levin (U. Tennessee/OKNL), C. Hiedermann (UT/ORHL), H. Keller (UT/ORHL),
L. Llljeby (MSI), C.-S. 0 (UT/ORHL),R. T. Short (UT/ORHL). I. A. Sellin
(UT/ORHL), and D. W. Llndle (NIST)

The vacancy cascade which fills an Inner-shell hole in a single atom is
a complex process, particularly near an lonlzatlon threshold, often leading
to a highly charged residual Ion. To help understand the decay process, we
have measured argon photoion spectra In coincidence with K-LL and K-LM Auger
electrons, as a function of photon energy. The simplified charge
distributions which result exhibit a much more pronounced photon-energy
dependence than do the more-complicated non-coincident spectra, permitting the
extraction of Information on the photon-energy dependence of phenomena which
is not accessible In the singles data (Fig. I). 1

Production of different charge states proceeds by quite different
processes, and production of a single charge state proceeds by quite different
processes In different energy regimes. Below the K lonlzatlon threshold,
resonant excitation to bound np levels and frequent Rydberg shakeoff of these
levels dominate. Far above threshold, energy-dependent shakeoff and
double—Auger effects are responsible for production of the reost-highly-charged
photoions. In the region from threshold to = 7 eV ab"VF threshold, recapture
of the K photoelectron through post—collision interaction results In an
enhancement In Ar3* coincident with K-L23L23 Auger electrons (Fig 1 ) .

Argon photoion spectra coincident with K-LjL^ Auger electrons exhibit:
features qualitatively similar to those discussed above, rv~t with each charge
state shifted from q to q+1 due to the additional Lj-L^M^ decay. Analogously,
the K-L^H^ coincident spectra are shifted from q to q-1 as a result of one
fewer L23-H23H23 decays.

1'IG. 1. Top: Argon photoion yields coincident
with Ar K-L23L23 Auger electrons and normalized
to constant photon flux as a function of
photon energy relative to the 4p resonance.
Bottom: Decomposition of Ar3* Into components
resulting from excitation of the K electron
Into bound np levels The shaded area
represents recapture of the photoelectron by
post-collision interaction.

I, J, C. Levin, C. Bledermann, H. Keller, L.
Liljeby, C.-S. 0, R. T. Short, I.A.Sellin, and
P. W. Llndle, Phys, Rev. Lett 65, 988 (1990).

Work su: lorted In part by the National Science
Foundation and by the U.S. Department of
Energy, Office of Basic Energy Sciences,
Division of Chemical Sciences, under Contract
No. DE-AC05-840R2140O with Martin Marietta
Energy Systems, Inc.I ' I H H < 1 \ I \ | | l l . \ I l l l \ I I V I I I I I



DIRF.CT DETERMINATION OF MOLECULAR ORBITAL SYMMETRY OF H2S
USING POLARIZED X-RAY EMISSION

X-24A

R. Mayer, D. W. Llndle, S. H. Southworth, and P. L. Cowan
National Institute of Standards and Technology, Galthersburg, MD 20899

The sulfur K-shell photoabsorptlon spectrum of H2S displays a strong
subthreshold resonance feature which la predicted1'* to be composed of
transitions to the unoccupied 3b2 and 6a, molecular orbital* (HOi). Both
theoretical studies1'* predict mall absolute energy difference* (~1 eV) In
the two unoccupied HOs, but they differ In the predicted order of their
energies, We have used the technique of polarised x-ray emission
spectroscopy (PXES)3 to demonstrate experimentally that the resonant feature
Is composed primarily of a transition to an MO having b? symmetry, while a
weaker transition having »j symmetry appears on the higher energy side of the
absorption feature.

As Indicated In the figure, each peak In the S K-V spectrum was observed
to be strongly polarized, and the polarizations varied as the primary x-ray
energy was swept across the subthreshold absorption resonance, A classical
model* of polarized absorption and emission processes was used to interpret
the observed polarizations and thereby determine the molecular symmetries of
the overlapping absorption resonances, Additional results and a complete
description of this study are given in Ref. 5.

We thank Barry Karlin for technical assistance In performing the
measurements.

1. L, N, Mazalov, A. P. Sadovskll, P. I, Vadash, and F. G. Gel'mukhanov, J.
Struct, Chen. 14, 234 (1973).
2. W. H. E. Schwarz, Chen. Phys, 11, 217 (1975).
3. D. W. Lindle, P. L. Cowan, R. E. LaVllla, T, Jach, R. D. Dealattea, B.
Karlln, J. A. Sheehy, T. J. Gil, and P. W. Langhoff, Phys. Rev. Lett, fifl,
1010 (1988).
4. R. N. Zsre, Angular Momentum (Wiley, New York, 1988).
5. R. Mayer, D. W, Ltndle, S. 11. Southworth, and P. L. Cowan, Phys. Rev, A.,
to be published.
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LOW TEMPERATURE ARPEFS STUDY OF
p(2x2)S/Cu(001)*

A.H. Scliach von Wittenau, L.Q. Wang, Z.Q. Huang, Z. Uussain,
Z.G. JI,

T. Shulman and D.A. Shirley

Department of Chemistry, University of California
and Materials and Chemical Sciences Division

Lawrence Berkeley Laboratory, 1 Cyclotron Road
Berkeley, CA 94720

Previous ARPEFS', LEED2, and SEXAFS3 studies of ihis
surface, while agreeing that the S adsorbs into a fourfold hollow
site, have given conflicting values for the distance between the S and
the first Cu layer. They have also yielded different degrees of
reconstruction of the near surface Cu layers..

We have performed low temperature (110° K) ARPEFS
studies of p(2x2)S/Cu(001) using beiimlines III-3 at SSRL and X-24
at NSLS. Measurements were taken in the [001) and |0111
directions. Preliminary analysis of these low temperature data using
multiple-scattering spherical-wave calculations indicates that the S
adsorbs 1,32 A above the Cu surface, with near surface
reconstruction of the Cu layers similar to the LEED2 results. The S-
Cu bond length is determined to be 2.26 A. We see no net vertical
expansion or contraction of the Cu layers from the bulk extrapolated
values.

•This work was supported by the Director, Office of Energy
Research, Office of Basic Energy Sciences, Chemical Sciences
Division of the U.S. Department of Energy under the Contract No.
DE-AC03-76SF0O098. It was performed at the Stanford
Synchrotron Radiation Laboratory andthe National Synchrotron
Light Source, which are supported by the Department of Energy's
Office of Basic Energy Sciences,

1) C.C, Bahr, JJ , Barton, Z, Hussain, S.W. Robey. J.G. Tobin,
and D.A. Shirley. Phys. Rev. B 35, 3773 (1987).
2) H. C. Zeng, R, A. McFarlane, and K.A.R. Mitchell, Phys. Rev.
B 39, 8000(1989),
3) J.R. Patel, D.W. Berreman. F. Sette, P.H. Citrin, J.E, Rowe.
P.L, Cowan, T, Jach, and B, Karlin, Phys. Rev. B. 40, 1330
(1989).

X-24A

photon Enefflf (*V)



LOW TEMPF.UATURF. ARI'KFS STUDY OF
p(2x2)S/Ni(H!) and VjxV.1 K30" S/Ni( l l l )

A.E. Seliadi von Wittenmi, L.Q, Wang, 7..Q. Huang, Z. Miissitin,
and D,A. Shirley

Deparinient of Chemistry, University of California
and Materials and Chemical Sciences Division

Lawrence Berkeley Laboratory, I Cyclotron Howl
Berkeley, CA 94720

Oieniisormloii (.'country of yfiTx-JJ R.W Ci/Ni i l lH dclcrminrd using X-24A
|V Depi'iidcnt ARPKFEf SfurJv*

Liqiong Wang, Z. llussain, Z.Q. Huang, A.li. Schach von Wittenaii, and D.A. Shirley

Department of Chemistry, University of California
and Materials and Chemical Sciences Division

Lawrence Berkeley Lalx>ratory, 1 Cyclotron Road
Berkeley, CA 94720

Previous LEED'.SEXAFS^ , and ion scattering studies of
p(2x2)S/Ni(l 11) have shown that S adsorbs into the FCC-like
threefold hollow site, i.e. the site with no underlying Ni atom,
Varying results for the S-Ni first layer distance and S-Ni bond length
have Iwcn obtained, LEED results also indicate adsorbate-induced
relaxations in the Ni surface. ARl'RS4 studies of the V3xV3 R30°
ovcrlayer suggest a change of bonding site for this coverage.

We have performed low temperature (2(K)° K) ARPEFS
studies of p(2x2)S/Ni(l 11) and V3xV3 R30° S/Ni(l 11) using
heaniline X-24 at NSI.S, Measurements were taken in the plane

defined by the 11111 and |2111 directions for both the p(2x2)
coverage and in the \3xV3 R3()° overlayer. Preliminary analysis of
these low tempcraltire data using multiple-scattering spherical-wave
calculations indicates that in the p(2x2) case the S adsorbs 1.62 A
above the Ni surface, with reconstruction of the surface Ni layer.
The S-Ni bond length is determined to be 2.16 A,

Analysis of the V3xV3 R30° S/Ni(l 11) data continues.

*This work was supported by the Director, Office of Energy
Research, Office of Basic Energy Sciences, Chemical Sciences
Division of the U.S. Department of Energy under the Contract No,
DF.-ACO3-76SFOOO98. It was performed on the Beam Line X24A
at the National Synchrotron Light Source, which is supported by the
Department of Energy's Office of Basic Energy Sciences.

1) Y.K. Wu and K.A.R, Mitchell Can. J. Chetn. 67.1975 (1989),
2) T. Ohta, Y. Kitajima, P.M. Stefan, M.L. Shek, N. Kosugi, and
U. Kuroda, J. Phys. (Paris) 47 CH, 503 (1986).
3) T. Fauster, II, Duerr, and D, Hartwig Suruce Sci. 178, 657
(1986),
4) T.W. Capchart, C.W. Seabury, G.W, Graham and T.N. Rhodin,
Surf Sci. 120. L44I (1982|.

Angle-Resolvetl Photoemission Extended Fine Structure (ARPfiFS) is a novel
technique to obtain surface structural information using pholoeleclron diffraction. Uiw
temperature ARPEFS has larger oscillation amplitudes and allows us to determine the
substrate surface relaxation.

We report the temperature dependent ARPF.FS measurements of V3x>/3 R30°
Cl/Nid 11) performed on heumline X-24A at NSLS. The experiments were carried out
along two emission directions, 11111 and (110], and at two temperatures, 120 K and 300
K for each emission direction. The Multiple-Scattering Spherical Wave (MSSW) analyses
determined that the Cl atom adsorbs in the FCC-like threefold hollow site, 1.84 A above
the first Nickel layer, with a Cl-Ni bond length of 2.33 A, and an approximate 5-6%
contraction between the first and second Nickel layers, in disagreement with the recent
study by M. Funabashi, Y.Kiiajima, T, Yokoyama, T. Ohm and II. Kuroda.2

•This work was supported by the Director, Office of Energy Research, Office of Basic
Energy Sciences, Chemical Sciences Division of the U.S. Department of Energy under the
Contract No. DE-ACO3-76SF00098. It was performed at the Stanford Synchrotron
Radiation Laboratory and the Brookhaven National Laboratory, which are supported by
the Departiiient of Energy's Office of Basic Energy Sciences,

1. J.J. Barton, S.W. Robey, and D.A, Shirley, Phys. Rev. B 34 (1986) 778.
2. M. Funahashi, Y.Kiiajima, T. Yokoyama, T. Ohta and H. Kuroda, Physica B
158(1989)664.



PHOTOCHEMICAL PRODUCTION OF METALLIC GALLIUM ON CLEAVED CaAs:
TIMP.-RF.SOI.VED MEASUREMENTS USINO IASF.R AND SYNCHROTRON RADIATION

S. S. Cioldcnberg, .1. P. Long, and H. N. Knblor (NRL)

In the course nf Investigations of electronic processes on laser excited
surfaces, we havo obsorvod Ca Islands produced on fiaAn (110) by latter pul.se
fluences far below those previously shown to cause nurface mndlf icatinn.
I'hotoemission F.DC's show n satellite of lower binding energy In the fin 3d
spectra which grows along with a metallic edge In the hand gap. Because the an
Islands con be produced at fl.uences for which the lattice temperature rise in
Insigni floant, It Is evident that a photochemical decomposition nf the fiaAs
surface Is occurring. Irradiation was performed In nltu using n Cu vapor laser
(510 ran, 5 ns, 6 kHz). Figure 1 shows growth of the metallic fin satellite at
18./» eV for an n-type sample. Associated with the satellite are new states In
the band gap, shown In Fig. 2, Photoemisslon spectra Indicate that the Ca
Islands m e chick and cover up to 5* of the surface. SF.M micrographs rovo/j)
hemispheres up to 30 nm In diameter. Their distribution is affected by cleavage
steps, and chain distributions (ripples) Induced by the laser field are
sometimes evident, fia Islands on p-type are more difficult to observe because
both the metallic gap signal and the metallic Ca core level are obscured by
substrate emission. They can be seen by temporally overlapping synchrotron and
laser pulses and recording time resolved spectra, which reduces band bonding and
evens out inhomogenoous.'y bent bands, thus moving the metallic features to
greater relative kinetic energies. The EDC In Fig. 2 measured during the laser
pulne Illustrates this effect, A similar result Is seen in the Gn 3d spectra.
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C-ls CORE EXCITON EFFECTS IN NATURAL DIAMOND AND
SYNTHETIC DIAMOND THIN FILMS.

J. Nlthlanandam and .). C. Rife (NRL)

We have made soft x-ray reflectance measurements on a type Ila diamond
crystal from 275 to 320 eV at 5 and 10 degree grazing angles of Incidence. We
observe a sharp peak below diamond K-absorptlon threshold, and It in at an
energy position of 289 eV. This feature in the reflectance spectrum is due to
the C-ls core exelton. We are Investigating the properties of this corn
exclton and the conduction band electronic structure of crystalline diamond.
We have also measured x-ray reflectance of a 3,'4-inicron thick, free standing
synthetic diamond film near the carbon Kodge at a 5-degree grazing angle of
Incidence. This diamond thin film was grown on a silicon wafer, and a fre<?
standing diamond film was obtained by preferential chemical etching of silicon
substrate. The Initial growth surface,namely the surface that was in contact
with silicon substrate, was very smooth, and reflectance measurements were madf-
on this surface. The reflectance spectra of this diamond thin film have
features In the conduction band that are qualitatively similar to but different
from the features In reflectance spectra of natural diamond. There is a broad
and strong peak at 285 eV in the reflectance spectrum of the initial growth
surface of the CVD diamond thin film, *ind this is due to the presence of
nondiamond carbon. But this feature is weak in a transmission measurement of
this diamond thin film. These measurements show that the diamond thin film is
a mixture of both sp2 and sp3 bonded carbon sites and the Initial growth surface
of this film ha3 more nondiamond carbon than the bulk of the film.
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PERFORMANCE OF WATER JET COOLED SILICON MONOCHROMATORS IN A HIGH POWER X-RAY
BEAM

L.E. Berman (NSLS) and H. Hart (U. Manchester)

The X2S 27 pole hybrid wiggler provides a horizontal x-ray power density of
350 W/mrad at 175 mA with a critical energy o£ 4.6 keV. At the experimental
hutch, the total available power is 250 W at 175 mA, with a horizontal linear
power density of 45 H/cm and a peak areal density of 0.8 W/mm . A silicon
crystal placed in this x-ray beam can undergo substantial thermal
deformations, entailing a serious loss in throughput if used as the first
crystal of a two crystal monochromator. Double crystal rocking curve
measurements of water jet cooled Si(111) and Si(220) nonochromators placed in
this x-ray bean, at a nominal Bragg angle of 18.84*, showed that the Bragg
angle variation across the beam footprint was only 2.5 arcseconds at 175 mA.
The schematic below right shows the crystal design. The silicon crystal is
essentially a thin walled box, the bottom of which is glued to a stainless
steel water manifold. The coolant is delivered through a series of jet tubes
directed perpendicular to the underside of the 2 rut thick top face of the
box, which is the diffracting surface. The measured and theoretical rocking
curves of the Si(lll) fundamental reflection at 6.17 keV and simultaneous
Si(333) harmonic reflection at 18.51 keV are also shown below. The reflected
intensity is nearly perfect for the
fundamental, so that the more sensitive
harmonic reflection was used for thermal
strain diagnosis and analysis. The
crystal box design was later adapted to
allow its side walls to be mechanically
pulled apart, thereby forcing the top
diffracting surface to bow inward to
compensate for the convex distortion
which arises from thermal expansion.
With this modification, a nearly ideal
harmonic rocking curve was measured.
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X25

PERFORMANCE OF EUTECTIC COOI.EI) THIN SILICON WAFERS
IN A IIKill POWER X-RAY IIEAM

R.F. Garretl and RA. Pilmanian (Medical Dept., HNL). L U. Herman. L.D. Chapman. J.B.
Hastings, and D.P. Siddons (NSLS).

Tiie X25 27 pole hybrid wigglcr provides a horizontal x-ray power density of 350
W/mrad at 175 mA with a critical energy of 4.6 keV. At tlie experimental hutch, the total
available power is 250 W at 175 mA, with a horizontal linear power density of 45 W/cni and
a peak area density of 0.8 W/mm1, A silicon crystal placed in this x-ny beam can undergo
substantial thermal deformations, entailing a serious loss in throughput if used a. the first cry-
stal of a iwo crystal monochromator. One of the simplest cooling geometries wliicli has been
suggested is mounting thin crystals on a layer of liquid gallium-indium cutectic spread over a
water cooled surface. To test the efficiency of this arrangement, double crystal nicking curve
measurements of thin Si(l II) and Si(22O) perfect and slightly mosaic wafers placed in this x-
ray beam were made; the crystals were mounted afloat the eutectic, which was spread over a
water cooled copper block. At 180 mA, the measured Si(111) rocking curves at 6.17 keV for
ixuli 1.0 mm and 2.5 mm thick wafers were essentially ideal, whereas the SK333) harmonic
rocking curves were not. The figure below left shows the Si(333) harmonic rocking curves for
the two thicknesses, as well as a curve measured with a filter placed upstream of the crystal to
remove the heat load. The latter is much closer to ideal. Better diffracting qualities result for
the thinner wafer. Measurements were also made with 6 mm thick Si(220) crystals at 50 keV.
The figure below right shows Si(220) rocking curves measured with a filter placed upstream
(to remove the heal load) and downstream of the crystal. The curves have been normalised to
the same peak intensity. The perfect crystal shows a small sensitivity to the iieal load,
whereas the slightly mosaic crystal shows no sensitivity; the wider rocking curve of the
mosaic renders it less sensitive to thermal distortions. However large spatial inhomogeneiiicii
were observed across these crystals.

I • • • • • • I - • — T - • — •

Si(333) Harmonic /'• henl-fillfir«d
Mill
IfK) lliA

1.0 mm Ihiek
\ ?..fi mm thick

This work was supported in part by the DOE, Contract No. DE-AC02-76CH00016.

This work was supported by the DOE under Contract No. DE-ACO2-7fiCHOOOU..



X25
DYNAMIC STUDIES OF ENZYME CRYSTAL PERFORMED BY LAUE
DIFFRACTION AT THE NSLS.

lining Coherent X-rays X25

I'.T. Singer, R.M. Sweet, Biology Dept., Brookhaven Nat'l I..aboratory, and L. Berman, NSLS
Div., BNL

This project was intended to initiate a program of research at BNL that made use of the "white-lwam"
Lauc diffraction technique for the study of dynamic processes in enzyme crystals. The work included
development of methods and apparatus for performance of the measurements .-it (he X25 wiggler beamline at
the NSLS.

We have chosen the enzyme trypsin for study. Much is already known about its mechanism and its
crystals are robust anil easy to grow. We had determined the crystal structure of a transiently stable intermediate
during catalysis. Our goal for dynamic experiments was to probe the steps that comprise decomposition of Ihc
intermediate through a dcacylation reaction.

The key to the experiment was firstly that the intermediate was stable for a very long time at pi I S.S
Secondly, we discovered that in the crystal Ihc rate of deacylation was accelerated so that I,, decreased to
approximately 1 hour at pH ft.0. Our plan was to mount crystals of the acylated en/yme in a flow cell so thai
the pH of the surrounding medium could be changed quickly and easily. In this mounting we used the white
x-ray beam produced by NSI-S beamline X25 to measure diffraction data from the low-pH, acylated crystals,
from the crystals immediately after ihc pif had been raised to 8.9, and then again after an hour at Ihc higher
pH.

There is a variety of results, We have constructed a very fast x-ray shutter (shortest possible exposure
is 200 ps) that allows us easily to handle the fwusscd white beam from X25. We find that the new bcamline
performs quite satisfactorily for our needs. We can show the advantage this beam gives by tabulating the
exposure lime required to get satisfactory data from our crystals of Irypsin at three different bcamlines:

Beamline

XI2-A
X25
X25

Dipole, unfocusscd
Wigglcr, unfocusscd
Wigglcr, focusscd

Exposure/sec.

IS
0.5

0,01

We have been able to process a variety of Lane-diffraction films taken from several different forms of
Irypsin and have calculated electron-density maps for several derivatives of trypsin. Some of Ihc data arc from
static structures. We have shown that we can see the product of the dcacylation reaction lying in the active site
of (he enzyme. This was accomplished by a soaking of ihc crystals in .< solution of the salt of the free acid,
guanidinobenzoic acid. We also have data from the benzamidine-inhibilcd molecule from which some portion
of the bcn/iimidine molecules have been removed by diffusion. Finally, we have very recently recorded data
while performing the kinetic experiment described above. The (tedious) process of data reduction is in progress,
and initial processing indicates that the data are good.

This work is supported by Ihc US Dent, of Energy Office of Health and Environmental Research, by the BNL
Director's office Exploratory Research program, and by the Mollaender Fellowship program of the Derrt. of
Energy.

M.SutUin(Afi:Oill Ifruvttrtity), S.E. N«gler(Univenity of Florida.), S.CJ.J. Mochrie, T. {litythk(Ml'l), l/.E.
I)eimail(A'S.lS), 0 . Held, f i l l Stephelisoli(/flAf)

One linking effect observed when using coherent light to illuminate H sample containing disorder it *
graininesi in the scattered light culled speckle. The speckle pattern is produced by the cj/istruetire and
destructive interference of the light randomly scattered by different regions of the sample. Usually this
means using a laser source, however, it is possible to use a beam from an incoherent source, such as an x-ray
*im\<-t, provided it is suflirjently collimated and nioiiocliroiimtic[lj.

To perform this experiment we use a double crystal Si (111) manijchromator. For wavelength A •-- 1.SA,
this gives a longitudinal coherence length of about 1/im. Tile beam of x-rays is eollimatcd by either a 2.5 or
!i micron diameter pinhole placed 28m from the source. A .3mm diameter source gives a trauverse coherence
length(2j of « 10(1111. The collimated beam is then diffracted by a sample. A second analysing pinhole is
used to measure the scattered intensity as a function of angle. Figure 1 shows the diffraction patterns in
the 20 direction for a fi>im pinhole. This measurement shows that the transverse coherence length it at least
fj/iin.

To observe speckle we have chosen to use diffuse scattering near the (100) peak in Cu3Au and have
airmiged for the diffuse peak to be reasonably sharp but still broader than the spcrkle size. Figure 2 shows
tlie speckle pattern observed from this C113A11 crystal. The speckle lias a she comparable to the FfaunliolTr/
diffraction pattern of the pinhole and the nvcrage overall intensity falls off with angle as expected for the
degree of ordering CusAu.

The measurement for a 50/un pinhole shows the re-
sult for an incoherent incident beam. It is equivalent
to a conventional x-ray measurement. Measurements of
the (002) Dragg peak have widths much sharper than
this, confirming that the measured width of the (001)
peak is not the result of sample imperfections. 0

m

[1] R. Jnkeman, P.N. Putey and J.M. Vaughan, Optics 2
Communications, 17, .100(1970). *J»
[2] M. Born and E. Wolf, Principles of Oplio, Perga- •£
mon, Oxford (1980). S
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Figure 1: Fraunhoffer diffraction of a 5 micron
pinhole. The solid line represents the calculated
diffraction patlern[2] of a circular aperture con-
voluted with the detector pinhole size shown by
the horizontal bar.

-1.0 -0.5 0.0 0.5 1.0
(29-29B)(mrad)

Figure 2: Scans of the diffraction patterns of 5
and riO/iiu incident pinholes. The corresponding
detector pinholes are 25 and 100/im. Error bars
are indicated and the solid lines are guides to the
eye. The Bragg angle, 2fln, is 22.7".
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Synrl i rotron XRF AnnlyHes of Hydro!lu'iiiinl P lume Particles

A.C. Campbell, Dept. Bnrlh, Altnos., Planet. Sci., Massachusetts Institute o f leclmology,
Cambridge MA 02139

S.R. Sutton, M.I,. Rivers, and K. W. Jones, Dept. of Applied Science, I3rooJchave.ii Na-
tional Laboratory, Upton, NY 11973

Dense plumes of "black smoke" precipitate immediately a» hot (370 C) metal rich sub-
marine hydrothermal vent fluids mix with cold seawater. Analyses were conducted on the
X-26 beamline microprobe May 18-20. 1990, to establish the trace element variability of
liyilrotli-rmal pluine particles. The goal of this work was to do a qualitative survey of
p;irticulate matter collected on the Mid-Atlantic Ridge in January 1990, An 85 micron Al
filter was placed ovor the Si(Li) detector for elements heavier than Fe and no AI filter for
rk-mi-nts lighter than Fe. This preliminary data set shows large differences in the trace
element composition of the particles from two different hot springs. The trends in Cu/Fe
and Zn/Fe in the particles matches the fluid chemistry at these sites. Vanadium, Or, and
As appear to be progressively adsorbed onto the Fe phase as the plumes age, whereas Pb
appears to be progresively removed from the particles, Selenium is primarily associated
with Cii-FeSj phases and Pb with Zn-FeS2 phases. Metal sulfidc particles only form in
the first second or so of the mixing zone and samples obtained less than 50 meters above
the vent only contain an Feoxide phase. This Fe phase, which is tentatively identified
as hematite (Fe2Oj), apparently scavenges a host of trace elements from seawater as it
forms. These data suggest that this occurs early in the mixing zone, the first few meters
to 10's of meters above the hot spring. These particles are the primary source of Fe and
trace metals in abyssal metalliferous sediments found as much as 2,000 km from the hot
springs.

Research carried out (in part) at the National Synchrotron Light Source, Brookhaven
National Lab, which is supported by the U.S. Department of Energy, Division of Materials
Sciences and Division of Chemical sciences (DOE contract DE-ACO2-76CHQ0016).
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Trace Element Par t i t ioning Studies of Lunar Rocks

J. Delaney (Department of Oology, Rutgers University, New Brunswick, NJ) and
S.R. Sutlon (Dept. of Applied Science, Brookhaven National Laboratory, Upton, NV
11973)

Trace element geochemistry of lunar rocks has been extensively studied and the extreme
complexity of lunar pelrogcncsis is well documented. The XRM offerj the potential for
detailed examination of trace element partitioning between individual, co-existing cry«-
tals in pristine rocks. Comparison of these results with the composition! of phase* within
individual clasts of complex breccias provides new insight into the role of magmatic ver-
sus impact processes in generating the lunar rock compositions that we see today. Pla-
gioclase crystals from 1 anorthosite (60025), 3 breccias (67915, 67435. 60035), 1 norile
(78235). 1 gabbro (15555) and 1 lunar meteorite (EET87521) were analyzed. Fe/Mn ra-
tios have been the focus of our attention because of the wide variation observed among
these rocks. Plagioclases from the anorlhosjte and norite have the lowest and most ho-
mogeneous Fe/Mn of between 20 and 40. Gabbroic plagioclases have i'.'.r highest Fe/Mn
valuer of about 70, i.e., near the whole moon value. Plagioclases from Apollo 16 breccia
clasts exhibit intermediate values with large variations among the clasts. The exception
is 67435 whose plagioclase show constant and low Fe/Mn (about 35) with a wide range in
Fe contents. There are three mechanisms that might explain the intermediate results: (1)
shock melamorphism resulting in variable degrees of assimilation of mafic (high Fe/Mn)
components) by primitive feldspar (low Fe/Mn), (2) igneous partitioning under different
physio-chemical conditions (e.g., variable fOj), and/or (3) Mn volatilization. These po»-
sibilities with be explored with additional measurements. Shock effects will be studied
by looking at the elemental distributions in heavily shocked rocks. Variable fOj will be
studied by determining the valence state of transition metals (principally, Cr »nd Fe) in
feldspar with ditft:-nt Fe/Mn ratios. This will be done using XAS at beamline X19. Mn
volatilization will be invotigated by searching for correlations between Fe/Mn and the
abundances of volatile elements such as Na, K, Cu, and Zn.

f-ln vs Fe In Lunar Plagloclase
I C C

2C0 700 1200 "CO 3700 2700 3X0

Fc (ppm)

(Research supported by NASA NAG9-106, DoE DE-AC02-76CH00016, NSF EAR89-
15699.)
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Trace Element Redistribution Trends in n Heavily Shocked Luiinr Rock
(78235)

J. Delaney
Department of Geology, Rutgers University, New Brunswick, NJ

S.R. Sutton,
Dept. of Applied Science, Brookhaven National Laboratory, Upton, NY 11973

The X-ray Microprobe (XRM) offers the opportunity for detailed examination of trace
elements in individual, co-existing crystal* in lunar rocks. Fe/Mn ratios in plagioclase
feldspar have been the focus of our attention because of the wide variation observed
Among lunar rocks. Feldspars from pristine highlands rocks showing low shock levels have
low Fe/Mn (20-40) while those from basaltic rocks show high Fe/Mn near the whole Moon
value (70-80). Feldspars from highlands breccias (shock-assembled conglomerates) tend
to show intermediate values. One explanation for these intermediate values is that shock
metainorphism hits resulted in the assimilation by low Fe/Mn feldspar of varying degrees
of the high Fe/Mn mafic component. This hypothesis is being tested by examining the
relationship between shock level and trace element composition,

The figure below shows Fe and Mn results for 78235 a heavily shocked norite containing
relict feldspar and shock-produced feldspathic glass. Large single feldspar crystals (X)
plot at the lowest observed values of Fe and Mn. The assimilation of mafic material by
this primitive composition would produce glass compositions along the line labeled "mafic
trend" (Fe/Mn = 70). Indeed, an analysis of a region containing both shock glass and
mafic inclusions (pyroxene) plots near this trend (point labeled "glass plus inclusions"),
However, analyses of the shock glass itself (circles) tend to plot along a much different
trend (labeled "glass trend"). Such a trend might result from the assimilation of a Fe-rich,
Mn-depleted component. Observations of flecks of FeNi metal within this glass strongly
suggest this component is iron meteorite, fragments of which continually bombard the lu-
nar surface and become disseminated in the lunar regolith. These results suggest that the
assimilation of mafic minerals by feldspar during shock events is a relatively unfavorable
process. If overprinting of primitive feldspar Mn concentrations by impacts can be shown
to be negligible, Mn content in feldspar may prove to be a powerful petrogenetic tool for
unraveling the early igneous history of the Moon.

(Research supported by NASA NAG9-106, NAG9-304, DoE DE-AC02-76CH00016, NSF
EAR89-15699.)
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Krypton and Xe Diffusion nnd Solubility in Silicate Melts and Glasses

M. Carroll (Bayerisches Geoinstitut, Univ. Bayreuth, D8580 FRO), S- Sutton (Depart-
ment of Applied Science, Brookhaven National Laboratory, Uplon, NY), D. Wooluro,
K. Lewotsky (Department of Physics, Cal. State - Fullerton, Fullerton CA), and P. S.
Z. Rogers (Los Alamos National Laboratory, Los Alamos, NM)

The abundances and isotopic composition of noble gates in the atmospheres of the Earth,
Mars and Venus provide information about initial volatile endowments and the extent of
post-accretion planetary differentiation. Because volcanism is a principal means for trans-
port of volatile* from a planet's interior to the surface, interpretation of the significance
of observed abundance patterns in igneous rocks and planetary atmospheres requires an
understanding of the solubility behavior of the noble gases. Furthermore, the variation in
atomic size between He and Xe and the minimal amount of chemical interaction between
dissolved noble gases and the silicate network allows one to use them a* probes for ex-
amining the general problem of how molecular or atomic gas species dissolve in silicates.
Here we report tome initial results from experimental studies of Kr and Xe solubility in
SiO2 glass (Sil), albitic glass (Alb), rhyolite (Rhy), and basalt (Bas).
Experiments on a variety of silicate compositions were done in cold seal pressure vessels
using cylinders or prisms of bubble-free glass in unsealed Au capsules with Kr or Xe gas as
the pressure medium. Measurement of the concentration gradient in cross-sections of the
sample with the x-ray microprobe at beamline X26 was used to determine the diffusivity
of the gas species of interest and the solubility (surface concentration) at the P and T of
the experiment.

Our measurement of Kr diffusivity at 700°C plus P1XE results for 800 °C yield an activa-
tion energy in support of the idea that diffusivity decreases with increasing atomic radius;
Kr activation energy 80 kcal/mol in albitic glass, compared with 35 kcal/mol for Ar in
albite and 13 kcal/mol for He and Ne in a Na-Ca-silicate with 70 mol% SiO2- Two experi-
ments with Xe gas were done on silica and a K AlSijOj glass but the experimental duration
(5 days) was too short for Xe to penetrate very far into the sample and, consequently,
diffusivities are poorly constrained by these initial results. Additional Xe experiments will
be done for longer times and various glass compositions. This work clearly demonstrates
the utility of the synchrotron microprobe for microscale analysis of the heavy noble gases
at concentrations below those accessible with the electron microprobe.

D'Xanct ft cm Suffice (micrcm*t«r51

(Research supported by NASA NAG9-10G, DoE DE-AC02-76CH00016, NSF EAR89-
15699.)
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Element AhuiKlimres in Pmtic lcs from the NASA Large Arcit Collectors

Ci, .1. Klyim (SUNY- Plntlsbiirgh, Pi t tsburgh, NY ) and S.R. Siitton (Dept. of Applied
Science, lirookliavcn National Laboratory, Upton, NY 11973)

Tin1 Johnson Space ('enter (JSC) cosmic dust collection effort lias been expanded to in-
clude Large Area Collectors (F/AC!) providing greater numbers and larger sizes of particles.
At present, LAC particles are allocated to investigators without prior characterization at
.ISC, so their compositions (and possible origins) are unknown. We have determined el-
emental abundances for seven LAC particles - L200J*C. L2001*D, 1,2001 f E, 1,2001*0,
1,2002*0, L,2OO3*D, and L2003*E - by Synchrotron X-ray Fluorescence (SXR.F). Since
there is much interest in the analysis of cliondritic particles, generally thought to be
interplanetary, we have attempted to define criteria to maximize the likelihood of selec-
tion/allocation of cliondritic particles.

The particles were analyzed in two steps - (1) with a 75 micrometer thick Al filter over
the X-ray detector to reduce sum peaks and maximize the sensitivity for trace elements
from Ni to Mo and (2) with the Al filter removed, allowing detection of lighter elements
including S and Ca.

Three particles, L2001*D, I,2003*D, and L2003*E, exhibited generally chomlritic element
abundance patterns. The patterns observed in L2001*D and L2003*D are quite similar
to each other, including an enrichment in Mn over the CI value (by factors of 3.9 and
3.2 respectively). L2003*E is distinctly different from the other two, showing a dramatic
depletion in Ca (0.05 x CI). All three particles show the Br enrichment previously seen
in almost all other chondritic particles analyzed.
Cliondritic particles appear to be easily recognized by their Fe to Ni abundance ratios,
which are generally within a factor of 3 of the CI value of 17. This single measurement
provides an efficient screen to select particles which are likely to exhibit chondritic major,
minor and trace element abundance patterns, though if will also include a few Al-rich
nun-clioiidrilie particles. This screening procedure would miss low-Ni particles exhibiting
cliojidrilic major element abundance patterns but non-chondrilic trace element patterns
similar to igneous material.
Three other particles, 1,2001 *E, L2001*G, and L2002*C, were observed to be opaque
in transmitted light but highly reflective in coaxial reflected light. These particles were
dominated by Fe and Zn among our delectable elements. Br was observed in only one
of these (I,2OO2*C) which also was the only one to contain other volatile* such as S,
K and Pl>. If the objective is to pick chondritic particles, particles of this type can be
discriminated against by examining the collector surface in coaxial reflected light. The
seventh particle (L2001*C) contained mainly Cu and Or with minor amounts of Fe, Zn.

Tims, 40% of the particles studied here appear to be "chonrlritic". Since the total number
of particles was small, it is difficult to use these initial results to infer the true overall
proportion of such particles in the large area collection.

(Research supported by NASA NAG9-106, DoE DE-AC02-7GCH00016, NSF EAR89-
I .%<)<>.)
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Synchrot ron XRF Analyses: S tandard iza t ion Testa and Comparison* with
Other Techniques

K. .lannsens, Univerity of Antwerp, Belgium

Individual particle aiialy*i»: In order to evaluate the practical feasibility and to determine the an-
alytical properties (sensitivity, lateral resolution) of using an X-ray mieroheam for individual particle
analysis, a multi-technique comparison experiment was performed. NIST SRM K227, K309, Ki l l and
K091 glass mirrospheres with diameters in the 1-100 uni range were mounted on appropriate backing*; a*
a function of diameter, the particles were analyzed using the collimated white light X-ray microprobe of
NSLS (beamline X26A), the focussed monochromatic X-ray microprobe of SRS (beamline 7, station 7.6),
the electron micro probe of the University of Antwerp and the proton niicroprobe of the Free University of
Amsterdam. In addition, K309 particles were tentatively analyzed using Laser Mirroprobe Mass Analysis
(I.AMMA) and Secondary Ion Mass Spectrometry (SIMS) at the University of Antwerp.

Whereas the applicability of the latter two techniques to particle analysis is seriously limited by the
reduced ion collection efficiency of the LAMMA in the case of medium-sized particles (> 5 um diam.)
and the need for very long acquisition times (2h/particle) for SIMS, the four microprobes based on
X-ray generation could successfully be employed for localisation and analysis of individual particles in
the indicated size range. A comparison of the different microprobes in terms of minimal*! detectable
concentrations (MDI/s) shows that for elements with 15<Z<30, the white light microprobe of the NSLS
is the most sensitive; for 100 sec acquisition times, in 20 um particles, a typical Jetectioa limit for F<* of
0 ppmw is obtained. On the other hand, the SRS-rollected spectra show the highest peak-to-background
ratio; in view of the relatively low photon flux at SRS and the monochromatic excitation form, however,
this results only in MDL in the 100-1000 ppmw range for the same type of particles. Became of the
high flux at NSLS, spectra with very reasonable statistics can be acquired within relatively short times
(50-100 sec) mailing the use of the microprobe for the characterisation of' large quantities (100-SOO) of
micro particles (as is customary in environmental pollution studies) possi! 'e within an acceptable time.
Accordingly, as a second step towards using the NSLS microprobe for aero > characterisation in pollution
and global traszport studies, in the immediate future, experiments at *.<ie NSLS will be conducted to
analyze a 'real1 aerosol set which will previously be characterised using suitable electron and proton
microprobe facilities.

Microscopy of bulk mUrocline pcrthite: A second comparison exercise comprised the elemental
mapping of major, minor and trace constituents in a thick microcline perthite sample featuring sharp
phase boundaries between Na-rich albite and K-rich orthoclase phases (exsolution lamellae). Elemental
mapping of an identical 100x100 um region were recorded using (a) the NSLS X26A microprobe (5x5
um beam spot) and fluorescent X-rays, (b) the electron microprobe of the University of Antwerp «sing
backscaltered, secondary electron and X-ray signals and (c) using the secondary ion microscope of the
University of Antwerp. Using the Z-contrast in the backscattered electron images, the location of the
phase boundaries at the sample surface could exactly be established. Wheieas the highest lateral reso-
lution could be attained in tli? e-probe generated (X-ray) images, trace constituents suck as Rb and the
concentration differences of the latter among the two phases could only be mapped asing either SIMS
or XRM. However, whereas in the low-energy XRM images (e.g. K-Ka), a sharply delineated phase
boundary can be found, for higher energies (e.g. Sr-Ka or Rb-Ka), an interface-width much larger than
the beam dimensions is recorded. In the SIMS images on the other hand, no such Muring effect « e
discernable.
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THE NEW RESULTS IN STUDYING GOLD OCCURRENCE OF CARLIN-TYPE ORE DEPOSITS AND
NONORGANIC PETROLEUM GENESIS

Liu Yong Rang (Inst. of Geochemistry Acadenla Stnlca, Guangzhou, PRC), Xue
Dejun (BNL), H. L. Rivers (Univ. of Chicago, BNL), K. W. Jones (BNL)

We have obtained some new results using synchrotron x-ray fluorescence
to study the gold occurrence of Carlin-type ore deposits, which remains a
difficult problem in geology.

(1) The trace elements may be useful to determine the origin of these
deposit deposits. Our data on Carlin-type gold deposits show: Fe, As, Zn, Cu,
Ni, Rb, Sr, Ga, Hn, Cr, Ti, Pb, Se, Au, Hg, Sb, Sn, U.

(2) 78 spectra data and 8 scanning Images which concern one sample have
been obtained on X-26A. There are 24 specimens which come from 3 gold deposits
in China. They clearly show the gold as inclusions in host rocks, even if the
gold is as invisible particles. There is no evidence to support the gold
element in the structure of minerals In ores.

(3) There are no trace elements on the spectra which could be reacted
with gold to make an alloy mineral, such as Te and Ag, so that gold should be
as natural Rold existing In the ores.

6 Gold in ore (file NSLS79.15)
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SYNCHROTRON X-RAY HICROPROBE STUDY OF CLEAT CALCITE IN ILLINOIS BASIH COALS

Allan Kolker (BNL); C.-L. Chou (Illinois State Geological Survey)

Previous studies suggest cleat-filling calclte precipitated from basinal
fluids, in the latest stage of authlgeric raineralteation preserved in Illinois
Basin coals. In order to understand the source and trace-element
characteristics of these late fluids, cleat calcites from the Herrin (No. 6)
Coal were analyzed using the synchrotron x-ray microprobe at Brookhaven Lab.
Our analyses show that Mn (813-7010 ppm), Sr (71-336 ppm) and Fe (1600 ppm to
1.3 wt. %) are the most abundant trace elements present. In one sample, a
second, low-Fe (< 100 ppm) calcite is also present. Using the trace-element
exchange equilibrium between fluid and calcite, and published distribution
coefficients, Hn and Sr concentrations were calculated for corresponding
fluids, as a function of Ca content (Figure). The low-Ca calculated fluids
show some characteristics of present-day meteoric fluids, but precipitation of
the calcites from dilute brines cannot be ruled out from the present data.
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Research supported by Division of Chemical Sciences, Office of Basic Energy
Sciences, US Department of Energy, Contract hs.-. DE-AC02-76CH00016.



X26A

TRACE-ELEMENT MICKOAHALYSIS OF COALS FROH FOUR NORTH AMERICAN BASIh'S USIHC
SYNCHROTRON X-PAY FLUORESCENCE

Allan Kolker, S. R. Sutton, and K. W. Jones (BNL)

Bulk coal samples, such as those typically analyzed in previous trace-
element studies, are the product of a complex sequence of post-deposltlonal
events. Chemical changes associated with coalIflcatlon and later diagenetlc
processes are difficult to assess using whole-coal samples because maceral or
mineral constituents which may have formed sequentially cannot lie selectively
analyzed. The electron in icroprobe and EDAX-equlpped scanning electron
microscope allow coal components to be analyzed Individually, but the results
for most trace elements are semi-quantitative, and detection sensitivity is
relatively poor. The synchrotron x-ray fluorescence mlcroprobe at the National
Synchrotron Light Source allows trace-element measurements to he extended to
the micro-scale. The ability to determine trace-element abundances of specific
maceral and mineral constituents has important implications for investigating
coal petrogenesls and basin evolution.

Coal samples from the San Juan and Haton Basins (New Mexico), the Illinois
Basin, and the Pennsylvania anthracite region are being analyzed in order to
understand the modes of occurrence and distribution processes for trace
elements in coals representing a range In rank and a variety of geologic
settings. Preliminary analyses of York Canyon coal (Raton Basin) suggest that
Fe is concentrated in fuslnite or semi-fuslnite macerals, compared to co-
occurring vitrinlte, possibly due to an early oxidation event [with F. J.
Kuellmer, Hew Mexico Tech). Preliminary analyses of pyrite from the Herrin
(No. 6) coal (Illinois Basin) show significant, but locally variable,
concentrations of I'b, Se, Tl, and As [with C.-L. Chou, Illinois Geological
Survey). Studies of the anthracite region emphasize cleat-filling clay
minerals that formed from hydrothermal fluids. Minor or trace elements
determined included Ba, Cr, Fe, Ni, Cu, Zn, Gg, Rb, and Sr [with S. P. Altaner,
University of Illinois). By analyzing mineral and/or moceral components formed
at different stages of diagenesls, we hope to shed light on the evolution of
fluid chemistry in the examined basins.

X26A

Ill-SITU TRACE-ELEMENT HICROAHALYSIS OF INERTINITE AND VITRI1UTE HACERALS IN HEW
MEXICO COALS USING SYNCHROTRON RADIATION

Allan Kollcer, S. R. Sutton, and K. U. Jones (BNL); F. J. Kuellmer and A. Araya
(New Mexico Tech.)

Inertinite and vitrinlte maceral components in bituminous cnal froa the
York Canyon Mine (Raton Basin), and Lee Ranch Mine (San Juan Basin) have been
analyzed at Brookhaven National Laboratory, using synchrotron-radiation induced
x-ray fluorescence (SRIXE). The results are part of a larger study of the
modes of occurrence and distribution processes for trace elements in coal.
Preliminary data for York Canyon samples show that Fe (and to a lesser extent
Mn and Cr) is substantially enriched in the inertinites compared to co-
occurring vitrinites (Figure). Ca and Ti show a slight preference for the
vitrinites, whereas other trace elements determined (Ni, Cu, Zn, Ga, Ge, Rb,
Sr, Y, Zr) generally show a subequal distribution hetween the two niaceral
types. Similar trends are observed for Lee Ranch samples. The distinct
concentration of Fe in the inertinite macerals is consistent with an early
oxidation event which preferentially incorporated Fe3*. By selectively
analyzing maceral and/or mineral components formed at different stages of
diagenesis, we hope to shed light on the evolution of fluid chemistry in the
coal basins examined.

YORK CANYON MACERALS

• 10 If
X-rty e..»r»y (K*V)

Research supported by the US DOE Contract No. DE-ACO2-76CH0O016 (AK.KWJ); NSF
EA86-183/(6H (SRS).

Research supported by USDOE Contract No. DE-ACO2-76CHO0O16; NASA Grant No. NAG
9-106.
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Vitpnr/Mult Partition Coi'llUii'iits for Copper in Clilniine-iiili Pernlknlhie
Systems

,1. l.nweuslerii, G. Mahood (Department of Geology, Stanford University, Stanford, OA
91305), ML. Rivers, and S.ll. Sutlon (Depl. of Applied Science, Brookhaven National
Laboratory, Upton, NY 11073)

Synchrotron X-ray fluorescence analysis of glass inclusions in quartz and sanidine phe-
nocrysts and matrix glass of Cl-rich (0.9 wl.% ) panteHerites from Pantelleria, Italy,
reveals extreme mohilizatjon of On from the magma into an exsolving vapor phase. Two
popuiations of inclusions (> 75/mi diani.) have been identified. Leaked inclusions, which
degassed during eruption through visible capillaries that connect the inclusions lo the
outside of host crystals, are glassy and have low and variable H?O (0.1-0.8 wt% via
III spectroscopy). Nonleaked inclusions are devitrified. Upon revjtrification they show
consistent, and higher, intra-sample HjO contents (e.g., 1.82 wt.% , n=13, 8=0. 12% ),
indicating that they have not leaked and retain pre-emptive volatiles. Degassed matrix
glass (0.1 % H2O) and leaked inclusions contain <3 ppni. On. Nonlesked inclusions are
enriched in C11, though most of the Cu resides in vapor bubbles (1-15 /(111) formed by
shrinkage of the melt during cooling to glares. The calculated Gu concentration in I his
vapor exceeds 7 wt.% . Analyses of inclusion glass away froin shrinkage bubbles yield
211 ppm On. Three bubbles have been used to calculate vapor/pantellerite melt partition
coefficients for On of <54OO±2OOO, 3900±2000 and 49fl0±250Q, wiHi a weighted average
of 49UU±l4tm.

Errors were propagated liberally, and assumptions were chosen conservatively to minimize
the calculated values. Calculated whole-inclusion. Ou concentrations of 220-37'! |>piu are
consistent with the enrichment of incompatible elements in tliese pera|ka|iiie lavas but
contrast with whole-rock values of 3-fi ppm. This study shows that Cu is enriched in
fractionating pantellerite magmas, but that during eruption the Oil is largely stripped by
an exsolving, Cl-bearing, aqueous phase. This implies large Cu (luxes to the atmosphere
during panlellerile eruptions; for example, we estimate that the eruption 45,000 years ago
of one of the larger Pantellerian units, the Green Tuff (7 km3), released about 4x10° metric
tons of ('11. This amounts to 70 times the estimated annual anthropogenic contribution
of Oil to the atmosphere.

X26A

Platinum Group Elements and Se in Sulfide Minerals from the Babbitt Cu-Ni
Deposit, Dnliitb Complex, Minnesota

Edward M nipley, InSung bee, and Nur Iskandar Tail,, Dept. of (Jeol. Sciences Indiana
U., Blooming!on, IN 47405

The Babbitt Cu-Ni prospect is located in mafic rocks of the Duluth Complex in north-
eastern Minnesota. We have detected a Pt + Pd enriched area in the deposit, laterally
adjacent to the highest grade Cu-Ni ore. Maximum values of Pt and Pd determined
by bulk rock fire assay analyses are 1500 ppm Pd and 3000 ppm Pt. Although sparse
grains of sperrylite (pi/'sj) have been detected, mineralogical sites of Pd, as well as the
oilier platinum group elements (PGE) have not been verified. Synchrotron X-ray Fluores-
cence Microprobe (XRM) analyses have been utilized to determine the possible presence
of PGE that occur in solid solution within common sulfide minerals such as pyrrhotite
(po-FeS), chalcopyrite (rp-CuFeSj), cubanite (cb-CuFejSj), pentlandite (pn-(FeNi)sS8),
and bornite (bn-Cii5FeS4). A knowledge of the residence sites of PGE is of significance
for metallurgical treatment of the ore, and for the development of genetic models of the
mineralization process.

Over 50 samples have been analyzed using the XRM, with a minimum detection limit
for Pd of approximately 5ppm. Although not all samples contain detectable Pd, we
have determined values as high as 537 ppm in cp, 203 ppm in bn, and 132 ppni in cb.
Mackinawite (mk-(Ni,Fe)S), an alteration product of pn, has also been found to locally
contain up to 20 ppm Pd. Silver has been detected in amounts varying from 10 to 3000
ppm in ink, bn, cb, and cp. The presence of Pd in ink and Ag in mk and bn is of particular
significance in evaluating the importance of secondary liydrotherinal remobilization of
PGE, Au, and Ag.

Selenium has also been determined by XRM in all sulfide minerals examined. Values
range from 24 to 363 ppm in pn, 20 to 169 ppm in po, and 6 to 157 ppm in cb and
cp. Se/S ratios have been computed using a 100% sulfide normalization scheme, and
compared to mantle values and values of pelitic metasedimentary country rocks. Se/S
ratios computed using Se/S ratios for both sulfide mineralization and country rocks are
<250 x lfl6 and are in agreement with sulfur isotopic measurements that suggest that
over 75% of the sulfur in the Cu-Ni deposit has been derived from country rocks.

Work supported in part by NSP grant EAR 8915472.



Element Studies* of Snllidce from the Upper Mant le

M.I,. Rivers1'3, 11,1. Dawsou2, J.V. Smith3

'Di'pl. of Applied Science, Brookhaven National Laboratory, Upton, NY 11073;
2 |)ept. of Geology and Geophysics, Univ. of Edinburgh
3<!enter fur Advanced Radiation Sources, The Univ. of Chicago

We have undertaken a reconnaissance study of the trace element geochemistry of sulflde
minerals from the upper mantle. These minerals are potentially significant because of
their role in the formation of ore deposits associated with mafic intrusions and because of
their contributions to to atmospheric aerosols during the eruption of high sulfur volcanoes.
They may also be significant reservoirs of geochemically important elements such as Pb;
As and Se may provide a chemical fingerprint for subducted sediments. Analyses were
performed with the x-ray fluorescence mirroprobe at the NSLS, with a beam diameter
of 10 //in and detection limits less than ft ppm. Sulfides from 23 rocks, including eclog-
ites, peridotites and an augite megacryst were analysed. Arsenic was detected only in 3
eclogites, all from the Roberts Victor mine, with concentrations up to 1 wt.%. Thallium
(Hill film ppm) was found only in these same three eclogites and in the augite inegacryst
from the Monastery mine. Molybdenum (50 ppm) was detected in 3 different Roberts
Victor frlogites, in the augite inegacryst and in one veined lherzoljte from Bultfontein.
Lead (80 ppm) was present in only one sample, a sheared garnet lherzolite from Jagers-
fontein. Selenium is present in all sulfides and is quite homogeneous within a single rock.
However, the Se concentration varies widely from sample to sample, ranging from 50 to
4(10 ppm. Many analyses yield significant apparent concentrations of the lithophile ele-
ments, particularly Sr (up to 1000 ppm), Rb (100 ppm). Y, Zr and Nb were measured in
many sulfides from plutonic blocks in the Oldoinyo Lengai ejects. Although we restricted
our analyses to the largest and least altered sulfides, electron probe analysis has shown
that even in these there is K present in alumino-silicate crack filling material, and no K
was detected in the bulk sulflde. More detailed studies are in progress to determine the
relationship of these lithophile elements to the sulfide minerals.

(Research supported by NSF EAR8915G99, DoE DEACO2-7CCIIO0010, and the Univ. of
Edinburgh Research Fund.) IIMSMTJ HUM wonj
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of the MainTrace Element MicroHiinlyses of Pillow Trortol i teb from the Un-i
Aiiorthosite-lieHiing Series, Stillwater Complex

P;A._Sa(|)a_s and K. D. Pass (l)ept. of Geology, Auburn II., Auburn AL)
S.R. Stitton and ML. Rivers jBrookhaven Nat. Lab., Upton, NY)

tieocheinical studies of the contact between the Middle Danded Series (MBS) and tlie
Lower Banded Series (LBS) of the Stillwaler Complex are being conducted to belter
understand the formation of anorthosjles. LBS plagioclases exhibit increasing An (An75-
An85) through lftOOin of stratigraphy. MBS plagioclases are uniformly near An7rj ex-
cept at the lower contact where A118O plagiociase occurs. The top IA the LBS is char-
acterized by the reappearance of olivine after an absence of lOtlflin. This 4<lin-tlii<k,
olivine-bearing layer (OBZ-II), consists predominantly of gabbronorite with sporadically-
occurring olivine. At the top of OBZ-II occurs the pillow troctolite (PT), pods of gal>-
lironorite and pyroxene frocfoliie, in an anorthosjte matrix. Petrogenetic models of PT
development must account for the coexistence of two dissimilar members within OBZ-
II. The aiiorthosite matrix of the PT has compositional characteristics that link it to the
overlying thick anorthosite unit (AN-I). The gabbronorite pods and Iroctolile possess pla-
gioclase compositions typical of their slratigraphic level but different from their matrix
One possibility is that olivine grew at the top of LBS and was subsequently invaded by a
foreign aiiurtlinsitir magma or mush that entrained the gabbronorite and troctolile puds
onto the bottom of AN-!. The synchrotron x-ray microprobe (XHM) at UNL is being used
to establish tile detailed pelrogeneljc relationships between these various uilraiuafic rocks.
The XRM allows trace element analyses on 10 micrometer spots of rock thin sections. Our
initial work has concentrated on the substantial reaction rims that occur on plagiorlase at
contacts with olivine in the troclolites. Particularly significant are the observations that
Nj from the olivine has partitioned into the rims during the reaction whereas Sr from (he
replaced plagioclase has been removed.

(Research supported by NASA NAG9-33O, NAG9-106, DoE DE-AC02-7<iCIKt[J01fi, NSF
EAR89-I5fi99.)
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MICROMETER-SCALE TRACE ELEMENT DISTRIBUTIONS IN STILLWATER
ANORTHOSITES
P, Salpas (Auburn U,)> and 3. Button (BNL)

Geochemical studies of the contact between the Middle
Banded Series (MBS) and the Lower Banded Series (LBS) of the
Stillwater Complex are being conducted to better understand the
formation of anorthoeites, LBS plagioclases exhibit increasing
An (An75-An85) through 1500 m of stratigraphy. MBS plagioclases
are uniformly near An75 except at the lower contact where AnflQ
plagioclase occurs. The top of the LBS is characterized by the
reappearance of olivine after an absence of 1000 m. This 40 m
thick, olivine- bearing layer (OBZ-II) consists predominantly of
gabbronorite with sporadically occurring olivine. The top 10 in
of OBZ-II comprises the Pillow Troctolite (PT), pillows of
pyroxene troctolite and gabbronorite in anorthosite matrix.

Petrogenetic models of PT development must account for the
reappearance of olivine and coexistence of two dissimilar
members. The anorthosite matrix of the PT has compositional
characteristics that link it to the overlying thick anorthosite
unit of the MBS called AN-I. The troctolite and gabbronorite
pillows possess plagioclase compositions typical of their
stratigraphic level but different from their matrix.

In the troctolite and gabbronorite pillows, plagioclases
and pyroxenes exhibit sharp contacts but, when present, olivine
erodes both. Olivine/plagioclase grain boundaries are
characterized by the presence of substantial reaction rims.
Trace element microanalyses of these rims using the X-ray
microprobe at Brookhaven National Laboratory show the following:
(1) Sr is concentrated in plagioclase and homogeneously
distributed there; (2) the transition elements Fe, Ni, and Mn
are concentrated mainly in olivine but are heterogeneously
distributed; (3) rims are depleted in Mn and intermediate in Fe
relative to olivine and plagioclase, but have about the same
concentrations of Ni as the olivines; (4) the transition
elements are heterogeneously distributed within the plagioclases
but locally high concentrations correspond to one another as if
the olivine had invaded plagioclase interiors through
microfractures,

We conclude that olivine reappears owing to introduction of
an olivine-saturated magma into resident gabbronorite that was
only partially solidified. Neither plagioclase nor pyroxene was
on the liquidus of this hotter, new magma so were resorbed by
it. Pods of gabbronorite and pyroxene troctolite were entrained
as xenoliths within a diapir of plagioclase/liquid mush which
rose through the LBS and became trapped beneath AN-I.

This work was supported in part by NSLS/HFBR Faculty-student
Support Program and by NASA grant NAG-9-330,
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Curved Crystal Spectrometer Tests
Grace C. Shea, Mark /,. Rivers, Steve. II. Siitton

Dept. of Applied Science, Drookhaven National laboratory

The objective of these tests is to ehnw that a curved crystal Camera spectrometer will i.e useful for
energies below 39 keV with an energy resolution of .5% or better and a peak to background ratio greater
than 100:1. A scintillation detector, (with a .1mm Be window), would generally have an energy resolution
of 50-55%, for an energy range of .1- Iflft keV, with a Pk/flkgnd ratio of 25:1. A Si(Li) detector (standard
window cjf.025mm Be) would have an energy resolution of 2-4%, for an energy range of 1-30 keV, with a
I'k/ Bkgnd ratio of 40-60:1.

A single crystal OAMECA spectrometer was tested in which a sample, located llOmni from the spec-
trometer housing and 45 degrees to the direct xray beam, would emit xrays onto the spectrometer crystal.
The spectrometer crystal, aligned 90 degrees to the direct beam, would then diffract the beam into a
proportional counter. Diffraction was observed from an UF(20fl) and a PI5T(O02) for a sin(thela) range
of .239-.B17. Thus the UF(200) crystal has an energy range of 3.766 - 12.874 keV and the PET(002)
crystal has an energy range of 1.735 - 5.3.3,1 keV- flecause the signal to noise ratio is very pnnr at low
values of sin(theta) and because small changes in sin(theta) have a much greater effect on the PWHM
at small angles, the spectrometer is most effective at high values of sin(theta). For these reasons it is
advantageous to use crystals which diffract higher energies at larger values of sin(theta). For example,
the energy range for tlie LiF(22O) is 5.327-18.207 for a sin(theta) range of 0.817-0.239 .

The main source of background was found to he scatter from the sample through a 3" aperture in the
spectrometer housing. The background level was decreased by 60% with the use of a lead shield blocking
the aperture/detector path. A lead mask on the face of the crystal, blocking the contribution of the
crystal edges, improved tile shape of the peak. The fluorescence intensity of the detector was improved
by a factor of 7.5 by flowing He through the detector housing By comparing the detector counts for
varying slits sites, the detector was found to he linear up to 20,000cps. Changing the width of the primary
beam, with horizontal slits, from 40um W X 40um V to 12um W X 40um V changed (lie MVIIM from
•13eV to 35eV, using the PET crystal, Ti metal sample and He flow.

Using the UF(200) crystal with the lead mask, He flow, 4um VV x Ilium V slits and the HO] focused
on the Ti(Ka) peak, (E=4.51keV), a FWHM of 0.7eV achieved with a Pk/Bkgnd ratio of 400:1 (.15%
resolution). A Pk/Bkgnd ratio of 615:1 was achieved with a FVVIIM of 29eV using an Fe sample with the
I.iF(200) crystal, a ROI focused on the Fe(Ka/Kb) peak, (E=IS.4, 7.05 KeV), He flow, lead mask, 40wx40v
slits,and a IflOuni A) filter (placed between the sample and the crystal). This is an energy n-solutioii
of .45%. Comparing MF(200) and PET(002) scans for Ti shows that small changes in sin(lliela) has a
much greater effect on the energy at small angles. An LiF scan had a FWHM of ll . ieV and the PET
scan under the same conditions had a FWHM of 52eV- The Pk/Bkgnd ratios were relatively the same
with values of 306:1 and .334:1 respectively,

Tlie conditions under which the spectrometer is most effective are: (1) with the spectrometer housing
filled with He, , (2) detector gain adjusted for peak counts within the linear range , (3) vertical lead
blocking scatter from 3" aperature , (4) use of slits to cut down size of beam , (5) lead mask to block
edges of crystal , (fi) 1300V on proportional counter , (7) flow rate of P10 gas at .Oicnft/hr , (8) closing
in on region of interest (RO|) , (0) work at high siu(theta) positions

Research lonk place ai the National Synchrotron Light Source, Hrookhaveu National Laboratory, sup-
ported by the U.S. Department of Energy, Division of Material Sciences.
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Ti'Bi'»' Element Composi t ions mid Mineralogy of LoW'iiifkel StintoHplieríc Par-

S.FI. Siiltoii (Dept. of Applied Science, Brookhaven National Laboratory, Upton, NY
ll!)7:i), .1. P. Bradley (MrOroiie Associates, Westmoiit IL 00550) nnd Ci. ,1, Myiin
(SIÍNY- Plailsbnrgli, Pit tsburgh, NY )

Most studies of uiicrometeroites collected in Hie stratosphere have concentrated on those
particles thought to be "chondritic." Such particles nre identifie>| on the basis of major
élément abundances analogous to those observed in cnrbonaceoiis meteorites. However,
(lu* .ISO collections undoubtedly include other types of extraterrestrial mnterinls, siirh
as ordinary chondrites, achondrites, Hiid lunar particles. We have begun an attempt to
identify such samples and study their tiace element chemistry using synchrotron x-ray
fluorescence analysis and mineralogy using TEM techniques. To date, we have identified
three parit ies (1)201)1110, W70fi0*A4, and U2022B2) which were classified as "cosmi.:"
as pari of (he .ISC classification procedure, but whose trace element compositions clearly
show them to be noii-chondritic.
Abundances of minor mid trace elements were determined by synchrotron x-rny fluo-
rescence on beaniliue X20. Each of the three particles exhibited a low Ni content,
wilh Cl-normalized abundances of 0.08 in U2022D2, 0,02 in U2001D6, and 0,000 in
W7II00* A4. The siderophile and lithopliile abundance» in two of these particles, U2001B0
and W7llflfl*A4, are generally similar to those of basalt, Volatile elements are generally
enriched in Illese particles relative to basalt, and S was detected in the .ISC' spectra at or
near CI abundances, complicating the interpretation of these particles, Nonetheless, the
I race element data demonstrate that the chemistry of these two particles are very different
from those of choudritic meteorites. U2022B2 exhibited a more nearly chondritic trace
element pattern than Die other two Ni-depleled particles, showing mainly depletions in
minor and trace siderophiles.
Solar Hare tracks Were not observed in any of these particles though each included large
iuiiicr.il grains which would be expected to record such irradiation. Thus, terrestrial
origins for II2001B0 and W7000*A4 cannot be ruled out at this time. Nonetheless, ex-
Intlerri'strial origins are equally likely. Lunar particles have relatively short transit times
and may not be sufficiently exposed in space to acquire delectable track densities. Sim-
ilarly, some particles with chondritic mineralogies which are apparently extraterrestrial
lack such tracks possibly due (o atmospheric entry healing, The possibility of studying
lunar particles in this collection may lead to a better understanding of lunar evolution.
(Jiesenrcli supported by NASA NACÍÍM00, DoE DEAC02-76CH0001ß1 NSF EAR89-
15000.)

SRIXE Analysis of Ancient Calculus for I'nieoniitritioii Studies

CTuniz, Dipartimento di Fisica, Università di Trieste, Sincrotrone Trieste and I.N.F.N.,
Trieste, Italy

L. Capasso, Laboratories of Archaeological Anthropology, National Archaeological Mu-
seum, CJiieti, Italy

K. W. Jones, ML. Rivers, and S.R. Sutlon, Department of applied Science, ßrookhaven
National Laboratory Upton, New York (1973, USA

Trace elements in bones and teeth samples have been often used to infer information *>n
the ancient diet of humans. For example, Sr and Ba concentrations antirorrelate with the
meat intake and Zn is an indicator of vegetarian diet. Elemental analysis of bones has
shown that the risk of chronic lead poisoning from lead glazed pottery was high during
the ancient times.

Also, calculus can be useful for paleonutrition studies based on mult ¡element al determina-
tion. Unfortunately this kind of material is available in scarce quantities and conventional
analytical techniques are difficult to apply.

In the present study, theX-26 microprobe was used to determine trace elements of dietary
significance in small fragments of calculus removed from 11 individual« (!) aduli males,
one child and one woman). They belong to the first Normans settled in Italy around A.D.
000 - 1000 and recently found in the cathedral of San Lorenzo di Aversa.

As an example, the following elemental concentrations (in ppm) were obtained for the
calculus of an adult male: Ti (1), Mi. (75), Fe (203), Cu(8), Zn (527), As (1), Pb (1), Br
(fi), Sr (120) and U (2).

Trace element concentration is being determined also in lile bones of the same individuals.
A careful interpretation is necessary to understand if the trace elements of interest leached
in or out during burial.

Work supported by Ministero dell'Università e della Ricerca Scientifica, Università di
Trieste (CT.) , DoE DE-AC02-76CH00010, NSF EAR89-15099, and NASA NAGO-lOfi.
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Trnre-üleiiicut Distributions in Individual Flyanh Particle« from Coal Power
Plants liy Synchrotron Rndintinn X*ray Fliioreseeiiee Microscope

(Î.Tuniz
Dipartimento di Fisica, Università di Trieste, Sincrotrone Trieste and I.N.F.N., Trieste,
Italy
K. W. .Ione», ML. Rivers, and S.R. Sutlon
Depl. of Applied Science, Brookliaven National Laboratory, Upton, NY 11073

Sz. Török
f!entr«l Research Institute for Physics, Budapest, Hungary

The assessment of the environmental and toxicological effect of (lyash emitted by coal
burning power stations is of growing interest due to the increased significance of coal as
a power source. The quality of coal and the filtering technology determines particle size
distribution and chemical composition. Since the ash derives from the diverse minerals
melted in the fired coal, flyash particles are inhoniogeneous and span n. broad range of sizes
and morphologies. Hence, individual particles should be analyzed in order to determine
(heir environmental impact.

In the present study, the chemical micro-characterization of individual (lyash particles
WB8 obtained by the X-26 SRIXE microprobe using the continuous X-ray spectrum from
the bending magne!, collimateli to 5 /un.

Flyash specimens had been collected from the electrofilter and the chimney of Italian and
Hungarian power stations. More than 30 particles ranging in size from 1-2 /tin to 200
//in, embedded in 40 run thick formvar foils, were analyzed. A« an example, the following
elements could be detected in a 2-/<m Hungarian particle in 20-min measurement: Ca, Ti,
Or, V, Mn, Fe, Zn, A« and Sr. In addition, we obtained multi-elemental maps from thin
sections of 50 - 100 /mi particles, characterized by various morphologies.

These experiments show thai the SRIXE microprobe can provide information at the
micro-scale level that cannot be obtained by other techniques, Experiments for elemental
mapping with 1-2 micron thin sections is being planned for the near future.

Work supported by Ministero dell'Università e della Ricerca Scientifica, Università di
Trieste and by Sincrotrone Trieste (O.T.), DoE DE-AC'O2-7OCH0O0Jß, NSF EAR89-15699,
and NASA NAG9-I00.
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COMPUTED MICROTOHOGBAPHY OF POLYETHYLENE POLYMERIZATION PARTICLES

W, C, Conner, S. H. Webb (Dept, o f el lenica 1 Engincering, Univ. o f Mas».,
Aiiherst ) ; P. Spanne, K. U. Jone» (UND

It Is a major objective of polymerization catalyst design for
heterogeneous polymerization to understand th* process of catalyst
fragmentation and polymerizing particle agglomeration during polymerization.
Many models have been proposed foe catalytic polymerization kinetics which
makes varying assumptions regarding the catalyst fragment size and distribution
within the polymer particle. Heretofore, no technique has been available for
the study of size and spatial distribution of catalyst fragments and voids
without modifying the system in some manner.

However, in this experiment we used computed mlcrotomography to study the
distribution of catalyst fragments in polyethylene polymerization particles.
First-generation absorption CUT techniques with a pencil-beam size 12 x 5 /jm
and a single 1-nm thick CaF2 detector operated in current mode were used. The
imaged samples were single polymer particle of different yields (200 g/g to 11
g/g) with diameters ranging from about 700 down to 200 ¡m.

Several conclusions were drawn fron the experiment: (1) the fragment
distribution is not uniform; the larger fragments concentrate near the exterior
surfaces; (2) large fragment pieces of size 30-80 ¿im were fund at yield 200
g/g; and (3) the polymer particle is at least 20-30« voids of a size larger
than 50 /in,

A computed tomogram of a polyethylene polymerization particle of
yield 200 g/g. Low attenuation values are displayed black, high
white. In the Image the catalyst fragments are seen as white spots
on the surface of the particle. The ptxel size is 5 x 5 pm1.

Research supported by NSF Grant No. CBT-85-15479 (UCC.SWW) and by the Division
of Chemical Sciences, Office of Basic Energy Sciences, US Department of Energy,
Contract No. DE-AC02-76CH00016 (PS.KWJ),
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X-RAY FLUORESCENCE MEASUREMENT OF CONCENTRATION GRADIENTS
DURING LOCALIZED CORROSION OF STAINLESS STEELS

11. S. Isaacs, A. J, Davenport, J. H. Clio, A, L. Hanson (BNL)
and M. L, Rivers (U. of Chicago)

Stainless steels dissolve at extremely high rates in chloride environments forming pits
or crevices. The processes taking place are complicated by (he very high metal ion
solubilities and high chloride concentrations (about \2M). The feasibility of studying
concentration changes was investigated. An electrochemical cell was designed to establish
one dimensional diffusion and is shown in Fig.l, Thin type 304 stainless steel foils were
sealed between mylar sheets with the upper edge exposed to a bulk chloride electrolyte and
dissolved under electrochemical control. The concentration gradients in the window formed
by dissolving back the stainless steel edge are being measured, An example of the relative
concentration of nickel in solution above the stainless steel is shown in Fig.2, Similar
observations for other components of stainless steel Fe, Cr and Mo were made when the
steel was dissolved continuously. If the solution was washed out of the crevice during a run,
complex gradients were then seen. They were concluded to be due to the removal of a
copious voluminous silicic acid gel from Si in the steel which formed in the crevice during
dissolution.

dilution

reference electrode

counter electrode

8000

WOO

6000

thin pintle

Fig. I

OX 080 075 1 129 ISO 176 2

Distance above SS. (mm)

Fig.2 Variat ion in the relat ive
concentration (peak area) of nickel
above a dissolving stainless steel
surface.

This work was supported by (he U.S. Department of Energy, Division of Materials Science,
Oflice of Basic Energy Sciences under Contract No. DE-AC02-76CIKKKI16.
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CIIAI1GE E X C H A N G E IN I t O O M - T E M P E R A T U f t E ION-ATOM AND
I O N - M O L E C U L E COLLISIONS: I. Ar*' + Ar COLLISIONS

Jt.M Johnson, K.W, Joi,,.« and M. Meron (DAS, BNL), DA. C'lmrHi, and S.I). Kravis
(Texas AkM U.), .1. I.evin, R.T. Short, and I. A. Sellin (IJ. Tennessee and OliNl.j,
V. Azimm, N. Mniifioiir, ami tt.il. fierry (ANI,), ami M. Drueffa (St. Etienne, FRANCE)

Unt<' rorllMenlH for charge exchange were »n*?«snr'>H for Ar';l on Ar collisions (for <[ •-
3,4,5, and fi) nt wry low temperatures. The accuracies of previous measurements' were
improved and extended. The technique employed is the only known method to study
electron transfer for multiply-charged ions colliding with ntomir or molecular targets at
room temperatures, '('lie collision energies correspond to about 40 meV.

llroad-band ("while light") synchrotron radiation, WHS filtered hy two 2!i(l micron-thick
He windows and foeussed through a Penning i"ii trap to produce ami confine Ar ions. A
mechanical chopper was used to alternately establish an equilibrium charge state distri-
bution in the trap, and then block the photon beam. Argon ion charge stale distributions
were then measured at various delay times after chopping. The measurements record the
relative number of ions in end) charge state q. The charge state evolution is governed
primarily by the single electron rapture process, wherein Ar' f ions collide with Ar atoms
in the ambient gas producing A r ' " ' + and Ar+ ions. In principle, both product ions
always leave the trap because their mutual Coulomb repulsion overcomes the I nipping
potentials. If this wer< strictly true, a plot versus delay time of the measured number of
ions in each charge state would exhibit a simple one-coinpnnent exponential decay. Sys-
tematic studies2 indicated that souie product ions remained trapped, especially for Ar1 '
on Ar collisions. However, taking this effect into account does not significantly affect the
results. A comparison of the initial and more recent measurements js given beloiv

Tattle I

y*»r

1987

1989-90

Measured rate coefficients (:

3+

1.5 ± 0.6

1,6 ± 0.2

. 10y

4+

1.7

2.5

cm /sec)

±0.4

±0.3

for charge exchange

5+

2.6 ± 0.7

2.9 + 0.3

in Ar'* + Ar collisions.

«+
not measured

2.5 ± 0.3

1. S,D. Kravis, DA. Ohurrh, R.M. .lohnson, M. Meron, Y. Azunia, 11.0. Berry, .1. Levin,
I.A. Sellin, and M. Druetla, Abstracts of Contributed Papers, XVIth International
Conference on Physics of Electronic and Almnir Collisions, New York, July 1(189, p. .'i.

2. S.D. Kravis, B.M. Johnson, Y. Azuma, J. Levin, LA. Sellin, M. Meron, K.W. .Jones,
M. Druetta, N. Mansour, 11,0. Herry, R.T. Short, and D.A. Church, Nucl lustrum,
and Meth. (in press).

(Research supported by the Division of Chemical Sciences, Office of Unsir
l!S Department of Energy and by the National Science Foundation.)
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C H A R G E E X C H A N G E IN R O O M - T E M P E R A T U R E ION-ATOM AND
ION-MOLECULE COLLISIONS! II . A r " + H 2 COLLISIONS

S.D Kravis, and DA Church (Texas AfrM II1.), B M.Johnson, K.W. Jones and M. Meron
(DAS, BNL), I.A. Sellm, J. Levin, and H.T. Short (U, Tennessee and ORNL), Y. Aziiinn,
N, Mansour, nnd II.0. Berry (ANL), M. Druelta, and (St. Etienne, FRANCE)

Rate coefficients for charge exchange were measured for Ar on Uj, collisions (for q -•• .'),
4, !>, and <i) The technique and apparatus were the same as that described earlier for
Ar ' ' on Ar measurements, except that hydrogen gas was also introduced into the vacuum
system at higher partial pressures than argon. The collision energies again corresponded
to about <ll) meV Decay lime constants were extracted from decay curves of ion number
vs. storage time for different hydrogen, but fixed argon densities, Figure 1 shows typical
decay curves and a plot of of l / r versus (l2 density from which the rate coefficients /»
w«-re determined.

The analysis for Ar'1 on H2 is more complicated than for A r " on Ar, because the Ar'1

ions will charge exchange with both the hydrogen molecules and argon atoms present.
Furthermore, as a consequence of momentum conservation and the relatively small mass
of hyrdogen, it is likely that many product Ar ' '''" ions will remain in the trap after
the collision, These two effects were taken into account by numerically solving coupled
differential equations that describe all contributions to the charge-state evolution in the
trap. A representative comparison of simulation results and typical measurements j f i

shown in Figure 1 The two lines are offset due to differences between the measured
and actual II2 densities, but the slopes are the same. Table I gives the rate coefficients
obtained from the numerical simulations.

Flgur* 1. Decay curves and l/r plots for Ar''

Table 1 Measured rate coefficient! *
(« ID9cnpluc) for Afl' on ll2cnllmimt. •<•
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|»lHi!oi<iiiiz(itio!i of

M t f f ,'
' (

_'rl'"t'*l'
rr u

4+
5 +

6+

4.3 ± 1.1
52 ± 1.0

5.9 i 0.9

(t.5 t 1.2 V" h
A t%

**

t

Ar f/

I. S.D. Kravis, B.M. Johnson, Y. Azuma, .!. Levin, I.A. Sellin, M. Meron, K.W. Jones,
M. Dmetta, N. Mnnsonr, U.G. Berry, R.T. Short, and DA. Olmrrh, Nucl. lustrum-
and Meth, (in press; see also the preceeding abstract in this annual report)

(Research supported by the Division of Chemical Sciences, Office of Basic Energy Sciences,
US Department of Energy and by the National Science Foundation.)

S I) Kravis and DA Church (Physics Department, Texas A&M University), H.M. Jr.hn
son, K.W. Jones and M, Meron (Dept of Applied Science, Hrookhaven National Labo-
ratory), I. A. Sellin, J. Levin, nnd R.T. Short (University of Tennessee and Oak Ui«l|h-
National l/aboratory), Y. Azuina, N. Mansour, and I I ' ! , flr-rry (I'hysics Depart nt,
Argonne National Laboratory), and M Driietta (St. Ktienne, FHAN^'E)

The inner shell photoionization of Ar and Xe ions was studied using a penning ion trap
and broad-band synch rot ron radiation. First, ions were produced and routined in (lie trap
following either electron or synchrotron-radiation bombardment of neutral atoms; the/i
the ambient gas pressure was reduced; finally I lie charge-state distribution of ions resulting
from subsequent photoionization was measured. Both the K-shell photoioni'/ntion of Ar2<

and the L-shell photoionizalion of l<r" for 'I < <\ < 11 were studied The work is an
extension of previous measurements on the production and storage ot multiply-Hiarg'-d
argon ions, also performed on X2fiC.

Previous attempts to measure the inner-shell photoionizatioit of ions were unsuccessful
due to the smalliiess of the cross sections, the lack of sufficient photon flux for hard x-
rays, and the difficulty of providing an adequate multi-charged ion target. In this «v)rk
tile requisite photon flux was provided by broadband ("white light") bendiiig-inagiict
radiation, which was filtered only by two 2.011 micron-thick He windows. The H»- windows
produced a low-energy cuioll in the photon energy distribution at about '.i k<'V Potential
problems due to shifts of the absorption edges as a function of ioni'1 charge were obviated
by the use of this broad-band, rather than monochromatic, synchrotron radiation. A
Penning ion trap was used to confine the niiilti-charged Ar or Xe ion larg'ls produced )>y
either electroii-iinpact ionizalion or photoionization, respectively.

The photon beam was focussed onto the ions stored in the Penning trap. Sinre the inn
target density was always well below that of the residual gas in the vacuum system,
careful background-subtraction techniques were employed to distinguish the signal for
photoionization of ions from that for atomic photoionization

These inaugural measurements on the pliotoionizalion of multiply-charged ions repre-
sent the lirst experimental confirmation of the concept for a PllOlon Beam Jon Source
(PIIOBIS).2 The results are relevant to research with laboratory and astrophysical plas-
mas, e.g. iiiertinl-confinement fusion and supernovae explosions.

1. DA- Church, S.D. Kravis, I, A. Sellin, C.H. O, J. Levin, H.T. Short M. Meron,
B.M. Johnson, and K.W. Jones Phys. Rev. A30, 2-187 (HIH7).

2. K.W. Jones, B.M. Johnson, and M. Meron, Phys. Lett. 07A, 377 (1!I8:))

(Research supported by the National Science Foundation and by the Division of Chemical
Sciences, Office of Basic Energy Sciences, US Department of Energy.)
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SUCCESSIVI? INNRH-SHRIJ- P H O T O I O N I Z A T I O N OF T R A P P E D IONS

S.I) Kravis nml I) A f'Imrcli (Texas A&M I'.), U.M. Johnson, K.W. .lours and M. Meron
(IMS, HNL), I. A. Sfilili, .1 Levin, ¡nul H T Sliorl (II. Tennessee and ORNI,), Y. Azuma,
N. Mansour, and HO. Berry (ANI-), and M Druella (St. Etienne, FRANGIO)

Ih«' successive inner-shell plioloionization of Xe inns was studied using II Penning ion trap
in an ultra high variiiini chamber and broad-band synchrotron radiation (SU) Computer
control, ii mechanical chopper, n gas-pullìng system, und an analog detection scheme were
used A data-taking cycle was begun with an initial SI) pulse lo photoionize xenon atoms
in Hie I rap. TIK-II, after a suitable delay lo allow neiilral xenon atoms to I»? pumped away,
a second SR pulse pliotoionized the trapped ions. Finally, the charge-state distribution
of trapped inns was recorded. The resulting ion signal is curve A in the figures below.

There nre (wo sources of background Namely, ions erenIfri during the «econd ,SI) pulse
by pholoioni/.ation of ambient gas atoms and ions left over from the initial SR pulse.
Background measuring cycles It and (' were both identical to A, except that the initial
and second SR pulses were omitted from B and C, respectively. In principle, cycles II
and C should be subtracted from A lo give the desired signal. In practice, this is dimenii
becnuse curves A rind (' are shifted with respect lo curve I) due In spne-charge effects
which perturb the trapping potential when there are large numbers of trapped ions (cycles
A and C). However, visual comparison of curves A-C! and H (right panel of figure) «hows
enhanced concentrations of Xe"" , Xe" * , and Xe121 due to the successive photoionization
of xenon ions The observed distribution is modified by electron cnplnre.

2Ü0000

J10 ?60 JIO J60 60 110 160 210 ?60 JIO 360
(Rll-tr, VOLTAGC) CHANNEL (RINf, VOLTAGC)

These inaugural iiieasureinents on the photoionization of trapped ions represent the first
experimental confirmation of the concept for a PllOlon Beam Ion Source (PIIOBIS).

1. S.D. Kravis, I).A. Church, B,M. .lolmson, .1,0. Levin, Y. Azuma, I.A. Sellin, M. Meron,
K.W. Jones, M. Dnietta, N. Mansour, H.G. lierry, and R.T. Short, Nucí, Iiifilrum.
mid M"tli. (in press).

2. K.W, Jones, B,M. Johnson, and M, Meron, Phy«. Lett. 07A, 377 (1083),

(Hesearch mipported by (lie National Science Foundation and by the Division of Clu'iiiiml
Sciences, Oflice of Basic Rnergy Sciences, IIS Department of F/iiergy.)
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Cbiinuti ri/iitioii of a 1:1 X-Ilny FnriiflNiiiK Mirror

M.I, Hiv.-rs, U.M. Johnson, I' Spanne, and K.VV. Jones (D-pt „f Applied Hn-w,
Brookhaveii National Laboratory), SI) Kravjs.ind D A 'ihiircji (I'Jiysicr. U'-partiwut,
Texas A^'M University)

The performance of a cylindrical x-rny mirror was monitored by iifiing a Si(Li) x-ray
detector positioned at a forward scattering angle of Vi" to measure photons scattered
through air after passage through a 20 x 211 //in pinhole. The figure;, show: (upper left)
measured spectra for both unfocussed and focuswd radiation, (lower ¡eft) thrir ratio,
(upper right) (he measured spatial distribution of photon flux, and (lower righi) t|i.-
horizontal beam profile at maximum intensity.

I"

Tlie mirror is made of Zerodur; is coaled with platinum; is fid cm long; and accepts A mr
of horizontal radiation. It was positioned at about 10 m from the source point and tln-
pinhole was near 20 in, The (lux through the pinhole is shown to be euliaiici-d by nearly
two orders of magnitude by the focussing mirror. The unfocussed horizontal image would
have been about H em wide. The full-wiillli-at-lialf-maxiiimin or In of the focnssed image
was about 0,7 mm. The focussed beam profili' is shown to be nearly round. Although
the mirror specification called for no vertical focussing the vertical beam profil«- liad a 'In
of I).fi mm, wliile the iinfocusseil was 1,8 mm. This factor of three reduction in vertical
height is believed to result from slight concave curvature down the long axis of the mirror,

(Research supported by the Division of Chemical Sciences, Oflice of Basic Energy Sciences,
US Department of Energy.)
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FARADAY EFFECT IN Pe^TM) ALLOYS*

I'.. Alp, M. Ramanathan (AM), V. Stojanoff (U. of Sao Paulo, Brazil) and D.I'. Siddons
(BNL-NSLS)

Preliminary measurements of the Faraday rotation near the Fe K-edge in Fe^I't and I:er,Pd
alloys have been made. Both as-rolled and annealed samples of each alloy were measured in
an attempt to understand the effect of heat treatment on their magnetic properties. The data
arc shown below. Although these arc obvious differences, no attempt has yet been made to
analyze these differences. Further measurements must be made to check for .systematic errors.
In particular the large rotations below the edge are unexpected. These data will also be
correlated with circular dichroism measurements made at line XI8.

ftnvlay cllni In WU'I niimhr alhr.1 In * M I I « I M fKH'l

X27A
FARADAY EFFECT IN IRON AND IRON-CONTAINING ALLOYS*

V. Stojanoff (U. of Sao Paulo, Iirazil) and D.P. Siddons (BNL-NSLS)

The x-ray polarimcter previously developed1 was used to study the resonant Faraday effect in
pure Fe and in the Fe edge of the Co-10% Fe alloy studied previously. The figures below
show the data. The most striking feature is the similarity between the cobalt-edge data (the
lower panel) and the iron-edge data from the Co/10% Fe alloy. Not only is the Faraday data
closely similar, the near-edge absorption data is similar, and both are quite different from (lie
pure iron data. It should be pointed out that the sign of the rotation is opposite for the Co and
Fe edge, as it is for the pure metals. The second feature to note is that the pure Fe Faraday
rotations are more symmetric on field reversal than those of the alloy, even though they are
both cubic structures.

•This work was supported under Contract No. DE-AC02-76CH00016 with the U.S.
Department of Energy.

•This work was supported under Contract No. DE-AC02-76CH00016 with the U.S.
Department of Energy.
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RESONANT RAMAN STUDIES OF Fe AND
X27A

V. Stojanoff (U. of Sao Paulo, Brazil), J.B. Hastings and D.P, Siddons (BNL-NSLS)

Resonant Raman scattering studies were undertaken on iron and iron oxide. In this study
conventional instrumentation was used, in particular an energy-dispersive detector served to
analyze (he scattered beam. The measurements of the scattering by pure meial were closely
similar to previous measurements made on copper by nisenberger, Platzman and Winick.1

FejOj gave anomalous behavior of the energy of the scattered radiation as shown in Fig. 1.
This behavior of the scattered radiation energy is not accounted for by the simple theory
offered by Ref. 1. The Is core hole lifetime of metallic iron, Tk, is found tobe(1.3±0.1)eV
from the Tit shown in Fig. 2. By neglecting the points between 7.1 IS and 7.102 kcV around
the bump observed for the FC2O3 in Fig. 1, a similar fit also shown in Fig. 2 gives rk =
(2.7±0.1) eV; a lorentzian fit to the neglected points around the bump gives a full width at
half maximum of 1.2 eV. These results are not well understood yet and further work is being
undertaken in order to provide higher energy resolution of the scattered beam, since it is
expected that the anomalous behavior results from multiple unresolved component lines.

1. P. Eisenbcrger, P.M. Platzman and H. Winick, Physical Review BI3, 2377 (1976).
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•This work was supported under Contract No. DII-AC02-76CH00016 with the U.S.
Department of Energy.

Characterization of Slightly-mosaic Silicon Crystals at High Energy

V. Stojanoff. H. Zeman, D.P. Siddons, J.B. Hastings

Non-dispersive double-crystal rocking curves were measured for perfect
silicon crystals and tor crystals which had been deliberately strained by the
precipitation of oxygen In an annealing process. The perfect crystal curves
could be well fit by calculations based on the Aynnmic,nl diffraction theory
(fig. 1). Attempts to fit the moealc crystal curves using a simple klnemati-
cal theory including only secondary extinction were unsuccessful (fig.2).
Work Is underway to understand those rocking curves in the framework of the
statistical dynamical diffraction theory Introduced by Koto and developed by
El lladded and Becker.
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X-RAY STANDING WAVE MEASUREMENTS OF STRONTIUM TITANATE SURFACE RELAXATIONS

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. To achieve surface
sensitivity, the yields of Ti and Sr K photoelectrons were monitored with a
hemispherical electron detector as the (200) Bragg reflection of the
substrate was scanned. A si(220) channel cut monochromator provided the
Incident beam. The photoelectron yields and reflectivity curves are shown
below; the electron count rates were typically 0.2 Hz. The curves shown as
solid lines are fits to the data. The best fits to the reflectivity curves
were determined by optimizing Gaussian mosaic profiles to broaden the
expected curves. The best fits to the yield curves were determined by
optimizing the coherent position and coherent fraction of the Ti (left) and
Sr (right) atoms. The coherent position, expressed in units of the (200)
d-spacing, represents a weighted average position of the Ti (Sr) atoms
relative to the (200) diffraction planes. The coherent fraction indicates
the spread of atom positions: a value of 1 means that all the atoms are
located at the coherent position, and a value smaller than 1 means that they
take on more than one position relative to the diffraction planes. For bulk
Ti and Sr, the ideal values are 0 for the coherent position, and the
Debye-Waller factor (.close to 1) for the coherent fraction. The observed
coherent position values are both slightly positive, tending to indicate an
outward expansion near the surface relative to the bulk.

Sr cohwwil portion - +.I4LO3
coherent fraction » 0BI12D "

H colnfmt portion - K»»n2
cohwrnl fraction - 070100

-» o »

RtMiva An4* ftrcanonda)

This work was supported by the DOE under Contract No. DE-AC02-76CH00016.

COHERENT FORWARD NUCLEAR SCATTERING*

J.B. Hastings, D.P. Siddons, (BNL-NSLS), U. van Biirck (U. Mnchen, Germany),
U. Bergmann (Physics Depl., SONY, Stony Brook, NY) and R. Hollatz (U. Hamburg,
Germany)

We have successfully used synchrotron radiation to pump the 14.4 keV level in 57Fc, without
the need for isotopically enriched perfect crystal samples. This was achieved by observing the
forward scattered radiation as a function of time on the nanosecond scale, following excitation
by an incident radiation pulse.

In order not to paralizc the fast detector with the transmitted SR pulse, an ultra-high resolution
monochromator (Ac/c = 3 x 10'7) was used. The output of the monochromator is still
broadband on the scale of the Mossbaucr resonance width, and so all of the active components
of the hyperfinc multiplct are implusc-cxcitcd synchronously. The resulting beats in the case
of two active lines can be seen in the figure. The slower envelope modulation is caused by the
non-Lorcnzian behavior of the dynamically broadened emission line shape.

Time-dependence of nuclear resonant forward scattering
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This work was supported under Contract No. DE-AC02-76CH00016 with the U.S.
Department of Energy.
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Scientist Michael Sansone of Exxon works
on a Huber diffractometer in Exxon Beam-
line XlOB hutch. Crystallography and x-ray
scattering comprise the research program at
XlOB.
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