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Introduction
Samuel Krinsky
Acting Chairman, NSLS

Over the last year, the NSLS facility has been
operating at a high level of performance and re-
liability, making this a very fruitful time for the
NSLS user community. The number of operat-
ing beamlines has increased from 59 to 75, with
15 additional beamlines presently under con-
struction. We project 90 operating beamlines by
1991. The number of General User proposals in-
creased from 61 in FY 1988 to 178 active propos-
als in FY 1989. The number of proposals on the
VUV Ring has remained at the level of about 15
per four month cycle. In addition, the NSLS has
cooperated with SSRL to help relieve the back-
log of experimental programs due to the lack of
SSRL operations during the last year. Thus far,
we have been able to accommodate 31 experi-
ments by SSRL users.

X-Ray Ring Insertion Devices
The high power insertion devices for the

X-Ray Ring developed as part of the Phase II up-
grade have been commissioned at low current.
The active interlock systems required ror ther-
mal protection of the vacuum chambers at high
current are now being commissioned, and the
insertion device beamlines on X25 and X17 will
be brought into full operation early in 1990. The
soft X-ray undulator on XI has been in opera-
tion all year, and the LEGS Compton backscat-
tering source on X5 has been in operation since
the summer. The high power insertion device for

X21, and the mini soft X-ray undulator for X13,
will be brought into operation later in 1990.

VUV Ring Development
On the VUV Ring, the infrared beamline (IR4)

is performing well. The U13U branch utilizing
the TOK undulator will be brought into opera-
tion early in 1990. A new undulator magnet for
U5 is scheduled for installation in April 1990. A
harmonic global closed orbit feedback system
has been developed, which reduces orbit move-
ments on the VUV Ring by more than a factor of
3 at all source locations. An R&D 100 award
was received for the development of this feed-
back system, which has recently been utilized
during normal operations.

SXLS Project
The work carried out by IBM on its beamlines

on the VUV Ring has led the way for develop-
ment of X-ray lithography as the preferred
method for the fabrication of the next generation
of computer chips. The SXLS Project at the
NSLS is collaborating with Grumman Aero-
space Corporation and General Dynamics to de-
velop a compact superconducting synchrotron
source for use by the semiconductor industry.
Commissioning of the warm magnet prototype
of the compact ring is scheduled to begin in
April 1990.

Accelerator Test Facility
The Accelerator Test Facility (ATF) of the

Center for Accelerator Physics (CAP) is a collab-
oration between the NSLS, the Physics Depart-
ment, and the Instrumentation Division to de-
velop high brightness electron beams. The ATF
Group at the NSLS is strongly involved in the
development of the laser cathode gun and the 50
MeV LINAC, and also the construction of a visi-
ble light free electron laser utilizing the ATF
electron beam and a novel superconducting
undulator magnet.

Planning Committee
A Planning Committee has been formed to

consider long range development of the NSLS.
The committee has members from outside of the
NSLS, and will work closely with the user com-
munity. No long shutdowns are being contem-
plated for the X-Ray or VUV Rings. Improve-
ments to existing facilities under consideration
include increased set-up and laboratory space



for users, faster and more reliable injection, design of a new facility utilizing linac-based
higher energy in the X-Ray Ring, and higher en- FEL sources in the infrared and ultraviolet is
ergy and longer lifetime in the VUV Ring. The underway.



Users Executive Committee

Denis McWhan
Chairman, UEC

The UEC met four times during the year and on
two occasions had extended discussions with the
Director and Deputy Director of BNL concerning
problems of housing, accounting practices, and
the role of NSLS within the Brookhaven com-
munity. With both rings running well and ap-
proximately seventy five beamlines in operation,
the UEC concentrated on the areas that most af-
fect day to day operations such as scheduling,
space, and housing. The NSLS staff and users
are meeting regularly to fine tune the needs of a
diverse community and to provide the most ef-
fective long range schedule of regular and spe-
cial operations, machine studies, and mainte-
nance. The UEC Space Subcommittee has
revamped the laboratory stewardship policy and
divided the available space to provide secure
setup areas and office space for as many users
as possible. The BNL housing office and NSLS
User Administration, with user input, managed
to provide a remarkable 6650 person days of
housing durii,- the summer months. Thanks to
the continuing efforts of the Computing Com-

mittee, beamline and user accounts are now
available on the NSLS 8600, and information
such as machine status, user news, and bulletin
board will be available along with electronic
mail and data transfer.

The Annual Users' Meeting attracted approxi-
mately 400 people and included two workshops
and a vendor show. There was an XAFS and Ar-
ray Detector Workshop and one on New Fron-
tiers in VUV Science with Synchrotron Radia-
tion. The science being done at NSLS was
highlighted by a series of overview talks on high
temperature superconductivity and on surfaces,
along with a number of other topics. Input to the
UEC from the user community at large contin-
ues to come from the round table discussion at
the Users Meeting and Town Meetings held the
afternoon before each UEC meeting, in addition
to informal contacts. The present members of
the UEC are:

Denis McWhan
AT&T Bell Laboratories

Peter Johnson
BNL-Physics Dept.

Dale Sayers
North Carolina State University

Mark Rivers
Univ. of Chicago/BNL Dept.

Appl. Science

Kevin D'Amico
Exxon Research and Develop-

ment

Keith Jones
BNL Dept. Appl. Science

Thor Rhodin
Cornell University

Neal Shinn
Sandia National Laboratory

David Zehner
Oak Ridge National Laboratory

Chairman

Vice Chairman

Past Chairman

Secretary

Member

Member

Member

Member

Member



Atomic and Molecular Science
Dennis W. Lindle

National Institute of Standards and Technology (NIST)
Special Interest Group Representative

This subgroup represents a very diverse commu-
nity, loosely allied under the title of "atomic and
molecular science". Representatives of this
group are highly active at both the VUV and
X-Ray Rings using a wide variety of experimen-
tal techniques. One unifying theme that is eas-
ily discernible is that atomic and molecular
studies at the NSLS are consistently pushing at
the limits of capability of the facility, whether
they be related to flux, resolution, timing struc-
ture, etc. For example, this past year witnessed
the first, measurement of angular distributions
of X-ray emission from free molecules at
beamline X24A. While significant degrees of an-
isotropy were observed following selective core
electron excitation, the measurements were lim-

ited by extremely low count rates (<1 Hz), de-
spite the high-intensity X-ray beam available
from X24A. Pushing resolution limits is also a
trademark of this special interest group. Experi-
ments at beamline U4B with the DRAGON
monochromator have illustrated unprecedented
resolution in core level photoabsorption studies
of small molecules. Finally, time-resolved fluo-
rescence measurements at beamline U9A are
successfully using the time structure of the VUV
ring to obtain accurate lifetimes of molecular
fluorescence in the few nanosecond range. This
brief summary is in no way comprehensive, and
the reader is encouraged to look at the Abstract
Section of this document for further, more de-
tailed information.

Energy Dispersive Diffraction
Earl Skelton

Naval Research Laboratory (NRL)
Special Interest Group Representative

The scientific discipline primarily using energy
dispersive diffraction techniques at the NSLS is
high pressure science. Extreme pressures, in ex-
cess of those found at the center of the earth
(-3.6 MBar), are developed in the submillimeter
regions between the tips of opposed diamond an-
vils. During the past year, work has been pur-
sued on the white light beamline X7A, largely
by the group from the Carnegie Institute of
Washington, headed by Dave Mao. The follow-
ing are some of the materials examined: Csl, Fe,
Fe-Ni alloys, FeO, I, Pb, Pt, and Re. A structural
phase transition was discovered in Pb at -1.3
Mbar from HCP to BCC and adequate data were
obtained to permit revision of the details of the

tetragonal-orthorhombic phase transition in
Csl.

It is expected that, during the next year,
much of this work will be transferred to the su-
perconducting wiggler side station, X17C. Fiscal
resources, developed by participating members
of the IDT from the Carnegie Institute of Wash-
ington, Lawrence Livermore National Laborato-
ry, Los Alamos National Laboratory, and the
Naval Research Laboratory have been used to
construct and instrument the X17C hutch. Mea-
surement apparatus controlled by a dedicated
HVAX computer will be available to all inter-
ested users for high pressure or other energy
dispersive diffraction research.



Lithography and Microscopy
Chris Jacobsen

SUNY at Stony Brook
Special Interest Group Representative

The past year has seen a considerable strength-
ening of efforts in microscopy and lithography at
the NSLS. The number of groups involved in
this area has increased, and beamlines and ex-
perimental systems have matured considerably.

Several types of soft X-ray microscopes re-
quire coherent illumination, and efforts using
these microscopes have benefited tremendously
from the soft X-ray undulator and X1A beamline
on the X-Ray Ring. This beamline features a
spectral brightness unattainable at other syn-
chrotron sources, and a novel design allows two
experiments to use the same diffraction grating
simultaneously, with one experiment receiving
first harmonic undulator light while the other
uses the second harmonic.

At the time of last year's annual report (1988),
the Scanning Transmission X-Ray Microscope
(STXM) had begun operation, and initial experi-
ments studying enzyme secretion in rat pancre-
atic zymogen granules were being undertaken.
These experiments, led by Stephen Rothman of
University of California at San Francisco
(UCSF) and the Center for X-Ray Optics at Law-
rence Berkeley Laboratory (LBL), have contin-
ued and sub-100 nm resolution images of fixed
and unfixed granules in suspension are rou-
tinely obtained. More recently, Jerry Pine of the
California Institute of Technology and collabora-
tors have used the STXM to study cell ultra-
structure of fibroblasts, neural growth cones,
and synapses in cultured networks. These ex-
periments have also begun to explore the conse-
quences of radiation damage in X-ray microsco-
py; preliminary results indicate that fixed cells
can be imaged at 60 nm resolution several times
with little degradation of the image. Chris
Buckley of King's College, London, and collabo-
rators have used the STXM to map the distribu-
tion of calcium in tendon, where calcium miner-
alization is associated with tendonitis. Shawn
Williams of SUNY at Stony Brook has also be-
gun a program of the study of plant and insect
chromosomes, where the ability of the STXM to
image hydrated specimens at high resolution

should play a key role. These experiments have
all benefited tremendously from the continuing
improvements to the beamline and microscope
led by Harvey Rarback of the NSLS and im-
proved X-ray zone plates produced by Eric An-
derson of LBL.

Other experimental programs in progress at
X1A include the development of a scanning pho-
toemission microscope (SPEM), in which a zone
plate is used to produce a monochromatic,
sub-micron spot on a surface, and the photoelec-
tron spectrum is analyzed using a cylindrical
mirror analyzer. Harald Ade of SUNY at Stony
Brook and coiiaborators are developing this in-
strument and applying it to spatially resolved
studies of the surface chemistry of materials.
Malcolm Howells of LBL and collaborators are
continuing experiments in X-ray holographic
microscopy using photoresists; sub-60 nm reso-
lution images of biological specimens can be re-
corded in a few minutes, and a phase retrieval
algorithm has been used to suppress the twin
image present in Gabor holography. David
Sayre of IBM and collaborators have recorded
soft X-ray diffraction patterns of non-crystalline
biological specimens; the ultimate goal is to ob-
tain crystallographic-like reconstructions of the
object from a series of diffraction images. Ian
McNulty of SUNY Stony Brook and collabora-
tors have begun experiments in using a soft
X-ray charge-coupled device (CCD) camera to re-
cord Fourier transform holograms of test objects.
Finally, since contact microscopy using
photoresists does not require coherent radiation,
Bob Hexter of the University of Minnesota, and
collaborators have resumed work using the U15
beamline on the VUV ring.

In other microscopy work, Kevin D'Amico and
collaborators from Exxon are commissioning a
dedicated beamline at X2 for X-ray
microtomography, where previous experiments
have demonstrated about 10 micrometer resolu-
tion imaging of mineral specimens. Keith Jones,
Mark Rivers, and collaborators from the Univer-
sity of Chicago have been continuing work using



an X-ray microprobe at X26, which is described
in more detail in the Fluorescence Special Inter-
est Group report.

IBM has had a strong effort in proximity
printing X-ray lithography at the NSLS for sev-
eral years, and that effort has expanded. Experi-
ments at the existing U-6 beamline have con-
centrated on further characterization of
lithographic processing, including the study of
the relative insensitivity of X-ray lithography to
low-Z dust particles. More recently, IBM has
constructed a new lithography beamline at U-2
and has installed and qualified a commercial
X-ray stepper. Experiments using the system to
produce prototype integrated circuits are under-
way. These experiments will allow IBM to
quickly come on line with the use of the compact
synchrotron which is on order from Oxford In-
struments.

In an alternative approach to X-ray lithogra-
phy, AT&T has demonstrated nearly diffrac-
tion-limited projection printing of 0.2 micron
features using 36 nm radiation. An open-stencil

transmission mask was imaged by a 20X-reduc-
tion Schwarzchild-type objective onto silicon wa-
fers coated with various e-beam resists. The
smallest features recorded were 0.2 microns
wide over a 300 micron diameter field. The radi-
ation was emitted from the TOK undulator op-
erating at K=1.06; ringing and other effects aris-
ing from the coherence of the undulator beam
were observed in the image.

These experiments have all benefited greatly
from the expanded laboratory space made avail-
able by the NSLS upgrade. Laboratory 1-128 in
Building 725A has been equipped with items
such as a refrigerated centrifuge, cell culture in-
cubator, and inverted fluorescence microscope
for biological specimen preparations, and
Nomarski contrast microscopes and a fume hood
for resist processing. IBM is constructing a full
clean room facility for lithographic processing in
the basement of Building 535. These support fa-
cilities are proving to be indispensable for pro-
gress in microscopy and lithography.

Nuclear Physics
Andrew M. Sandorfi

BNL Physics Department
Special Interest Group Representative

Nuclear physics research at the NSLS is per-
formed on beamline X5 by a collaboration of
physicists from BNL, Istituto Nazionale di
Fisica Nucleare (INFN) Frascati, Universita di
Roma, University of South Carolina, University
of Virginia, and Virginia Polytechnic Institute.
This year the beamline began a routine experi-
mental program during normal light source op-
erations. Many hours of commissioning and
studies, and particularly the cooperation of the
NSLS staff, contributed the necessary under-
standing of the gamma-ray beam to make it a
significant new tool for photonuclear physics.
The large flux, high degree of polarization, and
good energy resolution make the X5 gamma-ray
beam unique in the world. The beamline and
ancillary equipment and the extension on the
west of the building are referred to as the La-
ser-Electron-Gamma-Source (LEGS).

While this commissioning work was progress-
ing, we made many significant additions and
improvements to the facility. The addition of a
new 128 element plastic scintillator hodoscope
completes the construction of the photon tagging
spectrometer. Extensive measurements have
demonstrated that the spectrometer performs
according to its design. The laser optical system
was redesigned to remove the entrance window
from the path of the synchrotron radiation by
using mirrors. This will reduce the damage of
the window material by the synchrotron radia-
tion, which previously limited operation to gam-
ma-ray energies below 240 MeV. A new beam
orbit feedback system was installed and com-
missioned this fall. This system is the first to
use pick-up electrode (PUE) signals as the refer-
ence for beam position and angle. We found that
it was essential in stabilizing the gamma-ray



beam position on target as well- as maintaining
a small beam profile. The major improvement to
the experimental equipment was the installa-
tion of a liquid hydrogen/deuterium target dur-
ing the summer. This target was built by the
BNL cryogenic target group and is now operated
and maintained by a target watch crew at the
NSLS.

The installation of the liquid deuterium target
allowed us to begin the first experiment at
LEGS at the end of 1989—the photodisintegra-
tion of deuterium with linearly polarized pho-
tons. This experiment should provide a test of
the role of meson exchange currents and the vir-
tual excitation of the delta resonance in models
of the nuclear force. The two principal detector
systems for this experiment were assembled and
tested over the last year. These two systems are
an array of 24 CaF2-plastic scintillator

"phoswich" detectors, and a telescope of four Si
microstrip detectors backed by a large NaKTl)
detector. A student from the University of South
Carolina is analyzing the data from this experi-
ment as part of his PhD thesis work.

The second experiment at LEGS has been de-
signed and equipment is now being installed
and tested. This experiment will study the pho-
todisintegration of He with polarized photons.
The area at the end of the X5 hutch now
houses the (iVAX computer and CAMAC equip-
ment for data collection for this experiment. A
liquid helium target has been purchased by our
collaborators in Rome for these measurements
and it is presently being tested by the BNL
cryogenic safety group. This experiment will
form the thesis work of three students from
Rensselaer Polytechnic Institute and one from
Tel Aviv University.

UV Photoemission and Surface Science
Thor Rhodin

Cornell University
Special Interest Group Representative

VUV research at NSLS in the above area pres-
ented at the Ninth International Conference on
Vacuum Ultraviolet Radiation Physics, Univer-
sity of Hawaii at Manoa, Honolulu, Hawaii, July
17-21,1989, summarizes well some of the re-
search highlights in the subgroup for the past
year.

Two unique surface studies on metals titled
"Magnetic Scattering at the Iron LII, III Edge"
by E.D. Johnson, J.B. Hastings and D.P.
Siddons, and "Photoemission Studies of Mass
Selected Platinum Clusters," by W. Eberhardt,
D. Cox, Z. Fu, A. Kaldor and D. Sondricker were
presented.

Two interesting electron core processes titled
"Breaking of Ground State Symmetry in Core
Excited Ethylene and Benzene" by Y. Ma, F.
Sette, G. Meigs, S. Modesti and C.T. Chen, and
"Changes in the L2,3 Spectrum of C-Si, Excited
by Monochromatized Synchrotron Radiation" by
J.E. Rubensson, C.H. Zhang, J. Jia, T.A.

Callcott, D.R. Mueller, R. Shuker and D.L.
Ederer were also reported.

A general overview of the VUV/soft X-ray ex-
perimental facilities and scientific programs at
the National Synchrotron Light Source, particu-
larly the U5 undulator and the TOK wiggler on
the VUV ring and the XI and X13 undulators on
the X-Ray Ring, was reviewed by R.F. Garrett,
S.L. Hulbert and E.D. Johnson. In addition, to
facilitate high resolution soft X-ray spectroscopic
studies at NSLS, a new beamline employing a
spherical version of the cylindrical element
monochromator design dubbed Dragon was de-
scribed by C.T. Chen and F. Sette.

A paper titled "Photoelectron Spectroscopy
with Coherent VUV Radiation below 110 nm,"
by R. Tonkyn and M.G. White was illustrative of
work in the area of UPS photochemistry.

CO adsorbate studies, a traditional area of
much fruitful work using VUV radiation, was
represented by the presentations titled "Cover-



age-dependent NEXAFS Study of CO Adsorbed
on Co(OOOl)" by D. Sondricker, Z. Fu and W.
Eberhardt, and "Resonance Photoemission
Study of CO Adsorption on Ni3Al(lll)" by R.F.
Garrett, CM. Loxton and A.M. Venezia.

Two rather sophisticated techniques which
promise to introduce interesting new physics on
electron excitation phenomena and on surface
electron spin effects, respectively, were "Auger
Photoelectron Coincidence Spectroscopy of Cop-
per, Tantalum and Aluminum" by S. Hulbert,

R.F. Garrett and E.D. Johnson, C.-C. Kao, E.
Jensen and R.A. Bartynski and "Spin Polarized
Studies of Oxygen, Sulfur and Carbon Monoxide
on Fe(OOl)," by A. Clarke, N.B. Brookes, P.D.
Johnson, B. Sinkovic, and N.V. Smith.

Although much other worthy photoemission
and surface science work was accomplished at
NSLS during the past year, it is proposed that
the above summary projects an illustrative
overview on the flavor of the efforts of this par-
ticular subgroup.

X-Ray Imaging
Masao Kuriyama

National Institute of Standards and Technology (NIST)
Special Interest Group Representative

Activities and accomplishments of X-Ray Imag-
ing Special Interest Group members may be
found in the abstracts of the individual
beamlines engaged in imaging: XI, X2, X10,
X17, X19C, X23A3, and X26.

Two meetings of the X-Ray Imaging Special
Interest Group (formerly the Topography Sub-
group) were held in 1989. At the first of these
meetings, held during the NSLS Annual Users'
Meeting in May, it was unanimously decided
that our scientific interests, instrumentation
and common problems are probably shared by a
much wider community than those who do X-ray
topography (diffraction imaging); we, therefore,
agreed to change the name and the scope of sub-
group and, hopefully, will enlarge its member-
ship.

A second meeting was held at NSLS, Novem-
ber 8,1989, and was well attended with every
X-ray beamline engaged in X-ray imaging repre-
sented. While XI concerns are with the soft
X-ray region, other beamlines are engaged in
imaging hard X-rays (5-35 keV) with various
modes of detection aiming at 1 jim or below reso-
lution for tomography, and diffraction imaging,

10 pm resolution for fluorescence imaging, and
1/2 mm resolution for angiography. Most lines
prepare the beam with collimators to provide a
microprobe, where X23A3 uses flat crystal dif-
fraction to prepare an ideally parallel beam with
a large cross section. All beamlines are capable
of providing variable energy X-rays, while X19C
and X23A3 can also provide white radiation.

Although no uniqtie detectors could be used
for all imaging beamlines, a digital data output
is a common feature of many. In the meeting, a
wide range of topics were discussed. Operating
procedures and common problems, such as beam
stability, booster noise, lack of sufficient feed
back control possibility on bending magnet
beamlines, and data display needs, were dis-
cussed enthusiastically.

A common concern of the majority of member
beamlines is a desire of higher flux which may
be better achieved by higher stored energy than
higher currents. Action items, like publica-
tion-quality hard copy graphics with raster in-
put, were identified and are being pursued fur-
ther by subgroup members.

10



X-Ray Absorption Spectroscopy
W. T. Elam

Naval Research Laboratory (NRL)
Special Interest Group Representative

Two things have made 1989 a banner year for
X-Ray Absorption Spectroscopy at the NSLS:
the availability of an unprecedented number of
well-established beamlines and the rapidly de-
veloping maturity of the field. From the oldest
(Xll) to the newest (X23A2), there are now
more than a half dozen beamlines doing XAS a
majority of the time, with all of the productivity
that this implies. A very strong General User
group is also in evidence. This foundation has
provided a solid basis for the development of the
field.

The development of XAS has reached the
stage of maturity where it can now concentrate
on having a significant impact on materials sci-
ence. The availability of beam time plus the re-
cent organization of a Committee on Standards
and Criteria have improved the reliability of
both XAS data collection and analysis. This has
resulted in a change of emphasis for most work-
ers from technique development to spending
more time on measuring interesting materials.
The effect on the health of the field has been
dramatic.

To keep pace with these developments, im-
provements in the technique are continuing. A
workshop on X-ray detectors specifically for XAS
was held in conjunction with the NSLS Users'
Meeting in May of 1989. The workshop was or-
ganized by Steve Cramer of NSLS and had over
100 participants. The goals were to outline the
community's needs, determine the state of the
art, and to explore and encourage new designs.

The success of this workshop has led to plans
for a longer workshop of some kind for the days
just before the 1990 Users' Meeting. At least
part of the planned workshop will involve the
continuing work of the Committee on Standards
and Criteria, particularly in the area of theoreti-
cal modeling of data. Future plans may include
some basic training workshops if there is suffi-
cient interest.

Anyone wishing information or to make com-
ments please contact W. T. Elam (NRL, X23B)
or T. I. Morrison (Argonne National Laborato-
ry). The continuing development of the field and
the performance of the X-Ray Ring promote high
expectations for FY 1990.

X-Ray Crystallography
Robert M. Sweet

BNL Biology Department
Special Interest Group Representative

Important advances in crystallogi iphic studies
have been, paradoxically, both smaller and big-
ger. Workers have been able to stud y increas-
ingly smaller specimens and increasingly larger
"molecules".

Ake Kvick and co-workers at the BNL Chem-
istry beamline X7B and King and co-workers at
Exxon's X10A and X10B have been able to study
smaller and smaller crystals of zeolites by single
crystal diffractometry. High-quality diffraction

has been obtained from crystals in the 10 1 3m3

range. Some diffraction has been measured from
crystals in the 10~16m3 range. In another set of
experiments, both monochromatic and white
beam Laue data have been measured from zeo-
lite crystals at high pressure.

Phillip Coppens and co-workers, working at
the SUNY beamline, X3, have been able to use
anomalous scattering to quantify the occupan-
cies of Bi atoms in Cu sites in high Tc supercon-
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ductors. Kudoh, Prewitt, Finger, and Ito, also
working at X3, have performed a crystallo-
graphic study of a perovskite synthesized and
studied at high pressure.

There is some two-dimensional crystallogra-
phy performed as well. Ian Robinson and
co-workers have used the Bell Labs beamline
X16A to determine the structure of the surface
of boron-doped crystalline silicon. Ocko, Gibbs,
and Mochrie, working at X20 (IBM) and X22
(BNL Physics) have analyzed the reconstruction
that occurs on clean Au and Pt surfaces.

The largest numbers of individual diffraction
maxima have been measured at beamline X12C
(BNL Biology). For a time this was the only
beamline in operation in this country for macro-
molecular crystallography; some 30 research
groups have collected thousands of diffraction
photographs.. A substantial quantity of data
were collected by the Purdue group from crys-
tals of intact virus particles, plant and insect
viruses (Johnson) and human viruses and bacte-
riophage (Rossmann).

X-Ray Fluorescence

Steve Sutton
The University of Chicago

Special Interest Group Representative

The majority of X-ray fluorescence analyses at
NSLS are performed on the X26 port. The phase
I, white-light, energy dispersive X-ray micro-
probe (XRM) has been in operation for about two
years. The instrument consists of a collimator,
sample stages and Si(Li) X-ray detector. Practi-
cal spot sizes of less than 10 micrometers and el-
emental detection limits better than 1 ppm for
many elements are achieved. Single spot analy-
ses, 1-D and 2-D scanning are available. In addi-
tion to routine elemental analyses with this in-
strument, technical upgrades are in progress to
improve spatial resolution, energy resolution
and elemental sensitivity. An 8:1 critical reflec-
tance, ellipsoidal, focusing mirror has been in-
stalled and initial tests show an increase in pho-
ton flux of about a factor of 30 over the direct
beam. This enhancement will allow wavelength
dispersive detectors to be used on the micro-
probe. Installation of a monochromator is being
planned. Fixed, tantalum collimators have been
constructed which have produced beams down
to 3.5 micrometers. A Nikon Optiphot petro-
graphic microscope was installed for optical
specimen viewing under transmitted, reflected
and/or polarized illumination. A frame grabber
and freeze frame peripheral were added for im-
age display, image enhancement and hard copy
capabilities. A lift table has been installed which
allows the aligned microprobe to be moved as a

unit and thereby track the synchrotron beam as
the mirror's orientation is adjusted. A
VAXStation upgrade to the beamline MicroVAX
II has been installed as the primary data acqui-
sition module. Software has been written for
data acquisition, spectral peak fitting and com-
positional calculations.

On X26C, a different microprobe approach is
also being developed by Lawrence Berkeley Lab-
oratory (Thompson, Underwood, Wu, and
Giauque). This instrument uses a pair of multi-
layer coated concave spherical mirrors arranged
in the Kirkpatrick-Baez geometry to focus the
beam to less than 10 micrometers. Femiogram
sensitivities for elements from K to Zn have
been achieved.

A wide variety of geochemical and biochemi-
cal studies have been performed using the XRM.
In the biological sciences, the XRM is advanta-
geous for determining trace element composi-
tions for micrometer-sized structures. In one
study, a 2-D map of the gallium distribution in a
bone biopsy demonstrated that Ga from a gal-
lium nitrate treatment concentrated in regions
of new bone growth (Bockman, Repo, Warrell,
Pounds, Gordon, Jones, and Schidlovsky). In ge-
ology, the XRM is valuable in determining trace
element distributions at high spatial resolution
and the compositions of minute specimens.
Analyses on glass inclusions in volcanic rocks
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from California, Italy and Alaska are being used
to track the geochemical evolution of magma
chambers and the role of volatiles in establish-
ing trace element partitioning between the va-
por and melt phases (Lu, Lowenstern, and
Mahood). Particularly significant was the trace
element zonation observed in feldspar crystals
from the Bishop Tuff, evidence for large scale
migration of solids in the magma (Lu). Measure-
ments on micrometeorites collected from the
stratosphere have revealed high contents of Br
suggesting that atmospheric injection of halo-
gens by extraterrestrial material may affect at-
mospheric chemistry and enhance ozone deple-
tion (Flynn and Sutton). A new research
program has just begun to use trace element mi-
croprobe analyses of coal components to study
the evolution of fluids in coal-forming basins
(Kolker and Suen).

X-Ray Fluorescence
Measurements with the X17
Superconducting Wiggler

The X17 superconducting wiggler (SCW) is an
ideal source for excitation of K fluorescence from
high Z elements, such as rare earth elements
(REE). The increase in the flux of high energy
photons from the device versus a bending mag-
net is a factor of 100 to 1000 in the region of the
REE K edges (30-60 keV). Some preliminary ex-
periments were performed by Mark Rivers,
Steve Sutton, and Keith Jones. Although little
experimental time has been available to opti-
mize analytical conditions, <50 micrometer
beams have been achieved and some trace ele-
ment analyses were performed with the ring re-
stricted to low current mode during operation of
the SCW. Detection limits for the United States
Geological Survey (USGS) manganese crust
standard P-l 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 obtained in an experiment aimed at

ascertaining the feasibility of making non-inva-
sive, in-vivo measurements of lead in the human
tibia. Comparable sensitivity with a 25 microm-
eter beam is expected when the SCW is commis-
sioned to operate at high ring current. These
conditions will then be attractive for studies of
high atomic number elements in a wide range of
materials.

Fluorescence Computed
Microtomography

The application of image reconstruction tech-
niques to X-ray fluorescence analysis has also
been been initiated at X26. Reconstruction from
line integrals are applied to two types of imag-
ing. In fluorescence computed microtomography
a pencil beam is used to excite the elements and
the characteristic X-rays are analyzed. By rotat-
ing and translating the sample during the mea-
surements, data are acquired that can be used
to reconstruct the emission in a plane through
the sampie without any sectioning. One biomed-
ical application of interest is the study of light
elements in sciatic nerves, since longitudinal
concentration variations can be studied without
any physical sectioning. A pilot experiment on a
freeze dried leech ganglion shows that it is feasi-
ble to study potassium distributions in nerves
on the micrometer scale using this technique.

The second application of image reconstruc-
tion techniques is fluorescence imaging of sec-
tioned samples. It uses a line source for excita-
tion along strips over the section. The sample is
also in this case translated and rotated to obtain
line integrals for the image reconstruction. This
reconstruction method is advantageous over
pointwise scanning if the signal-k. -background
ratio is high or if background signals unrelated
to the radiation field are a dominating noise
source. A demonstration experiment mapping
the distribution of Au evaporated on a Kapton
foil was carried out. An evaluation of the
method is under way.
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X-Ray Scattering

Gerald Liedl
Purdue University

Special Interest Group Representative

The full potential of X-ray scattering experi-
ments has now become more apparent with a
full year of operations. This report can only
mention some highlights of a few activities and
the reader is directed to the large number of ab-
stracts on X-ray scattering that are contained in
this report. Most of the X-ray scattering
beamlines have become functional by this time
and the focus of the activities has changed from
construction-testing-modification to research.

There will, however, always be some degree of
modification and testing in any dynamic envi-
ronment such as NSLS. One notable experiment
in this category was completed on X17B1 by P.
Suortti, et al. They tested a prototype focusing,
Laue-type dual energy monochromator. The
tests were successful and indicated a projected
operating flux close to the theoretical estimate.

One major activity of the X-Ray Scattering
Special Interest Group has been the study of
phase transitions and this year is no different.
Isaacs and McWhan report on a project com-
pleted on the low temperature phase transition
in UAs (X16B). A careful study separated the
lattice distortion and charge modulation such
that they could provide a more complete under-
standing of the phase transition. Work also con-
tinues on the precursors in the phase transition
in ternary aluminum alloys by J. B. Cohen, et
al. on X18A. They have made the dramatic jump
from binary to ternary alloys and have produced
some of the first information on these complex
systems. Also, work on X18A by Hoffman, et al.
provided some new insight on low temperature
anomalous structural and electrical behavior in
La-Sr-nickelates.

Another major activity within the X-Ray Scat-
tering Special Interest Group is involved with
surface/interface phenomena. Some notable
ones are those projects which utilized the X16
beamlines. The roughening transition of the
Ni( 113) surface study by Robinson, et al. is an
example in that they not only were able to re-
cord the transition but produced data relative to
the asymmetry of the surface tension. Another

experiment on X16C by Bommarito, et al. in-
volves a technique to make in-situ measure-
ments of ionic distribution at the electrode solu-
tion interface via X-ray standing waves. Other
work includes the report by Zegenhagen and
Patel on the registration of Ga on Sid 11), a test
study of a new dedicated UHV standing wave
facility on X15A. Among the many surface stud-
ies one should note the study by Tidswell, et al.
on X22B where the surface structure of complex
hydrocarbons on Si was reported. Other studies
of complex molecular materials have been re-
ported by Thomas, et al. on X10A and Bohanon,
et al. on X14.

An "emerging" technique is the use of powder
diffraction. Allen, et al. using X7A report on a
structure refinement of zorite from powder data
and show that it is essentially the same as the
single crystal results. Another study of note was
reported by Newsam, et al. using XIOB. They re-
port on the complex stacking disorder behavior
from zeolites. The high resolution capabilities
were the focus of work reported by Guryan, et
al. using X3 for a study of peak shapes whose
widths appear to be related to phason momen-
tum in quasicrystalline Al-Cu-Fe.

A special group of projects of note this year
are those involving time resolution capabilities
to study dynamic behavior. The work of Shan-
non, et al. on X20A on the ordering kinetics of
the old familiar CU3AU should provide some in-
sight into the non-equilibrium growth kinetics of
this system. Also, on X20C the kinetics of
microphase separation and ordering in polysty-
rene-polybutadiene block co-polymers was re-
ported by Harkless, et al. For those interested in
the impact of other fields on a material, the
work using X3 of Paturle, et al. on the influence
of an external electric field on X-ray scattering
of an organic crystal is noteworthy.

Another set of projects are those that involve
very small scattering effects. The X-ray mag-
netic scattering in Holmium as a function of
temperature was reported by Gibbs, et al. using
X22C. They report on the use of a newly devel-
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oped linear polarization analyzer in this study.
A totally different effect is that of incorporation
of intracrystalline proteins in calcite, a study of
special attention to many in geochemistry. A.
Berman, et al. used X7B to study sea-urchin re-
lated information in the incorporation of macro-
molecules in a lattice. One other study of special
note was the first reported data on a single fila-
ment of PPTA. This work was reported by B.
Chu, et al. using X3A2. They correlated this

data with the previous work on bundles of fi-
bers. The bundle data could be interpreted as an
averaging of the single fiber data.

This has been a highly proauctive year and
the X-Ray Scattering Special Interest Group has
not only expanded the output of work in the
more traditional areas of research using scatter-
ing but also has expanded the horizons in new
approaches and applications.
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VUV Machine Operations
Norman Fewell
VUV Ring Manager

VUV Ring Performances and
Studies
Average V.U.V. Ring Performances for 1989 are
given below:

Average Filling Current
Average Charge Rate
Average 250 mA Lifetime
Total User Ampere Hours
Unscheduled down time

800 mA
60 mA/Minute
180 Minutes
2011 AH
3.6%

There has been a steady improvement in the
VUV Ring Performance during this fiscal year.
The integrated user beam (2011 AH) equals that
of the previous year despite a machine shut-
down of six weeks.

During this major shutdown a new R.F. cavity
was installed in the booster ring, which greatly
improved the injector efficiency, leading to an
average charge rate into the VUV ring of 60
mA/minute. Replacement of a kicker ceramic at
the start of the fiscal year and improvements to
the R.F. tuning system has allowed us to go to
higher ring currents. Our normal scheduled fills
are now 900 mA taking approximately 15 min-
utes. Peak injected currents in excess of 1.4
Amps have been obtained, but low lifetimes
make operations at these elevated currents im-
practical. Special fills of single bunch are limited
to 400 mA due to beam induced R.F. heating of
the current monitor ceramic gap.

Improved reliability is the result of work done
during the long shutdown. Thie included re-
placement of all water hoses, maintenance of
the proteus water flow meters, replacement of
the vertical trim power supply system with indi-
vidual power supplies of improved stability, and
replacement of the quadrupole power supplies.
These activities have limited the unscheduled
downtime to approximately 3.6% of the sched-
uled machine running time.

Work has continued on the global feedback
system with improved R.F. detectors now in pro-
duction. Tests on this system and experimental
results from the IR4 beamline indicated a verti-
cal beam movement at 360Hz. Measurements
found that the cause was 360Hz ripple on the di-
pole power supply, due to a saturated choke in
the filter circut. Replacement of this choke by a
larger unit resulted in a factor of 10 reduction in
power supply voltage ripple and undetectable
360Hz beam movement at IR4.

Installation of the VUV mezzanine was com-
pleted during the February shutdown. The ver-
tical trim power supplies will be transferred to
the mezzanine c'uring the upcoming fiscal year
as well as new horizontal trim power supplies,
orbit measurement, global feedback and vac-
uum equipment.

VUV RING FISCAL YEAR 1989
MACHINE USAGE

INJECTION AND
UNSCHEDULED

DOWNTIME (6.7%)

SCHEDULED SHUTDOWN
AND MAINTENANCE

(22.6%)

COND/COMM
< 2.3%)

STUDIES
(10.1%)

HIGH
CUHBiWT

MULTKJtjNCH
OPERATIONS

(51.4%)

SPECIAL
OPERATIONS

(6.9%)
(single bunch.

TOK and alignment)

Figure 1. Utilization of the VUV Ring for FY 1989
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Figure 2. Total Monthly Amp Hours Stored in the VUV Ring During FY 1989
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Figure 3. Average Monthly Charge Rate into the VUV Ring During FY 1989
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VUV Beamline Operations
Richard Garrett
VUV Beamline Operations
Manager

Machine Operations
As can be seen from the Ring Manager's report,
the VUV ring surpassed last year's excellent
performance in many areas, notably faster injec-
tions due to improvements in the booster ring,
and very little unscheduled downtime. Studies
of the closed orbit feedback system continued
throughout FY 1989, and it is intended to imple-
ment the system as part of regular operations in
October 1989.

From the point of view of the experimental
program, a major event in FY 1990 will be the
replacement of the U5 undulator. The new mag-
net is scheduled to be installed in a shutdown in
April 1990, and is a much improved device,
allowing the gap to be changed routinely with
little impact on the orbit, and with a much in-
creased spectral range. The new undulator will
also be somewhat shorter than the present de-

' vice, which will allow sector valves to be in-
stalled at each end. This will significantly im-
prove our ability to vacuum isolate sections of
the ring when problems occur or vents are re-
quired.

A significant operational change occurred dur-
ing FY 1989 with the implementation of a mas-
ter shutter disable system. Starting in August
all front end shutters and masks have been
closed from the control room before each injec-
tion. The shutters return to their previous state

when enabled, while the masks remain closed. A
modification of the front end controllers is being
designed which will allow each front end status
to be switched to "Auto Reopen", where both the
shutter and mask will open when the shutters
are re-enabled.

Beamline Operations
The VUV experimental programs continued

to be extremely productive in FY 1989, as can be
seen from the experimental abstracts appearing
later in this volume. There was also continued
progress on a number of new facilities at various
stages of development.

The U16 A and B beamlines became fully
operational, a task made considerably more dif-
ficult than for the average VUV beamline by the
restricted space available. The U2 lithography
beamline also entered its operational phase.

Meanwhile there has been much activity at
the TOK with construction of the U13U spec-
troscopy branchline beginning, and the con-
struction of a new projection lithography facility
on the zero degree TOK beamline.

Several existing facilities underwent signifi-
cant upgrades, including a complete overhaul of
the ERG optics at U3C, and replacement of the
data acquisition system at the NSLS facility
beamline U14A.

Planning commenced or continued on several
new beamlines: a new monochromator for U5,
matched to the new undulator; a new monochro-
mator at U15 and a high resolution interferome-
ter branchline for IR4 for gas phase experiments.

Environmental Improvements
Running experiments at VUV beamlines can

be an enervating experience, due mostly to the
high ambient noise levels and periods of ele-
vated temperature on the VUV experimental
floor.

FY 1989 saw the first steps towards alleviat-
ing these conditions. Following recommenda-
tions from the 1988 Scientific Program Support
Committee (SPSC), the computer room wall
mounted air conditioners have been shut down,
removing a major heat and noise source from
the VUV area, and the U6 clean room heat ex-
changer was relocated to the roof. It is hoped
that with these major heat sources removed, the
building air conditioning will be able to main-
tain acceptable temperatures on the VUV floor
next summer.
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VUV Storage Ring Parameters as of December 1988

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

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

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

Nominal Tunes vx, vy

Momentum Compaction
R.F. Frequency
Radiated Power
R.F. Peak Voltage (typical)
Design R.F. Power
v, (Synchrotron Tune)
Natural Energy Spread (oE / E)*
Natural Bunch Length (2<j)*
Number of RF Buckets
Horizontal Damped Emittance (ex)
Vertical Damped Emittance (ey)
Power per Horizontal milliradian, 1A
Source Size: oh, av

*current and RF voltage dependent

0.750 GeV
1.0amp(l . lxl01 2e)

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

(6 bunches, present operating conditions
Separated Function, Quad, Doublets
4
8 Bending (1.5 meters each)
24 Quadrupole (0.3 meters each)
12 Sextupole (0.2 meters each)
3.14,1.20
0.023
52.887 MHz
14.7 kW/amp of Beam
100 kV
50 kW
0.002
4.5 x 10"4 (I < 20 mA)
7.6 cm (I < 20 mA)
9
1.5 x 10"7 meter-radian
> 2.8 x 10"10 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 Gaetano Vignola and Anne-Marie Fauchet (NSLS).
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X-Ray Machine Operations
Glenn Decker
X-Ray Ring Manager

Fiscal year 1989 has seen the continuing im-
provement of steady state beamline operations
following the Phase II shutdown completed last
year. Lifetimes as long as 20 hours are typical,
with available user beam approaching 60
Amp-hours / month. Orbit correction has been
automated and is done on a regular basis.

The February shutdown saw the installation
of a second hybrid wiggler at X21 and the super-
conducting wiggler at X17, bringing the number

of insertion devices in the X-Ray Ring to a total
of five. The active interlock system necessary to
thermally protect the accelerator vacuum cham-
ber from accidental exposure to high intensity
insertion device radiation is completed for the
X25 hybrid wiggler beamline, and is in the final
stages of construction for X21 and X17. Light
has been taken from all of the new high power
insertion devices at low intensity (<5 mA). At
beamline X25, high intensity light was seen in
an initial test at 20 mA, equivalent to -600 mA
for a normal bending magnet line. High power
insertion device beamline operation on a routine
basis is anticipated in the very near future.

After the high power insertion device / active
interlock systems are fully commissioned, stud-
ies time can be devoted to the improvement of
reliable high current operation, injection effi-
ciency, and orbit stability. Presently, the soft
X-ray undulator beamline at XIA and the LEGS
experiment at X5 employ local closed orbit feed-
back to stabilize the electron beam at their radi-
ation source points. The development over the
past two years of high precision RF receivers for
the measurement of beam position offers the
promise that an effective global closed orbit
feedback system will soon become available in
the X-Ray Ring. Pioneering work on such a sys-
tem has been done already, and is continuing,
on the VUV ring.

X-RAY RING FISCAL YEAR 1989
MACHINE USAGE

COND/COMM (3.8%

MAINTENANCE (17.3%)

STUDIES (15.6%

DOWNTIME (9.2%)

OPERATIONS (54.1%)

Figure 1. Utilization of the X-Ray Ring for FY 1989
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Figure 2. Total Monthly Amp Hours in the NSLS X-Ray Ring for FY 1989
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X-Ray Beamline Operations

Roger Klaffky
X-Ray Beamline Operations
Manager

By the end of October 1988, a daily operational
mode was reestablished for each of the 28 X-ray
beamlines that were operational prior to the
Phase II shutdown. In addition, the soft X-ray
undulator beamline X1A, X9B and a diagnostic
line on X30 were in operation. Over the course of
FY 1989, another 9 beamlines entered a routine
operational phase bringing the total to 41. These
lines included X2B, X5A (Laser-Electron

Gamma Ray Source), X10C, X11B, X12B, X20B,
X23A2, X26A and X27A. The Phase II
beamlines X17B1 (Superconducting Wiggler)
and X25 (Hybrid Wiggler) operated successfully
during specially scheduled low current (<5mA)
shifts. Routine high current operation on these
lines will take place early in FY 1990 with the
commissioning of an active interlock protection
system for the ring vacuum chambers. The
scheduling of special operations for these and
other beamlines was facilitated by the introduc-
tion of "template" shifts on Tuesdays and Fri-
days from 0000-0800 hours as recommended by
the X-Ray Template Subcommittee of the Users'
Executive Committee. These shifts can be re-
quested up to one month in advance at the
weekly X-Ray Users' Meeting. The Subcommit-
tee will continue to review the usefulness of the
template shifts and their impact on operations.

The safety coverage on the X-ray floor was
considerably enhanced during 1989 with the ad-
dition of a second Operations Coordinator to
each 12 hour shift. The primary responsibility of
the additional Coordinator will be to cover the
X5 hydrogen target when it begins operation
early in FY 1990. When not monitoring the tar-
get, he will assist the other Coordinator.

During the next fiscal year there will be a siz-
able increase in the number of routinely operat-
ing beamlines as lines under constuction and
early commissioning in FY 1990 become fully
operational.

25



X-Ray Storage Ring Parameters as of December 1988

Parameters X-Ray Storage Ring

Normal Operating Energy
Maximum Operating Current
Lifetime
Circumference
Number of Beam Ports on Dipoles
Number of Insertion Devices
Maximum Length of Insertion Devices
VE c)atl .22T(B)
VEc)at5.0T(W)
B(p)
Electron Orbital Period
Damping Times (2.5 GeV)
Touschek (2.5 GeV, 0.25 A)
Lattice Structure (Chasman-Green)
Number of Superperiods
Magnet Complement

Nominal Tunes vx, vv

Momentum Compaction
R.F. Frequency
Radiated Power for Bending Magnets
R.F. Peak Voltage
Design R.F. Power
vs (Synchrotron Tune)
Natural Energy Spread (oc / E)
Natural Bunch Length (2a)
Number of RF Buckets
Horizontal Damped Emittance (ex)
Vertical Damped Emittance (ey)
Power per Horizontal milliradian, 0.25 A
Typical Arc Source Size: ah, ov

0.75-2.5 GeV
0.25 amp (1012e)
> 10 hours
170.1 meters
30
5
< 4.50 meters
2.48A(5keV)
0.60 A (20.8 keV)
1.22 Tesla (6.875 meters)
567.7 nanoseconds
tx = Ty = 6 msec; Tf = 3 msec
>16hrs(vRF = 700 kV)
Separated Function, Quad Triplets
8
16 Bending (2.7 meters each)
40 Quadrupole (0.45 meters each)
16 Quadrupole (0.80 meters each)
32 Sextupole (0.20 meters each)
9.15, 6.20
0.0065
52.88 MHz
126 kW/0.25 amp of Beam
700 kV
300 kW
0.002
8.2 x 10"4

10.5 cm
30
10"7 meter-radian
10"9 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 Sam Krinsky and John Keane (NSLS).
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NSLS Computer Upgrade
John Smith

NSLS Computer Systems Group

The Computer Control Upgrade consists of con-
verting a control system designed over 10 years
ago to present state-of-the-art hardware. The
impetus for the change was a realization in 1985
that the demands on the control system ex-
ceeded its capabilities. Memory and CPU speed
restrictions were a serious handicap to program-
mers preventing or slowing the implementation
of new features or hardware.

In addition to overcoming the memory and
speed restrictions of the present system some of
the other objectives of the upgrade are:

A) Provide to the operators a user friendly
interface with:

Windows to run several applications
simultaneously.

Continuous update of parameters at a
convenient rate.

Graphic displays.

B) Provide a more powerful local processor
with:

Battery Backup Memory to save pa-
rameters when power fails.

Local displays for diagnostics.
Multiprocessor options.
Power fail Detection hardware.
Modern bus architecture with a wide

range of available peripheral
boards.

High speed Communications Net-
work.

A range of High performance CPU's
to allow realtime analysis of data at
high speeds.

Quickly replaceable modules.

C) System Requirements.
Controlled Access to Machine Param-

eters(read, write permission)
Recording of all Commands to the

Hardware.
Improved Error Detection.

Early in the upgrade it was decided to use
standard commercial hardware and software
throughout the system as much as possible. The
Unix operating system was chosen because it

runs on all the computers at the NSLS. C was
chosen as the programming language because it
could be used at all levels in the system.
Ethernet was chosen for communications and
most of the cabling has been installed through-
out the building.

There was an early decision to use Worksta-
tions for the operator interface to achieve
multi-window capability for the operators. A
workstation evaluation committee reviewed the
top vendors and ended up choosing the Apollo
Workstation. The selection committee was aided
by the AGS department which has had several
years experience with Apollo workstations.

Database software in use on the AGS control
system, has been purchased and is being tested.
A plotting package has been purchased for the
Apollo. A realtime operating system was cho-
sen(RTUX) for development of micro software.

The micro upgrade consists of converting from
8080 Multibus computer systems to VME 68020
systems for device controllers. The Multibus sys-
tems do not have sufficient memory or CPU
power to control the newer hardware that is be-
ing installed. The first goal in the upgrade was
to stop the assembly language coding for all new
systems which was a significant drain on our
programming manpower. The second goal was
to eliminate the use of multibus hardware in
new systems.

Coinciding with the control system upgrade
has been an NSLS Phase II improvement pro-
gram which added insertion devices, interlock
and feedback systems and upgraded many other
systems. The Phase II and other improvements
has caused the control system to grow by at
least fifty percent over the last few years. It was
important that all these new systems use hard-
ware compatible with the future system even
though they had to run on the old control sys-
tem. During the interim period any multibus
systems installed would eventually have be re-
placed with VME systems. In the last year all
new systems have been VME based and have
been coded in C. This required training our soft-
ware and hardware staff in the new technolo-

27



gies, developing new software and hardware
tools and evaluating many new VME boards. It
has resulted in a significant increase in our ca-
pability to implement new systems quickly and
allows us to do complex functions at the micro
level that would not have been contemplated
earlier.

A VAX computer was purchased early to get
around the memory limitations of the present
computers. Unix VME system software was
written to let the VAX collect data from any of
the existing micros. With this system some of
the programs that run on the DG computers
have been ported to the VAX and Apollos as an
interim measure. In particular, X-ray orbit con-
trol programs, which could not run on the old
computers now operate on the VAX computer.

Since the start of the conversion the worksta-
tion technology has changed dramatically and
workstation software standards have evolved.
All new Workstation software is done under
X-windows. Motif, an Open Systems software
package recently made available on the Apollo,
is being tested. The use of standard workstation
software will let us port our applications to dif-
ferent platforms if desired.

Workstation applications software is under
development and some applications are being
tested. An application manager has been writ-
ten that lets the operator run up to four applica-
tion programs simultaneously. A graphics editor
thats allows a non-programmer design displays
is being tested. An application library is being
developed that simplifies the development of

programs with a graphical interface and pro-
vides a consistent look and feel across applica-
tions. Other software is being written to simplify
and standardize the program interfaces.

Currently under development is a Datapool
which collects data from micros for transmission
to the workstations. It allows the implementa-
tion of access control eoftware, the logging of
transactions and errors, and it provides a very
simple interface to hardware parameters for the
workstation programmer. A Datapool simulator
has been written to allow some workstation pro-
gramming to proceed before connecting real de-
vices.

The last step is the conversion of existing mi-
cros from old to new system. This step will be
difficult because of the number of micros and the
difficulty of accessing equipment while the ma-
chine is running. All recently installed micros
will be VME and conversion will involve only
software changes. Conversion of the old
multibus will require access to and modification
of hardware. This will be done as resources be-
come available and permission to access the
equipment is obtained. As an interim measure,
a VME interface computer will be installed to
collect data from multibus micros that are diffi-
cult to convert. It will collect data from old sys-
tems and provide it to the Datapool in the new
format.

There will be a period of time when operation
of the NSLS will be difficult because both the old
and new systems will be in use.
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Global Feedback Orbit Correction System

L.H. Yu, R. Biscardi, J. Bittner, E. Bozoki, J. Galayda, S. Krinsky,
R. Nawrocky, O. Singh, G. Vignola
National Synchrotron Light Source

A novel global feedback orbit control system
has been tested successfully on the NSLS Vac-
uum Ultraviolet (VUV) ring, and is in daily op-
eration. It earned an R&D 100 award for the
team that developed it. The system reduces or-
bit errors by a factor of four on average.

Errors in the orbit of a storage ring are caused
by random changes in the steering forces ap-
plied to the beam. These changes are them-
selves caused by power supply ripple and drift
and tiny shifts in the position of the electron
optics due to floor vibration and thermal expan-
sion. Even the operation of electrical equipment,
some meters away from the storage ring, can
cause an undesirable beam motion.

When the orbit error is expanded into a Fou-
rier series using the azimuthal angle as a vari-
able, the nth harmonic of the orbit error is pro-
portional to the nth harmonic of the source
distribution only. However the orbit response is
much greater for certain harmonics nearest to
the betatron tune. In the case of the NSLS VUV
ring.the vertical betatron tune is 1.2. The domi-
nant Fourier coefficient of a typical vertical orbit
error is for the first harmonic. The present im-
plementation of the VUV global feedback sys-
tem is designed to cancel only this harmonic of
the orbit error.

The fact that one Fourier component of orbit
error nearest to the tune is dominant allows a
least square fit algorithm to be used to carry out
Fourier analysis using very few position moni-
tors and to generate harmonic orbit correction
with very few correctors. The Fourier analysis
can be realized by a very simple electronic cir-
cuit network. The analog signal distribution net-
work extracts the azimuthal harmonics from the
position measurements and sends them to the
steering magnet correctors (Fig. 1). This net-
work replaces the digital computer that has tra-
ditionally been used to do the harmonic analysis
at the command of the ring operator. Harmonic
orbit correction has been used to advantage at
many accelerators such as the Brookhaven Al-
ternating Gradient Synchrotron, but previously
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Figure 1. Harmonic feedback system for a 4-de-
tector, 4-corrector system. The 4 x 2 F network
carries out Fourier analysis. The 2 x 4 T network
sends the proper signals to correctors for genera-
tion of harmonic orbit. The M network is for fine
adjustment to separate different harmonics, gj
and g2 are the servo amplifiers.

such corrections were not carried out in real
time. The analog signal distribution network as-
sures fast, simultaneous application of correc-
tion currents.

The system in use on the VUV ring samples
the orbit at four locations and uses four steering
magnets to approximate a correction that is har-
monically pure. While not perfect at measuring
or creating a pure harmonic, the system consis-
tently improves the orbit because of the domi-
nance of the n = 1 harmonic. Calculations IRef.
11 showed that this would reduce a typical orbit
error by a factor 4 or so. It also showed that a
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system designed to cancel the three most impor-
tant harmonics could be expected to reduce ran-
dom orbit errors a factor of 10. Plans call for ex-
panding the system to 3 harmonics using eight
monitors and eight correctors. The X-Ray Ring
vertical orbit error is dominated by the 6th har-
monic, and the first X-Ray Ring harmonic feed-
back system will use 16 monitors and correctors.

One advantage of the global feedback system
is that, for the cost of a local feedback system
that fixes the orbit for one beamline, an impor-
tant improvement can be secured for all
beamlines. In addition to this practical advan-
tage there is an advantage in principle; the sys-
tem makes use of the known correlations of
beam motions around the ring to improve the
quality of the beam position data by averaging.
Also, a global correction makes most efficient
use of the available steering magnet strength.
Thus the global system reduces the correction
required of any local systems that are in opera-
tion concurrently.

Particle beam position in a synchrotron is
measured using RF beam position monitors that
are built into the storage ring beampipe. The
monitors are essentially radio antennae sensi-
tive to the RF fields around the beam. These
monitors are connected to a multiplexed hetero-

dyne receiver developed at NSLS by Jack
Bittnerand Richard Biscardi |Ref. 2).

The VUV ring system is in daily operation
now (Fig. 2). Users have confirmed the fourfold
improvement in beam stability. Global feedback
systems that correct three azimuthal harmonics
of the orbit error are planned for both the VUV
and the X-Ray Rings. These systems will correct
both vertical and horizontal errors. The signal
distribution network will be much more elabo-
rate: e.g. for the X-Ray Ring the signals from at
least 16 beam position monitors will be pro-
cessed into 6 harmonic coefficients; signals pro-
portional to these error harmonics will fan out to
16 or more corrector magnets. A digital signal
processing scheme is presently under consider-
ation.
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Figure 2. Beam motion observed at 18 pick-up electrodes (PUE's) in the NSLS VUV ring due to the ramp-
ing of the N'SLS booster at 0.6 Hz. Results are shown with the feedback loop both on and off. The ordinate is
the amplitude of the peak in the power spectrum of the PUE detectors at the second harmonic of the
booster repetition frequency. The abscissa corresponds to the numbers labeling the PUE's.
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Phase II Beamlines: A Pictorial Update

U4IR-1. View of the U4IR platform. The beam is divided three ways: To the left is the far infrared lamellar
interferometer of K. D. Moeller (Fairleigh Dickinson U.). The center beam is used for the fast response work
of Larry Carr (U. of Florida), and the quark search by Coon's group (U. of Pittsburg). On the right can be
seen the surface science chamber (Williams—NSLS, Hoffmann—Exxon, and Chabal—AT&T Bell Labs)
which is attached to the Nicolet rapid-scan vacuum interferometer. The latter is also used for transmission
spectroscopy.

U5U-1. The team that
has been working on
the U5U spin-polarized
photoemission effort in-
clude, from left to right,
Boris Sinkovic, Peter
Johnson, Andrew
Clarke, and Nick
Brookes. The U5
undulator and
beamline have been in
operation for spectros-
copy since 1987. A new
undulator and new
monochromator are
scheduled for installa-
tion in 1990.
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U13U-1. The three-segment Mo collecting and focusing mirror for the U13U high flux/high resolution
branch line for the TOK hybrid wiggler/undulator on the VUV ring. Each Mo section is a gold-coated
CVD-silicon carbide spherical mirror (radius = 200m) with dimensions 350mm x 50mm x 45mm. Nickel-
coated copper cooling plates are spring-loaded against the sides of each M(l section and liquid indium gal-
lium eutectic alloy is used for good heat transfer across the silicon carbide-nickel interface. The mirror as-
sembly is UHV-sealed to the vacuum chamber (not shown) using a large rectangular Helicoflex gasket.
Shown below the large rectangular flange are the stepping motor-controlled mirror actuators, which pro-
vide high precision actuation of pitch, roll, and z (in-out) motions. The pitch and roll motions are provided
by two perpendicular axes through the center of the mirror surface and are actuated by a wobble stick
which contains the water cooling tubes. When installed in the TOK beamline in early 1990, the z motion
will be in the horizontal plane and will permit the mirror to be retracted out of the beam for use by the
straight-through lO'i beamline.

X1AL-1. STXM images of a fixed, unstained, wet
chick embryo skin tissue fibroblast imaged at 3.64
nm wavelength. The 300 x 300 pixel, larger-field
image (shown with a 5 um scalebar) was collected
over 8 minutes, with a total of 6 x 10" incident
X-ray photons and a radiation dose of about 2 x 10fi

rads. Two nuclei with two nucleoli each are major
features. Inset: The indicated portion of the same
cell imaged at a finer scale. The 200 x 200 pixel im-
age (pixel size 63 nm; a 2 um scalebar is shown)
was collected over 8 minutes, with a radiation dose
of about 1 x 10' rads. In repeated scans of fixed
cells, we find no observable damage for doses up to
at least 10* rads. Culture grown at the NSLS by
Chris Buckley, King's College, London, November
1989.
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X1AL-2. STXM images of a fixed, unstained, 150
nm thick section of tendon from a patient with ten-
donitis. Top: the 300 x 300 pixel images (shown
with a 100 urn scalebai) were collected in 3 min-
utes each. This large scale survey required an av-
erage of only 1 x 10! rads of radiation dose. Bot-
tom: the indicated portion of the same section on a
finer scale. The 300 x 300 pixel images (pixel size
126 nm; shown ivith a 5 \im scalebar) were col-
lected in 3 minutes each, at an average radiation
dose of 5 x 10' rads. The images at left were at a
calcium-absorptive wavelength of 3.560 nm, and
the images at right were at a calcium-transmissive
wavelength of 3.595 nm. To maintain good focus
between these image pairs, the zone plate to speci-
men distance was adjusted by 12 um between the
images. Calcium distribution can be determined
from a pixel-by-pixel comparison of the
absorptivity. While most of the calcium is located
in the surrounding matrix, there is evidence of
small mineral deposits within the tendon's colla-
gen structure itself. Specimen prepared by Dr.
Yusuf All of the Royal Orthopedic Hospital,
Stanmore, England, October 1989.

XiAL-3. STXM image of a test object of gold pat-
terns on a silicon nitride window. The radial spokes
of the object have a width that is 1/40 of the radius,
and rings are spaced every 2 microns from the cen-
ter. Individual spokes are resolvable inside of the
first ring, indicating spatial resolution on the order
of 50 nm in this image. Test object and zone plate
fabricated by Eric Anderson of the Center for X-Ray
Optics, Lawrence Berkeley Laboratory.

X1AS-1. Reconstructed image from an
X-ray hologram of unsectioned zymogen
granules (-0.6 um diameter) which have
been partially depleted of contents prior to
fixation and air-drying. The hologram was
recorded at 1.86 nm wavelength in 2.5 min-
utes at XIA. The pixel size is 40 nm. Speci-
men prepared by Chris Jacobsen at Law-
rence Berkeley Laboratory. March 1989.
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X1AS-2. Improved holo-
gram reconstruction using a
phase retrieval algorithm.
At left is the calculated op-
tical transmittance for 1.09
urn polystyrene spheres im-
aged at 1.86 nm wavelength
(the real part of the trans-
mitted wavefield is at top,
and the imaginary part is at
bottom). In the middle is an
image of such spheres re-
constructed from a holo-
gram recorded at X1A. At
right is the reconstructed
image obtained using a
phase retrieval algorithm.
Reconstructions by Chris
Jacobsen, SUNY at Stony
Brook, November 1989.

X1AS-3. First submicron resolution micrographs with chemical and elemental sensitivity acquired with the
Scanning Photoelectron Microscope (SPEM) at beamline X1A. During image acquisition the electron spec-
trometer was tuned to the following spectral features: (A) Aluminum 2p photopeak, (B) Si 2p photopeak, (C)
Oxygen KW Auger, and (D) Oxide shifted Si 2p photopeak. The micrographs are displayed on a linear gray
scale, with the upper and lower levels individually adjusted for each micrograph for maximum contrast.
Bright lines indicate high count rate and for a given micrograph represent the predominant element and its
chemical state. Note the contrast between the Si and SiO2 lines in micrograph B, and the contrast reversal
of the same lines in micrograph D. No particular sample preparation was attempted, so the Aluminum
lines are covered with a native oxide, which is clearly visible in micrograph C.
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X1B-1. Pictured at the XI
front end next to the X1B
mirror tank are (left to
right): Zhongde Xu (City
College—CUNY), Richard
Garrett (NSLS), Wolfgang
Eberhardt (Exxon), and
Kevin Randall (Fritz Haber
Institute, FRG). The mirror
tank and vertical and hori-
zontal focusing mirrors
were installed in FY 1989,
with other major compo-
nents scheduled for instal-
lation in 1990.

X13-1. Shown are the people responsible for the design, construction, and commissioning of X13C, the first
branch of the Beamline Research and Development soft X-ray insertion device development beamline.
From left to right they are Tony Lenhard, Gerry Van Derlaske, Tom Oversiuizen, Erik Johnson, Steve
Hulbert, and Walter Stoeber. (Peter Stefan and Jerry Hastings, who should appear, were not available for
the photograph).
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X13-2. This photograph shows X13C during its construction in late 1989. It is expected to be operational in
early 1990, with development of the B and A branches to occur throughout 1990.
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X5-1. The components comprising the Laser-Electron-Gamma-Source facility (LEGS). Light from an Ar-
gon-Ion laser, seen in the middle inset, backscatters from electrons in the injection straight section. Polar-
ized gamma rays (lower right) are produced, which leave the ring through the X5 beamline. The scattered
electrons are detected in a magnetic spectrometer, seen in the top inset, and provide a tag for the photon
energy.
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X5-2. Detectors surround a liquid deuterium target at the end of the X5 beamline. Twenty four plastic scin-
tillators in an arc below the target and a 450 channel silicon micro-strip array above the target are used to
track and identify reaction products produced by the LEGS beam.



X17B1-1. A view of the X17B beamline looking downstream from the X-Ray Ring sawtooth wall. The unique
hutch structure results from the lead shielding necessary to eliminate scatter of the high energy X-rays
from the X17 wiggler. The X17C and X17B1 (door open) hutches appear at the downstream end of the struc-
tures. X17C will be used for high pressure diamond anvil structural studies and X17B1 is being used for
high X-ray energy materials science research.

X17B2-1. Photograph of the prototype
two-crystal bent Laue geometry monochro-
mator. The direction of the incident beam is
from right to left. The crystals are bent and
the energy separation of the two beams is ad-
justed by cam/lever mechanisms. The crys-
tals are set so that the energies of the two
beams bracket the iodine k-absorption edge
at 33.17 keV. The beam diffracted by the
first crystal, E greater than Ek, passes
through the second crystal, while the beam
which passes through the first crystal is dif-
fracted by the second with E less than Ek.
The beams focus near the point where they
cross at the patient position. A ten to one
vertical focus can be achieved at 3 meters.
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X17B2-2. Flux transmitted through an iodine absorber. The monochromator is rocked through the Bragg
angle corresponding to the iodine k-absorption edge, 0k = 3.42 deg. At the beginning of a scan, absorption is
strong when both crystals are at angles smaller than 0k. The transmission increases as the angles of the
second crystal and then the first crystal are increased through 0k. A difference image would be possible for
an iodine sample for the scan angle set between 0.155 deg and 0.168 deg. The width of the transmission
curves is due to the vertical opening of the incident beam. The width of the reflectivity curve of the crystals
in this geometry is 42 eV, compared to a width of 3.5 eV for a flat crystal. The increase is due to the bend-
ing. The bending radius of 12 meters is also the cause of the rounding seen at the ends of the linear trans-
mission curves.

X25-1. The X25 white X-ray beam and water-cooled monochromator crystal. The intense white beam pro-
duced by the X25 30-pole permanent magnet wiggler generates a discernible visible light fluorescence (from
nitrogen) in the hutch. This fluorescence also appears on the boron nitride film which coats the beryllium
exit window (at right/. In the X-ray beam path is a water-cooled silicon monochromator crystal, which is
glued to a stainless steel manifold; the water makes direct contact with the hollowed-out silicon. With the
present commissioning of X25, a comprehensive program of crystal cooling studies in high power X-ray
beams is underway.
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NSLS Users' Meeting 1989

May 18-19, 1989
Denis McWhan, AT&T Bell Laboratories

Conference Chairman

It has been a year since the end of the Phase II
shutdown at NSLS, and with 75 beamlines run-
ning, there was an air of excitement and
achievement among the approximately 400 Us-
ers who attended the meeting on 18-19 May.
There were several changes in the format of the
meeting this year. Two workshops were held on
the 17th; one on EXAFS with an emphasis on
detectors, and one on recent advances using the
VUV ring. A vendor show was organized which
attracted 15 suppliers of equipment for synchro-
tron radiation research. In order to accommo-
date 400 people at lunch a tent was pitched out-
side Berkner Hall, and a barbecue was enjoyed
by all under the warm spring sun. In the eve-
ning the cocktail hour was hosted by Associated
Universities Incorporated, and as always the af-
ter dinner entertainment was provided by Bill
Thomlinson, who was recently appointed Associ-
ate Chairman for Experimental Programs. The
poster session was held at the NSLS with the
posters arranged at the beamlines around both

the X- Ray and VUV Rings. There was on aver-
age about one poster per beamline.

The meeting was divided into four half day
sessions; two for scientific reports, one for the
present and future prospects for the rings and
user concerns, and one for special interest group
discussions.

The Thursday morning session featured three
overview talks on the fields of high Tc supercon-
ductivity and surfaces. Vic Emery (BNL) pointed
out that Brookhaven National Laboratory is
unique as it is the only laboratory in the world
where experiments using synchrotron radiation,
neutrons, muons, and positrons can all be done
at the same place. Each of these probes has been
used in unraveling the puzzle of high Tt. super-
conductivity. Key questions about the oxidation
state of the copper, the number of holes in the
oxygen 2p bands, and even the existence of a
Fermi surface in the high Tc materials have
been answered by a combination of X-ray
near-edge absorption spectroscopy, photoemis-
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sion, positron annihilation and neutron diffrac-
tion. There are a number of subtle structural
distortions that occur in high Tc superconduc-
tors, and many of these have been studied by
high resolution X-ray diffraction.

A second area in which synchrotron radiation
plays an important role is surface physics. Sunil
Sinha (Exxon) showed how in the last year sur-
face diffraction is achieving its full potential. He
discussed the three areas of specular reflectivity,
diffuse scattering, and in-plane grazing inci-
dence diffraction, and gave examples of experi-
ments performed at the NSLS. Specular reflec-
tivity can be followed for over nine orders of
magnitude, and this dynamic range provides a
stringent test of models for the electron density
profiles normal to surfaces and interfaces. Stud-
ies of diffuse scattering near surface truncation
rods are a two dimensional analogue of small
angle scattering. Surface roughness can be mea-
sured on the micron scale, because of the high q
resolution which can be achieved. Glancing inci-
dence surface diffraction studies have several
advantages over other surface techniques: the
Born approximation is valid making structure
determinations more reliable; because of the
high q resolution, incommensurate structures
and incommensurate-commensurate transitions
can be observed more easily; UHV conditions
are not necessary, allowing surfaces or inter-
faces or real catalytic processes to be studied.

Steve Kevan (U. Oregon) summarized recent
research at the VUV ring, and highlighted five
surface science experiments. Surface infrared
spectroscopy, in the range from 100 cm"1 to 800
cm"1, is being done on beamline U4IR, an exam-
ple being CO on Cu( 111). Detailed mapping of
two dimensional Fermi surfaces such as W( 110)
is being done on U4. Spin polarized photoemis-
sion studies on U5 of oxygen on Fef 100) show a
spin splitting of the adsorbate bands which have
the same symmetry and energy as those of the
bulk. Auger photoelectron coincidence spectros-
copy (U14) reveals a narrowing of the life-time
broadened Cu( 100) 2p core level. The evolution
of the electronic energy levels in mass selected
Pt clusters on oxidized Si wafers is being studied
on Ul. Finally two other experimental advances
on the VUV ring are the Dragon monochroma-
tor on U4B which has an energy resolution of 40
MeV at 400 eV and photoelectron spectro- mi-
croscopy for which preliminary studies were per-
formed on U12.

The scientific session on Friday morning was
composed of five talks which showed the wide
range of activities at NSLS such as X-ray lithog-
raphy, magnetic X-ray scattering, studies of
chemical reactions and nuclear physics. Alan
Wilson (IBM) described the IBM effort in X-ray
lithography. IBM now operates two lithography
beamlines on the VUV ring, and are able to pro-
duce working chips with 0.2 )i resolution. Both
beamlines are prototype production facilities,
differing in the wafer exposure technique em-
ployed. The U6 beamline uses an oscillating
mirror to scan the synchrotron radiation over
the mask/wafer assembly, while the new U2A
beamline has a stepper to mechanically move
the mask and wafer.

Jerry Hastings (NSLS) gave a talk entitled
Frontiers in X-Ray Instrumentation, highlight-
ing experiments done in non-traditional energy
regimes, both above and below the usual 6-8
keV range of X-ray scattering measurements.
Resonant effects lead to large enhancements in
the cross-section for magnetic X-ray scattering,
and studies are beginning at the M edges of the
actinides and rare earths in the 0.8 to 4 keV
range and at the L edges of the transition met-
als in the 0.5 to 0.8 keV range. Similarly a num-
ber of laboratories are performing scattering ex-
periments at energies of 100-150 keV, using the
advantage of minimal absorption to see the bulk
while retaining high resolution. Another area of
growing importance is that of inelastic scatter-
ing. At a number of synchrotron sources around
the world experiments are being done in three
different regimes: Magnetic Compton experi-
ments with an energy resolution of 150 eV,
X-ray Raman experiments with a resolution of 2
eV, and the phonon regime with resolution of 20
MeV.

Doon Gibbs (BNL) reported on the growing in-
terest in magnetic X-ray scattering. A resonant
enhancement in the cross-section is observed on
tuning the energy through an absorption edge.
This enhancement results from electric
multipole transitions which are sensitive to
magnetic polarization through the Pauli exclu-
sion principle and spin-orbit coupling. Many
rare earth metals (X16B and X22B) and ura-
nium compounds (X14) have been studied and
systems with moments as small as 0.04 |iB have
been investigated. In polarized beam experi-
ments off resonance the orbital and spin angular
momentum densities can be separated. A wide
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range of problems in magnetism, including sur-
face magnetism, are now open to study using
X-rays.

The last two talks really showed the diversity
of interests at NSLS. Ed Walters discussed VUV
initiated chemical reactions in small clus-
ters.(Ull) He demonstrated how the stability of
different species can be measured as a function
of the number of solvent molecules in the first
coordination sphere. At the other extreme, Andy
Sandorfi showed how synchrotrons are unique
sources of polarized, high energy (100-500 MeV)
gamma rays for the study of nuclear physics
(X5). Possible experiments include probing the
pions that hold the nuclei together and in partic-
ular measuring the deformation of the proton
which should occur when quarks scatter off the
bag surface.

The session on NSLS performance and user
concerns began with an overview by Mike
Knotek, the chairman of the NSLS department
at BNL. He emphasized that the top priority
was stable running with no major shutdowns for
the foreseeable future. His next priorities were
improved performance and support of users.
NSLS is involved in the Brookhaven accelerator
test facility as it will provide experience on laser
acceleration, picosecond X-ray sources and infra-
red free electron lasers. NSLS is also designing
and building both a warm and eventually a cold
compact synchrotron in collaboration with com-
mercial companies. Mike asked the users for in-
put on a list of possible future upgrades and con-
struction items. These included, among other
things, orbit stability, going to higher energies
and new insertion devices. Possible construction
items include a new injector, study of coherent
sources and a user support building. John
Galayda (NSLS) discussed the present and fu-
ture performance of the NSLS rings. Their reli-
ability has been significantly improved by re-

placing almost all of the power supplies and
improving the RF cavities on both rings and the
booster. Since January both rings have been
supplying user beam about 60c/c of the time (ex-
cept for the Feb./Mar. extended maintenance
period). The average X-ray fill current continues
to climb toward 250 ma. They have achieved
booster currents of 20-30 ma in one bunch, VUV
currents of 1478 mA in six bunches, and X-ray
currents of 241 mA in 25 bunches. With the im-
proved booster performance a filling rate on the
VUV ring of 700 mA in 4 minutes has been
achieved. The lifetime on the X-ray ring im-
proves slowly and is currently at about 17 hours
between fills with a refill current of 90 mA. The
lifetime on the VUV ring is limited by Touschek
scattering and they are trying various changes
in bunch length and vertical emittance to im-
prove it. Orbit stability is being improved by
eliminating sources of noise, developing and in-
stalling beam position detectors, and pursuing a
novel global harmonic feedback loop. The inser-
tion devices on XI, X17, X21, and X25 have all
been tested. XI is in operation and the others
are awaiting completion of the beam position in-
terlock systems to protect the vacuum chambers
against abnormal orbits. Bill Thomlinson dis-
cussed the efforts made to improve the user en-
vironment. These included a new stockroom, re-
furbished user shop, better housekeeping, better
communications on running conditions, user
handbooks, and geographical consolidation of
user services. In the ensuing roundtable discus-
sion between the NSLS, BNL management, us-
ers executive committee and the users, the main
concerns were the housing shortage at BNL and
the need for transportation. All in all the ma-
chines are running so well that a major concern
of most users is burn-out from too much beam
time, and everyone is looking forward to another
exciting year.



XAFS and Array Detector Workshop

May 17, 1989

Stephen Cramer, NSLS
Workshop Organizer

A workshop on X-ray detectors suitable for fluo-
rescence-detected X-ray absorption spectroscopy
was held on May 17 with over 120 participants.
At the outset the meeting organizer presented
three goals: to present the detector needs of the
XAFS community; to discuss the current and fu-
ture state-of-the-art in arrays of energy-discrim-
inating detectors; and to find a path for the cre-
ation of new designs. With regard to detector
needs, William Warburton (X-Ray Inst. Assoc.)
discussed the tradeoffs involved in using ener-
gy-resolving detectors. His talk compared barrel
monochromators, filter-slit combinations, a
13-element Ge array, and a 400-element Hglg
array, and he showed quantitatively how the
latter two devices win out at sufficiently low
concentrations. James Penner-Hahn (U. Mich.)
discussed experience with scintillation detectors,
ion chambers, and a Ge array, and noted that
the ideal detector should not be too expensive or
difficult to use if it is to attract a broad user
community.

Joe Jaklevic (LBL^ presented a broad
overview of solid-state detectors, and the
tradeoffs involved between throughput and reso-
lution, and between detector size and capaci-
tance. Specific devices using Hgl2, Si-Li, and
Pbl2 were discussed by Jan Ivanczyk (USC),
Mario Martini (Ortec), and James Lund (RMD
Design; respectively. Detectors with lower en-
ergy resolution but quite good count rates, such
as Si PIN diodes (Chuck Bouldin, NBS), gas de-
tectors (Graham Smith, BNL), proportional
counters with multilayers (Dan Fischer, Exxon),
and CCD detectors (Roy Clarke, U. Mich.) were
also discussed during the program.

Sergio Rescia (BNL) compared the electronics
requirements of spectroscopy applications with
high energy physics needs, emphasizing the rel-
atively modest count rate requirements but high
resolution required by the former. Pavel Rehak
(BNL) discussed the semiconductor drift detec-
tor, a device that can achieve a higher through-
put for a given energy resolution. Looking to-
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wards the future, Helmut Spieler (LBL)
discussed the technology of integrated pixel de-
vices that include detecting elements, front-end
electronics and data reduction. Based on the
same architecture as a pixel device for the SSC,
Spieler proposed a 1 cm 2 X-ray detector with
10,000 pixels, 100 eV resolution, and an event
rate greater than 1 MHz. Unfortunately, such
devices seem many post-doc-years away!

The data collection packages available on var-
ious beamlines (X9,X1O,X11,X18) were on dis-
play during the lunch hour. The afternoon ses-

sion was devoted to a round table discussion of
the various hurdles between hypothetical detec-
tor designs and reality. Several participants em-
phasized that funding agencies are reluctant to
support instrumentation research and develop-
ment at the required level. Considering the
funds, time and effort expended on large capital
projects such as storage rings and beamlines,
many participants felt that an increase in the
relatively modest expenditures going toward de-
tector projects is appropriate.
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New Frontiers in VUV Science with Synchrotron
Radiation Workshop

May 17, 1989

Steven Hulbert, NSLS and Peter Johnson, BNL Physics Department
Workshop Organizers

and
R.F. Garrett
Contributor

A workshop on recent results and new frontiers
in synchrotron radiation research in the VUV
photon energy range was held on May 17, 1989
at Brookhaven National Laboratory in conjunc-
tion with the 1989 Annual NSLS Users' Meet-
ing. The workshop provided a forum for the pre-
sentation of current areas of scientific research
which are now possible because of the high
brightness, high current dedicated synchrotron
facilities which have become available
world-wide within the past five years. The work-
shop consisted of 15-20-minute oral presenta-
tions divided into four sessions, and a poster ses-
sion which ran during the coffee and lunch
breaks.

The proceedings began with a session, chaired
by Wolfgang Eberhardt (Exxon), featuring vari-
ous aspects of excitation and relaxation pro-
cesses in Atoms, Molecules and Clusters. Two
talks featured gas phase molecular spectrosco-
py. Dave Hanson (SUNY Stony Brook) discussed
core level excitation and relaxation processes,
and Josef Feldhaus (FHI, Berlin) presented
measurements of photoionization of small mole-
cules with emphasis on many electron effects.
Dale Sondericker < Exxon) described photoemis-
sion from Pt clusters condensed on a silica sur-
face. A new high power, high repetition rate la-
ser source which can be synchronized to the
light from a storage ring and used to conduct
two photon photo-chemistry was described by
Lou DiMauro (BNL).

The second session was devoted to microscopy
and developments at the Advanced Light
Source, and was chaired by Steve Hulbert
(NSLS). It is the imaging techniques such as mi-
croscopy which have the most to gain from in-
creased brightness of the next generation of syn-
chrotron sources. Harvey Rarback (NSLS)
presented the progress of conventional soft

X-ray microscopy at the NSLS XI undulator
while Brian Tonner (U. Wisconsin) showed pre-
liminary results from photoelectron microscopy.
A presentation was given by Brian Kincaid
(LBL) on the status of construction of the ALS
and of planned insertion devices and beamlines.

The third session, entitled Adsorbates and Re-
actions, was chaired by Francesco Sette (AT&T)
and dealt with various surface chemistry sys-
tems. Ward Plummer (U. Penn.) spoke of the ef-
fects of adsorbate vibrations on photoemission
spectra and Phil Woodruff (Warwick U.) pres-
ented photoelectron diffraction studies of adsor-
bate systems. Myron Strongin (BNL) described
photoemission studies of novel low temperature
metal oxide films, many of which do not exist at
room temperature. Reed McFeely gave an enter-
taining presentation on the use of VUV
spectroscopies to study "real world" chemical
processes used in semiconductor device fabrica-
tion.

The final session, chaired by Neville Smith
(AT&T), was devoted to New Developments at
the NSLS and was evenly divided between new
beamline designs and new experimental tech-
niques. The design and performance of the new
spherical grating Dragon monochromator (C. T.

49



Chen, AT&T) and of the new Infrared beamline
(Gwyn Williams, NSLS) were featured in sepa-
rate presentations. The Dragon monochromator
has achieved spectacular resolution in the soft
X-ray region, and the Infrared beamline extends
the spectral range available at the NSLS into
the far IR, where it provides several orders of
magnitude greater intensity than conventional
sources. The new techniques presented were Au-

ger-Photoelectron Coincidence Spectroscopy,
Steve Hulbert (NSLS), which has been used to
de-convolute overlapping contributions to Auger
or core level peaks, and Spin-polarized Photo-
emission, by Nick Brookes (BNL), featuring a
compact spin detector allowing angle-resolved
spin measurements to be made at all points in
the Brillouin zone.
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Superconducting X-Ray Lithography Source

Richard Heese, NSLS
SXLS Project Head

Introduction
The Superconducting X-Ray Lithography

Source (SXLS) Project at Brookhaven National
Laboratory is funded by the United States De-
partment of Defense in the context of an ongoing
national effort aimed to strengthen a declining
leadership of the U.S. semiconductor industry
on the world market.

The two main objectives of this project are:
• To build a compact superconducting elec-

tron storage ring optimized for X-ray li-
thography.

• To establish domestic vendors of such ac-
celerators by transferring to industry the
capability of designing, building, commis-
sioning and operating compact synchro-
tron X-ray sources.

X-ray lithography is at the present time
emerging as the technology that will replace op-
tical lithography and is the most viable candi-
date for the industrial production of integrated
circuits with component sizes in the submicron
range.

The major credit for the development of syn-
chrotron based X-ray lithography must be given
to the IBM Corporation who started to pursue
this technology in the early 1970's and has been
carrying out proof-of-principle experimentation
at several radiation facilities since then. In the
early 1980's IBM established an X-ray lithogra-
phy beamline on the NSLS VUV storage ring. In
1988, IBM announced the successful fabrication
of the first fully scaled 0.5 micron MOS circuit
by synchrotron radiation X-ray lithography.

X-ray lithography is a broad technology with
many challenging engineering and materials
problems still open, in spite of these successes.
Key pieces of technology include masks, resists,
aligner-stepper systems, processing, metrology,
chip design and X-ray sources.

A viable X-ray source is one of several major
technologies which must be brought to the man-
ufacturing level but is also the area in which the
NSLS at BNL has the unique combination of an
experienced staff and an infrastructure of high

technology support. On the other hand, because
of the IBM effort at NSLS and other synchro-
tron facilities, BNL was aware of early success-
ful experiments in the field and of the rapid
push to move from research to development.

BNL held several workshops in the past to de-
fine the parameters of a dedicated X-ray lithog-
raphy source, to present strawman designs to
the semiconductor industry and to detail a 0.25
micron X-ray lithography facility. These work-
shops resulted in the DOD funding a conceptual
design study for a complete prototype semicon-
ductor production facility, followed by their
funding of a five year $22 million project for the
development of a superconducting ring, the
SXLS.

We are addressing the problem of building the
supercompact ring in two phases, corresponding
to the main difficulties associated with these
machines. Phase I consists of the construction of
a room temperature mock-up of a superconduct-
ing magnet ring. Phase II will develop the su-
perconducting magnet and the final ring.

To keep costs and schedule to an absolute
minimum, we intend to install the Phase I ring
in an alcove in the NSLS building adjacent to
the X-ray tunnel, as seen in Figure 1. This will
permit us to extract an electron beam from the
existing injection line of the X-ray storage ring,
thus saving for the present time, the cost of a
new injector and building. As part of Phase I,
initial design of the cryogenic magnet is under-
way.

The performance of a very small circumfer-
ence ring is related to the maximum current ob-
tainable at injection energy. The current at in-
jection is limited by coherent instabilities, by
disruption of the electron optics due to ion trap-
ping and by beam losses due to the long radia-
tion damping time of the injected electrons.
These phenomena are properties of the low field
characteristics of the magnets and the exact in-
jection process selected, quite apart from the
high field requirements of superconducting mag-
net design. The purpose of building a warm ana-
log ring and carrying out a program of injection
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studies is to select the optimum injection pro-
cess, to confirm the design of the lattice and
beam chamber, and to study the effects of ex-
tended fringe fields which are a property of the
superconducting dipole. Diagnostics and a con-
trol system suitable for an industrial environ-
ment will be defined. In parallel with this work,
initial design of the superconducting dipoles will
begin and different design approaches will be
explored. A successful conclusion of Phase I will
provide us with the critical empirical knowledge

needed to proceed with Phase II, a working cryo-
genic magnet synchrotron. Turn-on of the Phase
I synchrotron is scheduled for the end of April
1990.

Phase II is the more difficult part of develop-
ing, building, measuring and commissioning the
superconducting magnet, an essential prerequi-
site of the final ring. Phase I will have yielded a
flexible lattice, information on gradients and
higher harmonic content in the dipoles, effect of
fringing fields, and how the lattice must be mod-
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ified to adapt to the final magnet as measured.
The measurement of the magnet is one of the
crucial technical challenges of this program. The
magnet must be designed such that the mea-
surement of the dipole can be performed in the
circular geometry of the magnet and with the
accuracy required by accelerator physics consid-
erations.

Phase I will also have defined the vacuum
system (whether pumping in the magnet is re-
quired and the aspect of clearing electrodes) and
an injection scheme (and energy). It is planned
for the Phase II machine to have its own injec-
tor, probably a small linac. Linacs produce ap-
proximately ten times the average current than
any other injector and the gradients for short
pulse operation are getting high enough so that
a 100 MeV linac will fit into the same space as a
100 MeV microtron.

To house the Phase II machine, a building
must be erected, or an existing building modi-
fied, since the cryogenics, the injector and the
control system will not have space in the exist-
ing area. Figure 2 shows the synchrotron radia-
tion spectrum generated by both storage rings.

Present Status of the SXLS
The lattice parameters of the Phase I and

Phase II storage rings are shown in Table I. The
Phase I ring is in the assembly stage, and com-
missioning will commence in April 1990. The su-
perconducting dipole has been the subject of in-
tensive study during the past year. It was
decided to build a warm bore, iron-free magnet,
and the NSLS engineering staff designed a

novel support structure to allow extraction of
synchrotron radiation from as many as ten ports
in each dipole while preventing distortion of the
coils due to more than 100 tons of electromag-
netic forces, and keeping the coils at cryogenic
temperature.

The basic coil structure is shown in Figure 3.
Due to the strong curvature of the magnet, large
values of higher harmonics in addition to the re-
quired quadrupole and sextupole terms are gen-
erated which seriously reduce the dynamic aper-
ture 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 devel-
oped both at NSLS and elsewhere confirm the
effectiveness of these coils.

A conceptual engineering design by General
Dynamics is presently underway, followed by a
detailed engineering design commencing in
March 1990.

The Technology Transfer Program is in full
swing—ten people from Grumman Aerospace
Corporation are on site and working with us as
part of this project, along with the team at Gen-

Figure 3
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eral Dynamics involved in the design and con-
struction of the superconducting dipole.

Outside reviews were held of both the acceler-
ator design and the superconducting dipole, and
both reviews committees returned very favor-
able comments.

The project is proceeding well and will result
in a superconducting dipole synchrotron suit-
able for X-ray lithography and the technology
will have been transferred to a U.S. industrial
firm, so that prospective customers can turn to a
domestic supplier of these devices.

Machine Phase

Energy, E [MeV]
Dipole Magnet Type
Dipole Field, B 0 [T]
Bending Radius, p [m]
Field Index, n
Lattice Structure
Superperiods, Ns

Circumference, C [m]
Critical Wavelength, Xc [A]

Number of Superperiods
Horizontal Betatron Tune, vx

Vertical Betatron Tune, vy

Energy Loss Per Turn, Uo [KeV]
Natural Energy Spread, o ^
Damping Partition Numbers, Jx,Jy,Jt

Damping Times, xx, xy, xE [ms]
Uncorrected Chromaticity, %x&y

Momentum Compaction, a
Natural Emittance, e [m-rad]

Phase I

200
EM
1.1 j
.6037
.1759
FODO-like
2
8.503
423
2
1.415
.415
.234
2.0X10"4

.53.1..2.47
91,48,20
-.49, -1.32
.32
5.92x10-*

Phase II

696
SC
3.85

10

34.4

6.9X10"4

2.16,1.15..46

7.17xl0- /

Storage Ring Parameters

Table I

54



1989 US Particle Accelerator School
University of California at Berkeley

June 19-30, 1989
Brookhaven National Laboratory

July 24-August 4, 1989
Melvin Month, BNL Accelerator Development Department

Director, US Particle Accelerator School

In the continuing quest for ever higher en-
ergy and higher beam densities, our under-
standing of the physics of particle beams is
rapidly expanding. The past few decades
have seen great strides in the theory of parti-
cle beams and greatly enhanced beam perfor-
mance around the world. Out of these efforts
and achievements has emerged a new sci-
ence of particle beam physics. The US Parti-
cle Accelerator School is dedicated to this
new science. It is our hope that these con-
tinuing schools will stimulate students, sci-
entists, and engineers to become part of the
bold venture to conceive and build new in-
struments of science and technology destined
to push back the frontiers of knowledge"

Melvin Month
Director, USPAS

Continuing its educational efforts, the US Parti-
cle Accelerator School (USPAS) held two sum-
mer schools this year. The USPAS has two basic
purposes—to educate people in accelerator
physics and technology, in particular, to train
apprentices and update experts; and to encour-
age U.S. universities and laboratories to offer
programs in accelerator physics by developing
textbooks, training faculty, and by organizing
schools at these institutions.

The first of these two summer schools was a
two-week university-style school held at the
University of California at Berkeley (UCB). The
university-style schools were created to allow
courses to be presented in greater depth, to pro-
mote student-teacher interaction and feedback,
and to encourage the attendance of younger stu-
dents, as university credit is earned for courses
that are successfully completed. Each of the five
courses given this year included 45 hours of lec-
tures, problem-solving, and recitation periods,
as well as a final examination. There were a
total of 138 students in attendance.

Emphasizing the importance of a university
education in Particle Accelerators, Mel Month,
Director and Founder of the USPAS said, "As

graduate students, physicists are taught at the
university how to build detectors or portions of
large detectors—but their only real opportunity
to learn how to build an accelerator or any of its
parts has been at accelerator laboratories after
they graduate. This situation just won't do. In
the future, we must find new ways for students
to study particle accelerators in the university."

The School at UCB, held June 19-30,1989,
was the most successful university-style school
to date. Over half of the 138 registered students
will receive up to 3 university credit hours for
their efforts. Courses included: Theory and De-
sign of Particle Beams, Introduction to Accelera-
tor Physics, Introduction to Free Electron La-
sers, Principles of Acceleration, and Introduction
to Beam Instabilities.

As part of its 1989 program, the US Particle
Accelerator School held a two week sympo-
sium-style school at Brookhaven National Labo-
ratory, July 24-August 4,1989. There were over
200 participants, including 137 students and 69
lecturers. Covered were a range of subjects in
the physics and technology of particle accelera-
tors, reflecting both the rapid growth in acceler-
ator-based scientific research, such as high-en-
ergy physics, nuclear physics and materials
science and the ever-widening range of applica-
tions in industry, medicine, defense and energy
science. The program included Particle Beam
Fundamentals as well as sessions on accelerator
technology, especially superconducting magnets,
radio frequency systems and free- electron la-
sers. There were sessions on nonlinear behavior,
intense beams, synchrotron radiation sources
and three types of future colliders—linear
colliders, very high luminosity electron colliders
and the SSC. There was also a session on accel-
erators at BNL.

In addition, the 1989 Prizes for Achievement
in Accelerator Physics and Technology, initiated
in 1985 and an annual award of the US Particle
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Karl Brown and Daniel Birx
win the 1989 Prizes for
Achievement in Accelerator
Physics and Technology,
awarded annually by the
U.S. Particle Accelerator
School. From left to right:
Mel Month, Director of the
School, Karl Brown, James
Leiss, Department of Ener-
gy, Daniel Birx. and Marty
Blume, BNL Deputy Direc-
tor.

Accelerator School, were presented. This year,
prizes went to Daniel Birx of Science Research
Laboratory of California, and Karl Brown, of
Stanford Linear Accelerator Center, during a
ceremony held at BNL on August 3, 1989.

Daniel L. Birx was cited "for developments in
high Power Magnetic Switching Technology
with applications such as high repetition rate in-
duction linacs, free electron lasers and laser iso-
tope separation." His important work has im-
pacted a number of nationally prominent
projects; for example, high power free electron
lasers (FEL) for DOD applications, FELs for
heating fusion plasmas (MTX experiment at
LLNL), high average power gas lasers, and the
development of high power "relativistic kly-
strons" in a collaborative effort involving SLAC,
LBL, and LLNL. These microwave source devel-
opments may be an important enabling technol
ogy in the future in high gradient linear
colliders for high energy physics applications.

Karl L. Brown was honored "for insights into
particle beam transport and for introducing for-
malisms in use throughout the world." He has
been a pioneer in both the development and ap-
plication of concepts of charged particle optics,
making major contributions to linear and non-
linear optics. His contributions have helped
make possible the modern, sophisticated design.s
represented by the arcs of the SLAC Linear
Collider fSLC), the final focus of the SLC and
the initial design of the arcs of the LEP collider
at CERN.

Winners of the Accelerator School prizes are
chosen on a competitive basis. The 1989 Prize

Committee consisted of J.E. Leiss, W.K.H.
Panofsky, R.H. Siemann, and S. VanderMeer.
This year, the awards were supported by Uni-
versities Research Association, the Continuous
Electron Beam Accelerator Facility, SURA,
Intermagnetics General Corporation, Varian
Vacuum Products, and the Westinghouse Elec-
tric Company.

The US Particle Accelerator School is spon-
sored by the U.S. Department of Energy, the
National Science Foundation, and major
high-energy physics laboratories.

Friendly discussion during the 1989 Symposium
School of the U.S. Particle Accelerator School, held
at BNL. July 24-August 4. Helen Edwards, Head
of the Accelerator Division at the SSC Lab and
Erich Willen, Head of the Magnet Division at BNL.



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 High School Honors Research Pro-
gram, now in its fourth year at Brookhaven Na-
tional Laboratory, hosted 58 high school stu-
dents this year. The two week program, held
between July 26 and August 8, 1989 was de-
signed to provide a top high school student from
each state access to one of the premier machines
at the Laboratory, as well as expose them to the
day to day business of scientific research. In
addition to the 50 states, a student from the Dis-
trict of Columbia and Puerto Rico, as well as six
foreign countries (Canada, France, Italy, Japan,
Scotland, and West Germany) attended this
year's program.

The first two full days of the program were de-
voted to familiarizing students with the NSLS

and the BNL environment. They heard lectures
on safety, properties of synchrotron radiation,
applications of synchrotron radiation, and rela-
tivity. Sessions were also held to discuss Physics
in general and the specific experiments that
they would be doing at the NSLS. To meet and
work with their team members, as well as to ap-
ply their new knowledge, the students were
asked to work in groups to calculate the theoret-
ical photon flux output of the NSLS at two dif-
ferent 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 de-
voted to doing their experiments at the NSLS.
Thanks to the efforts of the NSLS scientific
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staff, there was a total of 6 experiments avail-
able for the students to do this year. A total of 30
three-hour shifts at the NSLS over these three
days, enabled the 10 teams of students to per-
form 3 different experiments each. The six ex-
periments are briefly described below.

Experiment XXX Optical Diffraction. This
experiment used a He-Ne laser and simple ob-
jects to introduce principles of diffraction from
periodic structures and computer controlled
data acquisition. The students measured the
wavelength of light with a machinist's ruler and
using this data, determined the spacing of a
Ronchi ruling.

Experiment U4IR Fourier Transform In-
frared Spectroscopy. The students studied
the operation of the FTIR on U4IR and obtained
spectra of glass, black polyethylene film, clear
polystyrene film and cesium iodide.

Experiment U14 Monochromator Effi-
ciency and the Photoelectric Effect. The
students determined the monochromator trans-
mission efficiency between 100 and 300 eV by
measuring the photoelectric current generated
by illuminating a metal with a known photoelec-
tron yield with light from the NSLS and com-
paring the flux calculated from this measure-
ment to the previously determined theoretical
photon flux.

Experiment XI4 X-Ray Diffraction in Al-
loys. Three different Cu-Au-Ni samples were
measured with powder diffraction techniques,
and then from the diffraction peaks and Miller
Indices for the peaks, were able to calculate
d-spa Mngs for the various alloys. They then
speculated on why the alloys behaved as they
did.

Experiment X19 Oxygen Absorption in He-
moglobin. Students determined the change in
the Fe K-electron binding energy as a function

of oxygen loading, and used this relationship to
predict the K-shift for partial oxygen loadings.

Experiment X26 Trace Element Analysis by
X-Ray Fluorescence. Students identified a
"perpetrator" within their experimental group
by determining the trace elements present in
the hair of each person in the group, and com-
paring the elemental analysis to the perpetra-
tor's. The elements were determined by observ-
ing X-ray fluorescence spectra.

During the three days that the experiments
were being done, when the students were not ac-
tually at the NSLS taking data, they wrote up
the experiments that had been completed. Ten
members of the scientific staff (the mentors),
then reviewed these first drafts, which were re-
turned to the students with comments in time
for them to complete a second draft of their pa-
pers. After the first draft was completed the stu-
dents toured six of the BNL departments (Biolo-
gy, Chemistry, Dept. of Applied Science, High
Flux Breeder Reactor, Medical and Physics), to
expose them to the comprehensive research pro-
gram undertaken by the laboratory. In addition,
during the week, the students heard three spe-
cial lectures (on Relativistic Heavy Ion Physics,
DNA Structure and Cold Fusion (or rather, lack
of Cold Fusion)).

After a relaxing weekend spent visiting Port
Jefferson, the Vanderbilt Planetarium and the
beach at Watch Hill, on Monday morning the
students formally presented their papers to
their peers, their mentors and the scientific
staff. On Monday evening the formal awards
ceremony was held in Berkner Hall, with each
student receiving a laser-engraved plaque com-
memorating his or her participation in the pro-
gram.

Information regarding the program and copies
of the student reports can be obtained by con-
tacting Karl Swyler or Don Metz in the Office of
Educational Programs (516) 282-3054.
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GUIDE to NSLS COMMITTEES

PRT/IDT
COUNCIL

(PRTs, IDTs,
NSLS Admin.,
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AUI, DOE)

Scientific Program Support
Committee (SPSC)

(interface between users
and all functions at NSLS)

Program
Advisory

Committee
(PAC)
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PRTs and IDTs,
tenure reviews,
PRT /IDT policy

decisions.)

Users Executive
Committee (UEC)
(interface between
users, PRTs, IDTs,

PAC and NSLS
Administration)

With the exception of the PRT / IDT Council,
all committees ultimately report to the
NSLS management.

For further information, please contact the
NSLS User Adminstrator

Review by
PRT/IDT

(feasibility)

Review by
NSLS

(personnel
& machine

safety)

Proposal study
Panel (PSP)

(rate proposals)

General User Oversight
Committee (GUOC)

(allocates beam time
and beam lines; mediates)

General User
Experiments



1989 Scientific Program Support Committee

Gene Ice, Oak Ridge National Laboratory
Committee Chairman

The 1989 Scientific Program Support Commit-
tee (SPSC89) was formed in March of 1989 to re-
port to the UEC chairman and the NSLS chair-
man on ways to improve the scientific
productivity and the working conditions at the
Light Source. In the first progress report (June
1989) the organization of the SPSC and a pre-
liminary list of concerns was described. A list of
committee members and their responsibilities is
given below. After the first progress report, the
SPSC and its subcommittees worked hard to es-
tablish a list of specific recommendations. A sec-
ond report (November 1989) presented the rec-
ommendations of the SPSC and its
subcommittees. In addition to a compiled list of
recommendations from all SPSC subcommit-
tees, this report contained the final subcommit-
tee reports, an executive summary of the recom-
mendations and accomplishments to date, and a
list of five critical recommendations having the
highest priority. It is the plan of the 1989 SPSC
to issue a final report in March 1990, which will
monitor the status of the recommendations
made in the November report.

The SPSC89 members were:

Don Cassidy Chairman, Support Services
Committee

Norman Fewell Chairman, X-Ray and VUV
Scheduling Committee

Rick Gaylord Chairman, Technical Support
Committee

David Hanson Chairman, Hazardous Gasses
Committee

Gene Ice Chairman, Scientific Program Sup-
port Committee; Chairman, Watchdog Com-
mittee

Erik Johnson Vice Chairman, Scientific Pro-
gram Support Committee

Mike Kelly Chairman, Work Environment
Committee

Nancy Lazarz Secretary, Scientific Program
Support Committee; Chairwoman, Library
Committee

Mark Rivers Chairman, User's Computing
Committee

Mike Sansone Chairman, Beam Diagnostics
Committee

Susan White-DePace Chairwoman, Users
Communications Committee

The recommendations made by the 1989
SPSC fall into three general categories; expedite
the completion of items designed to simplify rou-
tine operations and to significantly enhance ring
operations, allocate specific resources to improve
safety, and increase resources for user adminis-
trative and experimental support. The following
are some sample recommendations which can be
found in their entirety in the subcommittee re-
ports. Examples of recommendations aimed at
simplifying and improving routine operations
include the completion of the enhanced-perfor-
mance real-time PUE system on the X-Ray
Ring, and making photon beam position moni-
tors available to the users; critical recommenda-
tions number 1 and 2. The completion of a real
time PUE system is identified as being key to
several important improvements of routine op-
erations and communications on the X-Ray Ring
(Beam Diagnostics Subcommittee report). The
availability and distribution of real-time PUE
data, will simplify orbit corrections, will allow
for global feedback, will help in diagnosing elec-
tron beam problems, and will let users study the
electron orbit without having to bother the con-
trol room operator. Photon beam position moni-
tors with known performance will similarly
streamline communication between beamline
and machine staff (Beam Diagnostics Subcom-
mittee report) and could allow beamlines to cor-
rect for small orbit changes using their own
optics. The new safety video proposed by the
1989 SPSC (User Communication Subcommit-
tee report) addresses the need for improved
safety awareness, and would include updated
material presently contained in the existing
NSLS safety video, and also material presented
in the BNL Monday morning Safety Orientation
presented by the Safety and Environmental Pro-
tection Department. This video would not only
simplify safety orientation for new users by
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presenting NSLS specific information at a single
sitting, but would greatly reduce the mean time
before training for a new user, by making it pos-
sible for users to be trained 24 hours a day. One
adjustment in manpower to deal with the in-
creasing usage of the Light Source as a user fa-
cility is the recommendation to increase the user
administration staff (Watchdog Subcommittee
report); critical recommendation number 3. The
alternative of shifting user support to other ar-
eas of the Light Source would probably be a less
efficient utilization of NSLS resources, and
would add to the confusion many users feel in
trying to deal with the Light Source administra-
tion. A related recommendation is to have a full
time shop attendant in the user shop (Support
Services Subcommittee report); critical recom-
mendation number 4. The user shop already
serves a vital role in support of experiments per-
formed at the NSLS. By allowing minor machin-
ing jobs to be carried out immediately, this shop
improves scientific productivity at the Light
Source where experiments are carried out 24
hours a day and on weekends. This resource
could be even more useful to users and to Light
Source staff, if it was under the guidance of a
full-time shop attendant. Anticipated benefits
would include, guidance for machining tasks, as-
surance of safe machining practices, and main-
tenance of tools and machines for ready access
in emergency situations. A previous example of
a user support resource like the shop, which was
greatly improved by a specific allocation of re-
sources, is the NSLS Stockroom. This facility
has become a model with its 24 hour access, its
user-oriented stock, its simple-to-Iearn proce-

dures, and its efficient means of implementing
suggestions. The SPSC is recommending that
the role of this facility be upgraded by installing
a copying machine with 24 hour access. The
SPSC is also recommending that copying ma-
chines be made readily available from the exper-
imental floor by installing a machine in the
lobby and possibly one near the old service en-
trance (Support Services Subcommittee report);
critical recommendation number 5. Another rec-
ommendation is that the NSLS Library be made
more "user friendly", like the NSLS Stockroom
(NSLS Library Subcommittee report). Other im-
portant recommendations, aimed at improving
user support, come from the User's Computing
Subcommittee. These recommendations can be
summarized as software and hardware recom-
mendations to make the VAX 8600 a useful
communication machine for news, data transfer
and for gaining access to peripheral devices. To
date, the SPSC has seen several early sugges-
tions implemented. A machine shop course is
now offered to users and Light Source staff.
Some improvements in the hazardous gas han-
dling capability of the VUV ring have been im-
plemented. A NSLS seminar committee has
been formed with a list of speakers. Improve-
ments in the stocking of food at the vending ma-
chines have occurred. Hardware, software and
access to the NSLS VAX has been implemented.
New safety orientation and training documenta-
tion procedures are now in place, and signs di-
recting guests and new users have been
mounted around the facility. A complete list of
recommendations and accomplishments to-date
is given in the November Progress Report.

General User Oversight Committee

Jean Jordan-Sweet, IBM and Susan White-DePace, NSLS
Committee Members

General User proposals submitted to the Light
Source are reviewed by outside review panels
called Proposal Study Panels (PSPs) and are al-
located beam lines and time by the General
User Oversight Committee (GUOC). These com-
mittees are appointed by the NSLS and their
compositions are determined by the need for a
variety of scientific backgrounds. The member-
ships on these committees are changed on a

staggered basis with new members rotating in
each scheduling cycle.

The PSPs (one for X-ray and one for UV) are
responsible for rating General User proposals
for scientific or technical merit and innovation.
These reviews are not intended to be full-fledged
scientific critiques of proposals, but rather a
mechanism for prioritizing the proposals for the
GUOC. Proposals are rated on a scale from one
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to five, one being the highest rating and five be-
ing the lowest.

The GUOC has played an increasingly critical
role in the General Users Program at the NSLS.
Its primary role is to allocate beamlines and
beam time to General User proposals. It also
voices concerns of the General User community
to the NSLS management and resolves any con-
flicts that may arise between the General Users,
PRTs, IDTs, and NSLS staff.

With the volume of proposals received during
FY 1989, those with ratings between 1.0 and 2.0
were virtually guaranteed to receive beam time
by the GUOC, unless special problems arose.
Proposals with ratings between 2 and 4 were al-
located beam time by the GUOC based primar-
ily upon their ratings, until aJ] requested
beamlines were fully subscribed. Proposals with
a rating of four or higher were not awarded
beam time by the GUOC. These ratings are es-
pecially helpful to the GUOC in areas where de-
mand is great, such as EXAFS, X-ray scattering,
and UV photoemission. However, other parame-
ters are also considered; such as the amount of
beam time previously allocated to each proposal,
comments submitted by the PSP and the PRT,
etc. These other parameters are especially im-
portant when closely rated proposals request the
same beamline. The GUOC also reads and con-
siders every End-of-Run Summary form com-
pleted by a General User. The End-of-Run Sum-
mary form is an efficient mechanism for
describing problems encountered by users. The
GUOC also reviews PRT comments regarding
General Users.

Over the past year the GUOC has recom-
mended several policy and/or procedures
changes to the NSLS management. Recommen-
dations include the following:

1. A standard EXAFS beam time allocation
should be no more than 3-4 days. More
time will be allocated to EXAFS experi-
ments if the need is justified.

2. Previous running time should be taken
into account during the allocation cycle.

3. The Light Source should develop a for-
mula for upgrading the rating of propos-
als that weren't allocated beam time •n
the previous cycle.

An item presently under discussion is under
what conditions a PRT/IDT member can request
General User time on beamlines of which they

are not members. PRT/IDT members may not
request General User time on their own
beamlines.

There are several things that General Users
can do to improve their chances of getting beam
time and to make the allocation process run
more efficiently. One is to be sure to provide the
proper informaiton requested in each section of
the proposal form. If the experiment can be run
on more than one beamline, list the others as al-
ternate choices. This is especially important for
requesters of oversubscribed beamJines. Be sure
to specify A, B, or C for beam ports having more
than one beamline. When submitting a request
for more beam time on an active proposal, fill
out the experimental abstract carefully. Include
results obtained or problems encountered (with
proposed solutions) from your previous run, as
well as what you intend to measure during the
next.

The number of General User proposals in-
creased from 61 active proposals in FY 1988 to
178 active proposals in FY 1989.1175 days
(3525 shifts) of beam time were allocated to
these proposals between September 1988 and
August 1989.

The Light Source is always eager to hear com-
ments and suggestions about the General User
process, and welcomes volunteers to serve on
these committees. For a minimal amount of
time Users can become an integral part of the
General User system.

The GUOC members during fiscal 1989 were:

Dr. Robert Bartynski
Rutgers University
Dr. James Penner-Hahn
University of Michigan
Dr. Steve Kevan
University of Oregon
Dr. Jean Jordan-Sweet
IBM Research
Dr. David Hanson
SUNY at Stony Brook
Dr. Erik Johnson
NSLS
Dr. Neal Shinn
Sandia National Laboratories
Dr. Paul Cowan
National Institute for Stand. & Tech.
Dr. Doon Gibbs
BNL Physics Department
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NATIONAL SYNCHROTRON LIGHT SOURCE
GENERAL USER PROPOSALS SU8MITTED BY FISCAL YEAR

FYB4 FY85 FY8B FY87 FY88 Fr89 Fr90*
FISCAL YEAR

GENERAL USER PROPOSALS 'FY1990 PROJECTED

User Space Committee
Richard C. Hewitt, EXXON

Committee Chairman

As I compiled this report, I recalled the diligent
and persistent effort of those who have served
on this committee over the last three years. It is
with great pride and sense of accomplishment
that I acknowledge and thank them for their
contributions.

At the present time the User Space Commit-
tee (USC) members are as follows:

Chair—Rich Hewitt (Exxon)
Randy Alkire (Los Alamos National Labora-

tory)
Steve Ehrlich (Purdue Univ.)
Liaison—Bill Foyt (NSLS)
Rick Gaylord (Los Alamos National Labora-

tory)
Mike Kelly (NSLS)
Roger Klaffky (NSLS)
Jack Scrofani (BNL/Department of Applied

Science)
Liaison—Bill Thomlinson (NSLS)
Secretary—Lynn Kelly (Exxon)

Charter
Three years ago we were given the charter by

the UEC to represent the user community in
policy matters with respect to office, laboratory,

and NSLS experimental floor utilization and al-
location. This was further amplified by the
NSLS Chairman to include the administration
of the policies set by the USC.

With this mandate in mind, the USC estab-
lished a set of policies and guidelines for the uti-
lization of the NSLS space available for admin-
istration.

NSLS Experimental Floor
First, all areas were identified and priority

rated as to its proximity to the beamlines. The
Phase II building expansion provided additional
floor space available for allocation. Wherever
possible beamline areas were increased in the
vicinity of the expansion or by the relocation of
aisles and in some cases even walls.

The USC was also instrumental in the reloca-
tion of a number of NSLS groups to increase lab-
oratory or storage areas on the experimental
floor. One of which was the stockroom and, with
the creativity of the NSLS staff, the new stock-
room was funded and constructed.

At present the large setup and storage area
adjacent to the X-Ray Ring (X21) will be parti-
tioned into seven service work areas that can be
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upgraded to laboratories. This will be completed
by mid-October 1989 (the crane access area is
not included in the partition).

Office Space
The USC has reviewed the office and cubicle

utilization on the third floor of Physics (510E). A
substantial number of offices and cubicles have
been reassigned to PRT^ with a full-time staff
member in need of an office. At present we are
holding six cubicles for short term assignment.
We are currently seeking NSLS funds to provide
desks and phone service.

Laboratory Stewardship
A laboratory stewardship policy was estab-

lished and implemented several years ago.
Stewards were solicited for each lab and occu-
pancy made available to them. To date some of
these labs have never been developed by the
stewards as initially intended. The USC plans to
review the stewardships during the fall of 1989.

Stewards will be required to supply the fol-
lowing:

• Laboratory utilization r "an showing all
the equipment and expected date of instal-
lation.

• Identify which equipment and areas are
available to the general users.

• Publish special requirements that general
users must meet to gain access to the lab
or equipment.

• Provide records of general user access.
A suggestion made by the newly instituted

EXAFS lab is worthy of development. That is, a
PC with a modem can keep a calendar for each
lab. A spreadsheet of dates and available space
and equipment can be accessed by a general user.
Requests can be entered and the stewards can
give approval at a later time. This will encourage
the use of the labs and provide an easy method of
review. The same system can be used for the
short term allocation storage space and cubicles.

PRT/IDT Council
Kent Blasie, University of Pennsylvania
Chairman, PRT/IDT Steering Committee

The Charter and "White Paper" documents for
the PRT/IDT Council, as formulated by the
Steering Committee, were formally adopted by
the Council last spring C89). The latter docu-
ment is currently being communicated to the ap-
propriate "upper management" of the PRT/IDT
Council's member institutions via their respec-
tive PR!/IDT Directors.

The Council Steering Committee recently pre-
pared a position paper on DOE Policy Changes
which is currently under consideration by the

PRT/IDT Directors prior to its possible commu-
nication to the DOE via BNL. Two ad hoc sub-
committees of this Steering Committee are cur-
rently considering possible council positions
concerning:

a) Long-term funding for operations and
improved capabilities at the NSLS.

b) PRT/IDT liability and responsibilities
regarding NSLS General Users.
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Housekeeping Committee

Don Cassidy, NIST, Sachs/Freeman Associates, Inc.
Committee Chairman

During 1989, many new beamlines were com-
missioned and the number of personnel using
the X-Ray and VUV Rings increased dramatical-
ly. With all things considered, the overall house-
keeping at the NSLS has been very good. The
committee performed eight inspections during
the year. The average number of housekeeping
violations was 35 to 40 per inspection. This rep-
resents a significant decrease over 1988 when
the average number of violations was 45 to 50.
The committee will continue to conduct periodic
inspections with the intention of further de-
creasing the number of housekeeping violations.

Nicholas Brookes
BNL Physics Department
Steven Kemp
NSLS

John Klug
NSLS
Lorrie Krebs
SUNY at Stony Brook
John Lara
NSLS
Nancy Lazarz
NSLS
Paul Levin
BNL Biology Department
Alastair MacLean
IBM
Mark Rivers
BNL Dept. of Applied Science

Safety Committee

Ken Batchelor, NSLS
Committee Chairman

During the current year the NSLS Safety Com-
mittee reviewed three major new facilities;
namely, the Laser Electron Gamma Source
(LEGS), the X-Ray Lithography Source (XLS)
and the Angiography Facility (SMERF). In addi-
tion to the usual safety issues, each of these fa-
cilities had new and different area's of safety
concern. The LEGS Facility contains a small liq-
uid hydrogen target and requires specially
trained target watch personnel so the NSLS
Beam Line Operations Coordinators have re-
ceived training in this area. The XLS Facility is
situated on the inside of the X-Ray Storage Ring
and required a complete redesign of both photon
and neutron shields for that area. Finally, the
SMERF area is designed to handle human stud-
ies and/or treatment and therefore, required
special electrical power distribution and person-
nel interlocks.

Ken Batchelor
NSLS

Tom Dickinson
NSLS
Norman Fewell
NSLS
Charles Flood
BNL Safety & Environmental Protection
Mike Kelly
NSLS
Roger Klaffky
NSLS
Bob Larson
NSLS
Tom Oversluizen
NSLS
Norman Rohrig
BNL Safety & Environmental Protection
Chris Weilandics
BNL Safety & Environmental Protection
Gwyn Williams
NSLS
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Library Committee

Leroy Blumberg, NSLS
Committee Chairman

The Library Committee was reorganized in the
past year as follows: L. Blumberg (Chairman),
S. Cramer, T. Dickinson, J. Murphy, J. Smith,
G. Williams and Ms. Judy Thompson (Librari-
an). Acquisitions continue to be catalogued with
our PC-database program, and reports from
other laboratories are screened and filed month-
ly. In addition, we maintain a multiple-copy file
of NSLS Informal Reports and Tech Notes. A
poll of the User Community and NSLS Staff was
conducted to determine preferences among our
present 41 periodical/magazine subscriptions. In

order of decreasing popularity the weighted vote
gave for the top 10: Phys.Rev. Lett., Phys.Rev.B,
Phys.Today, Rev.Sci.Instr., J.Vac.Soc., Vacuum,
App.Phys. Lett., Sri.American, Science and New
Scientist. Among the top 20 were Surface Sci.,
J.App.Phys., Phys.Lett.A, Phys.Rev .A,
Appl.Phys.A&B, and Nucl. Inst.& Meth.A. Un-
fortunately we were required to drop Surface
Science and Nucl.Inst.& Meth. due to budgetary
constraints. We note, however, that they are
available at other libraries on site.

NSLS Faculty/Student Research Support Program

Susan White-DePace, NSLS
User Administrator

This program, funded by the Department of En-
ergy, provides support for faculty/student re-
search groups performing experiments at the
NSLS. The program is designed to encourage
new users to use the facility and to defray ex-
penses incurred during exploratory visits to
BNL and during initial experiments at the
NSLS. It is aimed at university users who have
only limited grant support.

The program is administered by a three-mem-
ber committee comprised of NSLS users. Re-
quests for funds for this program are reviewed
periodically by this committee to insure compli-
ance with guidelines set down for the program.

During FY 1989, the program (formerly
known as the NSLS/HFBR Faculty/Student
Support Program) was administratively divided
between the NSLS and the HFBR. Eighty-three
faculty members and students representing 33
universities participated in this program at the
NSLS in FY 1989 with the help of this funding.
This represents a 60% increase in participation
over FY 1988. Application forms or further infor-
mation can be obtained from Susan
White-DePace, NSLS User Administrator.
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INFORMATIONAL GUIDE TO THE NSLS VUV BEAM LINES

Beam Beam Operational
Port Line Status Affiliation Research Program Monochromator Local Contact Spokesperson

Ul

U2

U3

U4

B

C

O Exxon Research & Engi-
neering

N Exxon Research & Engi-
neering

O IBM

O LANL / Sandia / U. of CA /
LLL

N LANL / Sandia/U. of CA/
LLL

O LANL / Sandia/U. of CA/
LLL

O AT&T Bell Labs

SEXAFS, ARUPS. XPS

Lithography

Detector Calibration

Radiometry

Soft X-ray Spectroscopy

ARUPS

ERG Dale Sondericker
(516)282-5501
(516)282-4983

TGM Mike Sansone
(516/282-5759
(516)282-5501
(201) 730-3388

Bruce Hill
(516)282-5502
Ron Dellaguardia
(516)282-2002

ERG Rich Gaylord
(516)282-5503

— Richard Blake
(516) 282-2838

White Rich Gaylord
(516)282-5503

TGM Jack Rowe
(201)582-5878
(516)282-5504

Wolfgang
Eberhardt
(516)282-4983
(201)730-2567

Wolfgang
Eberhardt
(516)282-4983
(201)730-2567

Chet Wasik
(914)894-8302

Richard Blake
(516)282-2838

Richard Blake
(516)282-2838

Richard Blake
(516)282-2838

Gunther Wertheim
(201)582-4958

Footnotes appear on last page of Informational Guide.



INFORMATIONAL GUIDE TO THK NSLS VUV BEAM LINKS icon't.)

Beam Beam Operational
Port Line Status Affiliation Research Program Monochromator Local Contact Spokesperson

U4IR

115

Ufi

U8

O

O

O

o

o

o

o

AT&T Bell Labs UPS, SEXAKS, NEXAFS

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

NSLS

BNL-Phvsics

IBM

Vibrational Spectroscopy of
Molecules on Surfaces. Ab-
sorption, Fast Detectors

Diagnostics

Spin Polarized Angle Re-
solved UV Photoemission

Lithography

BNL-Physics / NSLS / Exxon XPS, SEXAFS

BNL-Physics/SUNYat
Stonv Brook

IBM

ARUPS, SEXAFS

ARUPS, NEXAFS

SGM Francesco Sette
(5161 282-7290
1201)582-3351
C.T. Chen
(201)582-6030
(516)282-7290

1R Gwvn Williams
(516)282-3634

White Ron Nawrocky
(516)282-4449

TOM Peter Johnson
(516)282-3705

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

TGM Francis Loeb
(516)282-5507
(516)282-2092

PGM Francis Loeb
(516)282-5507
(516)282-2092

TGM Louis Terminello
(516)282-5508
(516)282-5303

Francesco Sette
(201)582-3351
C.T. Chen
(201)582-6030

Gwvn Williams
(516)282-7529

John Galayda
(516)282-4593

Peter Johnson
(516 (282-3705

John Warlaumont
(914)945-1819

Myron Strongin
(516)282-3763

Myron Strongin
(516)282-3763

Read McFeely
(914)945-2068

Footnotes appear on last page of Informational Guide.



INFORMATIONAL GUIDE TO THE NSLS VUV BEAM LINES (con't. >

Beam Beam Operational
Port Line Status Affiliation Research Program Monochromator Local Contact Spokesperson

U8

U9

- j

U10

U l l

U12

B

C

D

A

B

A

B

A

0

0

0

Vacant

0

O

0

O

C

IBM

IBM

IBM

—

NSLS/BNL-Bioligy

U. ofTN/ORNL/NBS

NSLS

NSLS / BNL-Chemistry / U.
ofNM/ANL/YaleU. /
ORNL / Boston U.

U.ofPA/ORNL

ARUPS, NEXAFS

Evaluation of a Zone Plate
Monochromator, Reflectivity
Measurements of Thin Films
and Multilayers

Scanning Soft X-ray Micros-
copy

—

CD, MOD, Fluorescence Life-
times

X-ray Fluorescence, Soft
X-ray Emission, Soft X-ray
Absorption, Electron Spec-
troscopy

Stimulated Desorption

Gas Phase Photoionization

High Resolution Core Level
Spectroscopy

TGM

Zone Plate

Microscope

S-N

C-T

SXES

White

NIM

TGM

Louis Terminello
(516)282-5508

Eberhard Spiller
(914)945-2447

Eberhard Spiller
(914)945-2447

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

William O'Brien
(516)282-5510

Henry Halama
(516)282-4945

Mike White
(516)282-5511
(516)282-4345

Paul Bruhwiler
(516)282-5512
(516)282-5210
(215)898-8157

Read McFeely
(914)945-2068

Eberhard Spiller
(914)945-2447

Eberhard Spiller
(914)945-2447

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

Tom Callcott
(615)974-7848

Henry Halama
(516)282-4945

Robb Grover
(516)282-5511
(516)282-4348

Ward Plummer
(215)898-5163
David Zehner
(615)574-6291

Footnotes appear on last page of Informational Guide.



INFORMATIONAL GUIDE TO THE NSLS VUV BEAM LINES (con't.)

Beam Beam Operational
Port Line Status Affiliation Research Program Monochromator Local Contact Spokesperson

U12

U13

U14

U15

TOK

U

o

M / O

U.ofPA/ORNL

U. ofPA/ORNL

NSLS/AT&T Bell Labs

ARUPS

Infrared Vibration Spectros-
copy

TOK Wiggler

NSLS / Drexel U. / U. of Wis- High Resolution VUV/Soft
consin at Milwaukee / Mon- X-ray Electron and Ion
tana St. U. / Brandeis U. / Spectroscopies
AT&T Bell Labs

o

0

0

0

AT&T Bell Labs

NSLS

NSLS

NSLS /SUNY at Stony
Brook / IBM / LBL

Lithography

Solid State Photoemission
Studies

Detector Research and Devel
opment

Soft X-ray Spectroscopy Con-
tact Microscopy

TGM

C-T

SGM

PGM

White

TGM

Paul Bruhwiler
(516)282-5512
(516)282-5210
(215)898-8157

Paul Bruhwiler
(516)282-5512
(516)282-5210

Brian Kincaid
(415)486-4810

Steve Hulbert
(516)282-7570

Richard Freeman
(201)582-4558

Gwyn Williams
(516)282-5514
(516) 282-7529

Kaidee Lee
(516) 282-5515

Ward Plummer
(215)898-5163
David Zehner
(615)574-6291

Ward Plummer
(215)898-5163

John Galayda
(516) 282-4593

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

Richard Freeman
(201)582-4558

Richard Garrett
(516)282-4245

Jerry Hastings
(516)282-3930

David Hanson
(516)632-7917

Footnotes appear on last page of Informational Guide.



INFORMATIONAL GUIDE TO THE NSLS VUV BEAM LINES (con't.)

Beam Beam Operational
Port Line Status Affiliation Research Program Monochromator Local Contact Spokesperson

U16 U.ofTX/Sandia Angle-resolved Photoelectron TGM James Erskine James Erskine
Emission, Spin-Polarized (516)282-5516 (512)471-1464
Photoelectron Emission, Epi-
taxial Metal Films

Cornell U. / U. of TX/San- ARUPS, SEXAFS, XPS, ERG KingTsang ThorRhodin
dia NEXAFS, Stimulated Desorp- (516)282-5516 (607)255-4068

tion

Footnotes appear on last page of Informational Guide.



INFORMATIONAL GUIDE TO THE NSLS X-RAY BEAM LINES

Beam Beam Operational
Port Line Status Affiliation Research Program Local Contact Spokesperson

XI

X2 B

X3 Al

A2

Bl

B2

M NSLS/SUNY at Stony Brook/
IBM/LBL

Exxon Research & Eng.

C Exxon Research & Eng.

C State U. of NY

O State U. of NY

O State U. of NY

O State U. of NY

Soft X-ray Imaging

Spectroscopy

X-ray Tomography

Short Wavelength Crystallogra-
phy, Diffraction, and Scattering

Diffractometry, X-ray Spectrosco-
py, Crystallography, Scattering,
Small-angle Scattering

X-ray Spectroscopy, Surface
Physics

Surface Science

Harvey Rarback
(516)282-3758
(516)282-5601

Kevan Randall
(516)282-5370
(516)282-5701

Kevin D'Amico
(516)282-2065
(201)730-2891

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

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

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

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

Harvey Rarback
(516)282-3758

Wolfgang Eberhardt
(516)282-4983
(201)730-2567
(516)282-o701

Kevin D'Amico
(516)282-2065
(201)730-2891

Phil Coppen
(716)831-3911

Phil Coppens
(716)831-3911

Phil Coppens
(716)831-3911

Phil Coppens
(716)831-3911

Footnotes appear on last page of Informational Guide.
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Beam Beam Operational
Port Line Status Affiliation Research Program Local Contact Spokesperson

X4

X5

X6

X7

M Howard Hughes Medical Institute Multiwavelength Anomalous Dif-
(Columbia U.) fraction Analysis of Crystalline Bi-

ological Macromolecules

N Howard Hughes Medical Institute
(Columbia U.)

O BNL-Physics

P ANL / NSLS / Brooklyn Col. at
CUNY / NC State U. / Northwest-
ern U. / Standard Oil / U. of MI

C ANL / NSLS / Brooklyn Col. at
CUNY / NC State U. / Northwest-
ern U. /Standard Oil / U. of MI

O NSLS / BNL-Physics/U. of PA/
State U. of NY / Allied Signal /
Dupont / Carnegie Inst. of WA /
Union Carbide / Alfred U. / Mobil /
U. of CA at Santa Barbara

Diffraction Measurements from
Biological Macromolecules

LEGS, Medium Energy Nuclear
Physics

Scattering, Small-angle Scatter-
ing, Diffraction

Time & Space Resolved Dispersive
X-ray Spectroscopy

Powder Diffraction

Jean-Louis
Staudenmann
(516)282-7797
(516)282-5604
(516)282-5464

Jean-Louis
Staudenmann
(516)282-7797
(516)282-5464
(516)282-5604

Andy Sandorfi
(516)282-7951

Mohan Ramanathan
(516)282-5718
(516)282-2210

Tim Morrison
(312)972-5539
Mohan Ramanathan
(516)282-5718
(516)282-2210

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

Wayne Hendrikson
(212)305-3456

Wayne Hendrikson
(212)305-3456

Andy Sandorfi
(516)282-7951

Gopal Shenoy
(312)972-5537

Gopal Shenoy
(312)972-5537

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

Footnotes appear on last page of Informational Guide.
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Beam Beam Operational
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X7

X8

X9
oo
o

X10

o

M

M

0

o

o

NSLS / BNL-Chemistry / U. of
Pittsburgh / Swedish Research
Council / Mobil Research & Devel-
opment

LANL / Sandia / LNL / U. of CA

LANL / Sandia / LNL / U. of CA

National Biostructures Research
Resource

National Biostructures Research
Resource

Exxon Research & Engineering

Crystallography, Wide-angle Scat-
tering

Photoelectron and Photoion Spec-
troscopy

EXAFS, Diffraction

EXAFS

Scattering, Diffraction

Scattering, Small-angle Scatter-
ing, Diffraction, Crystallography

Exxon Research & Engineering Crystallography, Scattering

O Exxon Research & Engineering EXAFS

Thomas Koetzle
(516)282-4384
(516)282-3939

Michael Sagurton
(516)282-5597

Randy Alkire
(516)282-5503
(516) 282-5520
(516)282-5608

Syed Khalid
(516)282-5809

Syed Khalid
(516)282-5609

Kevin D'Amico
(516) 282-2065
(516)282-5610
(201)730-2891

Kevin D'Amico
(516) 282-2065
(516) 282-5610
(201)730-2891

Kevin D'Amico
(516) 282-2065
(516)282-5610
(201)730-2891

Thomas Koetzle
(516) 282-3939
(516)282-4384

Walt Trela
(505)667-1674

Walt Trela
(505)667-1674

Grant Bunker
(215)386-1912

Kent Blasie
(215) 898-6208

Keng Liang
(201)730-3032

John Newsam
(201)730-2901

Grayson Via
(201)730-2255

Footnotes appear on last page of Informational Guide.
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Beam Beam Operational
Port Line Status Affiliation Research Program Local Contact Spokesperson

X l l A

X12 A

X13

X14

X15 A

B

O NC State U./U. ofCT/BNL/U.
of WA / Mobil / Dupont / ANL /
Celanese / U. of Notre Dame / GA
Tech U. / LLL

C NC State U. /U. ofCT/BNL/U.
of WA / Mobil / Dupont / ANL /
Celanese / U. of Notre Dame / GA
Tech U. / LLL

O NSLS

O NSLS / BNL-Biology

O BNL-Biology

NSLS

O ORNL / Oak Ridge Associated
Universities Users Association

O AT&T Bell Labs

O AT&T Bell Labs

EXAFS

EXAFS

Diagnostics

Small-angle Scattering

Protein Crystallography

R&D Optics Development, Soft
X-ray Utilization

Scattering, Crystallography, Spec-
troscopy

X-ray Standing Wave, Soft X-ray,
Spectroscopy, X-ray Lithography

SEXAFS, EXAFS

Geraldine Lamble
(201)282-5611
(516)282-7734

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

Peter Siddons
(516)282-2738

Malcolm Capel
(516)282-5712
(516)282-2792

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

Erik Johnson
(516)282-4603

Gene Ice
(516)282-5614

Jamshed Patel
(201)582-6698

Alastair MacDowell
(516)282-3565

Dale Sayers
(919)737-3482

Dale Sayers
(919) 737-3482

Peter Siddons
(516)282-2738

Malcolm Capel
(516)282-2792

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

Erik Johnson
(516)282-4603

Cullie Sparks
(615)574-6996

Jamshed Patel
(201)582-6698

Paul Citrin
(201)582-5275

Footnotes appear on last page of Informational Guide.
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Beam Beam Operational
Port Line Status Affiliation Research Program Local Contact Spokesperson

X16

gS X17 Bl

B2

X18 A

O AT&T Bell Labs

0 AT&T Bell Labs

O AT&T Bell Labs

M NSLS

M NSLS / SSRL / Stanford
U./LBL/BNL-Medical

C NRL/LLL/U.ofWA/U. ofCAat
Berkeley / Exxon / U. of HI / Car-
negie Inst. of WA / AT&T Bell
Labs / SUNY at Stony Brook /
Cornell U. / LANL

O Matrix

Surface Diffraction

Diffraction

Diffraction

Materials Sciences, Chemical
Crystallography, EXAFS, High
Pressure Physics, Topography,
X-ray Scattering

Angiography, Radiotherapy

High Pressure

Diffuse & Surface Scattering

Ian Robinson
(516)282-5616
(201)582-6056

Denis McWhan
(516)282-3927
(201)582-4557

Denis McWhan
(516)282-5716
(201)582-4557

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

Bill Thomlinson
(516)282-5617
(516)282-3937

Denis McWhan
(516)282-3927

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

Paul Fuoss
(201)949-3581

Denis McWhan
(516)282-5716
(516)282-3927
(201)582-4557

Denis McWhan
(516)282-5716
(516)282-3927
(201)582-4557

Bill Thomlinson
(516)282-3937

Bill Thomlinson
(516)282-3937

Earl Skelton
(202) 767-3014

Gerry Liedl
(317)494-4095

Footnotes appear on last page of Informational Guide.
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Beam Beam Operational
Port Line Status Affiliation Research Program Local Contact Spokesperson

X18

X19

X20

oo
CO

X21

X22

A

B

C

0

O

O

O

West Virginia U. / U. of Pittsburgh EXAFS
/ Chevron / Allied-Signal Research
/ GTE / Brooklyn College of CUNY

NSLS

O IBM / MIT

O IBM/MIT

O IBM/MIT

NSLS

O BNL-Physics / Harvard U.

BNL-Physics

X-ray Spectroscopy, EXAFS

NSLS / Synchrotron Topography Topography
Project Consortium

Scattering, EXAFS

Scattering at Fixed Energy

Scattering, EXAFS

High Energy Resolution Inelastic
Scattering

High Resolution X-ray Diffraction

Diffraction Studies of Magnetic
and Structural Phase Transforma-
tions, Surface Scattering

Arun Bommanavar
(516)282-5718

Steve Cramer
(516)282-5619
(516)282-3928

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

Jean Jordan-Sweet
(516)282-5720

Jean Jordan-Sweet
(516)282-5720

Jean Jordan-Sweet
(516)282-5720

Jerry Hastings
(516)282-3930

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

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

Pedro Montano
(304)293-3422
(718)780-5779

Steve Cramer
(516)282-3928

Michael Dudley
(516)632-8500

Brian Stephenson
(914)945-3008

Brian Stephenson
(914) 945-3008

Jerry Hastings
(516)282-3930

Sunil Sinha
(516)282-5622

Sunil Sinha
(516)282-5622

Footnotes appear on last page of Informational Guide.
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Beam Beam Operational
Port Line Status Affiliation Research Program Local Contact Spokesperson

X23

X24

X25

X26

A2

A3

0 National Institute for Structure
and Technology

0 National Institute for Structure
and Technology

O Naval Research Lab

O National Institute for Structure
and Technology

O Naval Research Lab

M NSLS/AT&T Bell Labs/IBM/
Harvard U. / BNL-Physics / Exxon

O BNL-DAS / U. of Chicago / DOE /
NIH Biotechnology Research /
Cornel] U. / Texas A&M / U. of TN

EXAFS, SEXAFS, with Standing
Wave & Photoelectron Detection,
Specular X-ray Reflection

Real Time Topography, Microradi-
ography, Energy Dispersive Dif-
fraction, White Beam Experi-
ments, EXAFS

Scattering, Crystallography,
EXAFS

X-ray Spectroscopy, Atomic & Mo-
lecular Physics

Photoemission and Reflectance
Spectroscopy

High-Q Resolution Elastic Scatter-
ing

Microprobe

Joseph Woicik
(516)282-5823
(301)975-2046

Richard Spal
(516)282-5823
(516) 282-2279

John Kirkland
(516)632-8515
(516)282-5723

Barry Karlin
(516) 282-5624
Denis Lindle
(516) 282-4849

Jack Rife
(516) 282-5624
Don Cassidy
(516)282-5724

Lonny Berman
(516) 282-5625

Keith Jones
(516) 282-5626
(516) 282-4588
(516) 282-5726

Charles Bouldin
(301)975-2046

Masao Kuriyama
(301)975-5974

W.T. Elam
(202) 767-3014

Richard Deslattes
(301)975-4841
Paul Cowan
(301)975-4846

Milton Kabler
(202) 767-2223

Lonny Berman
(516) 282-5625

Keith Jones
(516) 282-4588

Footnotes appear on last page of Informational Guide.
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Port Line Status Affiliation Research Program Local Contact Spokesperson

X26

X27

X28

0 BNL-DAS / U. of Chicago / DOE /
NIH Biotechnology Research /
Cornell U. / Texas A&M / U. of TN

0 NSLS

C NSLS

Atomic Physics

Instrument & Diagnostic Develop-
ment

Instrument & Diagnostic Develop-
ment

Keith Jones
(516) 282-5626
(516) 282-4588
(516)282-5726

Peter Siddons
(516) 282-2738

Ron Nawrocky
(516)282-4449

Keith Jones
(516)282-4588

Peter Siddons
(516) 282-2738

Ron Nawrocky
(516) 282-4449

O = Operational (beam line is actively used in research); M = Commissioning (beam line is built but is being run for the sole purpose of detecting flaws in the
configuration); C = Construction (beam line is being assembled); P = Planned (beam line design is completed but construction has not yet begun); N = Concep-
tual (pre-design stage). ARUPS = angle-resolved ultraviolet photoemission spectroscopy; XPS = X-ray photoemission spectroscopy; EXAFS = extended X-ray
absorption fine structure; SEXAFS = surface EXAFS; ERG = extended range grasshopper; CD = Circular diachroism; C-T = Czerney-Turner; IR = Infrared In-
terferometer; LEGS = Laser Electron Gamma Source; MOD = Magnetic CD; PGM = plane grating monochromator; TGM = toroidal grating monochromator;
NIM = normal incidence monochromator; SGM = Spherical Grating Monochromator; S-N = Seya-Namioka, and SXES = soft X-ray emission spectrometer;
TOK = Transverse Optical Krystron; UPS = ultraviolet photoemission spectroscopy; NEXAFS = near edge X-ray absorption fine structure. 1/90
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Abstracts: VXJV Beamlines

Beamline Ul
Photoemission Spectroscopy of the CaFa / GaAs 1100) Interface

K. M. Colbow, T. Tiedje, D. Rogers, W. Eberhardt, D. Sondericker and Z. Fu 97
Carbon K Edge X-Ray Absorption of Benzene Adsorbed in NaY Zeolite by Means of
Fluorescence Yield

M. Davis and D. Fischer 98
Photoemission Studies of Mass Selected Pt Clusters

W. Eberhardt, P. Fayet, D. Cox, Z. Fu, A. Kaldor, and D. Sondericker 99
Carbon K Edge Fluorescence Yield NEXAFS Studies of Substituted Graphites

D. Fischer, R. Carr, Neil Barttet, B. Shen, and R. Wentzcovitch 100
Fluorescence Yield Oxygen K Near Edge Studies at High T\. Superconductors:
A Substitution for Cu in YBa.lCu^M^O-^fM = Fe, Co', Ni,Zn)

D. Fischer, C. Yang, and A. Moodenbaugh 101
Hydrogenation / Dehydroger.ation ofThiophene on Ptf Illy: A FYNES Study

D. Fischer, J. Gland, P. Stevens, and D. Parker 102
Synthetic Diamond Films: A Preliminary Soft X-Ray Absorption Study by Means of FYNES

L. Fischer 103
Ultra Low Z EXAFS by Fluorescence Yield: Local Structure of Low Concentration
Fluorine Materials

D. Fischer, G. Meitzner, M. Davis and J. Gland 104
Dependence of Core Photofragmentation Processed on the Site of Core Excitation

R. G. Hayes and W. Eberhardt 105
The Interaction of Alkali Metals with Oxygen

J. Hrbek, M.-L. Shek, and T. K. Sham 106
Benzotriazole Adsorption of Copper and Copper Oxides Studied by Carbon Fluorescence Yield

R. Polizzotti and D. Fischer 107
Coverage Dependent Study of CO/Co(0001): I High Resolution Photoemission

D. Sondericker, Z. Fu, and W. Eberhardt 108
Fluorescence Yield Near Edge Spectroscopy (FYNES): Thiophene Adsorbed on MoS2 Basal Plane

P. Stevens and D. Fischer 109
De-Excitation Spectroscopy of L2 •, Core Excitons in CaF2 Thin Films

T. Tiedje, K. M. Colbow, D. Rogers, Z. Fu, and W. Eberhardt 110

Beamline U3C
Synchrotron Radiation Studies of Photochemical Aspects of Teflon Adhesion

R. R. Rye and N. D. Shinn I l l
Ultraviolet Photoelectron Spectroscopy of Minerals

T. J. Shankland and L. M. Hirsch 112
UV Photoelectron Spectroscopy of (Mg,.xFex)xSiO4

T. J. Shankland. L. M. Hirsch, and N. D.*Shinn 113
Calibration of A Soft X-Ray Spectrometer

X. D. Shinn, M. A. Palmer, T.J. Tanaka, and A. Widman 114
Nitrogen Adsorption and Dissociation on Ultra-Thin Cr / W( 110) Overlayers

N. D. Shinn and K. L. Tsang 115
Structure and Reactivity of Strained Metal Overlayers on Wf 110)

X. D. Shinn. C. H. F. Peden. K. L. Tsang, and P. J. Berlowitz 116
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Beamline U4IR
Comparison Infrared Spectroscopy Using Synchrotron and Mercury Arc Lamp Sources

G. L. Carr, S. Perkowitz, G. P. Williams, and C. J. Hirschmugl 117
Fast IR Response of Epitaxial YBCO Films

G. L. Carr, M. Quijada, C. Mueller, P. H. Holloway, D. B. Tanner, C. J. Hirschmugl,
G. P. Williams, S. Etemad, T. Venkatesan, F. Derosa, B. Dutta, D. Hemmiek, A. Inam,
and X. D. Wu 118

Infrared Conductivity Measurements of Y,Ba2Cu.j07^ Epitaxial Films
G. L. Carr, F. Gao, D. B. Tanner, C. J. Hirschmugl, G. P. Williams B. Dutta, S. Etemad,
T. Venkatesan, A. Inam, and X. D. Wu 119

First IR Observation of a Molecule / Substrate Vibration—CO on Cut 111)
G. P. Williams, C. J. Hirsehmugl, F. M. Hoffmann, and Y. J. Chabal 120

Infrared Properties of Single Crystal MgO—A Substrate for High Tc Superconducting Films
T. R. Yang, S. Perkowitz, G. L. Carr, R. C. Budhani, G. P. Williams, and C. J. Hirschmugl 121

Beamline U4A
Bonding in Epitaxial CoSi., Templates on Si< 100)

D. D. Chambliss, T. RRhodin, J. E. Rowe, and S. M. Yalisove 122
Anomalous Broadening of Angle-Resolved Photoemission Linewidths on W(011)

S. Dhar and S. D. Kevan 123
Surface State-Surface Resonance Transition on Ta(011)

E. Kneedler, D. Skelton, and S. D. Kevan 124
Alkali Metal Adsorbates on W(110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin 125
Different Core-Hole Lifetime and Screening in the Surface of W(110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin 126
First Atomic Layer of W( 110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin 127
Hydrogen Adsorption on W(110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin 128
Evidence for Germanium Segregation at GeSil 111 )5 x 5 Alloy Surfaces

J. E. Rowe and J. C. Bean 129
Experimental Two-Dimensional Energy Bands for Si( 111 )-B

J. E. Rowe, R. L. Headrick, and L. C. Feldman 130
Photoemission Measurements of Surface States on NiSi.,( 111 >-Si

J. E. Rowe ." 131
Photoemission Studies of a Local Surface Reconstruction on NiSi2(lll)

J. E. Rowe, G. K. Wertheim, R. S. Becker, and R. T. Tung 132
Si-terminated CoSy 1111

J. E. Rowe, G. K. Werthein, and R. T. Tung 133
Improving the Resolution of the 6m TGM

G. K. Wertheim, J. E. Rowe, and N. V. Smith 134
Surface States and the Surface Fermi Contour of Pd(0011

G. S. Elliott, K. E. Smith, and S. D. Kevan 135
Surface Fermi Contours and Reconstruction of WI001)

G. S. Elliott, K. E. Smith, and S. D. Kevan 136
Non-Adiabatic Adsorbate Vibrational Damping and Surface Electronic Structure: H on W(001)

K. E. Smith and S. D. Kevan 137
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Beamline U4B
Core-Excited Rydberg States of Polyatomic Molecules

C. T.Chen, K. Randoll, Y. Ma, G. Meigs, and F. Sette 138
K-Shell Photoabsorption of the Na Molecules

C. T. Chen, Y. Ma, and F. Sette 139
Vibrational Effects in Core Photoionization

P. A. Heimann, L. J. Medhurst, M. R. F. Siggel, D. A. Shirley, C. T. Chen, Y. Ma,
S. Modesti, and F. Sette 140

Multiple Sulfur Sites in the Cu(100)p(2 x 2)-S Surface Structure
Y. Ma, P. Rudolf, E. E. Chaban, C. T. Chen, G. Meigs, and F. Sette 141

Vibrational Structures in the Carbon K-Edge Photoabsorption Spectra of Hydrocarbons
Y. Ma, F. Sette, K. Randall, S. Modesti, G. Meigs, and C. T. Chen 142

Two-Dimensional Condensation of K on Ag( 100) at Submonolayer Coverages
S. Modesti, C. T. Chen, Y. Ma, G. Meigs, P. Rudolf, and F. Sette 143

Fine Structure in the Carbon Is Core Exciton in Diamond
F. Sette, Y. Ma, G. Meigs, S. Modesti, P. Rudolf, and C. T. Chen 144

Temperature Dependence of the Photoemission Lineshape of Adsorbates in
Adsorbate-Metal Surfaces

F. Sette, Y. Ma., G. Modesti, P. Rudolf, and C. T. Chen 145
Is There a Soft X-Ray Magnetic Dichroism Effect in BaCoF4?

B. Sinkovic, C. T. Chen, Y. Ma, F. Sette, and N. V. Smith 146

Beamline U5
The Interaction of Carbon Monoxide with Fe(001)

N. B. Brookes, A. Clarke, and P. D. Johnson 147
Magnetic Surface States on Fe(001)

N. B. Brookes, A. Clarke, P. D. Johnson, and M. Weinert 148
Study of Local Magnetic Properties of an Adsorbate by Spin Polarized Auger
Electron Spectroscopy

B. Sinkovic, N. V. Smith, P. D. Johnson, N. B. Brookes, A. Clarke 149

Beamline U6
Simple Negative Resist for Deep UV, Electron Beam, and X-Ray Lithography

K. J. Stewart, M. Hatzakis, J. Shaw, and D. Seeger 150
Control of Fixturing-Induced Distortion in X-Ray Masks

A. D. Wilson, C. Lapadula, J. P. Silverman, R. Viswanathan, H. Voelker, and R. Fair 151

Beamline U7A
Auger Photoelectron Coincidence Spectroscopy (APECS) of the CO / Cu( 100) System

R.A. Bartynski, E. Jensen, C.-C. Kao, S. Hulbert, R. Garrett, and F. Curti 152
Auger and X-Ray Absorption Spectroscopy of Solid Molecular Oxygen

J. Chen, C. L. Lin, S. L. Qiu, M. Strongin, and M. L. denBoer 153
Auger Photoelectron Coincidence Spectroscopy (APECS) of Cu2O and CuO

S. Hulbert, C.-C. Kao, R. Garrett, and E. Jensen 154
Photoemission and Oxygen K-edge studies of the Interaction of Solid Oxygen and Metals

C. L. Lin, J. Chen, S. L. Qiu, and M. Strongin 155
XAS and XPS Studies of YBaaCu306«, La^Sr.CuO.,, and Nd.^Ce.OuO.,

C. L. Lin, S. L. Qiu, J.Chen, M. Strongin, J.E. Crow, and C. W. Chu 156
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Beamline U7B
K Promoted Oxygen Absorption on Al and Ta

N. A. Braaten, J. K. Grepstad, S. Raaen, and S. L. Qiu 157
Modification of Y2Ba4Cu8016.x Films by an Oxygen Plasma

R. C. Budhani and M. W. Ruckman 158
Photoemission Studies of Rh Films on Ta( 110) and Their Interaction with CO

L. Q. Jiang, M. W. Ruckman, and M. Strongin 159
Photoemission Study of Epitaxial Films of Mn on Pd

H. Li, S. C. Wu, D. Tian, J. Quinn, and F. Jona 160
Epitaxial Growth of Body-Centered-Tetragonal Copper

H. Li, S. C. Wu, D. Tian, J. Quinn, Y.S.Li, F. Jona, and P. M.Marcus 161
Thin Films of Mn on Cu( 100)

H. Li, S. C. Wu, D. Tian, Y. S. Li, J. Quinn, and F. Jona 162
Photoemission Studies of the Low Temperature Reaction of Metals and Oxygen

S. L. Qiu, C. L. Lin, J. Chen, and M. Strongin 163
Pr-induced Enhancement in Al and Ta Oxidation

S. Raaen and IN*. A. Braaten 164
Growth of Aluminum Oxide Layers on GaAs( 100) by Reaction with Solid Oxygen

M. W. Ruckman S. L. Qiu, M. Strongin, Y. Gao, and C. P. Lusignan 165
Photoemission Studies of Oxygen Absorption by Ta(110)-Supported Pd Monolayers

M. W. Ruckman, L. Q. Jiang, and M. Strongin 166
Electron Band Structure of Ag Along the PAL Line

S. C.Wu, H. Li, J. Sokolov, J. Quinn, Y. S. Li, and F. Jona 167
Experimental Band Structure of a Rare-Earth Metal: Tb(OOOl)

S. C. Wu, H. Li, D. Tian, J. Quinn, Y. S. Li, J. Sokolov, F. Jona, and N. E. Christensen 168

Beamline U8
Oxygen 2p Hole Orientation in High Temperature Superconductors

F. J. Himpsel, A. B. Mclean, G. V. Chandrashekhar, and M. W. Shafer 169
Photon Stimulated Desorption and Photoemission Studies of PF3 on Rut 0001)

S. A. Joyce, J. A. Yarmoff, and T. E. Madey 170
Photoelectron Spectroscopic Study of the Fe / MoS2(0001) Interface

J. R. Lince, T. B. Stewart, M. H. Hills, P. D. Fleischauer, J. A. Yarmoff, and A. Taleb-Ibrahimi . . 171
The Electronic and Structural Properties of a Discommensurate Monolayer System:
GaAs(110)(lxl)-Bi(lML)

R. Ludeke, R. M. Feenstra, A. B. McLean, A. Taleb-Ibrahimi, and F. J. Himpsel 172
Cross-Section Effects in the Spectroscopy of Si / SiO2 Interfaces

F. R. McFeely, B. Robinson, J. Yarmoff, and S. Joyce 173
Escape Lengths of Photoelectrons Through SiO2

F. R. McFeely, B. Robinson, J. Yarmoff, and S. Joyce 174
Studies of PECVDSiO2

F. R. McFeely and B. Robinson 175
Studies of Selectivity Breakdown in the WF6-Si / SiO2CVD Reaction

F. R. McFeeiy and J. A. Yarmoff 176
Constant Final State Measurements of Surface Core-Level Binding Energy Shifts: InP(llO)

A. B. McLean and R. Ludeke 177
The Band Dispersion of an Interface State: CaF2/Si(lll)

A. B. McLean and F. J. Himpsel 178
Interface Structure of the Sit 100) / SiO2 Interface

J. F. Morar, J. Bevk, and A. Ourmazd 179
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Photoemission Monitoring of the XeF2 Interaction with Si-Ge Alloys
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PHOTOEMISSION SPECTROSCOPY OF THE CaF2/GaAs (100) INTERFACE
Ul

K.M. Colbow, T. Tiedj6, D. Rogers (U. British Columbia), W. Eberhardt, D. Sondericker and Z. Fu (Exxon
Research & Engineering Co.)

We have employed high resolution core-level photoemission spectroscopy to study the nature of
the CaF2/GaAs (100) interface after deposition and during subsequent annealing using synchrotron
radiation. Low temperature annealing results in ordering of the CaF2 film evidenced by the sharpening of
the CaF2 photoemission features. Upon annealing at higher temperatures the Ca 3p level exhibits a
component chemically shifted by 2 eV to lower binding energy. We also observe the onset of CaF2 being
lost by evaporation. Accompanying the chemical shift of the Ca 3p level is the loss of both Ga and F
attributed to the decomposition of CaF2 on the GaAs surface forming a volatile GaFx compound leaving
Ca and As present at the interface. Thicker CaF2 films are more stable to decomposition. In these
samples, only at annealing temperatures in excess of 650 °C does the chemically shifted component of
the Ca 3p level begin to appear.

CaF£ powder was evaporated from a boron nitride crucible and a Ta boat under UHV conditions
onto GaAs (100) substrates cleaned by heating to desorb the surface oxides followed by a repetitive Ar
sputter anneal process. The sample temperature was monitored with an IRCON infrared pyrometer,
sensitive to 2 urn radiation and calibrated with reference to the temperatures at which the gallium and
arsenic oxides were desorbed. A crystal thickness monitor was used for relative thickness
measurements during deposition. The thickness of the deposited CaF2 film was estimated from the ratio
of the integrated intensity of the Ca 3p and F 2p photoemission peaks to the intensity of the Ga 3d peak
from the underlying substrate.

Photoemission spectra for several CaF2 coverages on GaAs (100) are shown in the figure,
which includes the As 3d, F 2s, Ca 3p, Ga 3d and F 2p photoemission features. Notice the chemical shift
towards lower binding energy in the As 3d core level in spectrum C which we attribute to Ca-As bond
formation. On silicon substrates, chemical shifts due to both Ca and F are apparent on the Si 2p level.
Note, the absence of any chemical shifts of the Ga 3d core-level, such as one might expect from strong
chemical bonding interactions with the substrate.

40 45 65 70 7550 55 6 0

KINETIC ENERGY (eV)
Fig 1. Photoemission spectra for several coverages of CaF2 on GaAs (100): (A) 10 layers, (B) 2.5
layers, (C) 1 layer and (D) 0.25 layers. Samples A-C were annealed at 570 °C and sample D was
annealed at 520 °C. ( 1 CaF2 triple layer = 3.15 A)
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CARBON K EDGE X-RAY ABSORPTION OF BENZENE ADSORBED IN NaY ZEOLITE BY MEANS
OF FLUORESCENCE YIELD

Mark Davis (Exxon Res. & Dev. Labs.); Daniel Fischer (Exxon PRT)

Fluorescence yield near edge x-ray absorption spectroscopy (FYNES) has
emerged as a powerful diagnostic tool for studies of the structure and
reorientation dynamics of adsorbates on well defined surfaces. Fluorescence
yield measurements with energy dispersive detection afford high bulk
sensitivity to mixtures of low-Z elements and preclude difficulties
associated with differential charging of insulating materials rendering this
technique especially suitable for adsorption studies using microporous, high
area practical catalysts. We report recent FYNES investigations of benzene
adsorbed at room temperature in Na-Y zeolite. To our knowledge, this work
represents the first application of FYNES in studies of molecular adsorption
on an insulating surface.

Fluorescence yield absorption spectra recorded above the carbon K-edge
for condensed benzene and benzene adsorbed in Na-Y are compared in the
figure below. Within the 1 eV monochromator resolution and modest signal-
to-noise recognized with adsorbed benzene, the spectra were
indistinguishable and dominated by bound state Is ir* resonances near 285 and
289 eV along with a a* resonance near 294 eV. A second a* resonance
observed near 304 eV with condensed benzene could not be resolved for the
adsorbed phase. The fluorescence
yield spectrum for condensed
benzene agrees closely with that
reported by Stohr using partial
electron yield detection. The
similar nature of the spectra
displayed in the Figure clearly
suggests that the electronic
structure of adsorbed benzene is
not significantly altered by
coordination at sodium cation
sites. This finding is lot
unexpected based on the adsorp-
tion energetics which suggest a
rather weak interaction energy.

275 300
Incident Photon Energy/eV
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PHOTOEMISSION STUDIES OF MASS SELECTED Pt CLUSTERS

W, Eberhardt, P. Fayet, D. Cox, Z. Fu, A. Kaldor and D. Sondericker (Exxon)

We have studied the photoemission from the valence band and the 4f core
levels of monosize mass selected, deposited Pt clusters as a function of
clustei size. These are the first studies of this kind, where the cluster
size is monodispersed and known exactly. The clusters were produced by
sputtering a solid Pt target with 30 keV Ar ions. The Pt cluster ions
emitted in this process were mass selected by a quadrupole mass spectrometer
prior to deposition onto a Si wafer. The clusters were transported under
UHV from the deposition chamber to Ul at the NSLS Brookhaven and inserted
into the spectrometer. The total surface coverage of the wafer was
equivalent to 10% of a monolayer. We also chose not to remove the natural
SiO2 layer, since this oxide layer on one hand is thin enough to prevent
charging but on the other hand has a bandgap of more than 8 eV. Thus near
the topmost filled cluster valence states there are no substrate states
available, which largely prevents charge transfer to or from the clusters
and thus reduces the cluster-substrate interaction.

The Pt 4f core level spectra of Ft1, Pt2, and Pts clusters on SiO2 are
shown in Fig. 1. The binding energy is measured relative to the Fermi level
of the thin (15A) SiO2 overlayer on the Si wafer. The spectra were taken at
a photon energy of 280 eV and the total instrument resolution (analyzer and
monochromator) was set to 0.6 eV, which is negligible compared to the
observed line width. The data points in Fig. 1 are fitted with Lorentzians
folded with a Gaussian, which resembles the instrumental resolution
function. The best fits are given by the solid curves shown in Fig. 1. The
binding energy of the Pt 4f? ._ identical core level in solid Pt is 71.2 eV,
about 2 eV lower than the value measured here for the
atom. We rule out that this shift is caused by con-
tamination and believe that it is an intrinsic
property of the small clusters.

The top of the valence states has also been
measured for these clusters. We find an interesting
oscillatory behavior for these states, where the Pt
atom and the Pt trimer exhibit very large binding
energies, whereas the Pt cluster valence band states
extend much closer to the Fermi level. Nevertheless
none of the clusters measured here exhibits metallic
behavior. Together with the core level binding ener-
gies the valence band data provides us with a unique
signature for all the clusters. Thus we are able to
conclude that these clusters stay intact during depo-
sition. We will extend these studies to different
substrates and also to other metals.

••0.0 -7C.0 •72.0 •(•.0
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CARBON K EDGE FLUORESCENCE YIELD NEXAFS STUDIES OF SUBSTITUTED GRAPHITES

Daniel Fischer (Exxon PRT); Roger Carr (SSRL); Neil Bartlet and Byron Shen
(USC, Berkeley); Renata Wentzcovitch (Physics BNL)

Graphite may be prepared by high temperature pyrolysis of hydrocarbon
gases, and if other gases are introduced into the reaction, substitutions of
other atoms in the graphite lattice may occur. Thus adding BC13 to benzene
in a pyrolysis reaction produces a graphitic BC3; adding BC13 and N2 to
benzene gives BC2N, and adding just N2 give CSN. Also, using a
pseudopotential local orbital method, the band structure of these materials
may be calculated. From these calculations, the electron density of states
may be derived. Experimentally, it is possible with Near Edge X-ray
Absorption Fine Structure Spectroscopy (NEXAFS) to determine the density of
unfilled states above the Fermi levels of these materials, and it turns out
that this region of the spectrum is good for testing the theories.
Theoretically, graphite should have one large pi-star feature just above the
Fermi level, and BC3 should have two such peaks.

•Various conventional methods were used to characterize these materials,
such as Laue x-ray diffraction and Raman spectroscopy; from these
measurements we believe that the materials are reasonably perfectly
crystalline and that the substitutions are ordered. However, we are not
absolutely convinced of high quality ordering. In an earlier study of these
materials on U-14 with electron detection of NEXAFS, we believe the
oxidation of the surface region complicates our data. We therefore chose to
examine the materials with fluorescence detection, so as to sample much more
the bulk. This turned out to be very easy to do, providing that the samples
were not thick. Thick samples fended to give a rising background which
washes out near edge features. But we had thin film forms of all of the
materials, usually grown on BN or SiO2 substrates.

A representative sample of our spectra shows that at about 279 eV,
there is a peak which exhibits polarization dependence that shows the peak
to arise from an orbital normal to the surface and is what we expect from a
pi-star orbital. At about 295 eV there is a feature which arises from an
orbital parallel to the surface, as we should expect from sigma character
orbitals in the graphite planes. And at about 283 eV there is a peak, or
perhaps a pair of peaks which do not change much with polarization. This is
where we expect the second peak predicted by theory, but we expect that peak
to show the same polarization dependence as the 279 eV peak. Therefore we
still have some interpretation to do; perhaps this lack of polarization
dependence arises from imperfection of the sample, or of the theory.

This work was supported in part by the Department of Energy, Office of
Basic Energy Sciences, Division of Materials Sciences.
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FLUORESCENCE YIELD OXYGEN K NEAR EDGE STUDIES AT HIGH T SUPERCONDUCTORS:
A SUBSTITUTION FOR Cu IN YBA^CUj_XMX)3O7_g (M = Fe, Co? Ni, Zn)

Daniel Fischer (Exxon PRT); Charlie Yang (U. of Michigan); A. Moodenbaugh
(DAS/BNL)

Substitutions onto the Cu sites by 3d transition metals in YBa-Cu-O., fi
(or 123) leads to a depression of T . The mechanism of T , which strongly
depends on the nature of dopants, is still not well understood. A
constructive approach to the understanding of the effect of the metal doping
in 123 is to find out how the distribution of the holes is affected by
different dopants. Because charge carriers of this material are holes, a
reasonable assumption is that T is correlated with hole concentration in
the CuO« sheets. Band theory calculations have reported that the electrical
conduction of the 123 material is determined by the Cu(3d) - 0(2p)
hybridized states which, is thought to be responsible for superconductivity.
Several studies have suggested that the holes are primarily located at the 0
sites. Therefore, the details of knowledge of the modification of local
densities of states of 0 via the metal doping may give an important clue.
X-ray absorption near edge spectroscopy (XANES) can provide electronic and
structural information around each type of atom in the high T materials.
In this study, we describe XANES measurements designed to determine the
location of dopants in the structure and their valence states. The effects
of the metal doping on the number of holes on 0 sites are also examined via
fluorescence yield near edge
spectroscopy. The figure show
FYNES spectra above the oxygen
K edge for four substituted 123

Thehigh T superconductors.
adjacent difference spectra from
the unsubstituted 123 material
are a measure of oxygen hole
state described above.
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HYDROGENATION/DEHYDROGENATION OF THIOPHENE ON Pt(lll): A FYNES STUDY

Daniel Fischer (Exxon PRT); John Gland (U. of Michigan); Paul Stevens (Exxon
CRSL); Debbie Parker (U. of Colorado

Our main focus was on characterization of reactants, products, and
reaction rates for hydrogenation/dehydrogenation processes involving
heterocyclic aromatic molecules like thiophene and pyridine on a Pt(lll)
surface. For instance we studied adsorbed thiophene on the Pt(lll) surface
as a function of temperature in vacuum and in .01 torr of hydrogen to
compare the adsorbed species formed during the surface hydrogenation/
dehydrogenation reactions "̂ hich occur. Initially we performed a series of
experiments with adsorbed thiophene in the presence of hydrogen analogous to
previous NEXAFS experiments we have done in vacuum. The orientation and
desulfurization of the thiophene ring was compared with the vacuum case. We
expect stable partially dehydrogenated forms to cover the surface at
intermediate temperatures. Inhibition of these dehydrogenation pathways in
the presence of hydrogen gas is expected so that metastable vacuum species
may be stabilized in the presence of hydrogen atmospheres. After
characterizing the adsorbed reactants and products we plan to characterize
rates of key surface reactions so that generalizations regarding structure
reactivity relationships can be developed. Kinetic experiments were done t
a fixed energy of about 285 eV with fixed orientation to optimize our
ability to characterize rapid surface reaction rates as shown in the figure
below.
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SYNTHETIC DIAMOND FILMS: A PRELIMINARY SOFT X-RAY ABSORPTION STUDY BY MEANS
OF FYNES

Daniel Fischer (Exxon PRT)

A preliminary soft x-ray absorption study of a synthetic diamond film
has been made using Fluorescence Yield Near Edge Spectroscopy (FYNES). The
synthetic diamond films were deposited by chemical vapor deposition on a
silicon substra e and the FYNES spectra above the carbon K edge collected by
a detection syitem described elsewhere.1 Carbon K edge spectra are shown
in the figure below for glancing and normal polarization in which no angular
dependence was found. Since the diamond grain size is much smaller than the
impingent photon beam spot, no angular polarization dependence is the
expected result. The fluorescence yield near edge spectra agree well with
published electron yield data.2 We are excited by the ease and future
implementation of ouir preliminary fluorescence yield result. Future
experiments will focus on the in situ growth and quality of diamond films;
an option the soft x-ray fluorescence technique (FYNES) has proven impact
for materials characterization.3

THIN FILM DIAMOND ON SILCON
CARBON K EDGE FYNES

275 300
Incident Photon Engergy/eV

325

2 D. A. Fischer, J. Colbert, and J. L. Gland, Rev. of Sci. Inst. 60 (7),
1596-1602 (1989).

2 J. Stohr, C. J. Robinson, and W. Jark, Phys. Rev. B (1988).
3D. A. Fischer, J. L. Gland, and G. Meitzner, Mat. Res. Soc. Symp. Proc.
Vol. 143, 139-143 (1989).
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SYNTHETIC DIAMOND FILMS: A PRELIMINARY SOFT X-RAX ABSORPTION STUDY BY MEANS
OF FYNES

Daniel Fischer (Exxon PRT)

A preliminary soft x-ray absorption study of a synthetic diamond film
has been made using Fluorescence Yield Near Edge Spectroscopy (FYNES). The
synthetic diamond films were deposited by chemical vapor deposition on a
silicon substrate and the FYNES spectra above the carbon K edge collected by
a detection system described elsewhere.1 Carbon K edge spectra are shown
in the figure below for glancing and normal polarization in which no angular
dependence was found. Since the diamond grain size is much smaller than the
impingent photon beam spot, no angular polarization dependence is the
expected result. The fluorescence yield near edge spectra agree well with
published electron yield data.2 We are excited by the ease and future
implementation of ouir preliminary fluorescence yield result. Future
experiments will focus on the in situ growth and quality of diamond films;
an option the soft x-ray fluorescence technique (FYKES) has proven impact
for materials characterization.3

THIN FILM DIAMOND ON SILCON
CARBON K EDGE FYNES
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1 D. A. Fischer, J. Colbert, and J. L. Gland, Rev. of Sci. Inst. 60 (7),
1596-1602 (1989).

2 J. Stohr, C. J. Robinson, and W. Jark, Phys. Rev. B (1988).
3 D. A. Fischer, J. L. Gland, and G. Meitzner, Mat. Res. Soc. Symp. Proc.
Vol. 143, 139-143 (1989).
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ULTRA LOW Z EXAFS BY FLUORESCENCE YIELD:
CONCENTRATION FLUORINE MATERIALS

LOCAL STRUCTURE OF LOW

D. Fischer, G. Meitzner, M. Davis (Exxon Research and Engineering Co.);
John Gland (Univ. of Michigan)

Fluorescence Near Edge Spectroscopy (FYNES) of ultra low Z materials
(C,O,F,S) has been an emerging synchrotron technique for in situ
determination of local structure. We have performed a series of FYNES
experiments dedicated to demonstrating the feasibility of performing low Z
EXAFS at low concentration (<5%). To that end we proposed to study a
biological problem, that of characterizing the local structure of fluorine
in teeth (treated topically or ingested). For purposes of the demonstration
we obtan ;d pressed powder wafers of CaF2 and Fluoroapetite (Calo(PO4)6F6)
cycling them in our reaction/sample chamber (sample change over and pump
down to high vacuum in 15 min.). High quality EXAFS data was obtainable for
these two samples in run times of about one hour. Also visible in the
Fluoroapetite spectra is background oxygen EXAFS oscillations which can be
minimized by accepting only the high energy tail of the fluorine K peak.
This application of fluorescence detection is an exciting development for
ultra soft x-ray absorption characterization of materials and surface
chemical kinetics.

norm EKMY (EV)

Figure: Fluorescence yield from a pressed powder wafer of fluoroapetite,
dashed curve is total fluorescence yield and solid curve uses
energy discrimination to emphasize the fluorine K .

a
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DEPENDENCE OF CORE PHOTOFRAGMENTATION PROCESSES ON THE SITE OF
CORE EXCITATION

R. G. Hayes (U. of Notre Dame), and W. Eberhardt (Exxon).

We have observed electron-ion and/or ion-ion coincidence mass
spectra of several compounds upon core electron excitation. These
have included H2O, CH3OH, CH2C12 and CS2. The data on CS2

complemented data which we had taken previously. The work on
CH2CI2 was done for comparison with CS2, which has a similar heavy
atom structure but, of course, very different bonding. An
electron-ion coincidence mass spectrum of CH2CI2 appears in Fig. 1.
This spectrum results from Cl 2p ionization and corresponds to an
internal energy of CH2Cl2

2+ of 6. eV. The features, from shortest
flight time, are: ,H+(1.2 usec), CH2

+(4.6 |isec), CHxCl2+(6.4
jisec.)/ Cl+(7.8 usec.), CH2Cl2

2+(8.4 usec.) and CH2Cl
+(9.2 jisec.) .

Under similar conditions CS2 produces only doubly charged parent
ion and the ion pair, S+/CS+. As one sees, CH2CI2 produces very
little doubly charged parent ion and the fragmentation to yield
CH2

+ + Cl+ + Cl is as important, qualitatively, as the
fragmentation to CH2C1

+ + Cl+. Also, CH2CI2 produces some CHXC1
2+.

The equivalent process is unobserved in CS2. Figure 2 shows part
of an ion-ion coincidence spectrum of H20 upon 0 Is ionization. No
other features are seen in the spectrum, but H+-+H coincidences
would be lost due to delay of the start pulses to avoid paralysis.
The two sharp features near 5.7 jisec. and 6.0 |isec are from H+/OH+

coincidences and the broader features near 5.5 \isec. and 5.8 |isec
are from H+/O+ coincidences. The H+/0H+ coincidences correspond to
a kinetic energy release of 2.7 eV . The H+/0+ coincidences
correspond to the same release, assuming that the unobserved
fragment carries off no kinetic energy.

Figure 1 Figure 2

Work supported in part by the Research Corporation through grant
R-60-to RGH.
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THE INTERACTION OF ALKALI METALS WITH OXYGEN*

J. Hrbek (BNL), M.-L. Shek (CUNY) and T. K. Sham (UWO)

The interaction of oxygen with potassium adsorbed on a Ru(OOl) surface
has been studied using photoemission. The VB and the K 3p, K 2p, Ru 3d and
0 Is core level spectra were measured together with the 0 NEXAFS in order to
gain better understanding of surface species formed. Depending on the
initial K coverage and oxygen exposure, three different oxygen species have
been identified in potassium-oxygen overlayers. The oxide ion 0 2~ is formed
at low oxygen exposures irrespective of K coverage. With increasing 0£
exposure the peroxide O2 2~ and superoxide 02~ ions are formed, but the
preparation of either species separately has proved to be impossible.

The figure shows the oxygen K-edge absorption spectra for O2
coadsorbed with a potassium bilayer on Ru(OOl) at 85 K and at two polar
E orientations. The sharp peak at 531 eV
is identified to be the v* resonance
and the two peaks at 533 and 537 eV are
the a* resonances. The separation of
the two o resonances from the it*
resonance indicates a substantial
increase in the 0-0 bond length with
respect to the gas-phase oxygen molecule,
and the presence of two types of dioxygen
species. This is confirmed by the 0 Is
photoemission spectra which show two
different core levels at 530 and
532.5 eV, in agreement with a previous
observation.* The polarization
dependence of the absorption spectra
indicates that the dioxygen species lies
down on the surfac.

1 J. Hrbek, Surface Sci. 205, 408 (1988).

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.
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BENZOTRIAZOLE ADSORPTION ON COPPER AND COPPER OXIDES STUDIED BY CARBON
FLUORESCENCE YIELD

R. Polizzotti and D. Fischer (Exxon Research and Engineering Co.)

Benzotriazole (BTA) is the most important commercial corrosion
inhibitor for copper in aqueous media and is widely used in the
semiconductor industry as a plasma etching mask to control metal etching
profiles in device fabrication. In addition, a wide variety of chemical
derivatives of (BTA) are currently used and/or under development as film
forming anti-oxidant lube additives.

We have grown BTA films on specially prepared CuO samples in order to
determine the growth and bonding of BTA by using carbon fluorescence yield.
This technique has allowed us to qualitatively compare the growth for a
number of BTA derivatives well into the thick film limit as shown in the
figure below.

FLM GROWTH KINETICS
ON CUPPEROUS OXIDE

20 40 60 80 100 120 140 100 180 200

Ttatt(Hr«.)
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Coverage Dependent Study of CO/Co(0001): I High Resolution
Photoemission

D. Sondericker, Z. Fu, and W.Eberhardt (EXXON)

High resolution C and O Is core level photoemission has been used to investigate the

coverage dependence of CO on Co/(0001) in order to increase our understanding of the

differences in the initial states of the two phases. IR absorption studies show that in the low

coverage (9 =1/3) V3x\f3 R 30° phase, the CO molecules are in the terminal position. LEED

studies show that in the high coverage (9 =7/12) 2V3x2V3 R 30° phase, the CO overlayer is

incommensurate with the substrate and there are a variety of adsorption sites. All spectra were

collected at -200°C so that temperature dependent vibrational effects would not interfere with

the interpretation of the data. Figs. 1 and 2 show that with the increase in coverage, the

FWHM of the Cls core level binding energy increases from 0.74 eV to 1.1 eV and the Ols

binding energy increases from 2.0eV to 2.45 eV. We attribute the broadenings in the high

coverage phase to photoemission from the CO molecules adsorbed onto the additional sites.

Deconvolution of the high coverage core level peaks show 3 major peaks in both the C and O

spectra which probably can be associated with the terminal, bridge and 3-fold hollow

positions. These apparent coverage dependent shifts in the core level binding energies are due

to the multiple photoemission peaks in the high coverage phase which cause changes in the

binding energy centroids. In addition there may be a small shift caused by the change in CO-

CO intermolecular interaction in the compressed overlayer.
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Fig. 1 Cls core level photoemission spectra
for the low and high coverage phases.

Fig.2 OIs core level photoemission spectra
for the low and high coverage phases.
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FLUORESCENCE YIELD NEAR EDGE SPECTROSCOPY (FYNES): THIOPHENE ADSORBED ON
MoS2 BASAL PLANE

Paul Stevens (Exxon Res. & Eng. Co.) and Daniel Fischer (Exxon PRT)

Transition metal sulfides (TMS) are an industrially important class of
materials used in hyrodesulfurization (HDS) and hyrdodenitrogenation (HDN)
of petroleum feedstocks. To date most fundamental studies that are aimed at
understanding these processes have been performed on clean and partially
sulfided single crystal surfaces of molybdenum; only a few studies have been
performed on MoS2 surfaces. Since the actual catalysts are the TMS and not
the pure metals, a systematic study of the actual sulfide surface has been
undertaken. Fluorescence Yield Near Edge Spectroscopy (FYNES) has been used
to study the bonding of thiophene (C4H4S) on the basal plane of MoS2.
Spectra have been recorded at the C-K edge for multilayer and monolayer
coverages of C4H4S/MoS2(0001). There was not a pronounced polarization
dependence in the spectra. The normalized spectra for normally incident
light, recorded at 100 K, are presented below. Although the features of the
spectra are qualitatively similar, there are discernible differences in the
relative intensities of the two resonances below 290 eV as a function of
coverage. It is clear that interaction with the MoS2 surface has
selectively perturbed the molecular orbitals of the thiophene. Further
studies, however, will be required before a detailed explanation of this
interaction can be presented.

C4H4S/Mo$2(OCK>1)

1.S

monolaytr

C4H4S/Mo$2(0001)
1 • * > ' • • •
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DE-EXCITATION SPECTROSCOPY OF L2,3 CORE EXC1TONS IN CaF2 THIN FILMS

T. Tiedje*. K.M. Colbow, D. Rogers, Physics Dept., *Also Electrical Engineering DepL, U. of
British Columbia, Vancouver, B.C., V6T 2A6

Z. Fu, W. Eberhardt, Corporate Research Laboratory, Exxon Research and Engineering
Co. Annandale, NJ 08801

ABSTRACT

Spectator and participator Auger decay processes have been observed in CaF2 under resonant
excitation of the L23 core exciton transitions with synchrotron radiation. The CaF2 thin films
were deposited on clean GaAs (100) substrates. At the interface the valence band offset is 7.7
eV, with the Fermi level a few tenths of an electron volt above the top of the GaAs valence band.

The figure below shows photoemission spectra for a thin film of CaF2 on GaAs, excited in the
vicinity of the Ca L2>3 cor*, exciton absorption resonance.

Note the large increase in the Ca photoemission peaks in the Figure between the resonantly
excited spectrum and the non-resonantly excited spectrum. We attribute the large enhancement
in the Ca 3s and 3p photoemission lines to a participator process where the bound 3d electron
created by the absorption event, participates in the Auger decay of the Ca 2p core hole, leaving
a single hole final state. The resonant excitation also produces a strong Auger emission band
with additional sharp peaks at 59 eV and 55 eV binding energy that are not present in the normal
Auger. We interpret these peaks as spectator lines associated with 3p4 3d final states where
the bound 3d electron screens the two hole final state and thereby lowers the final state energy
below the 3p4 Auger final state.
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BEAMLINE U3-C

SYNCHROTRON RADIATION STUDIES OF PHOTOCHEMICAL ASPECTS OF TEFLON ADHESION*

R. R. Rye and N. D. Shinn,
Sandia National Laboratories, Division 1134, Albuquerque, NM 87185

Mechanistic and kinetic aspects of the radiation-induced cross -
linking in poly(tetrafluoroethylene) (Teflon) have been studied using
photon stimulated desorption and photochemical methods. This cross-
linking protects the Teflon surface against chemical etching and is the
basis of a photolithographic process which allows control of both the
spatial extent of adhesion and the adhesion strength. After chemical
etching, pre-irradiated regions of the surface retain the normal white
appearance of Teflon and exhibit poor adhesion characteristics, while non-
irradiated areas are dark and discolored with good adhesion
characteristics. Previous experiments demonstrated that this visual
indication of Teflon cross-linking could be obtained using constant doses
of monochromatic soft X-rays over the energy range 25 eV < \w < 1000 eV;
thus no apparent mechanistic energy dependence is found. More detailed
measurements using photon energies 2-10 eV above and below the F(ls)
threshold reveal a noticeable visual difference after etching; longer
exposure times are necessary to obtain the equivalent visual signature of
cross-linking for energies below the threshold. This suggests an energy
dependence in the efficiency of the cross-linking process related to the
absorption cross section.

This was investigated further using photon stimulated desorption and
monitoring the desorption of neutral fluorocarbon species produced as a
by-product of cross-linking during irradiation. A sharp increase in the
rate of fluorocarbon desorption is observed as the energy advances through
the F(ls) threshold, correlating well with the qualitative visual results,
and reflecting the expectation that above the F(ls) threshold the energy
is deposited closer to the surface. Both the photo-fragment desorption
kinetics and optical appearance after irradiation (and etching) near
threshold, together with other adhesion strength tests, indicate that
near-surface cross-linking is important in photolithographic adhesion.
Thus, the photon stimulated desorption signal can be used as an indirect
measure of the cross-linking kinetics, and the time-dependent desorption
profiles are being modeled to examine the role, if any, of photo-fragment
diffusion through the near surface region in this process.

In summary, all of our data indicate that the photon-induced cross-
linking of Teflon proceeds via a mechanism involving low energy secondary
electrons within th<=> near-surface region. Photon energies corresponding
to maxima in the absorption cross section enhance the efficiency of the
process by maximizing the cross-linking in the near-surface region.
Photon stimulated desorption is a useful in situ diagnostic of the
cross-linking kinetics in the near-surface region which are otherwise
difficult to measure.

* Work supported by the United States Department of Energy under contract
DE-AC04-76DP00789 with Sandia National Laboratories.
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Ultraviolet Photoelectron Spectroscopy of Minerals

T. J. Shankland and L. M Hirsch, (Geophysics Group and Institute
of Geophysics and Planetary Physics, MS D447, Los Alamos
National Laboratory)

In photoelectron spectroscopy (PES) one ordinarily measures
the kinetic energy of electrons ejected from a material by light of
energy greater than the work function. Because electrons are
emitted from bound states, their energy spectrum reflects the energy
distribution of occupied levels and is of particular interest for the
outer or valence electrons involved in chemical bonding and
electrical conduction. The method complements optical reflection
spectroscopy (transitions from occupied to empty electron states) and
x-ray absorption spectroscopy (transitions from core x-ray levels to
empty states). We have used the ultraviolet ring of the National
Synchrotron Light Source at Brookhaven National Laboratory to
obtain photoelectron spectra of specimens in the olivine series,
(Mgj ,Fex)SiO^, for the cases of x=0, 0.1, and 1. Photon energies
were in the range 30 to 1000 eV. Samples were cleaved in air; they
could be ion-cleaned in vacuum by a Ne plasma discharge and
annealed at temperatures to 700°C. In forsterite and olivine the
dominantly O(2p) bands peak about 6 eV below the valence band
edge; O(2s) and Si(3p & 3s) form a broad band about 20 eV below
the edge. At still deeper levels it is possible to see Mg(2p) and
Mg(2s) at about 50 and 92 eV, respectively, and Si(2p) at 102 eV.
In fayalite Fe(3p) appears around -54 eV. The Fe(3d) peak is a
shoulder about 4 eV above the valence band peak, a value that is
observed in FeO and is representative of energies from molecular
orbital calculations.

Eos Transo Amer^ Geophyso Union, 70 , i n p r e s s ( 1 9 8 9 ) ,
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UV PHOTOELECTRON SPECTROSCOPY OF (Mgi_x,Fex)2SiO4*
U3C

T. J. Shankland and L. M Hirsch, (Geophysics Group and Institute of Geophysics and
Planetary Physics, MS D447, Los Alamos National Laboratory) and N. D. Shinn (Sandia
National Laboratories, Division 1114, Albuquerque, NM 87185)

In this work we are studying the silicate olivine (Mgj_xFex)2Si04 (the most abundant
mineral in the outer 30-400 km of the Earth) as a representative component of the Earth's
deep interior. The specimens were synthetic forsterite, San Carlos olivine, and Rockport
fayalite corresponding to x=0.0, 0.08, and 0.99 in the formula. The samples were cleaved in
air immediately before insertion in vacuum; they could be ion-cleaned in the chamber by a Ne
plasma discharge and annealed at temperatures to 700°C. Each was aligned so that cleavage
faces would be the (010) crystallographic faces and light polarization would be parallel to the
[100] or a-axis. Photon energies were in the range 30 to 1000 eV.

Fig. i depicts an overall scan of vaience and shallow core levels. In forsterite and
olivine the dominantly 0(2p) bands peak about 6 eV below the valence band edge; O(2s) and
Si(3p & 3s) form a broad band about 20-25 eV below the edge. Oxygen is coordinated with
both Si and Mg, and 0(25) appears to have a chemical shift in that it peaks at about 25 eV
below the edge, closer to the value for quartz rather than the 20 eV characteristic of MgO.
At still deeper levels it is possible to see Mg(2p) and Mg(2s) at about 50 and 92 eV,
respectively, and Si(2p) at 102 eV. In fayalite Fe(5p) appears around 54 eV. The Fe(irf) peak
is a shoulder 3.5 eV above the valence band peak, a value that is observed in FeO and is
representative of energies from molecular orbital calculations. This separation of Fe(3d) from
the valence band is significant because the 3d levels are intimately involved in conduction
processes to temperatures above 1600K.
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Fig. 1. Baseline-subtracted scan of photoemission from (Mg92Fe.08)2^04-

*Work performed under the auspices of the US DOE.
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CALIBRATION OF A SOFT X-RAY SPECTROMETER

N. D. Shinn, M. A. Palmer, T. J. Tanaka, and A. Widman
Sandia National Laboratories, Albuquerque, NM 87185

The response of a Sandia spectrometer designed to measure the soft
X-ray flux in the 500 eV < hi/ < 1500 eV range has been measured and
calibrated using the Extended Range Grasshopper monochromator U-3C
beamline. The spectrometer consists of four independent channels, each of
which is sensitive to photons in a limited bandpass with a rapid response
time. The bandpass for each channel is determined by two grazing
incidence mirror reflections, a metal filter and an X-ray diode.

Using published reflectivity and transmission data, the expected
performance of each channel can be calculated assuming a constant incident
photon flux at all energies. One example is shown in figure l(a) below.
For comparison, the raw data for this channel are shown in figure l(b),
without correction for monochromator transmission. At the energies of
interest, the monochromator output is approximately constant, leading to
excellent agreement between the calculated and measured response curves.

Figure l(a) Figure l(b)
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Similar agreement was observed for the other three channels. These
data not only verify the predicted response but also can be used to obtain
a quantitative measurement of the instrumental response. In addition, the
mirrors and detectors were tested individually. A comparison of the
convolution of the individual responses with that of the overall system
for each channel will be used as a cross check in the calibration.

* Work supported by the United States Department of Energy under contract
DE-AC04-76DP00789 with Sandia National Laboratories.
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NITROGEN ADSORPTION AND DISSOCIATION ON ULTRA-THIN Cr/WCllO) OVERLAYERS*

N. D. Shinn and K. L. Tsang
Sandia National Laboratories, Albuquerque, NM. 87185

Ultra-thin metal films can have chemical reactivities significantly
different from isostructural surfaces of the same bulk metal, as
illustrated by novel electronic and geometric structures of adsorbed
species or by altered energetics of surface process. One way in which
these observations may be exploited is by reacting a thin metallic
overlayer with appropriate molecules to grow composite overlayers on a
different substrate metal. Using this approach, composite overlayers such
as oxides and nitrides of well defined structure and stoichiometry may be
grown for speciallized technological applications.

Recent experiments in this area have examined the nitridation of a
reactive metal surface, Cr(llO), and the morphological analog, ultra-thin
epitaxial Cr overlayers on W(110). Nitridation via direct dissociation of
nitrogen above 300K is inefficient due in part to its low dissociative
sticking probability on most metals. However, low temperature adsorption
followed by thermal dissociation is an effective way to achieve high
atomic nitrogen coverages. The initial experiments, using valence and
core-level synchrotron photoelectron spectroscopy, have probed molecular
nitrogen chemisorption and dissociation on Cr(llO) and the Cr/W(110)
overlayers. On Cr(llO), a single molecular adsorption state, Q-N., is
populated at 90K via a mobile precursor, which dissociates above -120K.
Direct dissociation into the atomic /3-N state occurs above 120K with a
reduced reaction probability [2].

In contrast, multiple nitrogen binding states are formed
simultaneously at 80K on pseudomorphic monolayer and bilayer Cr/W(110)
surfaces. N(ls) core-level photoemission spectra reveal characteristic
screened and unscreened photoemission final states at 400 eV and -407 eV,
respectively, indicative of a common terminally-bonded Y-N~ species. A
second binding state (a-N~) with a N(ls) binding energy at 398.5 eV is
also observed at 80K, whicn is clearly a dissociation intermediate.
Annealing converts the Y-N~ first to a-N- and subsequently into the
atomic (/3-N) binding state, characterized by a N(ls) binding energy of
397 eV. The existence of the dissociation intermediate state and the
observed dissociation at temperatures below -150K are indicative of a
lower activation energy for N-N bond breaking on the thin films relative
to the already reactive Cr(110) surface. Future work will elucidate the
structures of the Y-N. and a-N. states and explore the surface
reactivities of other nitrogen containing species.

1. Joint Sandia / Cornell Senior Research Associate.
2. N. D. Shinn, to be published.

* Work supported by the United States Department of Energy under contract
DE-AC04-76DP00789 with Sandia National Laboratories.
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BEAMLINE U3-C

STRUCTURE AND REACTIVITY OF STRAINED METAL OVERLAYERS ON W(110)*

1 2
N. D. Shinn, C. H. F. Peden, K. L. Tsang and P. J. Berlowitz
Sandia National Laboratories, Albuquerque, NM 87185

The epitaxy of transition metal surfaces on single crystal substrates
is a novel method of preparing stable, well-characterized surfaces with
chemical properties unlike those of either constituent alone. These
hybrid surfaces and intermetallic interfaces can be tailored for specific
materials and chemical applications including passivation, coatings and
catalysis. Previous work at Sandia on iron and chromium epitaxy on W(110)
using Auger electron spectroscopy (AES), low energy electron diffraction
(LEED), temperature programmed desorption (TPD) and work function
measurements has shown that a (lxl) pseudomorphic monolayer (1 ML) is
stable at temperatures up to desorption at temperatures exceeding the bulk
sublimation temperatures of the respective overlayer metals. In addition,
for chromium a metastable bilayer of (2x2) symmetry is stable in the range
500K < T < 800K. High resolution core-level photoemission has been
used to measure the chemical shifts during the evolution of these well
characterized metal.•metal interfaces during the layer-by-layer
growth. This information will be compared to theoretical calculations of
the electronic structure and charge transfer involved in bonding for these
overlayer systems.

In addition, the novel reactivity of these extremely stable hybrid
(1x1) surfaces is being explored in detail. Chemisorption of simple
molecules such as CO, 0_, and N. demonstrates that while the pseudomorphic
overlayers have essentially the same morphology as the respective Fe(llO)
and Cr(llO) surfaces, the hybrid surface electronic structure is
manifested in markedly different adsorption states and dissociation
energetics. Oxidation and nitridation studies of the pseudomorphic
monolayers show enhanced reactivity as compared to the single crystal
Fe(llO) and Cr(llO) surfaces. Because the pseudomorphic (lxl) Fe/W(110)
and Cr/W(110) surfaces have both overlayer and tungsten atoms exposed,
oxygen chemisorption results in charge transfer from both metals. An
electronic effect in the underlying tungsten is still observed for bilayer
and thicker films where direct oxygen-tungsten bonding is prevented.
Annealing of oxygen dosed overlayers results in increased oxidation of the
tungsten, suggestive of oxygen diffusion to the buried metal interface.
Quantitative analyses of these data will yield a layer-by-layer
compositional analysis of the interface.

1. Joint Cornell/Sandia Senior Research Associate.
2. Present address: EXXON Research and Engineering Co., Linden, NJ.

* Work supported by the United States Department of Energy under contract
DE-AC04-76DP00789 with Sandia National Laboratories.
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Comparison Infrared Spectroscopy Using Synchrotron
and Mercury Arc Lamp Sources U4IR

G. L. Carr*§, University of Florida, Department of Physics, Gainesville, FL 32611, S.
Perkowitzt§, Emory University, Department of Physics, Atlanta, GA 30322, G.P. Willi-
ams, C.J. Hirschmugl*, NSLS, Brookhaven National Laboratory, Upton, New York
11973.

We have made a comparison of transmission spectra measured at the U4IR beamline
to those from infrared spectrometers with conventional mercury arc sources over the
range 25-35Ocm~1, (30-400|i). To give a demanding test, spectra were measured for a
metal film with transmission below 0.5%. As predicted by theory, spectra measured
with synchrotron radiation increase in quality as frequencies decrease below lOOcnT1.
At 40cm"1, the NSLS synchrotron radiation gives a signal to noise ratio -10 times that
obtained with a mercury arc source. Thus to get the same signal to noise in a spec-
trum from a conventional source as one taken in lOmins at the NSLS would require
scanning for lOOOmins or almost 17hrs.
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Figure 1. Ratio of the relative error or "noise" observed in spectra measured with the
NSLS and a mercury arc source. The dashed line represents the theoretical ratio of
K5a. Note that this is a log-log plot.

* Supported by the DARPA under contract #MDA-972-88-J-1006
f Supported by the NSF under Grant #ECS-872OOO8
^Supported by US DoE Contract #DEAC02-76CH00016
§ Supported by the NSLS/HFBR Faculty Support Program at BNL
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Fast IR Response of Epitaxial YBCO Films
•U4IR

G. L. Carr, M. Quijada, C. Mueller, P.H. Holloway and D.B. Tanner*J, Department of
Physics, University of Florida, Gainesville, FL 32611; C.J. Hirschmugl and G.P. Willi-
amsf, NSLS, Brookhaven National Laboratory, Upton, New York 11973; S. Etemad,
T. Venkatesan, F. Derosa, B. Dutta, D. Hemmick, A. Inam and X.D. Wu, Bell Com-
munications Research/Rutgers University.

A facility for testing the response of high-Tc film structures to broadband
nanosecond duration, infrared pulses has been implemented on the infrared beamline
(U4-IR) at the NSLS. Ellipsoidal mirror optics deliver the majority of the beamline's
radiation into a spot less than 0.1mm in diameter, enabling investigations utilizing
small film structures. We have used the facility to study the response of epitaxial and
granular YjBa2Cu3O7_8 films and narrow bridge structures as a function of temperature
and bias current. Similar films have been reported1'2 to detect short pulses of infrared
laser light under certain conditions. In our study we find ?, rather slow bolometric
response in the region of the resistive transition (Fig.l) and an additional fast response
for our epitaxial films. The fast response is shown in Fig. 2 which shows 7 peaks
corresponding to the 7 electron bunches filled in the VUV ring during the run.

1. M. Leung et al., Appl. Phys. Lett., 51, 2046 (1987).

2. T. Frenkel et al., Appl. Phys. Lett., 54, 1594 (1989).

Fig. 2
Fast IR Response of Epitaxial YBCO High Tfi Film
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* Supported by DARPA under contract #MDA-972-88-J-1006

§ Supported by the NSLS/HFBR Faculty Support Program at BNL

tSupported by US DoE Contract #DEAC02-76CH00016
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U4-IR

INFRARED CONDUCTIVITY MEASUREMENTS OF YiBa2Cu3O7_j
EPITAXIAL FILMS
G.L. Carr+, F. Gao, and D.B. Tanner (U. Florida*), C.J. Hirschmugl and G.P. Willams
(NSLSf), B. Dutta, S. Etemad, and T. Venkatesan (Bellcore), A. Inam and X.D. Wu
(Rutgers U.)

The frequency dependent far infrared (30-300 cm"1) conductivity for the high-
Tc superconductor YiBa2Cu3O7_$ has been directly determined (without a Kramers-
Kronig analysis) for the first time (see figure). This was achieved by combining the
results of transmission and reflection measurements on the same film. The sample was
a high-quality, 120 nm thick, epitaxial film prepared by laser deposition onto an MgO
substrate.

For T > Tc, we find an approximately Drude conductivity, having a width (1/r)
of 140 cm"1 at T=100K that scales inversely with temperature. For T < Tc, the conduc-
tivity drops sharply, and is zero (within measurement accuracy) for frequencies below
100 cm"1. Above 100 cm"1, the conductivity is non-zero, but we do not believe this
absorption stems from the creation of excitations across a superconducting energy gap,
since a similar feature is present in the normal state. Instead, we interpret this absorp-
tion as some other direct excitation which becomes more exposed at low temperatures
when the Drude-like free carrier component narrows, or condenses in the superconduct-
ing state.
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"•"Supported in part by the NSLS/HFBR Faculty Support Program at BNL.
* Research supported by DARPA under contract MDA972-88-J-1006.
tResearch supported by the DOE under contract DE-AC02-76CH00016.
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First IR Observation of a Molecule/Substrate Vibration - CO on Cu(l l l ) ' U4-IR

G.P. Williams, CJ. Hirschmugl, NSLS, Brookhavcn National Laboratory, Upton, New York 11973, F.
M. Hoffmann, Exxon Research and Engineering, Annandale NJ 07974, Y. J. Chabal, At&T Bell Labs,
Murray Hill, NJ 07974. tSupported by US DoE Contract #DEAC02-76CH00016

Using the U4IR beamline we have been able to observe the first molecule/substrate vibrational mode for
CO adsorbed on Cu( l l l ) . The data reported are for a half monolayer coverage. In the region where
the measurements were made, the NSLS is 100-1000 times brighter than globar sources which led to
much higher signal to noise values necessary to "see" the absorption of the carbon-metal stretch mode.
Typical absorption coefficients for submonolayer coverages in these systems are -0 .1 % which make
them 100 times weaker than, for example, CO molecular stretch modes. For reactive surfaces it is
desirable then to measure spectra from both the clean surface and the adsorbate covered surface in a
time period of the order of 10 mins and with a rcproducibility of 0.01% so that the ratios reveal the
adsorbate modes. Note also that to obtain the same signal to noise with a conventional source would
require scanning for a period of time 10000 to 1000000 times longer, which is not possible for these
suface science experiments.

IR spectroscopy has three advantages over EELS, one being the possibility of taking measurements at
higher pressures closer to those found in real corrosive or catalytic environments, one being the ability
to measure at lower energies and the major one being the much higher resolution. In an EELS experi-
ment the incoming beam has a energy width of several meV whereas our high resolution spectrometer
has a resolution of 0.1 cm~\ which is \2\xeV at 12 meV (100cm"'.lOOton).

Carbon Metal Stretch for V3 x V3 CO on Cu(lll)
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Figure 1. Reflection spectra from clean and adsorbate covered surfaces of Cu( l l l ) normalized to the
clean surface showing peaks associated with molecule/substrate interactions. The assignments of these
peaks to adsorbates was checked by measuring the isotopic shifts by repeating the experiment on
C13O1!. The top curve in the figure shows that the reproducibility is -0.0006% plus a small drift. The
two lower curves show two modes in the frequency range shown. In the lower curve, for C12O16, the
dip at 341 cm'x (42meV, 30|im) is interpreted as the carbon-metal stretch. The structure at -290 cm'1

(36meV, 34^im) appears at this time to be a Fano resonance involving another mode of the molecule
such as a frustrated rotation or translation which is degenerate with a substrate phonon.
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Infrared Properties of Single Crystal MgO - A Substrate
for High Tc Superconducting Films

U4IR

T. R. Yang, S. Perkowitzf§, Emory University, Department of Physics, Atlanta, GA
30322, G. L. Carr*5, University of Florida, Department of Physics, Gainesville, FL
32611, S. Perkowitzf§, Emory University, Department of Physics, Atlanta, GA 30322,
R. C. Budhani, G.P. Williams, CJ. Hirschmugl*, NSLS, Brookhaven National Labora-
tory, Upton, New York 11973.

We have measured and analyzed the infrared properties of single crystal MgO, an
important substrate for high-Tc superconducting films, from 10 to 280cm"1 (-30-
1000|i) and from 20 to 300K. We accurately fit the frequency and temperature depen-
dent transmission spectra using phonon oscillators. The fits require a strong transverse
optical phonon near 400cm"1, already known for MgO, and weaker modes near 280,
148 and 100cm"1, which may come from multiphcion processes. The results demon-
strae the high quality data obtainable from infrared synchrotron radiation.
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Figure 1. Infrared transmission of 1.13mm thick, (100) MgO at 20, 50, 70, 90, 150,
200 and 290K. Individual points, measured values. Data below 40cm"1 from mercury
arc source and stepping Fourier spectrometer. Data above 40cm"1 from synchrotron
source and rapid scan Fourier spectrometer. Solid lines, best least-squares fit to the
data at 20, 50, 70, 90 and 290K.

f Supported by the NSF under Grant #ECS-8720008

* Supported by DARPA under contract #MDA-972-88-J-1006
^Supported by US DoE Contract #DEAC02-76CH00016
§ Supported by the NSLS/HFBR Faculty Support Program at BNL
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U4A

BONDING IN EPITAXIAL CoSi2 TEMPLATES ON Si(100)

David D. Chambliss and T. N. Rhodin (School of Engineering and Applied Physics, Cornell University)
J. E. Rowe and S. M. Yalisove (AT&T Bell Laboratories)

Epitaxy of CoSi2 layers on Si dystal surfaces is strongly conditioned by the structure of the initial or template
layer which we have studied with angle-resolved photoemission (ARUPS) to investigate electronic structure.
The template is of predominately [100] orientation and can be used to grow thicker [100] layers of CoSi2 by
alternating deposition or co-deposition of Co and Si followed by annealing.1 The annealed CoSi2(100) surface
displays a characteristic fourfold symmetric LEED pattern described as a c(2x2)R45" pattern.' It has been found
that a well-ordered template can also be made by depositing 2 A of Co on Si(100) and annealing to 460*C.
The layer that results is not of pure [100] orientation and typically 30-50% of it consists of [110] grains.

Spectra collected at normal emission from a template for a range of photon energies are shown in Fig. 1. The
spectra are dominated by a compound peak around (EF - 2) eV due primarily to Co(3d)-Si(3p) nonbonding
hybrid states. Significant intensity
is also seen around (EF - 4) eV, the
energy characteristic of Co(3d)-
Si(3p) bonding hybrid states in
CoSi2. Many features in normal
and off-normal emission spectra,
such as the peak labeled A in Fig. 1,
agree well with bulk CoSi2 band
structure2 using a free-electron-final
state model that has proved
successful for epitaxial
CoSi2/Si(lll) as well.3 However,
the almost dispersionless peak B at
(EF - 1-3) eV may be a surface or
interface state. Assuming a
minimum escape depth of - 5A, the
estimated relative intensities of peak
B at 29 eV and 70 eV are consistent
with its being more localized at the
Si-CoSi2 interface than at the
surface.

CoSi2 film on Si( 100)4-
Normal emission
70* incidence

Figure 1.
emission

Angle-resolved photo-
(ARP) spectra for differ-

ent photon energies from a CoSij
film grown on Si(100) cut 4" off
the [100] orientation. Energies
are specified relative to the
Fermi level EF-0. Feature A is
related to a bulk energy band of
&l symmetry, and feature B is
probably due to a Co(3d) state
localized near the Si-Co5i2
interface. He assign the peak C
to a CoSi2 DOS feature.

-7 -6 -5 -4 -3 -2 -1
matin to & (<V)

1. S. M. Yalisove, R. T. Tung and J. L. Batstone, presented at the 1988 MRS Spring Meeting, Reno, NV,
1988; to be published in Proc. Mat. Res. Soc. Symp. 160.

2. L. F. Mattheiss and D. R. Hamann, Phys. Rev. B 37, 10623 (1988).

3. G. Gewinner, C. Pirn, J. C. Pemcheui, D. Bolmont, J. Derrien and P. Thiry, Phys. Rev. B 38,
1879(1988).

Work of Chambliss and Rhodin supported by the Cornell Materials Science Center(NSFPDMR16616-A01).
Work of Rowe and Yalisove supported by AT&T Bell Laboratories.
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ANOMALOUS BROADENING
LINEWIDTHS ON W(011)

U4

OF ANGLE-RESOLVED PHOTOEMISSION

S. Dhar and S.D. Kevan.University of Oregon

We investigated the surface-localized states near the Fermi level on W(011) using high
resolution angle resolved photoemission(ARP). The observed energy and momentum
linewidths of surface states at Ep should approach zero according to the predictions of
theories based upon lifetime broadening of the final state photohole and photoelectron.
Fig. 1 shows the experimentally determined 2D Fermi surface of the W(110) surface.1

Fig. 2 is ARP spectra taken along AB (as in fig. 1). Two features with finite width at
Ep cross Ep as kii is varied. The proximity of the Fermi level makes these spectra
difficult to interpret. Fig. 3 displays the normalized photoemission intensity at binding
energy of 0.1 eV as a function of parallel momentum. The two peaks centered at k II =
0.27 A" and k n = 0.47 A"1 correspond to the Fermi surface crossings of the electron
and hole pockets, respectively and the shoulder at k» = 0.21 A to a smaller
contribution from the bulk continuum.The peaks were fitted to three Lorentzians with
constant background, giving two peaks with FWHM of 0.08 A"1 each, and the shoulder
with FWHM of 0.095 A , indicating a small contribution from resonant broadening. Our
experimental energy and momentum resolutions are typically 20-30% of the measured
widths. The very sharp LEED patterns observed rule out any significant broadening
from crystal imperfections. Phonon emission during or after the photoexcitation process
must play an important role. The high density of the vibrational states in a solid would
result 'ti broad featureless bands, which are beyond the resolution capabilities of this
technique. The average loss per phonon emission is of the order of the Debye energy(25
meV). The broadening could then be explained by the excitation of about ten phonons.
The tungsten d-bands can have strong bonding or antibonding character, which would
explain the broadened features. This contribution to the observed Hnewidth is intrinsic
to the photoemission process and should be largely temperature-independent. This
broadening mechanism places a limitation on the precision with which the ARP
technique may be applied.
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!R.H. Gaylord,K. Jeong,and S.D. Kevan,Phys.Rev.Lett.62, 2036(1989).
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Surface State-Surface Resonance Transition on Ta(Oll)
U4

E. Kneedler, D. Skelton, and S.D. Kevan
Physics Department

University of Oregon

The electron states near a clean and ordered surface are often placed into three
catagories: three-dimensional bulk states which simply reflect off the surface barrier,
two dimensional surface states which are located in projected band gaps and are thus
surface-localized, and surface resonances which are a hybrid of these two. Surface
resonances are of particular interest since they allow charge to be transferred between
the surface and the bulk. They are resonances in the classic sense of a quasi-discrete
state degenerate with a continuum. It is this degeneracy which makes them interesting
but also difficult to study. Unlike most other types of res' nances, a surface resonance
can in principle become a true state by dispersing into a projected band gap. We have
observed such a transition on Ta(011) and Ta(011)+H using high-resolution angle-
resolved photoemission.

We have measured surface state bands whose dispersion relations carry them out
of a projected bulk band gap (left of figure) into a continuum (right). We observe
avoided crossings between the surface bands and bulk bands derived from the edge of
the continuum. Specifically, a surface band changes smoothly to a bulk band. Similarly,
a bulk band changes smoothly to a surface resonance embedded in the continuum. The
"surface" and "bulk" characteristics of these bands are ambiguous in the vicinity of the
avoided crossing. Thus the designations bulk state, surface state, and surface resonance
become inaccurate when these levels are energetically close. We also have quantified the
expected resonant broadening of the surface resonance and characterized it as a function
of parallel momentum. The avoided crossing and the resonant broadening are ascribed
to the real and imaginary parts of the self energy of the quasi-discrete surface level.

Ta(011) clean

Parallel Momentum
A
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U4A

ALKALI METAL ADSORBATES ON W(110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin (AT&T Bell Laboratories)

We have studied the adsorption of Na, K, and Cs on clean W(l 10) surfaces for coverages from a fraction of a
monolayer to exposures corresponding to many monolayers, using both LEED and photoemission from the W
4f and the outermost filled alkali p-states. The latter are relatively sharp, but may have some dispersion.

For Na the first monolayer exhibits a series of well-defined LEED patterns, associated with distinct core-
electron binding energy shifts. The binding energy becomes smaller with increasing coverage, see Fig. 1 which
contains both the W4f and Na 2p lines. The Na 2p shift is much smaller than the decrease in the adsorption
enthalpy. A Bom-Haber cycle analysis establishes a linear relationship between these parameters and shows
that the difference is due to the simultaneous but smaller change in the adsorption enthalpy of a Z+1 atom, Mg,
in the Na adsorbate layer. The behavior of the core-electron binding energies is similar for K and Cs. For all
three metals the photoemission lines from the first layer are significantly broader than those of the bulk metal.
This is in part due to interatomic Auger decay with W 5d electrons, and in part due to phonons and other
vibrational excitations.

Formation of the second monolayer results in a further reduction in the core-electron binding energy of the first
layer. The core-electron binding energy of the second layer is larger and much less sensitive to coverage. It
also has a much smaller line width.

Na/W{110) surface
bulk

31
BINDING ENERGY (eV)

30

Further exposure to the adsorbate vapor results in the
appearance of a new, sharp line at a binding energy ~0.2
eV smaller than that of the second layer. The signals from
the the W subtrate and the first adsorbate layer remain
visible, even after sufficient metal has been deposited to
obscure them completely if the growth were to remain
layer-wise. At the same time the sharp LEED spots are
replaced by a diffuse background. This is indicative of the
growth of randomly oriented clusters of considerable
thickness, i.e., the growth is in the Stranski-Krastanov
mode. The new line then corresponds to the bulk metal,
and the slightly shifted line which replaces the second-
layer signal to the surface atoms of the clusters. The
"polycrystalline" surface-atom core-level shift is 0.20 eV.

Surprisingly, the photoemission line from the W 4f surface
atoms is little perturbed by the adsorbed alkali atoms.
Shift to lower binding energy no greater than 20 meV are
produced by the first atomic layer of these alkalis. The
only other change is a small reduction of the surface-to-
bulk intensity ratio. Since this ratio is greatly enhanced by
photelectron diffraction at 70 eV, where the data were
taken, the change in surface signal is probably due to a
small change in the spacing of the first layer, induced by
the adsorbate.

Work supported by AT&T Bell Laboratories.
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DIFFERENT CORE-HOLE LIFETIME AND SCREENING IN THE SURFACE OF W(110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin (AT&T Bell Laboratories)

We report the first determination of the modification in the core-hole lifetime and many-body screening
exponent in the first atomic layer of a metal. The experiments were done on the (110) face of a single-crystal
W ribbon [1], which was cleaned by standard techniques in a base pressure of lxlCT10 Torr. For this surface,
the second atomic layer has the same nearest- and next-nearest-neighbor coordination as the atoms in the bulk.
The work was carried out on the AT&T Bell Laboratories 6m TGM, using a VSW 100mm hemispherical
analyzer. For 70 eV photons the total instrumental resolution, including that of the TGM and electron
spectrometer, is 83 ± 3 meV, according to determinations based on the Fermi edge. Detailed analysis of Fermi
edges confirmed that the resolution function is well approximated by a Gaussian.

The bulk and surface 4f7/2 signals, separated by 321 + 2 meV, are well resolved (see figure). Thirteen similar
data sets were analyzed using two fully independent Doniach-Sunjic lines to test the conventional notion that
measurable changes in core-level line shape at the surface arise mainly from enhanced phonon broadening. Our
high-resolution data deny this assumption for tungsten. We find that the independently determined Gaussian
widths of the bulk and surface components are indistinguishable, 9 5 + 4 meV at a temperature of 215 K and
105 + 4 meV at 315 K. By contrast, the data clearly show a core-hole lifetime of 60 ± 7 meV for the bulk and
86 ± 5 meV for the surface. We attribute the decreased lifetime at the surface to band narrowing, since the 4f
hole state decays primarily by Auger processes involving the 5d conduction electrons. Similarly, the singularity
index of the bulk and surface lines are different, 0.036 + 0.007 and 0.063 + 0.006, respectively. This difference
is attributed to the concurrent increase in the density of states at the Fermi energy associated with the surface

valence-band narrowing. Subtracting the instrumental
resolution in quadrature from the total Gaussian widths, we
obtain phonon widths with the expected temperature
dependence, 47 + 10 and 65 + 10 meV at 215 K and 315
K, respectively. However, these values are significantly
smaller than the corresponding theoretical estimates of 76
and 88 meV obtained by Sebilleau, et al., [2], for bulk W.

These results lead to a number of conclusions, which
should be generally applicable to the interpretation of
surface-atom core-level spectra of metals. (1) Band
narrowing at the surface increases the CVV Auger decay
rate and the lifetime width of core levels, accounting for
the excess width which is commonly observed in surface-
atom core-electron spectroscopy. (2) There is no evidence
for anomalous phonon broadening at the surface; the
observed broadening is in accord with changes in the
vibrational spectrum at the surface. (3) The singularity
index is modified at the surface.

31 .s ~si'x>
BINDING ENERGY (»V)

[1] We are indebted to Prof. Peder J. Estrup for the loan of this sample.
[2] D. Sebilleau, et al., J. Phys. C 20, 2647 (1987).

Work supported by AT&T Bell Laboratories.
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We have obtained W 4f photoemission data from a clean W(110) surface
in which the signals from the f i r s t atomic layer and the bulk are much
better resolved than in earl ier work. The second layer is indistinguishable
from the bulk, as one might expect on the basis of the near-neighbor and
next-near-neighbor coordination numbers. The quality of the data is such
that one can for the f i r s t time expect to determine independent values
for the l i fet ime and phonon widths, as well as for the many-body screening
exponents of the bulk and surface. This opens up a new approach for the
study of the electronic properties of the f i r s t atomic layer.
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U4A

HYDROGEN ADSORPTION ON W(110)

D. M. Riffe, G. K. Wertheim, and P. H. Citrin (AT&T Bell Laboratories)

The adsorption of hydrogen on the W(110) surface has been studied between zero and monolayer (ML)
coverage with photoemission spectroscopy of the W 4f core levels and valence band (VB). For all
measurements 70 eV photons were used at a total resolution of 85 meV.

Initially at -321 + -2 meV with respect to the binding energy of the bulk 4f core levels, the 4f peak from the
surface atoms monotonically shifts to just -30 + 10 meV as H coverage approaches one monolayer. The rate of
change of this surface core level shift can be roughly divided into two sections corresponding to the first and
second half-monolayers of hydrogen adsorption. During the first -j ML of adsorption the shift is only
approximately +75 meV. In contrast, the final \ ML shows a much larger shift of+215 meV.

Valence-band data, which were collected at normal emission, corresponding to the Brillion-zone center, exhibit
rather subtle changes (i.e. small changes in peak intensities) during the first part of the H adsorption. However,
during the second half-monolaycr of adsorption, the VB markedly changes, showing the appearance and
subsequent growth of a new feature 4 cV below the Fermi energy. This feature is a true surface state (as
opposed to a resonance) due to its existence in a band-gap of the surface-projected bulk density of states. Its

appearance is similar to the split-off band observed in palladium
hydride [1] for large hydrogen densities, and can thus be
identified as arising from a bonding level for a local saturation
H density.

The correlation of the growth of the split-off band with the
increased rate of change of surface core-level binding energy
suggests that the increased charge transfer at >l/2 ML coverage
from the W atoms largely goes into producing this H bonding
level. It thus seems likely that this transfer is responsible for
the change in bonding between the first and second layers which
results in the LEED deduced [2] translation of the entire top W
layer.

The positive shift in surface core level binding energy
demonstrates that hydrogen still exhibites its electronegative
character on this W surface in spite of the concurrent anomalous
decrease in workfunction [3]. Taken together, the workfunction
decrease and positive surface core level shift (SCLS) imply that
the H atom lies below the surface image plane which makes the
asymmetric three-fold hollow the most likely binding site at all
H coverages. This is also in line with EELS measurements
which show no strong dipole-active modes associated with any

31.0 30.5 H vibration [4].
BINDING ENERGY (eV)

[1] D. E Eastman, J. K. Cashion, and A. C. Switendick, Phys. Rev. Letters 27, 356 (1971).
[2] J. W. Chung, S. C. Ying, and P. J. Estrup, Phys. Rev. Letters 56, 749 (1986).
[3] R. Blanchet, N.J. DiNardo, and E.W. Plummcr, Surf. Sci. 118,496 (1982).
[4] B.D. Barford and R.R. Rye, J. Chem. Phys. 60, 1046 (1974).

Work supported by AT&T Bell Laboratories.
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U4A

EVIDENCE FOR GERMANIUM SEGREGATION AT GeSi(lll)5x5 ALLOY SURFACES.

J. E. Rowe and J. C. Bean (AT&T Bell Laboratories)
J. M. Seo (University of Florida)

Thin Films of Geo.sSio.5 alloy films have been grown epitaxially on Si( l l l ) and studied by high resolution
electron energy loss spectroscopy (HREELS) and by synchrotron radiation photoemission spectroscopy. We
studied the clean and hydrogen covered surfaces which both display 5x5 LEED patterns, indicating only a
minor perturbation by chemisorbed H atoms similar to the well-known effects on the Si(l 11)7x7 surface.1

However, HREELS data show only Ge-H stretching and bending modes not Si- H modes indicating that H
preferentially bonds to surface Ge atoms. Core-level photoemission (see Figs. 1 and 2 below) shows strong
surface core-level shifts for the Ge(3d) levels and not for the Si(2p) levels. The evidence for surface core level
shifts is the apparent broadening of the Ge(3d) levels due to unresolved surface-shifted components. The
kinetic energy for each of the curves (top, middle nad bottom) of both data sets is the same and is
approximately 10, 15 and 25 eV, respectively. These results from photoemission confirm the HREELS results
and imply strong segregation of Ge atoms at both clean and H covered surfaces. Photon energy dependent
lineshapes and a more quantitative lineshape analysis (not shown) indicate that the 0.5-0.5 alloy composition
probably is achieved by the 4th or 5th atomic layer. Valence band studies in the photon energy range 40-60 eV
show H induced states in the range 4.5-6.0 eV below the valence band maximum (VBM) and dangling bond
surface states about 0.6 eV below VBM.

1. H. Ibach and J. E. Rowe, Surf. Sci. 43,481 (1974).

Work of Rowe and Bean supported by AT&T Bell Laboratories and work of Seo supported by Office of Naval
Research and the University of Florida.
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U4A

EXPERIMENTAL TWO-DIMENSIONAL ENERGY BANDS FOR Si(lll)-B

J. E. Rowe, R. L. Headrick and L. C. Feldman (AT&T Bell Laboratories)

Recent structural and spectroscopic studies of the 1/3 monolayer Si(lll)-B ^ 3 x ^ 3 system have shown that it
displays a unique sub-surface geometry with Si adatoms rather than B adatoms as found for other similar group
III elements such as Al, Ga and In.1"3 At lower coverages an atomically resolved tunnel diode characteristic has
been observed on some surfaces.4 For a-Si covered, buried interfaces a highly conducting delta-doped layer has
been observed. Thus, it is of great importance to examine the electronic properties of this system. We have
used angle resolved photoemission spectroscopy (see Fig. 1) with synchrotron radiation to study surface states
of this system at photon energies in the range 14-33 eV. From such studies we can map the 2-dimensional
energy bands of this system throughout the surface Brillouin zone (see Fig. 2). Three different B-related bands
are found (only two are shown in Fig. 2) in contrast to the resonance lamp photoemission studies of Kaxiras, et
al. who observed only one of these bands. We also find a Fermi-level position close (- 2kT) to the top of the
valence band for the clean surface which agrees with
recent conductivity measurements indicating an electrically
active 2-D layer. For surfaces with a thin 1-2 mL
coverage of a-Si the Fermi level shifts upward to - 0.5 eV
above the bulk Si valence band maximum due to mid-gap
surface states in the a-Si overlayer.

1.

2.

R. L. Headrick, I. K. Robinson, E. Vlieg and L. C.
Feldman, Phys. Rev. Lett. 63,1253 (1989).

P. Bedrossian, R. D. Meade, K. Mortensen, D. M.
Chen, J. A. Golovchenko and D. Vanderbilt, Phys.
Rev. Lett. 63, 1257 (1989).

I. W. Lyo, Kaxiras and Ph. Avouris, Phys. Rev. Lett.
63, 1261 (1989).

I. W. Lyo
(1989).

and Ph. Avouris, Science. 245, 1369
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U4A

PHOTOEMISSION MEASUREMENTS OF SURFACE STATES ON NiSi2(lll)-Si

J. E. Rowe (AT&T Bell Laboratories)

Nickel disilicide, NiSi2, is a metal with a density of states which is quite similar to that of copper. Samples of
this material are usually prepared by epitaxial growth of films on Si( l l l ) substrates because high quality
material is often obtained, but one can also grow small bulk single crytals. It was recently demonstrated by
high resolution synchrotron-radiation photoemission and scanning tunneling microscopy (STM) results1 that a
local reconstruction involving a Si bilayer decorated with random adatom-triad features is the stable structure
for the (111) surface of NiSi2. This is in contradiction to previous models for NiSi2(ll l) .2 In the present
experiments, epitaxial NiSi2 terminated with a thin Si bilayer has been studied by angle-resolved synchrotron
radiation photoemission in the photon energy range 30-130eV. This surface phase of NiSi2 is readily obtained
by annealing in the temperature range 350-850'C. The samples used were prepared by MBE techniques with a
film thickness of -7OO-8OOA on Si( l l l ) substrates and capped with a -100A film of a-Si to act as an oxide
barrier while samples were transferred to the photoemission chamber. The surfaces studied by photoemission
were prepared by careful sputtering to remove the oxide and a-Si layer and then anealed to -450-650'C for one
minute. Photoemission spectra were taken with total resolution in the range 200-350 meV and show evidence
for two sharp surface states (see Fig. 1) in the binding energy range between the Fermi energy and the top of
the 3d band at -2.6eV. These states are very
localized in k-space and are the silicide analogue
of the well-known free-electron-like surface
states previously studied on elemental metals
such as Cu, Ag, Al and Au. Such sharp surface
states have not been previously measured for
these silicide materials probably due to structural
defects such as islanding. It is well known that £
for Cu surfaces3 trace impurities and other sjj
defects broaden and weaken the sharp surface §
states. A comparison of these data with results g
on other samples of NiSi2(l l l) reveals that
only the "best" MBE quality samples show the
sharp surface state features consist with the
defect mechanism mentioned above. Further
analysis of the k-space dispersion is in progress
that is expected to locate these surface states
within the two dimensional Brillouin zone bulk
gaps. BINDING ENERGY (eV)

1. J. E. Rowe, G. K. Wertheim and R. S. Becker, Bull. Am. Phys. Soc. 34, 579 (1989).

2. W. S. Yang, F. Jona and P. M. Marcus, Phys. Rev. B 28, 7377 (1983).

3. S. D. Kevan, Surf. Sci. 178, 229 (1986).
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U4A

PHOTOEMISS1ON STUDIES OF A LOCAL SURFACE RECONSTRUCTION ON NiSi2(lll).

J. E. Rowe, G. K. Wertheim, R. S. Becker, and R. T. Tung (AT&T Belt Laboratories)

NiSi2 is an important material that has been studied both theoretically and experimentally, a*>d it has been
assumed to have a bulk-terminated (111) surface structure.[l] We have performed a series of high resolution
synchrotron-radiation photoemission and scanning tunneling microscopy (STM) experiments that show evidence
for both an additional Si-bilayer surface and a local reconstruction involving adatom-triad features which are on
top of this Si bilayer. This resulting structural model is in contradiction to previous models for NiSi2(ni), but
the presence of the additional Si bilayer is consistent with our previous results for CoSi2(lll) surfaces reported
last year[2]. It is also similar to the photoemission studies of K. Horn and co-workers[3I who prepared thin
-10-50A films of NiSi2 by deposition of Ni onto Si(l l l) followed by various annealing steps and noticed Si
surface segregation on thinner layers.

Photoemission lineshape analysis gives evidence for four near-surface components and the bulk component
shown in Fig. 1. The strongest (S,) has -1 mono!ayer(mL) intensity and is similar to the corresponding Sj
component of CoSi2(lll) except for a binding energy shift of ~0.5eV due to the difference in bulk binding
energies. The weakest surface component (So) has -0.1 mL intensity, which we associate with surface
adatoms. We have performed STM experiments on similar NiSi2 samples which give images showing triad
adatom-like features. These adatom features have a density of -0.14 mL and are located randomly on the
NiSi2(l 11) lattice and are not observed in STM experiments on CoSi2(l 11) surfaces.

99 98 100 99
BINDING ENERGY (eV) BINDING ENERGY (eV)

One possible explanation for this difference is the expected[2,4] different coordination of the Si bilayer relative
to the silicide structure beginning at the third layer. Because the Co atoms are 8-fold coordinated, the second
Si layer peak (S2 in Fig. 1) is shifted below the bulk peak B in CoSi2 by 0.17eV. In NiSi2 the outermost Ni is
7-fold coordinated, which results in a structure with the second layer Si of the NiSi2 surface bilayer that is
probably tetrahedrally coordinated like bulk Si and thus has a smaller binding energy relative to the bulk,
-0.48eV.

[1] W. S. Yang, F. Jona and P. M. Marcus, Phys. Rev. B 28,7377 (1983).
[2] J. E. Rowe, G. K. Wertheim, and R. T. Tung, J. Vac. Sci. Technol. A 7, 2454 (1989); also NSLS annual
report 1988.
[3] V. Hinkel, L. Sorba, H. Heak, K. Horn, and W. Braun, Appl. Phys. Lett. 50,1257 (1987).
[4] D. R. Hamann, Phys. Rev. Lett 60, 313 (1988).

Work supported by AT&T Bell Laboratories.
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Epitaxial CaS\2 terminated with a thin Si bilayer has been studied by synchrotron
radiation photoemission. This well-defined surface phase of C0S12 is obtained by
high temperature annealing in the range 450-650*C The samples used were prepared
by MBE techniques with a film thickness of-800A on Si(lll) substrates and capped
with a -100A film of a-Si to act as an oxide barrier while samples were transferred to
the photoemission chamber. The surfaces studied by photoemission were prepared by
careful sputtering to remove the oxide and a-Si layer and then anealed to -450-650'C
for one minute. Photoemission spectra were taken with total resolution in the range
200-237 meV and show evidence for four spin-orbit doublets. Our samples and results
are somewhat different from those of previous studies of thin C0S12 films or studies of
bulk CoSi2 samples. We find three surface Si(2p) components: one shifted to higher
binding energy and two shifted below the main Si(2p) spin-orbit doublet in C0S12.
We find the Si(2p3/2) energy in CoSi2 is 99.40 eV measured with respect to the Fermi
level; the three surface-shifted Si components are at -0.75, 0.17 and -0.18 eV relative
to the main component in order of decreasing intensity and thus layer distance from
the surface. A structural model previously proposed for thin C0S12 layers is shown to
be qualitatively consistent with these results.
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U4A

IMPROVING THE RESOLUTION OF THE 6m TGM

G. K. Wertheim, J. E. Rowe, and N. V. Smith (AT&T Bell Laboratories)

We have carried out a ray-tracing analysis to investigate the benefits of replacing the fixed exit slit of the TGM
by one which can be positioned at the proper focal distance for each photon energy. The methods used are
based on the analyses of Haber [1], Howells [2], and Hayat, et al. [3]. The latter contains the full expressions
for a holographically compensated grating. The calculations were carried out for the 2400 lines/mm, high-
energy grating, but are equally applicable to the other two.

For a quick look we used the method of Ref. 2, which estimates the resolution in terms of the most deviant
contributions to the transmitted flux from an entrance point, yielding widths perhaps twice the full width al half
height The results for various exit slit conditions are shown in Fig. 1. For an exit slit at the current position
(a) the calculations are in reasonable agreement with experimental determinations for photon energies less than
150 eV. This suggests that the resolution obtained for in-focus conditions (c), and perhaps (d), should be
realizable. The calculations further indicate that near optimum resolution can be obtained from 85 to 135 eV
(b) with an exit slit fixed at 372 cm. This slit position will be used for an experimental exploration of the
realizability of these theoretical results.

The spectrum of the transmitted radiation was calculated by the same technique, under the assumption that the
incident flux is spread uniformly over a portion of the grating. The results show a variety of line shapes, some
with sharp peaks. These would, however, be averaged out by the finite entrance and exit slit apertures, which
have the effect of convolving a triangular or trapezoidal slit function with the above shapes.

The same method can be used to map the grating onto the plane of the exit slit. This makes it possible to
identify conditions under which the resolution can be improved by limiting the illuminated area of the grating.
The results show clearly that improvement is obtained only for in-focus conditions, and that major benefit then
derives only from limiting the horizontal divergence of the incident light.

Complete ray tracing calculations for an entrance slit of vanishing width, confirm these conclusions. Examples
of the results obtained at 120 eV are shown in Fig. 2 for (a) the current slit position, (b) the in-focus position.

sro.5
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[1] H. Haber, J. Opt. Soc. Am. 40, 153 (1950).
[2] M. R. Howells, Nucl. Instr. and Meth. 172, 123 (1980).
[3] G. S. Hayat, et al., Opt. Eng. 14,420 (1975).
Work supported by AT&T Bell Laboratories. DISTANCE (em)
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SURFACE STATES AND THE SURFACE FERMI CONTOUR OF Pd(OOl)

G. S. Elliott, K. E. Smith, and S. D. Kevan, University of Oregon

U4

In bulk crystalline metal systems, the Fermi surface is of fundamental importance in
determining a variety of macroscopic and microscopic properties. For example, platinum and
palladium exhibit pronounced Kohn anomolies in their phonon dispersion relations which have
been related to a vector which spans their Fermi surfaces. An analogous relationship might be
expected to exist between the Fermi contours of surface localized electronic states and
anomolies in surface phonon dispersion relations. This relationship is as yet unclear, primarily
due to a lack of very precise surface phonon measurements and of complete surface Fermi
contour determinations.

Using high resolution angle-resolved photoemission, we have undertaken a study of several
metal surfaces where phonon anomolies may occur. On the Pd(OOl) surface, we have
measured the dispersions of the surface localized electronic states. Several surface states were
observed, in qualitative agreement with a surface band structure calculation. In particular, a
state is observed which crosses the Fermi level near the X point of the surface Brillouin zone.
The segment of surface Fermi contour derived from this crossing lies in a gap of the projected
bulk Fermi surface, and is parallel to the surface Brillouin zone edge (figure 1).

M

IIII Ml I t

111 „ i~ ill 11 it

HI i in nun i

i = it

iiinm »i _i w i n im ^

tiiriiti[Iiiiititi|iiliitti>iiMi|iiutiiii|iiii
illtUIITtllilHllllllltTITIIMJMKIinMlIlT1!

|j;;.|::yp|:i:x

I!!'. 7iiri!?!i'"iii!!u'i I , j n
il... IUISUIIII .1, . ,11!

I . me is .1 it. tit .1 • in u

Figure 1: The measured surface Fermi contour of Pd(OOl) (filled circles),
plotted on a projection of the bulk Pd Fermi surface.

The position of a possible Kohn anomoly in the Pd(OOl) surface phonon dispersion
relations would be expected at the wavevector which spans this segment of Fermi contour, at
q=1.7A" . While the strength of such an anomoly cannot be predicted on the basis of the
Fermi contour data alone, the nesting properties of the flat contour shown in figure 1 suggests
the possibility of a fairly strong electronic coupling to phonon exitations. Hopefully this data
and future investigations of other metal surfaces will motivate high resolution studies of
surface phonons to search for anomolies in surface phonon dispersion relations.

1 J. G. Gay, J. R. Smith, F. J. Arlinghaus, and T. W. Capehart, Phys. Rev. B,23 I $T°<
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SURFACE FERMI CONTOURS AND RECONSTRUCTION OF W(001) U 4

G. S. Elliott, K. E. Smith, and S. D. Kevan, University of Oregon

The clean surface reconstructions observed on W(001) and Mo(OOl) have become
prototypical systems for understanding the dynamical coupling between the nuclear and
electronic degrees of freedom on metal surfaces. Early theories and experiments suggested
that these reconstructions could be understood as a periodic lattice distortion coupled with a
charge density wave, as a result of a Fermi surface screening anomoly. An experimental
determination of the Fermi contour of the surface localized electronic states on W(001),
however, did not find efficient nesting properties, • and the CDW mechanism was generally
rejected in favor of models involving more local bonding interactions. Recently, the CDW
mechanism has found renewed theoretical and experimental support. A total energy
calculation^ for Mo(OOl) has found that Fermi surface nesting leads to a softening of surface
phonon modes at a wavevector very close to the observed incommensurate reconstruction, A
slight incommensurability has also been observed on W(001) with helium atom scattering6, in
both the elastic diffractive scattering above the phase transition and the inelastic scattering
from a soft surface phonon mode. This incommensurability is more easily explained in the
CDW model, and should be directly related to wavevectors spanning the Fermi surface.

Given this new information, we have undertaken a detailed study of the surface bands
near the Fermi level and the resulting surface Fermi contours of W(001) in the high
temperature phase. Our surface bands are qualitatively similar to those reported previously,
however, the Fermi contours that we measure are significantly different. A total of four
Fermi contour segments have been observed and characterized. Three of these are well
defined, closed orbits which appear to be related to projections of the bulk Fermi surface on
the surface Brillouin zone. A fourth segment is less well defined, and is derived from a
surface state which stays very close to the Fermi level over a region along sigmabar from 25%
to 45% of the way to the zone boundary. The location of this flat region of the surface band
dispersion encompasses the wavevector of the observed incommensurate soft phonon mode. In
addition, the Fermi contour segment of this surface state extends out into the zone
perpendicular to the sigmabar line, yeilding a Fermi contour with fairly efficient nesting
properties. Both the location and nesting properties of this segment of Fermi contour are
consistent with an incommensurate charge density wave. This strong new evidence should
force a reexamination of the CDW mechanism as the driving force in the W(001) and Mo(OOl)
reconstructions.

^.Tosatti, Solid State Commun. 25, 637 (1978).

2J.C. Campuzano, D.A.King, C.Somerton, and J.E.Inglesfeld, Phys. Rev. Lett. 45, 1649 (1980).

3M.I. Holmes and T. Gustafson, Phys. Rev. Lett 47, 443 (1981).

4J.C. Campuzano, J.E. Inglesfeld, D.A. King, and C. Somerton, J. Phys. C 14, 3099 (1981).

5X.W. Wang, C.T. Chan, K..M. Ho, and W. Weber, Phys. Rev. Lett 60, 2066 (1988).

6K.-J. Ernst, E. Hulpke, and .P. Toennies, Phys. Rev. Lett. 58, 1941 (1987).
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U4
Non-Adiabatic Adsorbate Vibrational Damping

and Surface Electronic Structure: H on W(001).

Kevin E. Smith* and Stephen D. Kevan
Department of Physics, University of Oregon, Eugene, OR 97403.

Determining the coupling between electrons and atomic
vibrations of adsorbates and surfaces is of crucial importance in
understanding energy transfer within the adsorbate-surface complex.
Of particular interest is characterization of non-adiabatic processes
within the complex since these govern damping of the atomic
vibrations. This subject is of widespread interest since damping of
vibrations via substrate electrons is a textbook example of the
interaction of discrete states with a continuum. Recent infrared (IR)
absorption measurements by Chabal of the vibrational modes of hydrogen
adsorbed on W(001) have provided the first direct evidence for
electron-hole damping of atomic vibrations on metallic surfaces.1 It
is deduced that the electrons responsible for the damping most likely
reside in narrow surface states or resonances near the Fermi level
(EF).1 Using high resolution angle resolved photoemission, we have
observed two hydrogen induced surface resonances close to Et= on the
(H-saturated) W(001)-2H surface.3 One of these resonances is ideally
suited to couple to various hydrogen vibrational modes, but its
symmetry is not that predicted by the IR measurements.1 We propose an
alternative vibrational mode assignment where the mode being damped is
identified as the asymmetric stretch vibration rather than an overtone
of the wag vibration; this assignment is supported by recent
theoretical work^ The criteria necessary for effective non-adiabatic
coupling are found to be the following: i) the adsorbate induced state
should have a maximum binding energy close to the energy of the
vibrational mode to be damped; ii) the state should be flat across a
significant part of the surface Brillouin zone, i.e. the electrons in
the state should be slow; iii) the state should have a large two
dimensional density of states at EF; and finally iv) the state should
satisfy simple selection rules in order that it couple to the
vibration and empty electronic states.

The authors wish to thank S. Dhar for assistance in the data
acquisition, and D. Hamann for useful discussions. This work was
supported in part by U.S. DOE Grant No. DE-FG06-86ER45275.

* Mailing address: National Synchrotron Light Source, Building
725-U4, Brookhaven National Laboratory, Upton, NY 11973.

1. Y.J. Chabal, Phys. Rev. Lett. 55. 845 (1985).
2. K.E. Smith and S.D. Kevan. Phys. Rev. Lett, (submitted).
3. Z.Y. Zhang and D.C. Langreth, Phys. Rev. B 39, 10028 (1989).
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BEAMLENE U4B

Core-Excited Rydberg States of Polyatomic Molecules

C.T.Chen™, K. RandolP*, Y. Mam, G. Meigs0) and F. Sette0)

(1)AT&T Bell Laboratories, Murray Hill, New Jersey
^Fritz-Haber Institute, Berlin, West Germany

Core-excited Rydberg states offer an unique opportunity to probe the vibronic coupling, the
chemical shift and the core-hole lifetime of polyatomic molecules. Among the polyatomic molecules we
have studied, we often found that although die first few core-to-bound excited states are very broad, the
high lying Rydberg states can be very sharp or even be individually resolved. There are several reasons
for this phenomenon: 1) The low lying unoccupied states of a molecule usually have strong anti-bonding
character, therefore the vibrational frequencies are smaller than those of the Rydberg states, and this
makes them difficult to resolve, 2) The mulliplet structure is more complicated when the core electron is
excited into low lying levels than when excited into Rydberg states, and 3) the Frank-Condon factors are
different between these two excitation regions.

To illustrate this phenomenon, high
resolution Cls photoabsorption spectra of three
different Freons, namely CC12F2, CC1F3 and
CF4, are shown here. In addition to a few broad
peaks at lower excitation energies, many sharp
peaks are clearly observed in all three molecules
in the high lying Rydberg states region. The
dramatic and systematic changes of the
lineshape, of the peak intensity and of the
energy position shown in these spectra when
more chlorine atoms are replaced by fluorine
ones, carry rich information on chemical shifts,
symmetry, electronic configurations and the
potential barriers of these core-excited Rydberg
states. A detailed analysis on the linewidth of
the individually-resolved Rydberg states will
allow us to study the core-hole lifetime as a
function of chemical bonding environment In
short, high resolution inner shell absorption
measurements of polyatomic molecules such as
those shown here will offer a stringent test on
various theoretical models and calculation^
schemes.

CARBON K-SHELL PHOTOABSORPTION
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BEAMLINE U4B

K-Shell Photoabsorption of the N2 Molecules

C.T.Chen, Y. Ma andF. Sette

AT&T Bell Laboratories, Murray Hill, New Jersey

(c)

The K-shell absorption spectrum of the N2 molecule, with its many spectral features, has been
widely utilized as a prototype system to investigate core excitation processes. In spite of advances in
photoabsorption and electron energy-loss spectroscopies, the K-shell excitation of this molecule is still
veiled as a consequence of insufficient energy resolution or signal-to-noise ratio.1 Recently we have
measured the K-shell absorption spectrum of the N2 molecule using a differentially pumped gas cell and
the Dragon high resolution soft x-ray beamline. The spectrum, recorded with unprecedent photon energy
resolution and data statistics (see figure), reveals several new Rydberg transitions and double-excitation
states. High precision spectroscopic constants, including term value, vibrational frequency and
internuclear separation are also deduced.2

By comparing to the optical transition data of NO, we have unambiguously determined the final
state configurations of the ls-excited Rydberg states of N2 and resolved uncertainties persisting in the
literature. The core-hole localization picture and equivalent-core model are found to be valid to high
degree for the core-to-Rydberg excitations. A subtle deviation from this model is also observed, and is
explained by considering the charge differences in the vicinity of the nuclei. The effect on the
intemuclear potential of
exciting an electron in the lrcj
(equivalent to the 2it in NO) or
in a Rydberg orbital is
investigated by comparing the
spectroscopic constants of
different excited states of N2.

2

1. M. Nakamura, M.
Sasanuma, S. Sato, M.
Watanabe, H. Yamashita,
Y. Iguchi, A. Ejiri, S.
Nakai, S. Yamaguchi, T.
Sagawa, Y. Nakai, and
T. Oshio, Phys. Rev.
178, 80 (1969); R. N. S.
Sodhi and C. E. Brion, J.
Elec. Spectr. 34, 363
(1984) and references
there in.

2. C. T. Chen. Y. Ma and
F. Sette, Phys. Rev. A,
in press (1990)
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U4B
VIBRATIONAL EFFECTS IN CORE PHOTOIONIZATION

P.A. Heimann, L.J. Medhurst, M.R.F. Siggel, D.A. Shirley (LBL), C.T. Chen, Y. Ma, S.
Modesti and F. Sette (AT&T)

When a core electron is ionized from a gas-phase molecule, vibrational motion will be
excited as long as the geometry of the molecular ion is different from the neutral molecule.
Compared with photoabsorption which studies transitions from core to bound orbitals,
photoionization is simpler with no additional electron presenL The technique of detecting near-
zero kinetic energy electrons was used with its advantages of a high sensitivity and a high
resolution (<50 meV) matching that of the Dragon monochromator. The largest contribution to
the observed linewidth is from the Post-Collision Interaction (PCI) between the slow leaving
photoelectron and the Auger electron.

The small molecules CH4, CD4, CO, N2, and 1,2- and 1,4-difluorobenzene were
measured. Since no bonding electrons are involved in the ionization, the absence of the core
electron balances with the contraction of the valence electrons toward the core hole to determine
the change in the molecular geometry. For the C Is"1 peak in CH4, shown in the figure below,
only the symmetric stretch is excited because of the tetrahedrally symmetric final state. Three
vibrational peaks are observed with a separation of 0.40(1) eV, which is larger than the ground
state spacing of 0.36 eV. This difference implies that the CH4 molecule with a C Is hole has
contracted with the C-H distance about 0.05 A shorter than in the ground state. Our CH4 results
are in qualitative agreement with the XPS experiment of Gelius1 having somewhat lower
resolution. In CO the C ls - 1 peak shows much more vibrational excitation than the N ls -1 peak in
N2, which is surprising for two isoelectronic molecules. In the difluorobenzenes different
vibrational structure is observed depending on whether a C-F C or a C-H C is ionized.

c

c

190 291 292 293
Photon Energy (eV)

294

Figure: Near-zero kinetic energy electrons detected as the photon energy is sweeped past the C Is
threshold of CH4. The lines show a fit with PCI peakshapes for the 3 vibrational components.

1U. Gelius, J. Electron Spectrosc. 5_, 985 (1974)

The support of Department of Energy grant DE-AC03-76SF00098 is acknowledged.
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BEAMLINE U4B

Multiple Sulfur Sites in the Cu(100)p(2x2)-S Surface Structure

Y. Ma,™ P. Rudolf,™ E. E. ChabanP C. T. ChenP G. MeigsP and F. Sette™

(])AT&T Bell Laboratories, Murray Hill, New Jersey
(2)Dipartmento di Fisica, Universita di Trieste, Trieste, Italy

The adsorption of sulfur on Cu(100) directly relates to important aspects of the chemisorption
process such as charge transfer between adsorbate and substrate, and adsorbate induced substrate surface
relaxation and reconstruction. Of the various phases known to be formed by sulfur on Cu(100), the pT is
the precursor to higher coverage phases, and is characterized by a complex geometrical structure. Surface
extended x-ray absorption fine structure, standing waves, low energy electron diffraction, and
photoelectron diffraction studies have established that sulfur occupies the four-fold hollow site, but
disagree on the details of the local environment. Furthermore, these techniques give contradictory results
on the degree of substrate surface relaxation and reconstruction.

In the present study we report on high resolution S 2p x-ray photoemission studies (XPS) of this pT
phase. Our results show that this overlayer is characterized by multiple sulfur environments, as is clearly
demonstrated by the multiple features in the S 2/? core levels XPS spectra shown below. The XPS
measurements were carried out on the AT&T Bell Laboratories' high resoluti -i soft x-ray Dragon
beamline. The beamline was operated to give 250 eV photons with 100 meV resolution. The
photoelectrons were collected with a 150 mm VSW spherical electron energy analyzer equipped with
multichannel detection, and operated with 100 meV energy resolution. The overall experimental
resolution, as confirmed by measuring the copper Fermi edge, was then -150 meV. The XPS spectra
were taken at 90K sample temperature, on surfaces prepared with different sulfur coverages and annealing
temperature treatments. The observed annealing temperature and coverage dependence of the relative
intensities of the spectral features is related to the domain structure that is characteristic of this system.
The more intense feature is attributed to S atoms within pT domains, and the other feature to adsorbates
located at the domain boundaries. Although it is plausible that these different sulfur atoms are always
adsorbed in the Cu(100)
four-fold-hollow site, their
difference in core level
binding energies strongly
suggests that they must have
a different local geometrical
structure. This finding is
understood in terms of a
different (smaller) substrate
metal surface reconstruction
that takes place at the pT
domain boundaries, with
respect to that within the
domains.

Cu(1O0)p(2x2)-S
S 2p

27O°C; SATURATED

400»C.SATURATED
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BEAMLINE U4B

Vibrational Structures in the Carbon K-Edge Photoabsorption Spectra
of Hydrocarbons

Y. MaP F. Sette.m K. Randall™ S. Modesti,™ G. Meigs,™ and C. T. Chen™

(1)AT&T Bell Laboratories, Murray Hill, New Jersey
<2)Fritz-Haber Institute, Berlin, West Germany

(3)Dipartmento di Fisica, Universita di Trieste, Trieste, Italy

The vibrational structure in the inner shell excitation spectra of polyatomic molecules bears
information about the molecular geometry in the excited state, and on the vibronic interaction. However,
due to the lack of intense and high resolution excitation sources, this subject remains a largely unexplored
area.

Using the high resolution soft x-ray Dragon beamline, we have studied the vibrational structures in
the carbon K-shell photoabsorption spectra of various hydrocarbons. Vibrational features are observed in
both C Is to it and to Rydberg states transitions. In particular, the study of the C \s to n transition in
ethylene and benzene, indicated that for both molecules the ground state symmetry is broken in this core
excited state.

As an illustrative example, the photoabsorption spectra in the region of the C is to Rydberg state
transitions are shown in the figure for C2H4 and C2D4. The vibrational structures associated with C-H
bonds are clearly demonstrated by the isotope induced shifts of some of the absorption features of these
spectra. C-H bending (labeled A and A' in the figure), C-C stretching (B and B'), and C-H stretching ;C
and C ) modes are observed and
identified in both C Is to 3s (labeled
O) and 3p (labeled O') Rydberg
transitions. In particular, the C-H
stretching frequency is observed at
approximately 340 meV, a value
much smaller than those of the
ground state (380 meV) and of the C
Is to n excited state (420 meV),
suggesting that the presence of an
electron in a Rydberg state strongly
weakens the C-H bond. A detailed
analysis of these results and of the
relative intensities of the various
vibrational features is presently being
carried out using different theoretical
approaches. The hope is to extract
from this kind of experiments
information that allows one to
describe in detail the potential
surfaces of these core excited
molecular states.
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BEAMLINE U4B

Two-Dimensional Condensation of K on Ag(100) at Submonolayer Coverages

5. Modesti?-2) C. T. ChenP Y. Ma™ G. Meigs.™ P.RudolfP andF. Setiem

0)AT&T Bell Laboratories, Murray Hill, New Jersey
^Dipartmento di Fisica, Universita' di Trieste, Trieste, Italy

The geometrical structure of alkali metal overlayers is determined by the interplay between the long
range electrostatic repulsion among adatoms, the short range adatom-adatom covalent bonding attraction,
and the substrate corrugation potential. Temperature- and coverage-dependent x-ray photoemission (XPS)
and photoabsorpuon (XAS) studies of the potassium 2p core levels in K covered Ag(100) demonstrate
that, contrary to the general belief, the short range K-K attraction plays a dominant role even at
submonolayer coverages, giving rise to condensation in stable two-dimensional highly-packed islands.

A typical example of the temperature
effects on the XPS spectrum of the potassium 2p
core levels is shown in the figure for 0.28
monolayer coverage. The binding energy of
these levels first decreases by 0.S eV after
annealing at 220K, and then increases again at
400K. The transition from 90K to 220K is
irreversible, while the transition from 220K to
400K is reversible, i.e. on lowering the
temperature from 400K the low binding energy
peak is recovered. At the same time the
potassium 3d level, as measured from the
2p-»3d absorption spectra, broadens from 90K
to 220K, and then narrows again by annealing
from 220K to 400K. By using the binding
energy versus the K-K distance relationship
derived from our 90K data and the notion that
the width of 2p-»3d absorption line is related to
the degree of the overlap of the 3d orbitals, we
conclude that the 220K transition is due to the
condensation of the potassium atoms into stable
metallic islands. In these islands, the nearest
neighbor distance is 10% shorter than that in
bulk potassium. The K-K repulsion-dominated
and uniformly-spaced phase is metastable and
can only be formed by depositing potassium
atoms on a cold (less then 100K) substrate. The
transition observed between 220K and 400K is
attributed to a reversible two-dimensional partial
evaporation of the dense phase.
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BEAMLINE U4B

Fine Structure in the Carbon Is Core Exciton in Diamond

F. Setter Y. Ma,™ G. MeigsP S. Modest.™ P. Rudolf,™ and C. T. Chen™

°>AT&T Bell Laboratories, Murray Hill, New Jersey
^Dipartmento di Fisica, Universita di Trieste. Trieste. Italy

• • • • i l l
obvious disagreement

resolve the previously mentioned anomaly
between the core-excilon binding energy in
diamond and in silicon by noting that in the case
of diamond the core-exciton state must have p
symmetry (/=1). while in silicon final states with
s symmetry (/=0) are the most probable for a 2p
core initial stale. After carefully taking into
account intervalley mixing and mass anisotropy
effects on the core exciton binding energy, it
follows that, as consequence of the angular
momentum selection rules, central cell
corrections are most important in silicon, but are
negligible in diamond, and the EMA theory
predictions are accurate.

The experiments were performed on a
surface of a type-IIB diamond single crystal,
cleaved along the <111> direction. We
acknowledge the help received by G. Kaplan,
fror. the Lazare & Kaplan Diamond Corp., in
providing the natural crystal and performing the
cleavage in hydrogen atmosphere, and E. E. 269.0 289.2 289.4
Chaban for his skillful assistance. PHOTOS' ENERGY (eV)

I . , . , I . , . , ! . . , . I . , , , . , , , . , .

144



BEAMLINE U4B

Temperature Dependence of the Photoemission Lineshape of Adsorbates
in Adsorbate-Metal Surfaces

F. Sette,(l) Y. MaP G. Meigs.°> S. Modesti,(1-2) P. Rudolf,™ and C. T. Chenm

(1>AT&T Bell Laboratories, Murray Hill, New Jersey
(2)Dipartmento di Fisica, Universita di Trieste, Trieste, Italy

The understanding of the relationship between vibrational, electronic, and geometrical structure of
adsorbate substrate-metal systems is one of the fundamental aims of surface physics research. Much work
has been devoted to studying how the the substrate surface properties are modified by the adsorption
process, and a renewed interest on the correlation between dynamical and electronic properties has been
recently stimulated by the demonstration that valuable information can be directly obtained using core-
level absorption spectroscopy.

In the present study we used high-resolution x-ray photoelectron spectroscopy (XPS) to study the
temperature-dependence of the 2p core levels of sulfur and chlorine adsorbed on Cu(001) and Ag(001)
metal surfaces. As an example, the figure shows some representative XPS data taken as a function of
temperature on the Cu(001)c(2x2)-Cl surface.

We observe a very strong temperature dependence of the XPS linewidth in all our samples, much
larger than the corresponding variations in thermal energies. This indicates that the final state potential
around the core hole is very different from that around the adsorbate atom in the ground state. This effect
was previously thought to be small
or even negligible on effectively
metal systems, where the
screening of the core hole should
be very efficient, and the
electron-phonon (e-ph) coupling is
small. The careful determination
of the relation between linewidih
and temperature shows that in the
systems studied the vibrational
modes determining the broadening
are mostly the adsorbate-substrate
stretching modes, the e-ph
coupling is very strong and
comparable with that of a
compound formed by the
adsorbate and substrate atoms, and
the e-ph increases by increasing
the ionicity of the adsorbate-metal
bond.
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BEAMLINE U4B

Is There A Soft X-ray Magnetic Dichroism Effect in BaCoF4?

B. Sinkovic, C. T. Chen, Y. Ma. F. Sette and N. V. Smith

AT&T Bell Laboratories, Murray Hill, New Jersey

Co L 3 EDGE ABSORPTION
SPECTRA OF BaCoF4

The recent advancements in high resolution soft x-ray absorption spectroscopy have revealed
complex multiplet structures in the L23 absorption edge of 3d metal compounds. Among many
applications of these multiplet structures in condensed matter research, x-ray magnetic dichroism (XMD)
studies of magnetic material is of particular interests. In this XMD measurement, three physical
parameters are variable. They are the polarization of the photon, the sample temperature and the external
magnetic field strength.

In an attempt to observe the XMD effect
in the soft x-ray 1 ,̂3 absorption edge of
magnetic materials, we have measured the L3
absorption spectra of single crystal BaCoF4, an
anti-ferromagnetic sample, as functions of the
photon polarization and sample temperature.
The top three curves show the spectra taken with
photon polarization parallel to the local magnetic
moment, while the bottom three show the
spectra taken with these two directions being
perpendicular to each other. The differences in
the relative intensities of peaks B, C and D
between these two polarization arrangement
clearly indicates that these three peaks contain
final states of very different symmetry. When
changing sample temperature from 30K to 80K
and then to 300K, a surprising effect is
observed. The peaks B and C in the top three
spectra and the peak D in the bottom three
spectra exhibit a strong temperature dependence.
This intriguing effect can either be attributed to
nearly degenerate ground states of different
symmetry or can be attributed to the XMD
effect, the interaction between the magnetic
moment of cobalt ion with its local magnetic
field.

At this time, we are not able to
differentiate between these two interpretations. A
detailed measurement around the Neel
temperature or applying an external magnetic
field, however, will allow one to identify which
of these two possibilities is the correct one. In
either case, advanced theoretical calculations are
needed to explain this interesting observation.
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U5
The interaction of Carbon monoxide with Fe(001)

N. B. Brookes, A. Clarke and P. D. Johnson (Physics, BNL)

The catalytic properties of transition metal surfaces has motivated much of the surface science

research into the chemisorption of atoms and molecules. Foremost has been the study of the inte: action of

carbon monoxide, which has become the model system for understanding non-dissociative molecular

chemisorption. However, despite numerous studies over many years there still exists considerable debate

over the importance of the various orbital interactions. In this work new insight into the interaction of carbon

monoxide with transition metal surfaces is provided by spin-polarized photoemission studies. The strongly

bound tilted CO species on Fe(001) shows clear evidence for a 2rt - d-band interaction with discrete spin-

polarized features in the valence band (Figure 1). The more weakly bound vertical CO species shows only

small changes below the Fermi level. The 5a - substrate interaction, however, appears to be weaker since no

exchange splitting (< 0.1 eV) is observed for either of the CO species, this is shown for the vertical CO species

in Figure 2. In neither case is the surface magnetism destroyed.
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This work is sponsored by the Division of Materials Sciences, U.S. Dept. of Energy under contract
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U5
Magnetic Surface States on Fe(001)

N. B. Brookes, A. Clarke, P. D. Johnson and M. Weinert (Physics, BNL)

Evidence for surface magnetism is obtained by the direct observation of magnetic surface states on

Fe(001). A spin-polarized angle-resolved study identifies (Figure 1) a minority surface resonance (SR) at f

(2.40 eV binding energy) and a minority surface state (SS) at X (2.25 eV binding energy) in the surface

Brillouin zone. The majority counterpart of the minority surface resonance is not observed. These

observations allow a critical test of state-of-the-art magnetic surface band structure calculations. The

experimental findings are compared with self-consistent electronic structure calculations for seven and

thirteen layer Fe(001) films. The all-electron full-potential linearised-augmented-plane-wave (FLAPW) method

using the spin-polarized exchange-correlation potential of von-Barth and Hedin has been employed. Good

agreement with 7- and 13- layer is found for the minority T to x surface band (Figure 2). In addition, the 13-

layer slab calculation is found to more correctly model the attenuation of the surface resonance into the bulk in

contrast to the 7- layer slab where size effects are important.
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Study of local magnetic properties of an adsorbate by U5
Spin Polarized Auger Electron Spectroscopy

B.Sinkovic, N. V. Smith (AT&T)
P.D. Johnson, N. B. Brookes, A. Clarke (BNL)

We have studied the magnetism of the c{2X2)S/Fe(001) system by spin polarized Auqer
electron spectroscopy. Fig. 1 shows the spin resolved angular integrated sulfur L23VV Au^er
spectra. The energy shift of 0.2 eV between majority and minority spectra represents exchange
splitting of the density of states at the sulfur site. It also indicates the presence of an induced
magnetic moment on the sulfur atom. The observation of the majority sulfur Auger electrons at
lower kinetic energies then the minority ones shows that the sulfur magnetic moment is aligned
parallel to the Fe moments. Convolution of the calculated spin dependent local density of states
(plotted in Fig.2) gives very good agreement with measured spectra, indicating that the matrix
elements do not play an important role in this Auger process. The ratio of integrated spin-up
and spin-down Auger intensities then gives an estimate of the magnetic moment of the sulfur
adsorbate < 0.10 u.B.

The spin polarization of the sulfur L23VV Auger electrons has been also measured as a
function of the electron emission direction. The observed variation in the polarization of the
main sulfur Auger peak (see Fig.1) and the shoulder are shown in Fig. 3. These modulations
have been attributed to spin-dependent back scattering from the surface iron layers. Such spin
polarized Auger electron diffraction experiments in conjunction with model calculations will
provide information on the short range magnetic order around the emitter atom.
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U6

SIMPLE NEGATIVE RESIST FOR DEEP UV, ELECTRON BEAM, AND X-RAY
LITHOGRAPHY

K. J. Stewart, M. Hatzakis, J. Shaw, and D. Seeger (IBM Research Division, T. J. Watson Re-
search Center)

The lithographic performance of an cpoxy-bascd crosslinking acid catalysed resist system was in-
vestigated. X-ray exposures were performed using standard processing conditions at the U6
beamline, National Synchrotron Light Source, Brookhaven National Laboratories. The wavelength
spectrum incident on the resist was from 6-13 A. The mask was composed of 6000A thick gold
absorber patterns on boron doped silicon membranes and exposures were performed using a
proximity gap of 40/xm.

The contrast of the resist is similar to that obtained for the conventional x-ray source. It demon-
strated excellent resolution with aspect ratios in excess of 5 for 0.15/iim features (see below) with a
sensitivity of 15-20mJ/cm2. The performance of the resist makes it a promising candidate for high
resolution x-ray lithography.

I—0.6/im—I
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U6

CONTROL OF FIXTIJRING-INDUCEI) DISTORTION IN X-RAY MASKS

A. D. Wilson, C. Lapadula, J. P. Silverman, R. Viswanathan, and II. Voclker (IBM Research Division,
Thomas J. Watson Research Center) and R. Fair (IBM General Technology Division)

Mask distortion can be a major contribution to overlay error in x-ray lithography. In particular, a sig-
nificant amount of overlay error can be attributed to mask distortion caused by the way the mask is me-
chanically held in place during both mask writing and exposure.

We have developed a kinematic mask-holder to effectively eliminate the distortion due to fixturing that
has been observed with other mask-holders. The kinematic mount holds the mask with spring-loaded
balls in such a way as to constrain the mask in the x, y, and z directions (where z is the direction of the
x-ray beam) at one point, in y and z at a second point, and in z only at a third point. The mask is
therefore held in the correct plane, located with an absolute reference at one point, and constrained from
rotating, yet it remains free to move in such a way as to eliminate any stress (such as that caused by
thermal expansion) in the mask itself, thereby eliminating distortion.

The effectiveness of the fixture in eliminating distortion was measured in an electron beam writing tool,
a Nikon 21 measurement tool, and the x-ray stepper at a Beamlinc U6. For the e-bcam and Nikon
measurements, measurements were made'both prior to and following remounting of the mask in the tools.
Distortion was defined as the difference between two sets of measurements after correcting for translation
and rotation. In both tools, the distortion was found to be < 0.02 fim (la), within the measurement
errors of the tools.

F:or the stepper measurements, a multiple exposure technique in which a single mask was remounted be-
tween exposures was used. Overlay measurements were made of the resulting patterns using both a
non-kinematic holder (in which the mask was simply clamped mechanically at three points) and the
kinematic one. As can be seen, the distortion with the non-kinematic holder is relatively large (0.05 - 0.10
nm. In). Repeated experiments with the kinematic holder, however, showed the distortion to be < 0.02
urn (ICT), within the measurement error. The use of such a holder thus eliminates one of the largest
sources of overlay error in x-ray lithography.

20 mm
20 mm

0 . 1 urn
Distortion with non-kinematic

mask holder

0.1 urn

Distortion with kinematic
mask holder.
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U7A

AUGER PHOTOELECTRON COINCIDENCE SPECTROSCOPY (APECS) OF THE CO/Cu(100) SYSTEM
R.A. Bartynski (Rutgers U.), E. Jensen (Brandeis U.). C.-C. Kao, S. Hulbert, and R. Garrett (NSLS). and F. Cur-
ti (Rutgers U.)

We have performed an
Auger-photoelectron coin-
cidence (APECS) study of CO
adsorbed on the Cu(100) sur-
face. In this experiment, 385
eV photons from the NSLS
U7A 3° TGM beamline were
focussed onto a Cu(100) sam-
ple which was cooled below
100K and exposed to 20

28.5 Langmuir of CO.
One of two electron ener-

260265270275280285 gy analyzers collected dec
FeVi t rons a t a w e " ^^ne^ kineticKinetic e

energy within the carbon
d l h

100

energy within the carbon
KVV Auger spectrum while the second analyzer was swept through
the carbon K (C, s) photoemission line. Electrons which entered
bolh analyzers within 20 ns of each other were considered coincident
and counted. All other electrons were rejected from the spectrum.

The upper panels of the figure at the left show an ordinary
(singles) photon-excited Cj photoemission spectrum. The C, core
level exhibits a characteristic three peak structure with features at
97.0, 94.5, and 90.0 eV kinetic energy (EF = 0), while three prom-
inent Auger peaks are seen at 277.5, 274.5 and 268.5 eV. The
Auger features have been associated with decays leaving a single
hole in the CO 5O/1K manifold, a single hole in the CO 4a level,
and two holes in the So/lit manifold, respectively. The highest
kinetic energy core level peak is associated with the presence of a
fully screened Cj hole, while the two lower kinetic energy features
are associated wift "shake-ups" in the valence band created during
the excitation of the C. photoelectron.

In this experiment we have obtained C, photoelectron spectra
in coincidence with Auger electrons emitted at kinetic energies of
268.5, 274.5 and 277.5 eV (Ep = 0). These coincidence spectra are
shown in panels (a), (b), and Ic) at the left, respectively. There are
two significant differences between the singles C, spectrum and the
three coincidence spectra presented here:
1) Th l b k d d1 0 5 1) The large background due to secondary electrons which exists in

enerirv TeVl * e s i n S l e s spectrum is eliminated in all of the coincidence spec-
SJ Lc * J tra. This is due to the fact that coincidence spectroscopy

discriminates against all electrons not associated with the primary decay of the electrons measured by the
fixed analyzer.

2) The relative peak intensities in the coincidence spectra are not the same as those of the singles C, spectrum
and also depend on the feature in the Auger spectrum with which the coincidence spectrum is acquired.
This is the most significant observation of this experiment. These results indicate that the states associated
with the diree peaks in the C j s photoemission spectrum decay via different Auger transitions. Thus, each
state evolves differently in time from the initial photoexcitation to the subsequent Auger decay. This data is
preliminary; we plan to retake these data with better counting statistics (longer counting times).

This work was supported by New Jersey Comm. on Science and Technology Grant 87-240040-7 (Bar-
tynski), Analog Devices Career Development Grant (Jensen), and the Division of Material Sciences U S
Department of Energy under Contract No. DE-AC02-76CH00016.
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U7A

Auger and x-ray absorption spectroscopy of solid nolecular oxygen

Jie Chen, C. L. Lin, S. L. Qiu, and Myron Strongin, BNL; M. L. denBoer
CUNY

Condensed molecular oxygen was studied by x-ray absorption spectroscopy
(XAS) and Auger electron spectroscopy (AES). The shape of oxygen K-edge
is similar to that reported for gaseous 02.* We observe sharp peaks
(figure 1) at about 530.8 eV and 540.3 eV, attributed to excitations from
Is into a-* and a* states, respectively, as well as at 543.3 eV which is
assigned to Rydberg transitions. Compared with gas phase 0 2 the peak
positions of the a* and Rydberg states shift to higher photon energies.
These shifts are believed to be due to effect of the dielectric constant.
Auger electron spectra of the ionized molecule and excited molecule
(figure 2) show different relaxation shifts as compared to gas phase 02.
The spectra shift about 10 eV to higher energy for the ionized molecule
and about 2 eV for the excited molecule. This can be explained by
different final state screening effects.2 A tentative assignment of the 0
K W Auger features is shown in figure 2.
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Figure 1 Figure 2

1 A. P. Hitchcock and C. E. Brion, J. Elec. Spectr. and Rel. Phenom. 181,

2 G. Kaindel, T. C. Chiang, D. E. Eastman, and F. J. Himpsel Phvs Rev
Lett. 45, 1808 (1980). J

This work is supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-AC02-76CH000126.
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U7A
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AUGER PHOTOELECTRON COINCIDENCE SPECTROSCOPY (APECS) OF Cu,O and CuO
S. Hulbert, C.-C. Kao, R. Garrett (NSLS), and E. Jensen (Brandeis U.)

We present APEC spectra taken at
-300 eV photon energy with the high ener-
gy TGM monochromator on beamline U7A
at the NSLS. The right side panels show
ordinary photoemission scans, subsequently
called singles, through the Cu 3p core re-
gion for Cu (a metal), Cu^O (a 3d insu-
lator), and CuO (a 3d semiconductor).
The 3p?~ binding energy, marked by a
vertical line, is (75.1. 75.3, 77.3 eV) for
(Cu, Cu-O, CuO), measured with respect
to Ep = 0. The APEC spectra, shown in
the left side panels, one for each material,
were taken with one analyzer fixed on the
peak of the Cu 3p, ~ core line. A second
analyzer was scanned through the Cu
M-jVV (3p3d3d) Auger region. Coin-
cidence events were counted only when
electrons were received in each analyzer
simultaneously. The coincidence data are
shown as open circles with error bars. The
solid lines are digital smooths to the data
(AE=0.5, 1.0, 1.5 eV fwhm for Cu(lOO),
Ci^O, CuO) and the dashed lines are the
corresponding background-subtracted sin-
gles spectra. The energy resolution —
electron plus photon — is 1.5 eV in the
fixed (3p,~ core level) analyzer and (0.65,
1.6, 1.5 eV) for (Cu, CujO, CuO) in the
scanned (\Lj j W Auger) analyzer.

Three significant effects are seen in the
APECS data.
1. The large background under the singles

Auger spectrum is eliminated, because
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all electrons not associated with the primary decay of the photoelectrons measured by the fixed analyzer are
rejected by the coincidence technique. „

2. The multiplet structure (*G, TF) of the two-hole (3d8) M3VV Auger final state for pure Cu metal is clearly
observed. The M, VV Auger line shape for CiuO is similar to that of Cu, except that the multiplets are
somewhat broader and not as easily resolved. .Tne similarity in Auger line shape i s expected for these ma-
terials because they share the fully-occupied 3d initial state and the two-hole (3d ) M,VV final state.

3. The M3VV Auger line shape in the coincidence, spectrum of CuO is similar to Cu and Cu^O in having a G
peak. But differs in not having a well-defined F peak and in having a large (35%) background underneath
the entire M« 3VV Auger region scanned. This background implies that there exists Auger strength both
above and below the energy region scanned, where there are no discernible peaks in the singles MVV Auger
spectrum. It is probable that the inferred Auger peak(s) are associated with the core satellites seen in the 3p
core region (lower right panel). Since the decay of the 2p core satellites in CuO can be identified with dis-
tinct Auger features using ordinary photoemission above the Cu L edge (932 eV), it is concluded that
APECS needs to be performed on these materials, especially CuO, at this higher photon energy.

'Ghijsen, et al., Phys. Rev. B 38, 11322 (1988)
This work was supported by Analog Devices Career Development Grant (Jensen), and the Division of Material
Sciences U. S. Department of Energy under Contract No. DE-AC02-76CH00016.
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U7A

Photoeaission and oxygen K-edge studies of the interaction of solid oxygen
and aetals

C. L. Lin, Jie Chen, S. L. Qiu, and Myron Strongin

The interaction of metals with solid oxygen is studied by soft x-ray
absorption. In these experiments a thick layer of solid oxygen is con-
densed on a Cs metal surface. Figure 1 shows the variation of the 0 K-
edge with increasing cesium coverage. For molecular oxygen the it* feature
(A) is taken as the gas phase value of 530.8 eV, the a* feature (B) is
then 539.9 eV, and the Rydberg states (C) are centered at 543.3 eV.
Feature (D) at 572 eV is attributed to the direct photoemission from the 0
Is core level. This peak is actually at 542.5 eV with respect to vacuum
level after accounting for the electron kinetic energy of 25 eV and the
analyzer work function. As Cs metal is deposited into the solid 02

matrix, the superoxide (OJ), the peroxide (0~2~), and finally the oxide
(0 ) species are formed giving rise to direct photoemission features
marked E, F, and G, respectively. Moreover, the 0 K-edge absorption
spectrum significantly changes as the various oxygen species are formed.
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Figure 1

This work i s supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-AC02-76CH00012<>.
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U7A

XAS and XPS studies of La2 x and

C. L. Lin, S. L. Qiu, J. Chen, and Myron Strongin, BNL; J. E. Crow,
Temple, Univ.; C. W. Chu, Univ. of Houston

0 K-edge absorption studies show that the density of empty 0 2p states
near the Fermi level (B and C in figure l(a), and B in figure 2(d))
increases with increasing oxygen content for YBa^Cu^O, , and Sr
concentration in La« Sr CuO, . The pre-edge peaE marEed A for
YBa,jCu,O, 9 S and La,, CuO, Corresponds to a final state in which the excited
electron fills a state due to the strong hybridization between Cu-3d and 0
2p states. With Zn substitution for Cu in YBa^u^C^, Tc does not
correlate with the density of 0 2p empty states. In this case Tc dramati-
cally decreases with Zn substitution while the 0 2p near edge feature
remains unchanged as shown in figure l(b). The 0 K-edge spectrum of
Nd~ Ce CuO, barely changes from the Ce substituted, superconducting, to
the unsubstituted sample. The XPS 0 Is core level spectrum shows an
intrinsic peak at about 529 eV binding energy in the above systems (inset
in figure 2).
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This work is supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-AC02-76CH000126.
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U7B

K promoted oxygen absorption on Al and Ta

N. A. Braaten, J. K. Grepstad, and S. Raaen, Univ. of Trondheim, Norway;
S. L. Qiu, BNL, Physics Dept.

In this study, potassium was evaporated onto polycrystalline substrates of
aluminum and tantalum. Exposure to oxygen showed a clear enhancement in
oxygen absorption on the two substrates, the alkali promoted oxidation
being more prominent on Al than Ta. Oxygen uptake rates were found to
increase with potassium coverage, up to a saturation coverage of approxi-
mately 1 ML. In contrast to previous data for cerium overlayers on Al and
Ta (1), the enhanced oxidation of the substrate metal was found to satu-
rate at oxygen exposures in excess of 10 L. The enhanced reactivity of Al
and Ta at low oxygen exposures, may be attributed to charge transfer from
the alkali metal atom to the substrate, which reduces the effective
barrier for oxygen absorption.
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Figure 1 - Al 2p levels
after 1 L oxygen exposure
(a) clean Al and (b) Al
covered with 1 ML of K.

30 25 20

Binding energy (eV)

Figure 2 - Ta 4f levels after
3 L oxygen exposure of (a)
clean Ta and (b) Ta covered
with 1 ML of K.

1 N. A. Braaten, J. K. Grepstad, and S. Raaen, Surf. Sci. (in press).

This work is supported by the Norwegian Research Council (NAVF) and by the
U. S. Dept. of Energy, Division of Materials Science, Contract No. DE-
AC02-76CH000126.
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U7B

MODIFICATION OF Y2Ba4CusO16_x FILMS BY AN OXYGEN PLASMA

R. C. Budhani (BNL-DAS) and M. W. Ruckman (BNL-DAS)

Photoeraission is used to study the interaction of an RF excited oxygen plasma
with the surface of SrTiO3 supported Y2Ba4CusOi6_x films. The oxygen plasma
is produced by inductively coupling 10 watts of RF power (13.6 MHz) to the
02 gas in the quartz tube of a plasma gun of novel design. Figure 1 shows
valence band spectra taken at the Ba 4d-5p giant resonance (hv - 105 eV) for
a film before plasma exposure ("as is"), after a 25 minute plasma exposure at
300 K (Curve 1), and after a second plasma exposure of the same film with a
-200 volt bias is applied to the sample to increase the energy of the in-
coming oxygen ions (Curve 2). Before plasma oxidation, the "as is" film sur-
face gives photoemission spectra suggestive of the presence of BaC03. After
plasma exposure the BaC03 phase is gone but the resulting surface is Ba
deficient. The second plasma exposure produced conditions where sputtering
took place and created a surface whose photoemission resembles that reported
by many groups for the 1-2-3 material. The surface has a small but readily
observable Fermi level and the 0 Is corelevel (Fig. 2) shows a single broad
peak at 528.3 eV binding energy. A single component 0 Is peak is only pro-
duced by clean homogeneous 1-2-3 surfaces [1]. We also find that the Ba 5p
and 4d corelevels are at the same binding energies as reported by Stoffel
et al. [2] for cleaved 1-2-3 crystals.
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Fig- 1- Fig. 2.

[1] J. H. Weaver et al., Phys. Rev. B ,38, 4668 (1988).
[2] N. Stoffel et al., Phys. Rev. B J38, 213 (1988).

This work was supported by the U.S. Department of Energy, Materials
Division, under Contract No. DE-AC02-76CH00016.
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U7B

Photoeaission studies of Rh filas on Ta(HO) and their interaction with CO

L. Q. Jiang, M. W. Ruckman, and Myron Strongin (BNL-Physics)

Photoemission is used to study the electronic structure of thin Rh films
on Ta(llO). Low energy ion scattering and LEED indicate that clustering
takes place during the growth of the Rh film. Small Rh coverages form an
overlayer consisting of isolated adatoms or small clusters and the elec-
tronic structure of such a Rh layer is greatly modified by its interaction
with the substrate and the reduction in Rh coordination. Figure 1 shows
photoemission spectra for a monolayer Rh coverage over photon energies
ranging from 40 to 80 eV. Changes in the intensity of valence band states
can be related to Rh or Ta contributions to the valence band partial
density of states. [See G. P. Williams et al. Phys. Rev. B 25, 3658
(1982) for application of this idea to Pd/Nb(110)]. The states nearest E f

are related to emission from the Ta substrate and are enhanced by the 4p-
5d coupling near hi/ - 55 eV. Similar intensity variations in states near
2.8 eV binding energy suggest a Ta as well as a Rh contribution to those
states. The state near 1.2 eV follows the Rh photoemission profile and is
a Rh related state. Photoemission (figure 2) also shows that CO
chemisorbs as C, 0, or molecular CO on Rh monolayers thinner than 2
monolayers. This is consistent with the clustering of Rh on Ta(110) which
leads to Ta and Rh adsorption sites being simultaneously present.
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Figure 1 Figure 2

This work is supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CHOO0126.
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PHOTOEMISSION STUDY OF EPITAXIAL FILMS OF Mn ON Pd

H. Li, S.C. Wu, D. Tian, J. Quinn and F. Jona (SUNY Stony Brook)

Slow vacuum deposition of Mn on ciean Pd{00l} leads first to the formation of a c(2x2) structure, which is
observed for coverages ranging between 0.25 and 6 layers, and then to well-ordered lx 1 films which can be grown
as thick as 21 layers. LEED studies indicate that the c(2x 2) phase is probably a Pd3Mn alloy with the C113AU
structure, and the l x l phase is tetragonal antiferromagnetic Mn. We have collected EDC's for normal emission
with both a and a-p polarized radiation from thick (more than 10 layers) films in order to study the electron band
structure of tetragonal Mn. We have also examined the valence band changes that occur in the transition from clean
Pd{001} through Pd{001}c(2x2>Mn to bulk tetragonal Mn. Figure 1 shows that for hv=iO eV the Pd feature at
0.3 eV is rapidly poisoned by the presence of Mn, the Pd d band shifts toward larger binding energies with increasing
Mn coverage, and the Mn d band settles down at 2.7 eV in thicker films. A sharp feature at 0.44 eV is found to be
sensitive to the presence of impurities. Figure 2 shows that for fci<=17 eV the Pd d band (tic mark at 0.81 eV) is
shifted toward larger binding energy by 0.15 eV as soon as Mn arrives on the surface (0.3 layers), then remains fixed
at 0.96 eV in the c(2x2) phase and finally disappears in the l x l phase.
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Pd(00l)
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Fig.l. Angle-resolved normal-emission electron dis- Fig.2. Angle-resolved normal-emission electron dis-
tribution curves measured for photon energy fci/=40 eV tribution curves measured for photon energy AJ /=17 eV
with increasing Mn coverage starting from pure Pd{ 001} with increasing Mn coverage. Note the difference be-
through Pd{001}c(2x2)-Mn (best at 0=3.6 layers) to tween the c(2x2) and the tetragonal l x l phase,
bulk tetragonal Mn.

This work was supported by the National Science Foundation with Grant No. DMR8709021 and by the Department
of Energy with Grant No. DE-FG0286ER4S239.
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EPITAXIAL GROWTH OF BODY-CENTERED-TETRAGONAL COPPER

H. Li, S.C. Wu, D. Tian, J. Quinn, Y.S. Li, F. Jona (SUNY Stony Brook) and P.M. Marcus (IBM Yorktown)
Deposition of Cu in ultra-high vacuum on a clean Pd{ 001} surface leads to the growth of a new crystalline

Cu phase with body-centered-tetragonal (bet) structure well-ordered up to about 10 layers. A low-energy electron
diffraction (LEED) analysis of 6-layer films finds the bulk lattice parameters to be a =2.75 A andc=3.24 A, with little
relaxation of the surface layers. Photoemission experiments confirm that the grown phase is different from the stable
fee modification and show a surface state 4.8 eV below the Fermi energy which is not present in fee Cu. The grown
phase may correspond to a theoretically predicted bet phase under slight strain, but we also show directly that it is
probably strained bet and not strained bee or fee.
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Fig.l. Experimental LEED spectra (normal inci-
dence) of 10, 11, 20 and 21 beams for 4, 5 and 6 layers
of Cu on Pd{00l} (solid curves) compared with theoret-
ical spectra for bet Cu{001} (dashed).

Fig.2. Angle-resolved normal-emission curves from
clean Pd{001} (bottom curve), clean fee Cu{001} (top
curve) and epitaxial Cu films with thickness values given
on the right under ©.

This work was supported by the National Science Foundation with Grant No. DMR6709021 and by the Department
of Energy with Grant No. DE-FG0266ER45239.
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THIN FILMS OF Mn ON Cu-(001}

H. Li, S.C. Wu, D. Tian, Y.S. Li, J. Quinn and F. Jona (SUNY Stony Brook)
The interaction of clean Cu{001} with Mn is interesting because of the transient c(2x2) phase first reported by

Binns and Norris [Surface Sci. 116, 336 (1982)] and attributed by these authors to a simple Mn overlayer at low
coverages and to ordered Mn dimers on a c(2x 2) array at higher coverages. We have confirmed that the good LEED
Ix 1 pattern of clean Cu{001} changes, upon deposition of Mn, into a c(2x 2) which is optimal for coverages between
0.5 and 1 layer and Chen progressively fades out into increasing background for higher coverages. Thicker films (10
or more layers) produce no LEED patterns and are either polycrystalline or amorphous. A good c(2x2) pattern can
also be obtained with short anneals of thicker Mn films. A quantitative LEED intensity analysis of the c(2x 2) phase
is in progress. Angle-resolved normal-emission electron distribution curves measured with photon energies between
13 and 120 eV on a c(2x2) phase obtained by room-temperature deposition (not shown) exhibit no large changes
with respect to those from clean Cu{001}, i.e., no new peaks and no interface states. More pronounced changes are
observed with photon energy kf=14 eV between a c(2x2) phase obtained by room-temperature deposition and a
c(2x2) phase obtained by anneal of thicker Mn films, as depicted in Fig. 1.

S

Mn/Cu(001)
hi/:14ev. s—jp
Normal Emission

5 4 3 2 1 0
Binding Energy (eV)

Fig.l. Valence band of Cu and Mn/Cu as measured with photon energy fci/=14 eV and for incresing Mn coverage.
a; clean Cu{001}; b: 0.3 layers Mn [diffuse c(2x2)]; c: 0.7 layers Mn [good c(2x2)J; d: 2 layers Cu [weak c(2x2)]; e:
4 layers Mn annealed at 380° C for 5 min [good c(2x2)].

This work was supported by the National Science Foundation with Grant No. DMR8709021 and by the Department
of Energy with Grant No. DE-FG0286ER45239.
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Photoeaission studies of the low tenperature reaction of metals and oxygen

S. L. Qiu, C. L. Lin, J. Chen, and Myron Strongin

Photoemission measurements were performed for a number of metals reacted
with molecular oxygen at 35 K or below. Figure 1 shows the position of
02, the superoxide 0 2, the peroxide 0 2 , and the oxide 0" features. This
summary shows that the superoxide 0 Is peak always occurs near 535 eV and
the peroxide gives rise to a peak from 531.5 to 533 eV. Note that as the
valence on the oxygen increases the core level become shallower. Figure 2
shows the valence band spectra taken at 80 eV photon energy for 0 2 on K at
35 K. Peak A (at about 3 eV from Ef) appears at very low oxygen coverage,
for which only an oxide feature at 528 eV exists in the XPS 0 Is spectrum.
We argue that peak A is nota superoxide feature as claimed by Bertel et
al.,1 but due to screened 0 ions which are under the metal surface.
Additional evidence for this view is provided by recent XPS results for Li
reacting with oxygen. In this case superoxide is observed, but there is
no 3 eV feature in the valence band.
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1 E. Bertel et al., Phys. Rev. B 39, 6082 (1989).

This work is supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CHOOO126.
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Pr-induced enhancement in Al and Ta oxidation

S. Raaen and N. A. Braaten, Univ. of Trondheim, Norway

Photoemission measurements in the photon energy region 80-130 eV have been
made on Pr covered polycrystalline Al and Ta surfaces. In the case of Ta,
the Pr layer goes down on top upon evaporation, whereas in the case of Al,
a relatively thin interface alloy is formed at room temperature. Enhanced
oxidation is observed on both Al and Ta substrates. Pr overlayers have
similar effects as Ce overlayers (1,2) on these substrates. The Ta oxide
growth can be explained by the catalytic oxidation model of Latta and
Ronay, (3) in which a conversion from tetravalent to trivalent Pr oxide
plays an important role. In the case of Al the enhanced oxidation is
related to the alloy formation at the interface, and a mixed rare earth-
aluminum oxide may form.

30 25 20 15

Binding energy (eV) Binding energy

Figure 1 - Ta 4f and Pr 5p
levels for 100 L oxygen on
Pr/Ta. Photon energy is
80 eV. Bulk Ta oxide is
seen in the region 25-30 eV.

Figure 2 - Al 2p emission
for 100 L oxygen on Pr/Al.
Photon energy is 120 eV.
Al-oxide emission is pre-
dominant .

1 S. Raaen, N. A. Braaten, J. K. Grepstad, and S. L. Qiu, Physica Scripta
(in press).

2 N. A. Braaten, J. K. Grepstad, and S. Raaen, Surf. Sci. (in press).
3 E.-E. Latta and M. Ronay, Phys. Rev. Lett. 53, 948 (1984).

This work is supported by the Norwegian Research Council (NAVF) and by the
U. S. Dept. of Energy, Division of Materials Science, Contract No. DE-
AC02-76CH000126.
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Growth of aluainun oxide layers on GaAs(100) by reaction with solid oxygen

M. W. Ruckman, S. L. Qiu, and Myron Strongin (BNL-Physics); Yongli Gao, C.
P. Lusignan (Univ. of Rochester)

Photoemission is used to study the formation of an Al oxide overlayer on
MBE grown GaAs(lOO) by reaction between Al vapor and a solid 0 2 layer at
49 K. Difficulties are encountered in fabricating GaAs metal-oxide-
semiconductor (MOS) devices because Ga and As form poor quality oxides.
In this experiment the technique of low temperature oxidation of metals by
evaporation into solid oxygen is examined to determine if the technique
can be used to grow a metal oxide layer on GaAs without significant
substrate disruption. Depositing Al directly on to GaAs(100) produces an
extended interface because Al reacts with GaAs releasing gallium. Figures
1 and 2 show the Ga and As 3d core levels for (a) GaAs(lOO) (b) GaAs(lOO)
after exposure to 100 L of 0 2, deposition of (c) GaAs(lOO) + 100 L 0 2

after the deposition of 2A of Al (d) GaAs(100) + 100 L 0 2 after the
deposition of 10A of Al and (e) 10A of Al deposited on GaAs(lOO). The
presence of 0 2 suppresses the Al/GaAs reaction because the reacted Ga 3d
component marked by the vertical line (figure l(e)) is missing (figure
l(d)). Some oxidation of the Ga occurs because an unresolved Ga 3d
component is seen to modify the higher binding energy edge of the Ga 3d
peak. The adsorption of 0 2 on GaAs(100) does not cause the oxidation of
As. However, Al deposition causes the formation of As203-like component
(figure 2(c)). The As203-like phase is reduced when more Al is deposited
and all the 0 2 is consumed by the reaction with the Al (figure 2(d)).
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Figure 2

This work is supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-AC02-76CH000126. Y. Gao acknowledges the support
of the Alfred P. Sloan Foundation.
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Fhotoenission studies of oxygen absorption by Ta(110)-supported Pd
•onolayers

M. W. Ruckman, L. Q. Jiang, and Myron Strongin (BNL-Physics)

Photoemission is used to study adsorption and absorption of oxygen by Pd
covered Ta(llO) surfaces. Chemical bonding between the overlayer and the
substrate has a major affect on the bonding of simple molecules like H2,
02, and CO to the surface. This is due, in large part, to changes in the
electronic structure of the surface atom layer. In earlier studies,1 it
was found that the substrate-monolayer interaction increased the amount of
adsorbed oxygen on Pd/W(110). A recent study of Pt/W(110)2 suggests
oxygen causes the Pt monolayer to cluster which exposes the reactive W
substrate.2

Ta-4f core level spectra are modified by
the presence of overlayers and adsor-
bates. Figures 1 (a) and (b) show the
changes a langmuir of oxygen causes in
the Ta-4f peaks for Pd/Ta(110) ( 0 - 1
monolayer) and Ta(llO) . Oxygen*3

adsorption on Ta(110) creates three
components due to mono-, tri-, and
penta- valent Ta surface oxides. Pd
bonding to Ta(llO) produces components
shifted by 0.4 and 0.8 eV binding
energy. Oxygen adsorption on a Pd/Ta
(110) monolayer does not eliminate the
Pd induced Ta-4f peak but reduces the Ta
substrate 4f peak, and produces new Ta-
4f components indicating oxygen entry
into the substrate. 1L of oxygen does
not cause significant bond breaking or
loss of adhesion at the Pd/Ta interface
because the Ta-4f peaks associated with
the Pd-Ta interface are virtually
unchanged.

1. Prigge et al., Surf. Sci. 123, L698
(1982).

2. Demmin et al., J. Vac. Sci. Technol.
AZ, 1961 (1989).

Figure 1

This work is supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-AC02-76CH000126.
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ELECTRON BAND STRUCTURE OF AG ALONG THE TAL LINE
S.C. Wu, H. Li, J. Sokolov, J. Quinn, Y.S. Li and F. Jona (SUNY Stony Brook)

Angle-resolved photoemission experiments have been carried out on Ag{lll} in the photon energy range
from 13 to 65 eV with both a and s-p-polarized synchrotron radiation. The valence-band structure of Ag
has been determined along the high-symmetry A line by normal emission measurements. For photon energies
smaller than 24 eV, the photoemission peaks could be interpreted as results of direct transitions between ini-
tial and final energy bands in the relativistic band structure calculated by Christensen and by Eckardt et al.
For photon energies larger than 24 eV, the final band was obtained by fitting a fxee-electron-like final band
(roe=].]0, I Q = - 5 . 0 eV) to experimentally verified calculated symmetry points. The experimental valence bands
deviate by about -0.3 eV from theory. Measured critical-point energies (in eV, band indices in parentheses)
are: E[F+(2,3)l=-6.15±0.10, E[I\+(4)]=-5.7O±0.10, E[r+(5,6)]=-4.95±0.10, E[I + (l)]=-7.10±0.10, EjI+5(2)]=-

6.25±0.10, E[Ijj"(3)]=-5.B0±0.10, E[I^(4))=-4.55±0.10, E[Z+5(5)]=-4.30±0.10. A surface resonance was detected

4.2 eV below the Fermi level at the center of the surface Briilouin zone F, which has an origin similar to that of the
surface resonances that have been observed on Cu{001} and Ag-[001}. A possible surface state is also reported at
about 7.4 eV below the Fermi level at the T point. The nature of this impurity-sensitive structure is not understood.

EF=0

L 0.8 06 0.4 0.2 f
MOMENTUM k

- 6

MOMEfJfUM li

Fig.2. Initial bands of Ag along FAL, as in Fig. 1,
but the theoretical bands calculated by Christensen
(broken) and by Eckardt et ai.(full) have been shifted
downwards in energy by 0.2 and 0.3 eV, respectively.

Fig.l. Electron band structure of Ag along the
FAL line. Full curves: calculations of Eckardt et al.[J.
Phys. F 14, 97 (1984)]. Broken curves: calculations of
Christensen [Phys. Status Solidi b 54, 552 (1972)]. Full
(open) circles and squares refer to strong (weak) peaks in
the EDC's measured with photon energies lower (higher)
than 30 (35) eV. The energy scale on the abscissa at the
top of the figure gives the experimental final-state ener-
gies for kt -values larger than 2FL.

This work was supported by the Department of Energy with Grant No. DE-FG0286ER45239.
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EXPERIMENTAL BAND STRUCTURE OF A RARE-EARTH METAL: Tb(0001)

S.C. Wu, H. Li, D. Tian, J. Quinn, Y.S. Li, J. Sokolov, F. Jona (SUNY Stony Brook) and N.E. Christensen (Stuttgart)

We have studied the electron band structure of Tb metal at room temperature by means of angle-resolved

photoemission from Tb(OOOl) using synchrotron radiation. The result constitutes the first experimental determination

in a rare-earth metal of the full dispersed 6s-5d 2"tyPe Aj band from FT" through A to FT . Along the central six-

fold axis of the Brillouin rone we find the two critical points of the Aj band at Fj~=—6.9 eV and FT =—3.6 eV.

The dispersion and the width of the initial Aj band are in good agreement with relativistic linearized muffin-tin

orbital (LMTO) calculations, but the absolute energy position deviates by -2 .8 eV from theory (T? =— 4.0 eV and

FT =—1.0 eV). The initial Aj band lies well below the filled 4f$/2 states, also in agreement with theory, but the

position of the ^ /g / j states is - 0 . 8 eV in the calculation in contrast to - 2 . 6 eV in the experiment.
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Fig.2. Electron band structure of Tb along the
FAA line. The experimental Aj band lies lower than
theory by 2.8 eV, although dispersion and width are in
good agreement with the calculations.

Fig.l. Angle-integrated EDC's from Tb(0001)
(hv~60 eV) showing the presence of Fe segregated from
the bulk onto the surface (peak just below Ep in curves

a and 6). Even at pressures of l ~2x 1 0 ~ 1 0 Torr the Tb
surface is contaminated with oxygen within less than
one hour (peak at about -5 .5 eV in curve b). Immedi-
ately after ion bombardment both the oxygen and the
iron impurities are eliminated (curve e).

This work was supported by the Department of Energy with Grant No. DE-FG0286ER45239.
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OXYGEN 2p HOLE ORIENTATION IN HIGH TEMPTERATURE SUPERCONDUCTORS

F. J. Himpsel, A. B. Mclean, G. V. Chandrashekhar, and M. W. Shafer, IBM Research Div.,
(Yorktown Heights, NY)

The mechanism for superconductivity in the oxide superconductors is still wide open. We know
that holes (and not electrons) are responsible for superconductivity from the correlation that has
been established between the transition temperature Tc and the hole concentration, as measured
by wet chemistry and the Hall effect. Therefore, the study of unoccupied states just above the
Fermi level EF is of prime interest to understanding the superconducting hole states. These states
can be observed either in soft X-ray absorption where their atomic character is revealed, or by in-
verse photoemission, where their exact energy position can be located. In '88, single crystal ma-
terial of Bi2Sr2Ca,Cu2O8 became available, which exhibits high quality cleavage surfaces that make
it ideal for spectroscopic studies.

We have found O2p holes near the Fermi level in Bi2Sr2Ca|Cu208 by soft X-ray absorption
measurements. An absorption spike is observed at threshold that corresponds to Ols -> O2p
transitions with the 2p states near the Fermi level. In our work, we use dipole selection rules in
optical absorption to identify the orientation of the O2p holes. With the electric field vector E
parallel to the x-axis only transitions into px orbitals are allowed from an s-lcvel, and likewise for
the other directions, for single crystals of Bi2Sr2Ca|Cu2Og cleaved along the a,b-planc, we find that
the O2p holes are excited by E parallel to the surface (see figure). Thus, they have pxy character
with x,y in the superconducting a,b-planc This finding is consistent with current models of the high
temperature superconductors, where the interaction between Cu.ld^ y2 and O2p,_y orbitals in the
CuO2 planes dominates superconducting behavior.
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Photon Stimulated Desorption and Photoemission Studies of PF3 on Ru(0001)

Stephen A. Joycete), Jory A. Yarmoffte), and Theodore E. Madey(b)

U8

(a)Surface Science Division, National Institute of Standards and Technology
Gaithersburg, MD 20899

{b)Physics Department, Rutgers, The State University of New Jersey
Piscataway, NJ 08855

Recent experiments performed at NIST on the electron stimulated desorption of F* from PF3
adsorbed on a Ru(0001) surface revealed complex angular distributions of desorbing fluorine
which showed dramatic changes as a function of the total electron dose. It was proposed that these
changes resulted from the formation of the subfluorides of phosphorus (i.e. PF2 and PF) through an
electron induced dissociation of the PF3.

Figure 1 shows the P 2p core level photoemission from a Ru(0001) with a saturation coverage
of PF3 which was then exposed to either 100 eV electrons or the zero order light from the
monochromator for approximately 30 seconds. As can be seen, prior to irradiation, the PF3
remains intact upon adsorption on Ru(0001), but undergoes a facile decomposition to the various
subfluorides with both photon and electron dosage. It should be noted that similar behavior, albeit
to a lesser degree, was observed even with the monochromatized light used to acquire the
photoemission spectra.

Figure 2 shows the PSD yields as function of photon energy in the region of the P 2p for a PF3
monolayer before and after extensive beam damage. From the "neat" surface, an ion desorption
threshold is observed corresponding to transitions from the P 2p level in a PF3 species to the Fermi
level. Transitions from the P 2p (PF3) to unoccupied PF3 molecular orbitals above the Fermi level
are observed at higher photon energies. A lower energy threshold for ion desorption is seen for the
damaged surface corresponding to transitions from the P 2p level in phosphorus sub fluorides to the
Fermi level. Future planned experiments include angle resolved PSD measurements to help
associate particular features in the ion angular distributions with particular subfluorides.
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* U8B
PHOTOELECTRON SPECTROSCOPIC STUDY OF THE Fe/MoS2(0001) INTERFACE

J.R. Lince, T.B. Stewart, M.H. Hills, P.D. Fleischauer (Aerospace ),
J A. Yarmoff (N1ST), and A. Taleb-Ibrahimi (IBM)

Metal/semiconductor interfaces formed by deposition of thin metal films on MoS.(OOOl) surfaces exhibit interesting chemical
and electronic properties that result from the anisotropic, layered structure of MoS,. we have studied the chemical interactions
for the Fe/MoSjfOOOl) system, the best studied metal/MoS-(0001) interface, ' using high-resolution core level and valence band
photoelectron spectroscopies (CLPS and VBPS, respectively}.

All Pc depositions were done on MoS.(0001) surfaces that exhibited good quality 1X1 LEBD patterns, and no carbon, oxygen, or
other contamination as seen by CLPS. Spectra for the Mo-3d and S-2p core levels were taken with a photon energy of 300 eV,
resulting in photoelectron kinetic energies of - 70 eV and -140 eV, respectively.

Fe grows in relatively low, flat islands on MoS.(0001), as shown by the disappearance of the core level peaks (see Fig. Id).
The rise in the S/Mo ratio as Fe is deposited in 1-10 Athicknesses (see Fig. la-d) indicates that some chemical interaction is
occuring at the interface, liberating S, which is present in the Fe film as an Fe-S surface phase and adsorbed sulfur. This
chemical interaction causes the production of S vacancy defects in the MoS-(OOOl) surface (as shown by the defect peak in Fig.
lb-c). Valence band spectra were qualitatively consistent with the existence of a mixture of MoS. and Fe metal, while that for a
10 AFe film (which has virtually covered the substrate, see Fig. Id) is similar to that for Fe metal with a small amount of S
adsorbed on its surface (see Fig. 2). Even after annealing the 10 A film to 600-900 K, the surface region appeared as a mixture
of Fe metal and MoS2 (see Fig. 2), indicating that bulk reactivity is not favored for this system, since the MoS, is reformed by
annealing (core levels after annealing not shown), and no bulk Fe sulflde is produced. The reformation of a disordered
MoS,(0001) surface on annealing is confirmed by the reappearance of a streaky MoS,(0001)-lxl LEED pattern.

Figure 1. Mo-3d and S-2p core level spectra during various
stages of Fe deposition on the MoS,(0001) surface.
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Figure 2: Valence band spectra (h v = 152 eV) during
deposition of Fe on the MoS_(0001) surface and annealing
of a 10 AFe film. The two peaks visible at -9-10 eV
result from the S-2p core level doublet produced by

second-order light from the monochromator.
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THE ELECTRONIC AND STRUCTURAL PROPERTIES OF A
D1SCOMMENSURATE MONOLAYER SYSTEM: GaAs(l 10)(Ixl)-Bi(l ML)

R. Ludeke, R. M. Feenstra, A. B. McLean, A. Taleb-Ibrahimi and F. J. Himpsel,
IBM TJ. Watson Research Center, (Yorktown Heights, NY 10598)

Although several ordered monolayer (ML) and submonolayer systems have
been discovered on clean Si and Ge surfaces, relatively few have been found on
the (110) face of compound semiconductors. The most extensively studied
expitaxial monolayer system is GaAs(l 10)(lxl)-Sb, and this system has served
as a useful prototype for experimental and first-principle theoretical studies alike.
However, we have found that Bi also forms an ordered monolayer system on
GaAs(llO). Therefore, the GaAs(110)(lxl)-Bi(l ML) system represents another
useful prototype system for studying the interrelation between the structural and
electronic properties of semiconductor interfaces in general.

We have studied the GaAs(110)(lxl)-Bi(l ML) system using angle-resolved
photoelectron spectroscopy, angle integrated core-level photoelectron
spcctroscopy, low energy electron diffraction, scanning tunneling microscopy
(STM) and inverse photoemission. Although GaAs(l IO)(lxl)-Bi(I ML) bears
some resemblance to the GaAs(l IO)(lxI)-Sb(l ML) system, there are some
striking differences. For example, although the majority of the overlaycr is in
registry with the substrate, the overlayer possesses a periodic, one dimensional
array of misfit dislocations, which appear to generate acceptor states that "pin"
the Fermi level on n-GaAs(llO), and Bi-derived valence and conduction bands
that extend into the GaAs bandgap and are separated by 0.7 eV. The band
dispersion of the two occupieds Bi-derived features, along F-X, has been deter-
mined using angle resolved photoeiectron spectroscopy. The uppermost state was
found to be split-off from the projected bulk bands, whereas the lower of the two
Bi-derivcd states overlapped with the bulk bands over a considerable part of the
zone. In addition to the two occupied, Bi derived features, we have detected two
unoccupied Bi-derived features using STM spectroscopy and inverse
photoemission. Relative to the GaAs valence band maximum, the average ener-
gies of the Bi-derived features are approximately -0.9, 0.1, 1.3 and 1.9 eV.

References
1. A. B. McLean, R. M. Feenstra, A Talcb-fbrahimi and R. Ludeke. Phys.

Rev. B, (in press).
2. A. Talcb-Ibrahimi, R. Ludeke, R. M. Fcenstra and A. B. McLean J. Vac. Sci.

Technol., (in press).

172



U8

CROSS-SECTION EFFECTS IN THE SPECTROSCOPY OF Si/Si<)2 INTERFACES

F. R. McFeely, B. Robinson, IBM Research Div., (Yorktown Heights, NY), J. Yarmoff, and S. Joyce,
(NBS Gaithersburg, MD)

The structure of the Si/SiO2 interface has remained elusive despite intensive study. Several structural
models have been proposed for the SiO2/Si(100) interface, mostly assuming that the interface is atom-
icaliy abrupt. In previous studies of this interface we had shown by means of high resolution soft x-ray
core level spectroscopy that all three intermediate Si oxidation states (Si + 1, Si + 2, Si + 3) are present
in substantial amounts at this interface.

In order to proceed from measurements of the relative photoemission intensities of the interface core
level features to a quantitative test of structural models, it is necessary to relate these intensities to the
number density of the emitting species. This in turn requires a knowledge of two things. First the rel-
ative photoemission cross sections as a function of oxidation state must, be known. Second, the escape
depth for the photoelectrons for the emitting species must be known, since very short escape depths will
result in anomalously high intensity for species nearest the surface. This experiment was designed to
address the first of these effects.

The figure shows the data employed to determine the relative photoemission cross sections of the
three intermediate oxidation states as a function of the kinetic energy of the final state photoelcctron
(Equivalent to the photon energy except for the difference in binding energy of the different oxidation
states)2. These data were obtained by preparing a single oxide sample and measuring the relative inten-
sities of the intermediate oxidation state peaks from near threshold to kinetic energies sufficiently high
that all structure had washed out and the cross sections equated. As can be seen from the data, above
about 10 eV, the Si + and Si+ 2 cross sections are equal within experimental error. The Si + 3 species,
however, exhibits a marked resonance centered around 25 cV, the energy at which the best quality
spectra of the interface are obtained. This requires a correction of the raw intensity of nearly a factor
of 2 for quantitative comparison with theory! In principle, some fraction of this observed intensity vari-
ation could be caused by strongly energy dependent escape depth effects combined with a strong spatial
segregation of the oxides, however, we have made measurements of the escape depth of photoelectrons
through SiO2, which show that the escape depth is sufficiently long at these energies to obviate this
problem.
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ESCAPE LENGTHS OF PHOTOELECTRONS THROUGH SiO2

F. R. McFeely, B. Robinson, IBM Research Div., (Yorktown Heights, NY), .1. Yarmoff, and S.
Joyce, (NBS, Gaithersburg, MD)

7'he structure of the Si/SiO2 interface has remained elusive despite intensive study. Several
structural models have been proposed for the SiO2/Si(100) interface, mostly assuming that the
interface is atomically abrupt. In previous studies of this interface we had shown by means of high
resolution soft x-ray core level spectroscopy that all three intermediate Si oxidation states (Si+ 1,
Si + 2, Si + 3) are present in substantial amounts at this interface.
In order to proceed from measurements of the rclalive photoemission intensities of the interface
core level features to a quantitative test of structural models, it is necessary to relate these intensities
to the number density of the emitting species. This in turn requires a knowledge of two things.
First the relative photocmission cross sections as a function of oxidation state must be known.
Second, the escape depth for the photoelectrons for the emitting species must be known, since very
short escape depths will result in anomalously high intensity for species nearest the surface. This
experiment was designed to address the latter effect.

The escape lengths of photoelectrons through SiO2 were measured by comparing the ratios of
Si()2 to Substrate Si 2p core level CFS photoemission intensity for in-situ prepared oxides of two
different thicknesses. This methodology allowed us to use only inlcnsity ralios in the analysis and
obviated the need to make any assumptions concerning relative photoelectric cross section/

The figure shows the results of this analysis. Note that the escape depth curve bears very little
resemblance to putative universal curves of electron escape depth. The unusual falloff of the clastic
escape depth at low energies is due to the increasing importance of incleastic phonon scattering at
lower energies.
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U8
STUDIES OF PECVD SiO2

I". R. McFcely and B. Robinson, (IBM Research Div., Yorktown Heights, NY)

The majority of experiments aimend at the elucidation of the structure of Si/SiO2 interfaces have
focussed on thermal oxides, grown in situ by direct reaction with O2. There are, however, other im-
portant ways in which such interfaces may be prepared. One of these is plasma-enhanced chemical va-
por deposition (PECVD).The oxide interfaces grown by in situ and downstream PECVD are extremely
interesting from a technological perspective in that the electrical characteristics of films deposited on
350 C substrates, as determined by MOS techniques, can approach that of thermal oxides grown at
temperatures in excess of 800 C. From a fundamental point of view it is an interesting and important
to determine the nature of the film growth mechanism for these more complicated reactions and to de-
termine whether this change in mechanism results in structurally different interfaces than those produced
by direct thermal oxidation. We have initiated an experimental program to address these questions.
The experiments have been exploratory in nature and were designed to determine whether or not we
could see differences between the chemical structure of these oxides and thermal oxides.

The figue shows a comparison of the Si 2p core level spectra between a sample of downstream
PFCVD oxide and a thermal oxide. Clearly, the is a dramatic difference between the two, as evidenced
by the very large signal associated with the Si+ 3 oxidation state on the PIvCVO sample. Further ex-
periments have demonstrated that this spectral feature is highly radiation sensitive, decreasing in relalive
strength as the sample is exposed to 130 eV synchrotron radiation. In addition we have shown it to be
preferentially distributed towards the surface of the sample. Upon annealing to 500 C this feature also
decreases in relative intensity, but remains significantly larger than its analog in the thermal oxide spectra.

Si 2P3/2 Spectra hi/= 170 eV
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STUDIES OF SELECTIVITY BREAKDOWN IN THE WF6-Si/SiO, CVD REACTION

F. R. McFeely, IBM Research Div., (Yorktown Heights, NY) and .1. A. Yarmoff, (NBS,
Gaithersburg, MD)

The CVD reaction between WF6 and Si/SiO2 structures is a classic example of a selective de-
position reaction. Under ideal conditions, metallic Tungsten is deposited on exposed Si surfaces
while no reaction occurs on the SiO2 surfaces. Unfortunately, in practice this ideal is not always
achieved, i.e, selectivity can be lost and deposition can nucleate on the nominally inert SiO2 sur-
faces. We have been involved in a continuing experimental program to elucidate the reaction
mechanism on Si surfaces and to investigate possible mechanisms whereby selectivity might be lost.

In order to study the spectroscopy of the species which might be present on an oxide surface
after the breakdown of selectivity we have chosen to study an artificial model system - SiO2 surfaces
rendered reactive via the inroduction of defects produced by small exposures to beams of 200 eV
Argon ions. By this means we can reproducibly create surfaces with large numbers of W atoms in
intermediate Fluoridation and Oxidation states and determine their spcctroscopic signatures.

The figure shows an example of some typical results. The op panel shows the bombarded SiO2
surface after exposure to approximately 10 I,angmuirs of WF6. Three distinct Tungsten features
may be resolved in the spectrum, in addition to the F 2s. (The O 2s peak at 142 cV has been nu-
merically subtracted.) After a further exposure, the spectrum in the middle panel is obtained.
While the same three Tungsten features are in evidence, the distribution of them has changed to
reflect a greater preponderance of species at higher oxidation states. This change in distribution
shows that the surface is becomming passivatcd. After annealing the sample to 75 C, the spectrum
in the bottom panel is obtained. A comparison of this spectum to the previous two reveals that the
highest binding energy species has desorbed from the surface. Further comparison of these data
with F Is spectra reveal that this feature is most likely due to a highly fluorinatcd W moiety. The
latter two W features have been shown by subsequent measurements not ot be fluorine-associated.
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CONSTANT FINAL STATE MEASUREMENTS OP SURFACE CORE-LEVF-.
ENERGY SHIFTS: InP(llO).

us
BINDING

A. B. Mcl«an and R. Ludeke, (IBM T..I. Watson Research Center, Yorktown Heights, NY 10598)

The core-level emission from atoms on the (110) surface of III-V semiconductors is shifted in
energy with respect to the emission from the underlying bulk atoms. The emergent trend is that,
the surface core-level emission from the surface anions is shifted to lower binding energy, whereas
the core-level emission from the surface cations is shifted to higher binding energy. The magnitude
of the shifts being approximately equal. However, it has recently been claimed that the fnP(llO)
surface does not follow this pattern. Kendelewicz et al (1), have argued that the surface core-level
shift on the P 2p core-level is zero. Moreover, this observation has been supported by a recent
theoretical treatment of surface core-level shifts on III-V semiconductors (2).

We have studied the energy dependence of the P 2p core-level on InP(llO) using conventional
least squares analysis and find, in contrast, that the surface core-level binding energy shift is - 0.31
eV. We found that the energy dependence of the P 2p core-level can only be explained by invoking
a shifted surface component. To illustrate this, we present constanl-final-state core-level spectra
taken under both surface sensitive conditions (upper curve) and bulk sensitive conditions (lower
curve). In each case the total core-level lineshape can be described relatively easily using two spin
orbit split doublets, which arise from atoms in the bulk (B) and from atoms on the (110) surface
(S). As expected, under bulk sensitive conditions, the surface-to-bulk intensity ratio is smaller and
the minimum between the two main emission features is larger (lower curve). Our results suggest
that the InP(l 10) surface is not an exception to the rule. Rather, it reinstates the trend of equal and
(almost) opposite energetic displacements of the shallow cation and anion core-levels.

References
1. T. Kendelewicz, P. II. Mahowald, K. A. Bertness, C. E. McCants, I. Linda and W. E. Spicer,

Phys. Rev. B 36, 12, 6543 (1987).
2. C. Priester, G. Allan and M. Lanoo, Phys. Rev. Lett., 58, 19, 1989 (1987).
3. A. B. McLean and R. Ludeke, Phys. Rev. B, (in press).
4. A. B. Mel ean (submitted).
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TIIF. BAND DISPFRSJON OF AN JNTF.RFACF, STATF.: CaF2/Si(l 11)

A. B. Mcl^an and F. J. Ilimpsel, (IBM T.J. Watson Research Center, Yorktown Heights, NY,
10598)

The electronic properties of the CaF2/Si(l 11) interface have been studied using angle resolved
photoclectron spectroscopy with synchrotron radiation. The bonding of the Ca 4s electrons with
the 3p dangling bond orbitals of the Si( 111) surface produces an interface state which is located
approximately 0.8 eV below the Fermi level in normal emission and has A| symmetry. This feature
disperses downwards by 0.6 eV from F to M and by 0.8 eV from F to K. The results of this study
are qualitatively comparable to a first-principle band calculation of the isoclcctronic Na/Si( l l l )
monolayer system with the Na atoms in the threefold hollow site of the Si ( l l l ) surface.

In the figure, the band dispersion of the bonding interface state at the CaF2/Si(l II) interface is
shown. The projected bulk bandstructure is hatched. An estimate for the dispersion of the anti-
bonding interface state band is also given (dashed line). This is based on optical second harmonic
generation data.
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INTERFACE STRUCTURE OF THE Si(IOO)/SK>2 INTERFACE

J.F. Morar, (IBM Research Div., T..F. Watson Research Center Yorktown Heights, N.Y. 10598),
.1. Bevk, (AT&T Bell laboratories, Murray Hill, N..I. 07974) and A Ournw.d, (AT&T Bell labo-
ratories, Holmdel, N.J. 07733)

Soft X-ray core level photoemission spcctroscopy (SXPS) is a particularly useful technique for
investigating thin Si()2 layers on Silicon. By growing Si()2 to a thickness comparable to the SXPS
sampling depth, spectra can be obtained which are sensitive not only to the SiO2 layer, but also the
the SiO2/Si interface. The best combination of sampling depth and resolution are obtained with
spectra of the Si 2p core level which consists of two closely spaced spin-orbit split peaks (the 2p3,2
& 2p^2). For the purposes of data analysis, a simple numerical technique can be used to remove
^Pi/? contribution so that each chemically distinct species will be represented by a single peak. The
relative magnitude of the individual peaks in these spectra correspond to the relative quantities of
silicon atoms in various oxidation states (Si+ 0, S i + ' , S i + 2, Si ̂  ^, S i + ^) weighted by an escape
depth function which depends on the depth distribution of each constituent.

Cross sectional Transmission Electron Microscopy (TFM) investigations of the Si(IOO)/Si()2
interface indicate the atomic structure at the interface is strongly dependent on the smoothness
(absence of atomic steps) of the silicon surface before oxidation, indeed, we observe differences in
the nature of the chemical bonding at the Si(100)/Si()2 interface which can be associated with the
smoothness of the starting surface.

Thin SiO2 films obtained by oxidizing atomicaily smooth surfaces at room temperature have
more Si atoms in the + 1 oxidation state and less Si atoms in the + 2 and + 3 oxidation states when
compared thin oxides made under the same conditions on rougli surfaces. These results indicate a
direct relationship between interfacial structure and the surface structure prior to oxidation for thin
SiO2 films grown under these conditions.

179



U8

PHOTOEMISSION MONITORING OF THE XeF2 INTERACTION WITH
Si-Ge ALLOYS

L. J. Terminello, and F. R. McFecly, (IBM T. J. Watson Research Center,
Yorktown Heights, NY 10598)

There is currently great interest in the properties if SiGc alloys, owing to their
possible utility for heterojunction transistors, and for their possible use for the
modification of the Si bandstructure and the enhancement of mobility. If such
materials are to be used in technology, they may need to undergo the same types
of chemical manipulations as pure Si. With this motivation, we have begun a
photoemission study of these Si-Ge alloys to understand their interaction with
XeF(2) - a gas that serves as an excellent model for reactive etchants.

Si-Ge alloys containing 20 percent germanium were studied by core-level
photoemission. Once the samples were cleaned by heating, they were exposed at
room temperature to XeF(2) which generated silicon and germanium fluorides.
Photoelectrons from Si(2p), Ge(3d), and F were measured to quantify each com-
ponent present on the sample, and to determine their chemical state by core-level
shifts. Overlap between Ge(3d) and F photoemission features required F(ls)
photoelectrons to be measured for absolute quantitization of of each element.
All measurements were performed for XeF(2) doses of 10 L to 0.1 ML.

Initial results of this study show that Si is preferentially depleted from the
sample leaving the surface Ge rich. This may be explained by the increased
volatility of SiF(4) vs. any of the germanium fluorides that are produced during
the XeF(2) interaction. Photoemission from heavily dosed samples have reduced
Si intensity with little evidence of the silicon fluorides normally seen in the initial
stages of etching. This indicates that the Si remaining after substantial dosing is
located below the surface
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PRESSURE DEPENDENCE OF OXIDE GROWTH RATE ON SILICON AND COBALT
SILICIDE

L. J. Terminello, F. R. McFeely, (IBM T. J. Watson Research Center, Yorktown Heights, NY
10598) and J. Yarmoff, (NBS, Gaithersburg, MI))

The growth of insulating oxides on silicon and metal silicides play an important role in the
manufacture of microelectronics. Because of its importance, there has been much work performed
towards understanding the oxide growth process. 1 It has been shown 2 that the thermal oxidation
of many metal silicides produces a SiO(2) insulating layer void of any metal oxide. In some cases,
the silicide oxidation at atmospheric presures procedes at a much faster rate than for silicon, has
been attributed to the electronic properties of the metal silicides. Our study confirms the growth
rate difference for a metal silicide -CoSi(2) in this case - vs. Si at near atmospheric presures, but also
demonstrates that the oxidation rate is presure dependent.

Figure 1 shows the ratio of SiO(4) to Si photointensity vs. oxidation presure. This ratio pro-
vides a suitable estimate of oxide thickness because of the attenuation of electrons from
photoetnitters deeper in the sample. These results confirm that at high presure, the oxidation rate
of CoSi(2) is in fact greater than Si, but also clearly illustrate the presure dependence of the
oxidation rate. While the differing ratios at high presure help to coroborate the importance of
substrate electronic properties on oxide growth, the prcsure dependence reveals the significance of
the vacuum interface on the initial stages of oxidation.
References:

1. F. J. Himpsel, F. R. McFeely, A. Taleb-Ibrahimi, J. A. Yarmoff, G. Ilollinger, Phys. Rev B
38, 6084, (1988).

2. R. D. Frampton, E. A. Irene, F. M. d'Heurle, J. Appl. Phys. 62, 2972, (1987).

Figure 1 illustrates the presure dependence of oxide thickness for Si and CoSi(2). Conditions for
both data sets were thermal oxidation in O(2) at 750 C for 5 minutes. The ratio of normalized
pholoemission intensities for SiO(4) to Si estimates the oxide layer thickness, and thereby the
oxidation rate.
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THE REACTION OF Si2CI6 ON Si(11!)

L. J. Terminello, F. R. McFeely, IBM T. J. Watson Research Center, Yorktown Heights, NY
10598), J. A. Yarmoff, S. Joyce, (NBS, Gaithersburg, MD)

Chemical vapor deposition (CVD) is a common semiconductor manufacturing technique typi-
cally used to produce silicon thin films from silane. It has been shown 1 that disilane (Si(2)H(6))
is observed during the growth process and may be an important intermediate in the deposition be-
cause of its greater reactivity. This study examines the interaction of Si(2)Cl(6) with single crystal
silicon to model this aspect of Si thin-film growth.

Gaseous Si(2)Cl(6) on Si(l 11) was monitored at various coverages ranging from 10 L to 10000
I- by photocmission. Si(2p), Si valence band, and Cl(3p) photoelectron spectra were measured for
each coverage and qualitatively revealed the extent to which the adsorbatc molecule dissociated on
the Si(l 11) surface. F.ach sample was prepared by first flashing the Si(l 11) sample clean and then
ambient dosing the surface with Si(2)Cl(6). An example of the Si(2p) photoemission for a coverage
of 1000 L is shown in figure 1.

Results of this investigation showed that at low coverages, there was appreciable dissociation
of the Si(2)CI(6) by revealing only a mono-chloride feature in the Si(2p) spectrum. At higher
coverages there was evidence that higher chlorides remained on the surface (see figure 1). It is in-
teresting to compare these results with si etching processes that involve fluorine containing gases.
When Si is etched with XeF(2), SiF(4) species can be seen in the photocmission. No SiCl(4) spe-
cies can be seen in our deposition study and may reflect the reactivity of our model molecule.
Reference

1. 1 R. Imbihl, .1. E. Demuth, S. M. Gates, and B. A. Scott, Phys. Rev. B 39, 5222, (1989).

Figure 1. Si(2p) photoemission spectrum taken with 170 eV photon energy for an n-type Si(lll)
substrate exposed to 1000 L Si(2)Cl(6). Results shown are spin-orbit decoupled rcw data with its
inelastic background removed.
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Photon-Stimulated Desorption of P* from Silicon Surfaces U8

Jory A. Yarmoff and Stephen A. Joyce
Surface Science Division

National Institute of Standards and Technology
Gaithersburg, MD 20899

Photon stimulated desorption (PSD) has been long recognized to be a viable technique for the
determination of the local electronic structure of adsorbates on surfaces, due to the inherent
surface sensitivity of PSD. In previous work1 we showed how PSD of P* from a silicon surface is a
chemically selective process, i.e. the thresholds for PSD observed at the substrate core level edge
coincide with the oxidation state of the bonding surface atom. We have continued these studies
with a more detailed analysis of the PSD of fluorine from silicon.

The surfaces were exposed to fluorine by transferring them under UHV into a separate
reaction chamber and exposing them to XeF2- The composition of the surfaces was measured via
Si 2p core level photoemission. Since the cross section for the desorption of F+ is significantly
larger than any other possible desorbed species, the PSD measurements can be made by simply
reversing the polarity of the electron optics. Both the photon energy dependence of the PSD and the
ion kinetic energy distributions of the desorbed ions were measured.

Figure 1 shows the PSD obtained from a surface that was exposed to 50 L of XeF2-
Photoemission showed that this surface was terminated primarily by SiF and SiF3 surface
species. The dashed line shows the PSD obtained by monitoring the total desorbed ion yield. The
solid vertical lines in the figure indentify the various excitations which contribute to this
spectrum, which include transitions from the 2p levels of the bonding Si atoms to the conduction
band minimum (CBM) as well as transitions to empty molecular orbital-like (3s and 3p) states.
The solid line shows the PSD obtained by monitoring only those ions which desorbed with a high
kinetic energy. In this case, the transitions involving SiF3 surface species are enhanced over the
SiF transitions, which shows that the kinetic energy of an ion desorbed from an SiF3 surface site is
larger than of an ion originating from SiP. This has been confirmed by direct, measurements of
the ion kinetic energies.^ in particular, the transitions to the empty molecular orbital-like states
are greatly enhanced in the high-kinetic energy spectrum. A comparison of this data to the
gas-phase adsorption spectrum of SiF4 of Freidrich, et al.3 is shown in the figure.

1 J.A. Yarmoff, A. Taleb-Ibrahimi, F.R. McFeely and Ph. Avouris, Phys. Rev. Lett. 60, 960 (1988).
2J.A. Yarmoff and S.A. Joyce, Phys. Rev. B, submitted.
3H. Freidrich, B. Pittel, P. Rabe, W.H.E. Schwarz and B. Sontag, J. Phys. B13, 25 (1980).
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Figure 1. PSD collected over all emission angles from a Si (111) surface exposed to SO L 2
and gas-phase absorption of S1F4 from Ref. 3. The PSD spectra represent ions collected over all
kinetic energies (long dashes) and at 7.5±2.5 eV (solid line).
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EXPERIMENTAL ABSTRACTS - Beamline U8C/D

REFRACTIVE INDEX OF AMORPHOUS CARBON NEAR ITS K-EDGE

Eberhard Spiller
IBM Research Division, T. J. Watson Research Center
Yorktown Heights, NY 10598

The refractive index of the amorphous carbon layers inside of multilayer soft x-ray mirrors is de-
rived in the A = 42 - 58A wavelengths range by measuring the shift in the Bragg angle caused by
refraction. Reflectivity curves are measured with a reflectometer behind a zone plate
monochromator at the National Synchrotron Light Source. The monochromator consists only of
a free-standing zone plate of gold and an exit slit and is free of any of the contamination problems
often found in monochromators that contain mirrors.

Smoothing of Multilayer X-Ray Mirrors by Ion Polishing

Eberhard Spiller
IBM Research Division.
Thomas J. Watson Research Center
Yorktown Heights, NY 10598

Ion bombardment at grazing angles of incidence is used to smoothen the boundaries within multi-
layer x-ray mirrors. Increases in the reflectivity by a factor of 2 for soft x-rays have been obtained
for RhRu-C mirrors with periods of 60 A.

Fabrication and Testing of Large Area Multilayer Coated X-ray Optics

liberhard Spiller
IBM Thomas J. Watson Research Center, Yorktown Heights, NY 10598

Leon Golub
Smithsonian Astrophysical Observatory, Cambridge MA 02138

We discuss the procedures which have been developed for the production and testing of multilayer
x-ray mirrors on large figured optical surfaces. Methods which arc generally useful for characterizing
the performance of such optics are presented, as well as specific results from the production of a
25 cm diameter Ritchey-Chretien telescope for a wavelength of A = 63.5 A. The latter is a two-
mirror system, which places additional stringent requirements upon the accuracy and quality of the
coatings.
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FLUORESCENCE FROM SMALL LIQUID ALKANES AT LOW TEMPERATURE U9A

R. A. Holroyd, J. M. Preses, Chemistry Department, Brookhaven National
Laboratory, Upton, NY 11973 USA

When saturated hydrocarbons absorb radiation of wavelength below
200 nm, they mostly decompose. However, these molecules do fluoresce, with
a fluorescence quantum yield less than 10"^. The smallest alkane for which
a fluorescence lifetime was heretofore determined is n-pentane, and the
smallest hydrocarbon from which a fluorescence quantum yield has been
extracted is n-butane. A general feature of the fluorescence in this class
of compounds is an increase in the fluorescence quantum yield as the
temperature decreases, presumably due to increasing impairment of
decomposition channels at low temperature. We have undertaken experiments
at low temperature, so that fluorescence lifetimes of even smaller saturated
hydrocarbons could be measured. These molecules have less dense electronic
spectra, and are more tractable from a theoretical standpoint.

We are able to measure the fluorescence lifetimes of n-butane,
n-pentane, and n-hexane from temperatures very near their melting points to
temperatures near room temperature where the lifetimes became too short to
be determined and the fluorescence quantum yield became too small to permit
detection. The rate constants for fluorescence decays of these and other
alkanes can be separated into an activated, temperature-dependent part, and
a nonactivated, temperature-independent part, thus

k_, + 1/t - k + Aexp(-E ,/RT)
decay o act

where k ^ ^ y represents the rate constant for the observed decay, x. is the
observed lifetime, ko is the rate constant for the nonactivated process, A
is the preexponential factor for the activated process, and Eact is the
activation energy. Table 1 contains values for these parameters for the
three molecules studied.

Table 1
molecule

butane
pentane
hexane

k
o

2.
1.
8.

(see"*)

17
35
26

x 108

x 108

x 107

3
6
2

A (sec

.24 x

.66 x

.19 x

1 0 "
1 0 "
1 0 "

E ..(Real/mole)
act

4.69
4.10
5.31

We have determined absolute fluorescence quantum yields. The product
of the observed fluorescence decay rate and the fluorescence quantum yield,
which is related to the radiative rate constant, is nearly constant, with
value 1-2 x 10". These values are close to the values reported for longer
chain n-alkanes. In the future, it is hoped that these determinations can
be extended to even smaller saturated hydrocarbons and unsaturated
compounds.
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U9A
FLUORESCENCE AND LIFETIME STUDIES OF HCL AND HOCL

J. B. Nee, Department of Physics, National Central U., Taiwan, ROC

(A) Lifetimes of the B ('S+) State of HC1:
The B (]S+) state of HC1 results from strong interactions of Rydberg and

valence transitions. Emission from this state has been observed in electric
discharges1 and in photoexcitation2. Although fluorescence from this state is weak
due to the low absorption cross section and perturbations from other electronic
states, it has been observed from several vibrational levels of the
photoexcited B state2.

We have tried to measure the fluorescence lifetime of the B state at
wavelengths 118.5 and 122.2 nm, corresponding to v' = 12 and 8, respectively.
Experiments were done with a slow flow of HC1 at a pressure of 0.2-0.5 Torr, and
a monochromator resolution of 1.7 nm. Lifetimes of 1.6 and 0.4 ns were
determined at 118.5 and 122.2 nm, respectively. The lifetime of the B state has
been calculated to be 2-4 ns for the low vibrational levels free from perturbations3,
in reasonable agreement with the experimental value at 118.5 nm. The much
shorter lifetime determined at 122.2 nm may result from predissociation.

(B) Fluorescence Excitation of HOC1:
The photodissociation of HOC1 produces OH and Cl, and at wavelengths

shorter than 191.6 nm, OH is produced in the A(2L+) state from which fluorescence
at 310 nm (A—>X) can be detected. This experiment is difficult because HOC1
exists only in equilibrium with C12O and H2O, with an equilibrium constant
[HOC1]7[C12O][H2O] of 0.09 at room temperature. However, fluorescence
excitation is very sensitive to even trace amounts of HOC1.

Experiments were carried out with a mixture of about 15 torr of C12O and an
equal pressure of water, diluted with He to a total pressure of about 600 Torr in a
2-1. bulb. Fluorescence was detected using an interference filter centered at 314
nm (FWHM, 5 nm). The observed excitation spectrum consists of broad bands at
wavelengths both above and below 135 nm. Fluorescence at wavelengths shorter
than 135 nm can be attributed to OH produced by photodissociation of water, but
the fluorescence observed at longer excitation wavelengths must result from the
dissociation of HOC1.

We are currently carrying out experiments to observe the dispersed
fluorescence spectrum. The excitation spectrum obtained from the NSLS
experiments will be a useful guide in a search for the most effective excitation
wavelength to use in the current experiments.
References
1. J. K. Jacques and R. F. Barrow, Proc. Phys. Soc. London 73, 538 (1958).
2. J. B. Nee, M. Suto, and L. C. Lee, J. Chem. Phys. 85, 719 (1986).
3. E. F. van Dishoeck, M. C. Van Hemert, and A. Dalgarno, J. Chem. Phys. 77,

3693 (1982).
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TIME-RESOLVED FLUORESCENCE STUDIES OF VUV LIGHT EXCITED HALOGENATED U9A
HYDROCARBONS, FLUORINE/INERT GASES MIXTURES, AND KRYPTON DIFLUORIDE.

J. J. TIEE, C. R. QUICK, D. HOF, A.H. HSU (LANL) and J. M. Preses (BNL).

An investigation of the gas-phase VUV photochemistry of several simple
molecular species was conducted over the period from May 9 to May 19, 1989.
The thrust of the experiments was mainly two-fold: (1) to finish the
fluorescence lifetime and quenching measurements for the two emission bands of
CF-j radicals, and (2) to investigate and characterize the formation of excited
excimers in fluorine containing mixtures and fluorinated species using VUV
light excitation. The excited state emission of CF^ radicals has been studied
recently in detail by us as well as others. However, a question still exists
as to the origin of the emitting transitions, whether single or multiple upper
electronic states are responsible for the observed UV and visible emission.
In the current study, the CF3 radicals were produced through the photolysis of
CFoBr molecules. The excited state fluorescence lifetimes, quenching rate
constants, and production yields of the UV and visible emission bands of the
CF.j radicals were determined for several VUV excitation and emitting
wavelengths. Preliminary analysis indicates that the quenched lifetimes of
the UV emission band show a significant dependence on the the VUV photolysis
wavelengths, indicating an increase in the vibrational energy content of the
excited photoproducts as the photolysis wavelength decreases.

In a second set of experiments, time-resolved fluorescence measurements
were focused on examining the products of the F2/Kr mixture reactions and the
KrF2 photodissociation upon VUV excitation. Emission spectra were obtained at
various excitation wavelengths corresponding to excited states of Kr and F2.
Excited reaction products such as KrF (B-state) were detected in 200 to 500 ran
region under different pressure conditions. Time-resolved measurements
provided a means for deducing the reaction rates of different excited states
that produce excited excimer species as well as quantifying their internal
energy distribution in real-time and in a state-specific manner. VUV
photofragmentation of KrF2 was investigated in the 120 to 200 nm region. The
VUV photochemistry of KrF2 is of particular interest, because it has been
proposed as a candidate species for the active medium of an extremely high
power laser amplifier. It is believed that upon modest electronic excitation,
favorable dissociation channels open up to provide a high yield of excited KrF
excimer species. Absorption cross section data for this compound were
obtained for the VUV wavelengths. The excited excimer photofragment yields
were monitored in the wavelength region between 120 to 200 ran. Threshold
energy for producing KrF in the B-state was measured to be around 6.0 eV. In
addition, the internal energy distribution of the KrF photoproducts was
determined for several excitation wavelengths and compared to similar results
observed in the VUV light induced reactions of F2/Kr mixtures. Direct
measurements of the KrF (B-state) fluorescence lifetime and quenching rate
constants by various gases were obtained. For example, in our preliminary
studies of KrF (B-state), a collision-free fluorescence lifetime of 9.9 ns +
0.6 ns and an extremely fast fluorescence quenching rate constant of 2.5 x
10 torr sec" by CO2 at room temperature were measured.

This work is sponsored by Los Alamos National Laboratory.
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U9B

A VACUUM ULTRAVIOLET EXTENDED T-MATRIX FOR SEQUENCE-DEPENDENT PROPERTIES OF
POLYNUCLEOTIDES

M.C. Armijo (Biology Dept., BNL) & J.C. Sutherland (Biology Dept., BNL)

Vacuum ultraviolet circular dichroism (CD) spectra of ten polynucleotides
have been obtained using synchrotron radiation from beamline U9B. Spectra
have been obtained between 300-175 nm and two T-matrices calculated from the
data. We have chosen polynucleotides already used in the T-matix formalism of
Allen et al [(1972) Biopolymers, H , 853-879] but for which no vacuum
ultraviolet (VUV) data was previously available. Given the known sensitivity
of VUV CD to DNA helix handedness and conformation, there was reason to
believe that inclusion of such data could result in a significant improvement
over existing T-matrices.

The T-matrix method involves recording CD spectra of a basis set of
linearly independent poloynucleotides and compiling the wavelength-by-
wavelength CD values in a matrix S. Similarly, the kinds of nucleotide base
pair interactions of the compounds in the basis set are tabulated in a matrix
F. The matrix T relates S and F such that S = T x F. The T-matrix represents
the proper linear combination of basis compounds needed to either 1) reproduce
a known polynucleotide spectrum in terms of only the basis set polynucleotides
or 2) predict the spectrum of a B-DNA polynucleotide of known sequence.

VUV spectra have been obtained for the synthetic polymers Poly d[A:T],
Poly d[G:C], Poly d[A-T:A-T], Poly d[G-C:G-C], Poly d[A-C:G-T], Poly d[A-G:C-
TJ, Poly d[A-A-T:A-A-TJ, Poly d[A-C-G:C-G-T], Poly d[A-G-G:C-C-T], and Poly
d[A-T-C:G-A-T] which together comprise the compounds making up two basis sets
examined-

Supported by grants from the Office of Health and Environmental Research,
United States Department of Energy and National Institute of General Medical
Sciences (GM-35662) to JCS
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U9B

INVESTIGATION OF PROTEIN TERTIARY STRUCTURE USING TIME-RESOLVED
FLUORESCENCE
L.L. France, J.C. Sutherland, J. Kieleczawa, and G. Hind
Biology Department, Brookhaven National Lab, Upton, N.Y

Preliminary studies showed that ferredoxin, ferredoxin-NADP-
reductase, and otfcer tryptophan-containing thylakoid proteins
undergo pH-induced conformational changes. This is revealed by a
shift in the A max of the tryptophan emission, by different
susceptibilities of tryptophan to external quenchers, and by an
overall change in the hydrophobicity of the proteins. To more
precisely evaluate the environment of tryptophan in these proteins,
we are using a single photon counting technique to investigate the
time-resolved fluorescence decay profiles in the _ absence or
presence of different quenchers (acrylamide, Cs ,I*j. For each
protein (at several pH's), the tryptophan fluorescence lifetimes
(and steady-state fluorescence intensities) are being measured at
different concentrations of each quencher [Q]. The slope of the
Stern-Volmer plot gives the Stern-Volmer constant (KSv) *or
collisional quenching: TQ/T = Fo/F = 1 + KSV[Q], where TO/T and
Fc/F represent the respective ratios of the fluorescence lifetimes
and fluorescence intensities in the absence of any quencher to that
observed in the presence of a quencher at a concentration [Q]. The
bimolecular rate constant for collisional quenching (k<j is
calculated from the Stern-Volmer constant: kq = Ksv / T O The Kq
values for each quencher, at each pH, are compared to determine the
accessibility of tryptophan to each quencher under each set of
conditions.

For ferredoxin in lOmH Tricine, pH 8.0, Ksv= 9.2 M (obtained
from steady-state fluorescence measurements). A value of TO= 2.84
ns was measured for the same sample, using a single exponential
model to fit the fluorescence decay profile. These measurements
give a value of kq = 3.24 x 10 M" s , which indicates that under
these conditions, the tryptophan residue is highly exposed. For
comparison, the literature values for kq for other single
tryptophan-containing proteins range from 5 x 10 M~T3 for
azurin (where tryptophan is totally buried) to 4 x 10 M s for
glucagon and ACTH (where tryptophan is completely exposed). This
conclusion is consistent with our steady state fluorescence data
which suggests that the tryptophan residue in ferredoxin at
pH 8.0 lies in a relatively hydrophilic environment.

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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U9B
INTERACTIONS BETWEEN TURKEY GIZZARD MYOSIN LIGHT CHAIN KINASE (tgMLCK) AND
CALMODULIN (CAM), AND THEIR EFFECTS ON THE ENZYME'S SECONDARY STRUCTURE.
Louise Garone and Robert Steiner, Dept. of Chem. and Biochem., University of Maryland
Baltimore County, Baltimore MD 21228.

In our first visit to the NSLS at BNL the VUVCD spectra of tgMLCK, in the presence and
absence of 1:1 CaM, were measured. The CD spectrum of a CaM solution at approximately ten
times higher concentration (75u.M) was also measured. The VARSELEC CD spectrum analysis
program, kindly provided by Drs. W. Curtis Johnson and Araz Toumadje, was used to interpret
the spectra of tgMLCK and the 1:1 complex. Analyses were conducted both before and after
applying polynomial smoothing (AVIV 60DS software) to the data sets. In these cases the effects
of polynimial smoothing were relatively minor. The CD spectrum of tgMLCK, alone, could be
fitted successfully using the 22 reference proteins in subsets as large as 20. Fitting the 1:1
complex required more selectivity with respect to the input reference spectra, i.e., C(18,15)
subsets. That the tgMLCK secondary structure recovered from the C(18,15) subsets was not
significantly different from the tgMLCK secondary structure recovered from the C(22,20)
subset of reference spectra is suggested by the data below.

Sample
C2? tgMLCK n.s.
CZ? tgMLCK s.
C« tgMLCK s.
C1'? Complex s.
Complex (expected)

H
18±1
18±1
17±2
25±2
22±2

A
22±2
23±1
22±3
15±2
20±3

P
2
3
3±1
7±1
3±1

T
25±1
25+1
24±2
20±2
24+2

0
40±1
40±1
34±2
33±2
32±2

Sum
108
108
101
100
101

Explanation of Table:
H, a-helix; A, antiparallel p-sheet; P, parallel fJ-sheet; T, pturns; O, other or random
structure; s, smoothed; n.s., not smoothed; entries in the table are % secondary structure.

In addition, the data suggest a change of secondary structure conformation for tgMLCK when it
combines with CaM. During the proposed visit we plan to repeat the experiments described
above with a new tgMLCK preparation and, if possible, to obtain the CD spectrum and implicit
secondary structure content of a catalytically-active CaM-regulated tryptic fragment of
tgMLCK.
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U9B

SPECTROSCOPIC STUDIES OF THE INTERACTIONS BETWEEN TURKEY GIZZARD MYOSIN LIGHT
CHAIN KINASE AND CALMODULIN.
L. Garone and R.F. Steiner, U. MD Balto. County, Dept. of Chem and Biochetn.
Catonsville, MD 21228.

The BNL Synchrotron VUV ring, beam line 9B, was used as a light source for
measuring protein circular dichroism (CD) over the wavelength range 260nm -
174.5nm. A QS type quartz cuvette (.01 cm path) was used and "pseudo-
absorption" was monitored simultaneously. Three protein samples' CD spectra
were measured in, essentially, the same buffer (.01 M NH4HCO3, .1 M NaClO^,
.001 K CaCl2, pH 7.6). The protein samples so-examined were 7.1 x 10~ M
turkey gizzard myosin light chain kinase (tgMLCK), 7.1 x 10 M calmodulin
(CaM) and the J:l complex of tgMLCK and CaM (7.1 x 10~6 M, each). These data
sets are going to be employed in an analysis of the secondary structure of
tgMLCK under conditions which disallow (CaM absent) and conditions which
allow (CaM present) the expression of its catalytic activity. The CD spectrum
of a fourth sample, 7.5 x 10"^ M CaM, was measured in .005 M NH4HCO3,
.05 M NaClO^, 2.5 x 10~* M EGTA, .01 M CaCI2- This one will be compared with
published CaM CD spectra and their coordinate secondary structure implica-
tions.
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U9B

VACUUM ULTRAVIOLET CIRCULAR DICHROISM OF 5S RNA
K.H. Johnson, D.M. Gray (UT-Dallas) and J.C. Sutherland (BNL)

In previous work, we measured the vacuum ultraviolet (VUV) circular
dichroism (CD) spectra of two polymers containing G-C base pairs and of two
polymers containing A-U base pairs. During our latest visit to the NSLS, we
measured the VUV CD spectra of four oligonucleotides containing G-U base pairs
and the spectrum of E^ coli 5S RNA (shown below). The spectra of the polymers
and oligonucleotides revealed that A-U, G-U and G-C base pairs have
characteristic VUV CD signatures. Therefore, it should be possible to analyze
VUV CD spectra to determine the numbers of A-U, G-U and G-C base pairs in RNAs.
The VUV CD spectrum of E_j_ coli 5S RNA resembled the spectra of the polymers
containing G-C base pairs, indicating that it has a high proportion of G-C base
pairs. We are currently performing analyses of the VUV CD spectrum of IjL. coli
5S RNA to determine the numbers of A-U, G-U and G-C base pairs.

CD Spectrum of E. coli 5S RNA

a:

160 180 200 220 240 260 280 300 320

Wavelength (nm)

This work was supported by NIH Research Grant GM 19060, by Grant AT-503 from the
Robert A. Welch Foundation, and by the NSLS Faculty-Student Support Program.
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U9B

FLUORESCENCE DECAY PROFILES OF AROMATIC CARCINOGEN-DNA COMPLEXES.

S.K, Kim, B. Mao, N.E. Geacintov (New York U.) ~nd J.C. Sutherland (NSLS).

Polycyclic aromatic hydrocarbons (PAH) are by-products of fossil fuel
combustion processes and are therefore ubiquitous environmental pollutants.
Many PAH compounds, after metabolic activation, are mutagenic and
carcinogenic. The biological effects exerted by these PAH metabolites are
due to the formation of covalent PAH metabolite-DNA addition products
(adducts) in living cells. Fluorescence techniques are among the most
powerful methods for detecting traces of PAH adducts formed in living
cells. However, in order to study the fluorescence characteristics of
these adducts, it is important to investigate their fluorescence decay
profiles in detail. During our last visit to the NSLS we focussed on
adducts derived from the binding of two methyl chrysene diol epoxides (the
tumorigenic metabolites of the parent PAH compounds) to DNA in vitro. The
fluorescence decay profiles of 5- and 6-methyl chrysene diol epoxide-DNA
adducts are heterogeneous, with lifetimes of 5.1 ns (35% amplitude) and 3.3
ns (47% amplitude), respectively; in both cases, a longer lifetime of 18 ns
is observed. This long-lived component is associated with photochemical
decomposition products (tetraols). The differences in the shorter
lifetimes of the 5 and 6-derivatives, based on comparisons with other
spectroscopic data, are due to a solvent-exposed adduct conformation in the
case of the 5-derivative, and a carcinogen-base stacked conformation in the
case of the 6-adduct. These differences in the fluorescence lifetimes of
these two adducts are significant because they are related to differences
in the adduct conformations. The shorter lifetimes of the 6-methyl
chrysene diol epoxide-DNA adduct is attributed to a higher degree of Van
der Waals interactions of the polycyclic phenanthrene nucleus and the
neighboring DNA bases. Accurate determinations of the fluorescence decay
characteristics of these carcinogen-DNA adducts using pulsed synchrotron
light pulse excitation and time-correlated single-photon counting apparatus
at Port U9B, are invaluable for a better understanding of the
characteristics of these adducts. Of particular interest to chemical
carcinogenesis research is the fact that the physico-chemical
characteristics of the covalent DNA adducts derived from the binding of the
carcinogenic 5-, and the non-carcinogenic 6-methyl chrysene diol epoxides
are quite different from one another
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VUV CD OF POLYSACCHARIDES U9B

E. Stevens (SUNY-Binghamton)

We continue our program of measuring the vacuum UV circular dichorism of
polysaccharides for the purpose of conformational analysis. Our most recent application has
been a study of (l-»4)-/?-Z)-galactan. The sample was provided by Dr. G. Reid, U. Stirling,
U.K.

The sol-tion spectrum (4 mg/ml in D2O, 100 micron pathlength) shows a negative CD
band at 175 nm. The negative sign is compatible with our quadrant rule for that
characteristic band (J.A.C.S. 1986, 108, 3790-3795). The major contribution to its intensity
is from the linkage C-O-C chromophore perturbed by the C(2)OH group.

In film spectra a second negative band appears at higher energj. We assign it to a 0-0*
transition. With our calculational model for 0-6* transitions in saccharides (J.A.C.S. 1989, in
press), we determine that its negative sign indicates a linkage conformation of approximately
$,$ = 60,20, i.e., near the global minimum in calculated potential energy maps.

From corollary Na^ rotation measurements in solution ([M] = 120 deg cm dmol ) we
conclude that there is restricted flexibility in solution with both calculated low-energy
conformations being populated, i.e., (0,^ = 60,20) and (<fi,i{i = -20,-15).

Supported by NIH Grant GM24862.
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LOCKING A MODE-LOCKED LASER TO THE SYNCHROTRON RADIATION TIME
STRUCTURE: ION1ZATION OF CORE-EXCITONS.

U-10
D. L. Ederer, R. Shuker*, J. E. Rubenssontt- D. R. Mueller ( National Institute of Standards and
Technology), C. H. Zhang, J. Jai, and T. Callcott ( University of Tennessee)

Interest in synchrotron-laser hybrid experiments has been on the increase during the past few years
and a number of laboratories have initiated or are initiating programs to utilize this new research
capability. A number of experiments1'2 have been performed with c.w. and low repetition rate
lasers and synchrotron sources, but no one has synchronized a mode-locked laser to the ring
frequency, thereby gaining control of the time interval between the laser and synchrotron radiation
(SR) pulses at a very high rate. We synchronized a NdYAG mode-locked laser and VUV radiation
by locking the laser to the NSLS synchrotron r.f. frequency. In the figure at the bottom of the
page this capability is illustrated. The top trace is the output of a diode detecting the visible output
of the SR source in the six bunch mode (six buckets out of the nine possible are occupied). In the
middle trace the string of laser pulses are shown as detected by another photo diode. Each laser
pulse (pulse width is lOOps) has a fixed time difference relative to the SR pulses. This difference
can be changed electronically or optically.

This project is heading in the direction of developing new technology to explore the nano
second and ultimately the pico and sub-picosecond time regime in the VUV and soft x-ray region
of the spectrum. In our first attempt to test the feasibility of the technique synchrotron radiation
was used to produce core-excitons and the laser pulse locked to the storage ring frequency
quenches the fluorescence from the exciton. This localized electron-hole pair is similar to a
Rydberg state. The results of the experiment can be used to infer the radiative lifetime of the
exciton. Initial measurements just before the February shut down have yielded inconclusive
results. Another run is planned for early June.

•Permanent address: Ben Gurion University, Beer Shiva, Israel .Permanent address: University of Uppsala, Uppsala, Sweden
1 J. M. Bizau et al, Phys. Rev. Letts. 55 , 1281 (1985).
2 V. Saile et al. Appl. Opt. 19, 4115 (1980).

6 bunch SR

YAG Laser

SR r.f. (52.88 MHz)

Research Supported by AFOSRISSA87-0050, NSF DMR-8593541 and DoE DE-AC05-84OR21400
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SOFT X-RAY EMISSION AND THE ELECTRONIC STRUCTURE OF THE BiSrCaCuO
SUPERCONDUCTOR

U-10

D. R. Mueller, D. L. Ederer. J. Wallace, C.W. Clark (National Institute of Standards and Technology),
C. H. Zhang, J. Jai, TA. Callcott (University of Tennessee) J. E. Rubensson (University of Uppsala)

In soft X-ray emission spectroscopy vacancies are generated in the less tightly bound core levels within a
sample either by an incident electron or an incident photon beam. The energy distribution of the soft X-rays
emitted as electrons drop into the core-holes from less tightly bound core levels or from the valence band
measures the sample's electronic structure. Soft X-ray emission spectroscopy is less surface sensitive than
ultraviolet photoelectron spectroscopy, particularly when excited via an incident photon beam (50 to 5000
Angstrom probe depth). The soft X-ray emission process obeys the dipole selection rule and takes place
from levels that have good overlap with the initial core-hole, as a consequence the spectra obtained provide a
measure of the partial density of states localized around a particular atomic site. The sample was
polycrysialline and multiphase but mainly Bi2Sr2CaCu2Ox. The large scale stacking of planes in the sample
should have little effect on these measurements since they measure the local electronic structure.

Figure 1 shows the soft X-ray emission at photon energies near the binding energy of the Sr 3d and Bi Ai
levels. The spectrum is dominated by the Sr 4p-»3d and Bi 5d-»4f core-level to core-level transitions.
Relatively weak features due to transitions from the valence band into Sr 3d and Bi 4f core holes are also
visible. When the emission features are referenced to the appropriate core level binding energies1 the data
indicate that there are states of p-type symmetry around the Sr sites centered 5.3 eV below the Fermi level,
and states of d-type symmetry around the Bi atoms centered -12.5 eV below the Fermi energy.

Figure 2 shows emission from the sample in the 20-29eV photon energy range. The emission was excited
by 36 eV photons to eliminate core-core transitions observed in higher order when the emission is excited via
an electron beam. The sharp peak we observe in this region is due to transitions into the Bi 5d levels from
stales of p-type symmetry that lie approximately 1.6 eV below the Fermi level. (The origin of the broad
feature near 24 eV is unclear due to overlap between transitions into the Bi 5d3/2 and Bi 5d5/2 levels.)

(Reference 1:
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U-10A
CHANGES IN THE L2 3 EMISSION SPECTRUM OF c-Si. EXCITED BY MONOCHROMATIZED SYNCHROTRON RADIATION

J-E. Rubensson (NIST & U. Tennessee), C. H. Zhang. J. Jia, T. A. Callcott (U. Tennessee), D. Mueller, R. Schuker and

D. L. Ederer (NIST).

In recent years monochromatized synchrotron radiation has been taken into use for excitation in soft x-ray
emission spectroscopy. The most important advantage, compared to traditional high-energy electron excitation, is the
tunability of the exciting photons. Besides making it feasible to disentangle satellite and main band emission, the
tunability opens up a new channel of information about core hole excitation-emission dynamics. Most threshold studies
have been pursued at energies above 1keV, and here we present the first observation of excitation energy dependence
of x-ray emission spectra in the 100 eV region.

Using a rnonochromator based on toroidal mirror and a normal incidence 1000 lines/mm transmission grating we
have observed the excitation energy dependence of the L emission spectrum of c-Si. The spectra were recorded in a
grazing incidence Rowland spectrometer, employing a toroidal grating with a major radius of 5m and 600 grooves/mm.
The monochromator and spectrometer resolutions were 4 eV and 0.2 eV, respectively.

L Emission spectra of Si were recorded at excitation energies in the 96-154eV range. Typical results are shown in
Fig. 1. Three pronounced peaks appear at 90, 92 and 95 eV, in accordance with the one-electron approximation, and the
notion of a mapping of the 3s partial density of states. The spectrum excited at 144 eV shows no big difference from
spectra excited at higher energies, and spectra excited by 2keV electrons. In Fig. 2 we show the behavior of the
spectrum when the excitation energy is close to the 2p threshold. The spectra have been matched in the low energy
region (see Fig. 1) and the 144 eV spectrum has been subtracted. The thin part of the curve corresponds to elastically
scattered photons, and the bold line refers to changes in the emission. Compared to the 144 eV spectrum the spectra
excited close to threshold all have extra intensity in the 90 eV region. We interpret this as an impact of the excited
electron on the valence band. It is surprising to find an effect of localization in Si, since the valence band is known to be
highly delocalized. At higher excitation energies a build-up of intensity occurs again around 90 eV, with a small
resonance around 116 eV excitation. The physical significance of this behavior is not yet fully understood.

L Emission Spectra of c-SI Excited by
Monochromatized Synchrotron Radiation

Eexc=116eV

E-,xc=144eV

80 90 100
Excitation Energy (eV)

Soft X-ray Emission from c-Si
Difference Spectra

\1O5

-100

80 100
Emission Energy («V)

Fig. 1. The L emission band of crystal Si, excited by photons of
various energies.

Fig. 2. Difference spectra showing the
behaviour close to threshold

This work was supported by NSF grant DMR-8503541, DOE under contract DE-AC05-S40R21400 with Martin Marietta
Energy Sytems and the Science Alliance Center of Excellence grant from the State of Tennessee. BNL is supported by
DOE DE-AC02-76CH00016
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AUTOIONIZATION IN VAN DER WAALS COMPLEXES

J. R. Grover (BNL), G. Hagenow (Freie Universit'at Berlin) and E. A. Walters

(U. of New Mexico)

Autoionization in van der Waals diraers has proved to be surprisingly
general, and to have important applications. For complexes comprised of
polyatomic molecules it was expected that the effect of the nearby
weakly-bound partner would so shorten the lifetime and provide so many
competing channels £o- deexcitation that structures due to autoionization
would be too reduce'- xn amplitude and spread out in energy to be
observable. However, in most of the cases studied these structures are
evident, and even conspicuous when Franck-Condon factors are small.
Because of autoionization, accurate ionization potentials for dimer ions
are usually readily measured, even though the F-C factors are extremely
adverse. The existence of this phenomenon is therefore crucial for
obtaining accurate dissociation energies and other thermochemical data on
weak complexes in the gas phase. Recent examples include the measurements
of the dissociation energies of neutral benzene dimer and of the ion
(C 6H 6.O 2)
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Figure 1. Autoionizing structures observed in the ionization of:
(a) COK(-»HC1, (b) l,3-butadiene«SO2, (c) C6H6«O2.

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.
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COMPLEXES OF OXYGEN WITH HYDROCARBONS AND FLUOROCARBONS Ull

J. R. Grover (BNL), G. Hagenow (Freie Universitat Berlin) and E. A. Walters
(U. of New Mexico)

The complexes C^H^C^ and C6Fg«O2, and the mixed trimers of C5H5 and
O2, and of CgFg and 02, were studied by photoionization methods at line
U-ll. This is the first successful study of gas-phase hydrocarbon-oxygen
and fluorocarbon-oxygen complexes, as far as we are aware. The
dissociation energy, measured by the method previously developed at BNL, is
D0^(c6H6*02) = l-2o * 0-̂ 5 kcal mol"1, which becomes, at room temperature,
D298°(C6H6*°2) = 0*5 * 0-5 kcal mol"*. The latter low value verifies that
the benzene-oxygen complex at room temperature is indeed a "contact" (as
defined by Mulliken while considering its charge-exchange spectra.) The
ionization threshold region of CgH6«O2 exhibits a surprisingly sharp onset,
allowing a precise measurement of its I.P., viz. 9.177 ± 0.007 eV, from
which Do°([C6H6«02J+) = 2.86 ± 0.48 kcal mol"1. Thus, in common with all
the other heterodimer parent ions that we have measured so far, the
dissociation energy is very much less than the dissociation energies of the
homodimer ions of its constituents (i.e. 15 kcal moi~* for (CgH0)2

+ and il
kcal mol~l for (O2)2+-) The photoionization spectrum for the production of
(CgH6«O2)+ from C6H5«O2 displays a highly unueual amount of structure from
autoionizing resonances. Some of the resonances are lower in energy than
the I.P. of O2 (12.06 eV), so it is likely that the O2 moiety is the
chromophore while the electron is emitted from the C^Hg, analogous to the
behavior we previously observed for (COH6«HC1)

+ produced from CgHg'HCl.
Photoionization-induced dissociative rearrangement of C5Hg»O2 to produce
C0HgO

+ + 0 was observed, although the production of Cg^O 4 from mixed
trimers is much greater. The first observable onset from trimers, at
14.2 eV, is far above the threshold at 9.2 eV. If benzane is the
chromophore for this process, the energy needed in excitation of the
benzene ion is about 114±2 kcal mol"*, very close to the dissociation
energy of neutral O2 (118 kcal mol~*)! Evidently the O2 partner can be
excited to a vibronic state at the threshold for dissociation as soon as
the nearby benzene ion is sufficiently excited (in sharp contrast to the
analogous process with (C5H5)2HC1, where dissociation of the HC1 moiety
takes place on its repulsive "pi" state surface[s].) One product oxygen
atom is captured by the benzene ion, the resulting excitation energy being
taken away by the third molecule.

Measurements have also been made for C0Fg + O2, the analysis of which
is still underway. The dissociation energy of C6Fg«O2 is 2-3 kcal mol"^
and clear autoionization structure is observed just above its I.P.
Photoionization-induced dissociative rearrangement to produce C^FgO* occurs
with energetics similar to those described above for the production of
C6H6O

+.

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.
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BEAMLINE U-ll

COMBUSTION CHEMISTRY STUDIES USING PIMS*

M. A. Wickramaaratchi and R. B. Klemmt (DAS/BNL)

The objectives of this research are: (1) to investigate pathways for
multi-channel, elementary combustion reactions; and (2) to obtain
spectroscopic and thermodyiiamic data for radical species. A discharge
flow-photoionization mass spectrometer (DF-PIMS) consists of a flow-tube with
molecular beam sampling of reactants and products. The advantages of PIMS
detection using tunable VUV light are: (1) improved selectivity in direct
ion formation from atoms and radicals that precludes fragment ion formation
via dissociative ionization of parent molecules; (2) optimized detection
sensitivity for atom and small radical species is achieved by operating at
selected wavelengths; and (3) unambiguous identification of product radical
species using photoionization spectra and ionization threshold information.

In recent work (Jan. - Feb. 1989), experiments were performed on the
reactions of atomic oxygen with etĥ rlene and propylene. The reaction
channel: 0(^P) + CjHf, -> CH3 + 02*130, was studied in detail. In particular,
data were obtained on the branching ratio for CH3 formation and on the
ionization threshold for the acetyl-radical. Further analyses of those data
are reported here.

In the branching ratio study, the O-atom and CH3 radical concentrations
were calibrated using the fast titration reactions: N+N0-+N2+0; and
F+CH4"lHF+CH3. The average of eight individual determinations give the
branching ratio, acHq> t o be 0.56±0.08, where the uncertainty is at the
one standard deviation level. This result appears to be consistent with that
of Hoyermann and co-workers.

The ionization threshold of the acetyl-radical was determined directly,
and CH3CO was generated in two ways: (1) 0+C3Hg->CH3CO+CH3; and (2)
O+CH3CHO-»OH+CH3CO. The photoionization mass spectra obtained, using the two
different generation methods, were in accord and the vertical ionization
thresholds agreed (1655A, 7.49eV) to within ±5A (.02eV). This value
represents the first reported direct measurement for the ionization potential
of the acetyl-radical.

*This work was supported by the Division of Chemical Sciences, U.S.
Department of Energy, Washington, D.C., under contract No. DE-AC02-76CH00016.

^Principal Investigator.
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PHOTOIONIZATION MASS SPECTROMETRIC STUDIES OF HALOGEN-CONTAINING MOLECULES*

A.J. Yencha (SUNYA), D.K. Kela (SUNYA), R.J. Donovan (U. Edinburgh),
A. Hopkirk (Daresbury), and A. Kvaran (U. Iceland)

We have performed a systematic study of the photoion yields for mass-

selected ions from synchrotron radiation excitation of the series of halogen,

interhalogen, and halogen acid molecules: Cl?, Br~, I2, BrCl, IC1, IBr, HC1,

HBr, and HI, using a supersonic molecular beam apparatus. The purpose of

this study was to ascertain the mechanisms and efficiencies for ion-pair for-

mation upon photoabsorption in the various systems. The experiments involv-

ed determining the overall photoion yields for molecular ion formation from

the onset of ionization to V>0 run together with measuring the positively

charged fragment atoms over the same wavelength range resulting from the com-

bined processes of ion-pair formation and photodissciative ionization. In

addition, we measured the photoion yields for fragment negative ion formation

in all systems except in HBr and HI that was found to occur at or very near

the thermochemical onset energy yielding highly structured band systems that

we associtate with the formation of Rydberg states. In the case of the halo-

gen and interhalogen systems, these Rydberg states appear to be converging to

one of either of the fine-splitting components of the ground-state molecular

ion, while in the case of HC1, these Rydberg states appear to converge to the

first-excited state of the molecular ion (i.e. HC1 (A)). Except for the mol-

ecules Cl« and HC1, the onset of ion-pair formation occurs slightly below the

energy for molecular ion formation, but this structure is rapidly curtailed

as molecular-ion formation sets in. In the cases of Cl- and HC1, the proba-

bility for ion-pair formation is greatly reduced for this reason. We believe

that, in general, ion-pair formation in these systems can be ascribed to Ryd-

berg/ion-pair resonances, formed by the homogeneous coupling between a Rydberg

state (zeroth order) and an ion-pair state that lie within an ion-pair contin-

uum.

*

Research supported by grants from NSLS Faculty-Student Research Support Pro-

gram, the State University of New York at Albany, and NATO (870878).
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UV/VIS DISPERSED FL"rRESCENCE STUDIES OF VUV PHOTOEXCITED Br2> IC1, and BrCl*

A.J. Yencha (SUNYA), R.J. Donovan (U. Edinburgh), K.P. Lawley (U. Edinburgh),
A. Hopkirk (Daresbury), and A. Kvaran (U. Iceland)

We have investigated the UV/VIS dispersed fluorescence spectra of Br«,

IC1, and BrCl over the VUV excitation wavelength ranges corresponding to ab-

sorption from the ground state to the lowest optically allowed ion-pair state

in each system (i.e. ft=O •*- X(0 )). Fluorescence in the UV/VIS spectral

range is known to involve transitions between ion-pair states and lower-lying

valence states, and by virtue of their potential differences give rise to os-

cillatory continua. Examples of such spectra for Br_ at two different excita-

tion wavelengths are shown in the figure. The two oscillatory continua, with

maxima around 335 and 420 nm, are thought to arise from transitions between

the same D(0 ) ion-pair state and two different lower-lying repulsive states.

We have performed preliminary simulated spectral calculations and are able to

reproduce all of the general features shown in the figure. Our goal is to map

out and identify all of the potentials involved in fluorescence in the UV/VIS

spectral range in these halogen systems.

w\.
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Figure. Br~ dispersed fluorescence spectra recorded with a dectection resolu-

tion of 1.2 nm and an excitation resolution of 0.1 nm.

D.I. Austin, Ph.D. Thesis, University of Edinburgh, 1987.

Research suppored by grants from NSLS Faculty-Student Research Support Pro-

gram, the State University of New York at Albany, and NATO (870878).
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Temperature- and Adsorbate-Induced Structural Changes in the
Ta(100) Surface Measured by Photoelectron Diffraction

D. Heskett

While a post-doc at the University of Pennsylvania last year, I was
involved in an exploratory study of the Ta(100) surface using the technique of
photoelectron diffraction (Ph.D.)- We observed significant oscillations in the
surface/bulk intensities of the Ta 4f core levels for the clean surface as a
function of photon energy and of polar angle of photoelectron emission. A
comparison to a multiple scattering calculation allowed us to conclude that
the surface of clean Ta(100) is contracted with respect to the bulk by 10 ±
3%1>2, the first time photoelectron diffraction has yielded quantitative
structural information about a clean surface.

In the course of the investigation, we noticed some apparently anomalous
changes in binding energies and relative intensities of the Ta 4f core levels,
which we were eventually able to attribute to changes in the temperature of
the surface or to the addition of small amounts of impurities, presumably
hydrogen. In the present investigation, we intend to examine these tempera-
ture- and adsorbate-induced changes in the Ta 4f core levels more systemati-
cally and to use the Ph.D. technique to determine any structural changes
caused by these surface modifications. I plan on being present at the NSLS for
the entire two-week duration of our outside user proposal, with the participa-
tion of my graduate students, X. Shi and M. Yang, for approximately one week
each out of this time period.

1"Photoelectron Diffraction and Determination of the Geometry of a Clean
Metal Surface: Ta(lOO)," R. A. Bartynski, D. Heskett, K. Garrison, G. M.
Watson, D. M. Zehner, W. N. Mei, S. Y. Tong and X. Pan, submitted to
Phys. Rev. Lett.

2"The First Interlayer Spacing of Ta(100) Determined by Photoelectron Diffrac-
tion," R. A. Bartynski, D. Heskett, K. Garrison, G. M. Watson, D. M.
Zehner, W. N. Mei, S. Y. Tong and X. Pan, submitted to J. Vac. Sci.
Technol.
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K(110) BULK BAND STRUCTURE MEASURED BY ARPES U12

B.S.Itchkawitz, In-whan Lyo, E.W.Plummer (U. of ?A)

The bulk band structure of K(110) was measured using angle-
resolved photoemissior, from a K epitaxial film several thousand
angstroms thick grown on a Ni(lOO) substrate. We find the
occupied bandwidth to be 1.60±0.05 eV which is narrower than the
free electron bandwidth of 2.12 eV and agrees with recent
calculations of the quasiparticle self-energy.1'2'3 We also
observed a stationary narrow peak close to the Fermi energy for
photon energies which were expected to yield no direct
transitions. A previous explanation for this peak1- fails to
accurately predict both the binding energy and the intensity of
this peak as a function of photon energy. For low photon
energies a bulk peak was observed due to a surface umklapp
process highlighting the importance of the surface potential.
1. K.w.K.Shung, G.D.Kahan, Phys.Rev.fi23., 3856 (1938) .
2. M.P.Surh, J.R.Northup,S.G.Louie, Phys.Rev.£ii,5976 (1988) .
3. In-Whan Lyo, E.W. Plummer, Phys . Rev. Lett .££., 1558 (1988) .

The free electron
band dispersion is
shown by the
dashed line. The
peak near the
Fermi level is
seen in both
regions where the
free electron
picture predicts
no direct
transitions. For
photon energies
20<fiw<35eV, the
bulk peak is
observed due to a
surface umklapp
process. This
work was supported
by National
Science Foundation
Grant DMR-8610491.
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Angle Resolved Photoemission Study of H/Be(0001)

Xiaohe Pan, K. Ray, and E. Ward Plummer

Department of Physics and LRSM, Univenity of Pennsylvania

Beam Line U12

We have studied the electronic structure of the H/Be(0001) system by synchrotron radia-
tion angle-resolved photoemission. By introducing the atomic hydrogen onto the surface
of Be(OOOl), we were able to skip the dissociation process and observe a direction interac-
tion of hydrogen with the simple metal surface. Two H-induced surface states were ob-
served at binding energy of 4.2 eV and 10.2 eV at P. The symmetry of the strong bonding
H-induced state with projected Be t; band throught the entire Surface BriHoin Zone (SBZ)
indicates hydrogen form a lx l adsorbed layer. With the facts that Be surface state quickly
quenched upon hydrogen adsorption and the localisation of H-induced states along the
momentum normal to the surface, We concludes that H adsorbs on Be(000l) as a lx l over-
layer via a formation of a H Is - Be tp bonding surface state due to the interaction of a H
1« orbitals with Be ep bands.

""""i i i i i i 'i ""i i

-H -12 -II -I -• -4 -!
Bindinf Energy |*V)

Figure I . Angle-resolved photoelectrcr.
spectra from the surface of H/Be(0001) v.
three symmetry point? of the SBZ cor. -
pared to that from the surface of Be(000;
All of these spectra were taken at 4o tV
photon energy and 45 * incidence ang -.
with A in parallel to the incident ar.1
emission planes.

K, ( A"1 )

Figure 2. Dispersion of the H-induced
states on H/Bc(0001) compared with the
surface states of Be(0001) as a function of
parallel momentum. The solid curves are
the top and bottom of the projection of
the empirical bulk band using the shape of
calculated band but resc3kd to fit the
experimental symmetry point;.
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Beam Line U12

Angle-resolved Photoembsion Study of the //2 chemisorption on Ta(lOO)

Xiaohe Pan, D. Zehner t, R- Bartynski {, and E. Ward Plummet

Department of Physics and LRSM, University of Pennsylvania

We have studied the electronic structure of hydrogen on Ta(100) at various coverage to a
saturation by angle-resolved photoemission (ARPES) and low energy electron diffraction
(LEED). The LEED patterns show that a (lxl) structure of H on Ta(100) to a 40 L satura-
tion coverage. Upon hydrogen adsorption, the surface resonaees of Ta(100) are dramasti-
cally attenuated. A hydrogen induced state is observed at about 3.7 eV below the Fermi
level. The fact that the binding energy of this H-induced state b not varied as a function of
*L indicates this H-induced state is localised on the surface region. The core level spectra
shows that a 0.2 eV shift from the clean if surface level after 20 L hydrogen exposure.

'[Solid State Division, Oak Ridge National Laboratory.
^Department of Physics, Rvtgcrs University.

|
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Figure 1. Angle-resolved photoeletron
spectra from clean Ta(lQO) surfaces
(dashed lines) and from the Ta(100) after
200 L hydrogen exposures (sold lines)

Buiiag Enero [eV]

Figure 2. 4f- : and 4 / 6 / 2 core level pho-
toeletron spectra from clean Ta(100) sur-
faces (dashed lines) and from the Ta(100)
after 20 L hydrogen exposures (solid lines).

206



U12
ANGLE RESOLVED PHOTOEMISSION STUDY OF Li/Be(0001)

G.M. Watson, P.A. Bruhwiler, and E.W. Plummer (U. of Penn.)

Angle Resolved Photoemission is used to measure the va lence
structure of Li/Be(0001). All measurements were taken at 0.48 ML (1
ML = density of Be surface atoms) Li. LEED patterns indicate the Li
overlayer formed two incommensurate domains with hexagonal
structure, one aligned to the substrate and one rotated_by 30°. The Li 2s
band is located entirely in the Be bulk band gap. At J] , the Li band has a
binding energy of 0.47 eV. The Be surface state at T shifts from 2.8 eV,
for clean Be, to 4.0 eV for Li covered Be. The fermi surface of the Be
surface state expands (fig. 1) with Li coverage, indicating an increase in
charge of 0.37 electron per Li atom in this state at_saturation. The charge
in the Li band is 0.33 electron per Li atom. At M, the Be surface state
with lower binding energy also increases its net charge. In summary,
most of the Li 2s electron can be accounted for in the Li 2s band and the
Be surface states.

>

cw
c

T3
C
2

Figure 1. Dispei ion of clean Be surface state (circles), Li _shifted Be
surface state (squares), and Li 2s band (Triangles) from T->K of Be
Brillouin Zone. Limits of Be bulk band projection are shown with heavy
lines. Note expansion of Be surface state Fermi surface with Li coverage.
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ABSOLUTE COVERAGE OF Cs ON GaAs(llO) U-12

T. Maeda Wong (U of PA), D. Heskett (U of RI), N.J. PiNardo (Drexel U), E.W. Plummer (U of PA)

We have recently reported angle-resolved photoemission results proving that the room
temperature (RT) saturation coverage of Cs on GaAs(llO) forms a non-metallic interface1. The
valence level spectra of the interface clearly show the lack of emission at the Fermi-level (Ep)
where the experimental sensitivity was also verified. Work function change (A<|>) with Cs
coverage does not show a minimum where a minimum in the first layer may be correlated to a
metallic transition.2 These observations give rise to two questions: (1) What is the absolute Cs
density on the GaAs(llO) surface? (2) Does the Cs binding energy reflect the type of bonding
interaction for the first Cs layer? To assess the surface density of Cs, we have determined the
absolute RT saturation coverage and correlated the results to the Cs core level and A<}> data.
Figure 1 shows the Cs 5p 3 / 2 core level intensity and the A<}> as a function of absolute Cs surface
density.

The absolute coverage of Cs on GaAs was studied by medium energy ion scattering used in
the high resolution Rutherford backscattering mode with 180 keV protons. RT saturation
coverage is found to be 4.0 ± 0.1 x 10+14 atonVcm2- This v a I u e corresponds to about 0.9 monolayer
(mL) where one monolayer is defined by the GaAs(llO) surface unit cell. Then, the Cs coverage on
GaAsUlO) is comparable to the surface density of Cs(llO) metal which is 3.9xlO+14 a t o m / cm 2 '
Yet the Cs/GaAs(110) interface is non-metallic, giving rise to the question of the nature of the Cs
- GaAs interaction or bonding.

We have examined the Cs 5p core level at
saturation coverage to examine possible ionic
behavior. The photoemission core level spectra
taken with hv=35 eV do not show rigid shifts of
the Cs core level binding energy. Therefore we do
not assume a total charge transfer from the Cs to
the GaAs in forming an ionic bond. We cannot
exclude the possibility of partial charge transfer
but based on recent calculations^, the interaction is
probably better described by an interaction of the
Cs 6s and the GaAs sp^ electrons. Further studies on
the nature of the bonding is under investigation.

1. T. Maeda Wong, D. Heskett, N.J. DiNardo, E.W.
Plummer, Surf.Sci.Lett., 205, LI (1989)

2. D. Heskett, T. Maeda Wong, A.J. Smith, W.R.
Graham, N.J. DiNardo, E.W. Plummer, JVST, B7
(1989) to be published.

3. W. Monch, Europhys.Lett., 7, 275 (1988)

i

z.o • 40 a.o

Absolute Cs Coverage ( xio14 atoms-cm-2)

This project is supported by Office of Naval Research, #N00014-86-K-0304. We gratefully
acknowledge D.M. Zehner for providing the GaAs(llO) wafers.
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Cs-INDUCED ELECTRONIC STRUCTURE ON GaAs(llO) U12

T. Maeda Wong (U of Pa), D. Heskett (U of RI), N.J. DiNardo (Drexel U), E.W. Plummer (U of Pa)

The formation of the metal-semiconductor interface of Cs/GaAs(110) has been investigated
using Angle-Resolved Photoemission Spectroscopy. The valence and core electronic structure has
been studied to elucidate the bonding mechanism and interface development. The room temperature
saturation coverage of Cs on GaAs(llO) has been shown to remain non-metallic^ where the absolute
coverage has been determined to be comparable to a metallic Cs surface.^ For submonolayer Cs
coverages, the GaAs surface state is attenuated while a Cs-induced electronic state appears in the
bulk band gap in the vicinity of X of the surface Brillouin zone. The presence of titis surface state
coincides with the development of a doublet in both the Cs 5p3'2 and 5p*/2coie level spectra
indicating the occupation of different electronic or geometric sites. The Cs-induced surface state is
interpreted as an interface feature due to the unrelaxation of the GaAs surface to its bulk-like
truncated geometry. 3

The room temperature valence level spectra of GaAs(llO) as a function of Cs coverage is
shown in figure 1. The spectra were taken with photon energy hv=25 eV. The Cs coverage is given
in absolute values determined by medium energy ion scattering and correlated to the Cs core level
intensity.^ One monolayer is denned as one Cs atom per GaAs(llO) unit cell. Figure 2 shows the Cs
5p core level as an increasing function of Cs coverage on GaAsO 10) where a doubling of the peaks
can be observed at low coverages. The incident photon energy was 315 eV.

Analysis of the Cs
coverage dependent valence
and core level spectra indicates
that the results can be
described by a strong Cs-GaAs
interaction. At low coverages,
Cs induces the unrelaxation of §
the GaAs surface and causes the =

intrinsic GaAs surface state to s.
shift out into the bulk band s

gap. At high coverages, the Cs |
layer is not metallic in contrast S
to what one would expect based
on the high Cs surface density.

3 2 1

Binding Energy («
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:incin; Energy (eV)

1. T. Maeda Wong, D. Heskett, N.J. DiNardo, and E.W. Plummer, Surf.Sci.Lett.208(1989)Ll.
2. D. Heskett, T. Maeda Wong, A.J. Smith, W.R. Graham, N.J. DiNardo, and E.W. Plummer,

JVST(1989)submitted.
3. T. Maeda Wong, N.J. DiNardo, D. Heskett, E.W. Plummer, to be published

This project is supported by Office of Naval Research, #N00014-86-K-0304.
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SURFACE CORE-LEVEL SPECTROSCOPY FROM HfCUOO) AND HfC(lll) ui 2

D. M. Zehner, G. R. Gruzalski, G. W. Ownby, and David Heskett*
Oak Ridge National Laboratory, Oak Ridge, Tennessee
'University of Rhode Island, Kingston, Rhode Island

The 4f core-levels of the (100) and (111) surfaces of HfC have been investigated using
synchrotron radiation with angle-resolved detection capabilities. Since HfC crystallizes in the
NaCl structure, atoms in surface planes will have different environmentf from those within
the bulk, where each atom is surrounded by six nearest neighbors of the other type. Surface
core-level shifts for Hf 4f atoms in the outermost plane might be expected as a consequence of
a decrease in the number of nearest-neighbor carbon atoms.

Atomically clean surfaces were prepared by flashing the samples to ~2500°C. Shown in
Fig. 1 are data for the COO) surface where each metal atom is missing one nearest-neighbor
carbon atom. One set of well resolved spin-orbit split peaks is observed with no evidence of
additional peaks related to surface atoms. Little change is observed when using a detection
geometry that enhances the surface sensitivity (9C"70°). The absence of surface core-level peaks
presumably is related to the rippled reconstruction (C-out, Hf-in), which occurs for this surface
and has the effect of creating an environment for metal atcms in the outermost layer identical
to that in the bulk.

In contrast, the results in Fig. 2 for the (111) surface show that additional intensity on the
high binding energy side of the peaks is present for ec-0°. This intensity increases when more
surface sensitive detection conditions are used (ec«705). For the (111) surface each layer
contains only one type of atom. Therefore, a surface terminated in a Hf layer woul-i contain
Hf atoms missing three nearest-neighbor carbon atoms, resulting in a top layer exhibiting an
electronic structure more similar to Hf. Support for this interpretation comes from data for
Hf(0001) (not shown), where a similar core-level shift is observed.

<• If 1| IS 14 11 ft 1* 17 tl II 14 IS It

Fig. 1. Photoemission spectra of Hf 4f
region for HfC (100).

Fig. 2. Photoemission spectra of Hf 4f
region for HfCd 11).
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Beam Line U13

UV PHOTON INDUCED ABSORPTION IN MULTILAYER DIELECTRIC MIRRORS

M. H. Bakshi, M. A. Cecere, D. A. G. Deacon, A. M. Fauchet (NSLS)
Deacon Research
2440 Embarcadero Way
Palo Alto, CA 94403

We have begun measurements of the absorption induced in optical materials by a UV
photon beam. The optical absorption is measured in the visible using a sensitive cavity ring-
down technique during UV exposure. The TOK wiggler beamline is used to simulate the in-
tense radiation environment found in a free electron laser. The UV ring electron energy is
varied to produce intense, narrow-band (4-8%) radiation for wiggler parameter K = 1.0. We
wish to determine the scaling of induced losses as a function of photon energy, photon in-
tensiry/fluence, sample materials, and residual gas pressure.

Fig. 1 shows a typical measurement at 432 nm of a Z r O o / S ^ sample with S1O7 over-
coat. The absorption coefficient exhibits a rapid initial growth followed by saturation. The UV
is cycled on-off-on-off. At photon energies under 25 eV we find the fast and slow components
of the losses can be fitted to a biexponential function with time of about 1 s and 70 s. The time
constants are independent of photon energy or intensity. The long time constant process is
strangely absent after the first exposure.

Fig. 2 shows results for exposure to higher energy photons. The curves dLplay an initial
rise which is similar to that observed in Fig. 1. (The scans show discontinuities at times when
the photon shutter is opened/closed.) A new, dominant mechanism for UV induced absorption
takes over at longer exposures, leading to the rapidly rising profiles. We plan to obtain the
photon energy and intensity scaling information for additional materials during our 1990 run.
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This work was supported in part by the SDIO and managed by the ONR and the Los Alamos
National Laboratory under contracts N00014-87-C-0154, 9-X28-1472G-6, and 9-LSH-1765G-
1, and in part through the UV ring operating funds provided by the DOE through contract DE-
AC02-76CH00016.
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U13

PROGRESS REPORT FOR U13

R.R. Freeman, J. Bjorkholm, W. Manesfield, E. Raab. \V. Silfvast, D. White, 0 . Wood,B- Kincaidf,
and J. Galaydai

The end port of the undulator line on U13 has been re-configured in order to accommodate studies of
soft-xray imaging. The purpose of these studies is to evaluate the potential of soft x-ray optics in an
all-reflective reduction camera for lithographic applications. The research strives to determine the
characteristics of multi-layer reflective optics, resist materials and various optical designs in the
130-400 A region. It is the stated goal of the project to demonstrate a reduction lithographic camera
which is capable of resolutions of better than 0.1/i. The progress since starting this project in late
May is:

1. A three-way beam division box has been installed with silicon mirrors for directing the first
harmonic of the undulator near 400A (K~ 1) onto one line for studies of resist sensitivity and
contrast, or onto another line for exposure of a ring-field camera system. Another mirror, made
from a multi-layer moly-silicon superlattice, is used to direct the third harmonic of the undulator
onto a third line to study the diffraction-limited focusing of multi-layer synthetic mirrors.

2. One active arm has been used to investigate the sensitivity and contrast of various thicknesses of
resists in the 400 A region of the spectrum. Since all conventional resists are extremely
absorbing in this wavelength region, careful measurements ol the contrast versus resist thickness
are required. We have determined that 400-500 A thickness films of EBR-9 appear to have a
high enough sensitivity and contrast to be of use in our_ imaging experiments. This arm has been
outfitted with a Schwarzchild reduction lens for 400 A and we have successfully demonstrated
diffraction-limited focusing to .2/i with 20:1 reduction from a stencil mask with 4(i features.

3. Another active line uses a moly/Si mirror to focus 130A radiation onto a custom made Ge/Si free
standing zone plate with a 1.2 cm focus. The 130 A radiation is focused through a custom made
1000 A pin hole: the resultant diffracted spot is reflected off a moly/Si mirror with a radius of
curvature of approximately 10 cm. The refocusing properties of this mirror are investigated by
passing a knife edge through the focus point. Measurements are now in progress to determine
the minimum spot.size.

4. All of the components of the ring-field x-ray camera have been designed and constructed and will
be installed bv December.

t Lawrence Berkeley Laboratory

t National Synchrotron Light Source

Work supported by AT&T Bell Laboratories, Lawrence Berkeley Laboratory & National Synchrotron Light Source
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U14

PHOTOEMISSION STUDY OF BaBiO3 and Ba0.oK0.4BiO3

M. Croft, Y. Jeon, G. Liang, J. Chen, M. S. Hegde (Rutgers U.), M. W. Ruckman
(BNL-DAS) and D. DiMarzio (Grumman Corp.)

Photoemission is used to study the electronic structure and surface stability
of BaBiO3 and Bag.6Ko.4Bi03 scraped in ultrahigh vacuum at 300 K. Both the
BaBiO3 and Bag,6K0.4B*°3 valence band photoemission spectrums show good
agreement with calculated densities of state [see Fig. 1 for a comparison of
our data for BaBiO3 with calculations by Takegahara and Kasuya, J. Phys.
Soc. Jpn. J[6, 1478 (1987)]. However, the weak emission from the Fermi level
and the shift of the Ba 5p corelevel to higher binding energy in our spectra
when compared with less surface sensitive ESCA measurements suggests that the
surface loses oxygen in the vacuum when scraped. Figure 2 shows the Bi 5d
corelevel for the K-substituted material, moderately scraped BaBiO3 (MS) and
vigorously scraped BaBiO3 (VS). We find that BaBiO3 is easily damaged by
scraping (note the metallic Bi corelevel component at lower binding energy)
and is less stable than the K-substituted material. X-ray absorption studies
of the same samples show that BaBi.03 has a soft Bi-0 bond which is absent in
the K-substituted material and we think this explains the greater instability
of BaBiO3.
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Publications
M. W. Ruckman et al., Phys. Rev. B .39, 7359 (1988).
Y. Jeon et al., Phys. Rev. B (submitted).

This work was supported by the U.S. Department of Energy, Materials Sciences
Division, (Contract No. DE-AC02-76CH00016) and the Rutgers Research Council.
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Dependence of Sm Valence on Cu Subtrate Morphology

S. Horn,1 L. Tao,1 and M. L. denBoer2

1. Department of Physics, New York University, 4 Washington Place, New York NY 10003
2. Department of Physics, Hunter College of CUNY, 695 Park Ave., New York NY 10021

The objective of our measurements is to investigate the electronic state of rare earth atom
overlayers on transition metal (TM) surfaces as a function of coverage and transition metal
substrate. At the same time possible changes of the surface electronic structure of the transition
metal substrates are examined. Although ultimately TM single crystalline surfaces will be used as
substrates, initially we used polycrystalline TM substrates as simpler models in order to find systems
providing interesting physical effects which later can be studied in greater detail using single crystal
TM substrates for ordered RE overlayers. In this report we describe briefly the results of
measurements on a Cu-Sm substrate-overlayer systems.

Earlier XPS measurements1 on Sm on Cu showed the Sm to be in an intermediate valent
state between Sm2+ and Sm3+ with the trivalent component increasing with increasing Sm coverage.
This systematic variation of the valence of the RE component with coverage makes this system
well suited to examine the interplay between RE valence and surface electronic structure of the
substrate. As substrate we used a recrystallized Cu sheet displaying large single crystalline grains.
The surface was cleaned by argon ion sputtering, but no attempt was made to repair the surface
damage by annealing. We investigated the valence band region of the system using incident energies
between 40 eV and 140 eV. To emphasize the Sm- component of the system we took spectra at the
Sm resonance energy of hw = 137 eV. Surprisingly only frivalent Sm was observed at low and
intermediate coverages. This result was confirmed by measuring the energy dependence of the
cross section, which 'is characteristically different for Sm2+ and Sm3+, in the region of the valence
band where a Sm component is expected. Oxidation studies showed that the absence of divalent
Sm in the low coverage spectra was not due to the presence of oxygen on the surface. A divalent
Sm component was only observed at high coverages, and we interprete this divalent contribution
as due to the presence of multilayers of Sm. In this construction, the surface layer consists of Sm2 +

ions as is the case for the surface of bulk Sm samples. The fact that no divalent Sm is observed for
low and intermediate coverage indicates that the first Sm layer on the Cu substrate is trivalent. This
apparent contradiction to reference 1 might be due to the fact that in our measurement the Sm was
evaporated on a rough Cu surface, implying a marked sensitivitiy of the Sm-Cu interaction to the
morphology of the surface. This important result should clearly be tested using well-defined single
crystal substrates of different orientations and controlled roughness.

1. A. Faldt and H. P. Myers, Phys. Rev. Lett. 52, 1315 (1984).
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Photoemission Spectroscopy of YBa2Cu3O7

S. Horn.1 E. Lederman,1 and M. L. denBoer2

1. Physics Department, New York University, 4 Washington Place, New York, NY
2. Physics Department, Hunter College, 695 Park Ave, New York, NY 10021 '
We have measured valence band photoemission

spectra on polycrystalline RBa^u^O^ where R =
Y and Eu, in the range of photon energies from 16
to 100 eV. Specimens were scraped in situ. We
observe, within minutes aftes scraping, dramatic
changes in the photoemission spectra, as illustrated
in the figure to the right. The spectra were taken at
an incident enegy of 35 eV the following times after
sera ping: (a) within one minute, (b) 27 minutes, (c)
7(> minutes, and (d) 106 minutes. The feature 9.5 eV
Mow the Fermi level, essentially absent in spectrum
(;i). grows rapidly within the first several minutes.
This controversial feature h.is previously been
interpreted as intrinsic to the material. As this
Uature grows, intensity is tnnsferred from the
portion of the valence band nearest the Fermi level
to the portion further away. These changes mean
that the spectra taken immed ately after scraping
are in closer agreement with band structure
calculations. These results are in qualitative
agreement with earlier measurements on
(l.a.Sr)CuO4. Surprisingly, although a small Cu1*
feature is always evident, its intensity does not
change during this time. This effect is reminiscent
of observations thit in these materials the O l.t
photoemission spectra are more sensitive to surface
modifications than the Cu spectra.

We have also studied the erergy dependence of
these features. The top curve on the right plots the
intensity of the ().5 eV peak as a function of photon
energy in a constant initial state measurement. The
second and third curves are corresponding
meaurements of the two valence band peaks. All
three features resonate at about 22 eV, the O 2?
binding energy, indicating their close association
with O, while in contrast the background below the
valence band, plotted in the bottom curve, exhibits
little intensity variation in this energy range. In the
simplest picture, the strength of this O 2r -» 2/7
resonance reflects the density of unoccupied O 2/>
states. On the other hand, none of these features
resonate at the Cu ?>p binding energy, suggesting
that these peaks should not beinterpreted in terms
of a direct Cu M emission process. A prominent
valence band satellite is observed at the Cu 3/J
binding energy; this previously observed resonance
implies that the Cu is primarily divalent, consistent
with other spectroscopic findings.
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U14
Roles of Surface Defects in Chemisorption on CoO (100)

Shin-Puu Jeng, Zhaoming Zhang and Victor E. Henrich, Applied Physics, Yale University, New
Haven, CT 06520

The interactions of molecules with ceramic surfaces depend strongly upon the presence
of surface defects. We have investigated the interactions of CO and O2 with both nearly perfect
and surface defective CoO (100) single crystals at room temperature. The nearly perfect
surface was produced by cleaving single crystals in ultrahigh vacuum, and surface defects were
created on cleaved surfaces either by Ar+ ion bombardment or by irradiation with the zero-
order beam from the synchrotron light source.

Oxygen vancacies and other complex defects are produced by Ar+ ion bombardment as a
result of kinetic energy transfer and preferential removal of oxygen ions from the surface. A
distinct surface-state shoulder, which is presumably due to the destruction of surface order and
the creation of conducting moieties, appears in the upper edge of the valence band UPS spectrum.
In contrast to the ion-bombarded surface, the photon-irradiated surface suffers less damage,
and all of the features seen in the UPS spectrum from the cleaved surfaces are still resolvable.
However, a prominent reduction of O 2p and unscreened CoO 3d 7 satellite emission can be seen,
indicating a loss of oxygen atoms from the surface. No surface state emission of the type seen
for the sputtered surface is observed in the UPS spectrum from a photon-damaged surface.
Since the surface defects produced by these two methods are different, we have studied the roles
of these different defects in adsorptions of molecules.

O2 interacts strongly with the ion-bombarded surface. After 10L of oxygen exposure,
the surface-state emission in the UPS spectrum disappears accompanied by a slight increase of
emission in the vicinity of the satellite emission (binding energy -8.0 eV). This is consistent
with the previous results for dissociative oxygen adsorption on oxide surfaces.1'2 Further
oxygen exposure causes an increase in the emission for binding energies between -4.0 and 8.0
eV. Because the 8.0 eV adsorbate-induced feature overlaps with the CoO satellite peak, some
uncertainties as to the origin of the 8.0 eV feature, whether it is due to the emission from
adsorbed molecular oxygen or due to the enhanced 3d7 emission from CoO, exist. Since the
unscreened 3d 7 satellite emission from CoO increases as the photon energy is swept through the
Co 3p->3d threshold at 62 eV, detail analyses of the results of resonant photoemission may aid
in the interpretation of this feature. The interaction of CO with the sputtered surface is also
quite vigorous, again demonstrating the importance of surface defect states for chemisorption.
In contrast, the photon-damaged surface is quite inert to both CO and O2 gases, although it is
also oxygen-deficient as compared with the cleaved surface. Although the reason for this
inertness is not clear, the present experimental results clearly demonstrate the existence of a
wide range of reactivities for different surface defects in gas adsorption on CoO (100).

1. J.M. McKay and V.E. Henrich, Phys. Rev. B 22, 6764 (1985).
2. J.L Mackay and V.E. Henrich, Phys. Rev. B 3JL 6156 (1989).

This work was supported by NSF Solid State Chemistry Grant No. DMR-87-11423.
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BEAM LINE U14

PHOTOEMISSION STUDIES OF Eu3CuO4 AND Ndi_.Ce.CuO4 SUPERCONDUCTOR

Y. Jeon, J. Chen, G. Linag, M. Croft, Rutgers University, Pitcataway, NJ 08855
M. Ruckman, Materiah Science Division, BNL, Upton, NY 11973

We have measured angle-integrated photoemission spectra from the Ndi_cCeaCuO4, where z — 0.0, 0.15,
and EujCuO4 as a function of photon energy. Base pressure during the experiment was 4xlO~10 Torr and
the sample was introduced into the spectrometer from a preparation chamber equipped with a load lock.
The clean surface was prepared by fracturing technique with a stainless steel knife under UHV condition.

In Fig. 1 photoemission EDC's of Nd2Cu04 taken from 40 eV to 100 eV are shown. The binding energies are
referenced to the known Fermi level of the spectrometer. Similar to some other high-Tc materials no Fermi
level cut off was observed presumably due to surface oxygen loss. The most dominant features(marked with
A and B) are due to Cu 3d/O 2p derived states. These hybrid valence band states agree well with some
band structure calculation.1'3 Feature C peaked at 9 eV is probably due to contamination, oxygen loss, or
adsorption of impurities.

Resonant photoemission studies were also performed with Eu2Cu04, NdjCuO4, and Ce-doped high-Te su-
perconductor Ndj.ssCeo.isCu04 to examine the Cu d8 satellites. In Fig. 2, resonant photoemission spectra
taken at Cu 3p threshold (hi/ « 75 eV) are compared with off resonance (hi/ = 70 eV) spectra (dashed-line).
Relative to the un-doped material the Ce doped superconducting material shows less enhancement at 13 eV.
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Fig 2. EDC's for Eu2CuO4, Nd2CuO4, and Ndj.«Ce0.15CuO4

taken on resonance (solid line) and off resonance
(dashed line).

Fig 1. Valence band photoemission spectra of Nd2Cu04

at photon energies between 40 and 100 eV.

Reference:
[1] S. Massidda, N. Hamada, J. Yu, A. J. Freeman, Physica C 157, 571 (1989).
[2] R. P. Gupta, M. Gupta, Physica C 160, 129 (1989).
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U14A

Chemically sensitive and Plasmon Loss Extended X-Ray Absorption
Fine Structure Applied to Clean Al Films p

?qJ™Ji !?-s:?J' D-M;singer, E.Kim, Y.S.Park, and G.M.Rothberg
(Stevens Institute of Technology, Hoboken, NJ 0703 0)
and M.L.denBoer (Hunter College of CUNY, New York, NY 10021)

Photoemission EXAFS (PEXAFS) is surface sensitive and in many
situations offers significant advantages over other surface
sensitive EXAFS techniques. In this work EXAFS measurements Ssing
bulk and surface plasmon loss peaks were undertaken. Here we
apply the PEXAFS technique to the surface of clean evaporated
aluminum films. Measurements using the Al 2p elastic photopeak
produce an Al-Al distance of 2.87(4) A which is in excellent
agreement with the known value of 2.864 A for the bulk. The
Jiffwh °? *?? b^lk plasmon loss P e a k is essentially identical
with the elastic 2p result. The surface plasmon loss peak yields
;ifoh£anCf 2Vl 9 ( 5 ) A- Althou^ this distance appears to be
Sli? ̂ ? K r\er • t? a n ̂ e - ° t h e r results' a H three results agree
well with each ocher within the uncertainty of the technique! We
obtain these results from the plasmon and elastic peaks using the

inTi^lT^K*0'^ Z-erC\Of kinetic ener^ in th* soul^vhichindicates that extrinsic plasmon production must predominate. Bv
comparing the extended fine structure from elastic and plasmon
loss peaks one can also probe the surface region at. different
*tll J bec*use **e electrons which have suffered a plasmon loss
have come from about one mean free path farther inside the solid
than the elastically scattered electrons.
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U14A

The Surface Structure of Aluminum Oxide Studied by Photoemission
EXAFS
S.T.Kim, M.S.Oh, D.M.Singer, Y.S.Park, and G.M.Rothberg,
(Stevens Institute of Technology, Hoboken, NJ 07030)
and M.L.denBoer (Hunter College of CUNY, New York, NY 10021)

The most significant advantage of PEXAFS is its chemical
sensitivity, that is, its ability to probe the local structure
around each atomic species. Using the chemically shifted and
unshifted Al 2p photopeaks we have studied the interaction of
oxygen with aluminum at elevated temperatures to complement
previous work carried out at room temperature. Appreciable
amounts of oxygen can be dissolved below the surface without
causing a measureable shift of the binding energy of the Al 2p
photopeak. Other Al ions exhibited a 2p binding energy shift
which we attribute to progressive development of an oxide phase.
In this work Al 2p core level shifts of 2.8eV and 3.2eV were
observed at the surface of polycrystalline Al exposed to 500L of
oxygen and then heated to 12OC and 450C, respectively. Associated
with these shifts we measured Al-0 atomic distances of 1.88(4)
A and 1.89(4) A, respectively. The oxide obtained after heating
below 450C was an amorphous r-alumina with a local structure
similar to crystalline r-alumina.
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Magnitude of Fourier transform F(R) of EXAFS signal, (aj
2.8ev shifted Al 2p, 120C. (b) 3.2eV shifted Al 2p, 450C.
Peak 1 is Al-0. Refer to the text for peak 2.

This work was supported by the Department of Energy (DE-FG02-
84ER45091) ^ K
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Resonant Photoemission of Ln2_xCexCuO4

E. Lederman, S. Horn, (NYU), M denBoer (Hunter)

In Jury 1989 we performed photoemission experiments on a variety of high temperature superconductors including
Ln2 Ce CuO4 (Ln=Nd, Pr and Sm ; x=0, 0.4, 0.8, 0.12, 0.16. 0.2). For x = 0.15, these compounds superconduct with a
critical temperature T = 23 K. Hall effect and thermopower measurements indicate that the charge carriers are electrons,
not holes as in previous cuprate superconductors. Measuring in the energy range 17 eV < hw < 160 eV, we investigated
the character of features associated with the valence band, the rare earth elements and copper and oxygen satellites.

Fig. 1 shows energy distribution curves (EDCs) for incident photon energies near the Cu 3p binding energy. In
Fig. la the photon energy is slightly less than the Cu 3/? resonance energy. In Fig. lb, taken at this resonant energy, this
satellite has become prominent. It has been shown that Cu 2+ (as in CuO) has a satellite with binding energy of - 13 eV
which resonates at a photon energy of - 74 eV and that Cu 1 + (as in CU26) has a satellite at binding energy 15 eV which
resonates at 76.5 eV. Since Cu 2+ is expected to be much more abundant than Cu 1 + in these materials, one expects to
see the Cu 1 + as a small shoulder on the Cu 2+ feature. Accordingly, we measure an EDC at the resonant energy of the
Cu 1 + feature and subtract from it an EDC measured at an off-resonance energy. Fig. 2 shows three such difference spectra,
measured on specimens with varying Ce concentrations as indicated. There is evidence for some Cu 1 + , which, however,
appears not to increase with increasing Ce concentration. In addition, constant initial state measurements, not shown here,
revealed only a weak Cu 1 + resonance, the intensity of which was in lependent of the Ce content.

These measurements thus do not provide evidence for the c jnversion of Cu from the 2+ state to the 1 + state as
electrons are added to the system by Ce doping. This tends to support the view that the additional electrons are distributed
uniformly in a band, rather than localized to specific Cu sites.

On these samples we also performed CIS measurements on features associated with oxygen. Resonances observed
at the O 2p binding energy were markedly less pronounced than in our study of the R I ^ C U ^ O T compounds. This indicates
that, as expected, holes of O 2p character are not as prominent in the electron-doped materials as in their hole-doped
counterparts
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U14A
Photoemission EXAFS study of Potassium on Ni(llO)
M.S.Oh, S.T.Kim, D.M.Singer, Y.S.Park, E.Kim and G.M.Rothberg
(Stevens Institute of Technology, Hoboken, NJ 07030)
and M.L.denBoer (Hunter College of CUNY, New York, NY 10021)

The study of alkali metal adsorption on metal surfaces is of
considerable technological and scientific interest. Our research
is aimed at studying the interactions between molecules on
surfaces, in particular the structural relationships between them
and with the substrate. The results of these investigations will
provide important insights into molecular interactions on
surfaces and in particular chemisorption and catalysis. We have
developed an outstanding new technique for obtaining surface
EXAFS by directly measuring the photoelectrons, which we call
photoemission EXAFS (PEXAFS). LEED studies of K/Ni(110) have been
carried out by others and interpreted in terms of an
unreconstructed as well as a reconstructed surface. Here we
investigated by PEXAFS the interaction of potassium with Ni(110) .
Measurements were made on approximately 0.25 monolayer of K on
Ni(llO). LEED showed the K was ordered in the reported
(lX2)+streaks pattern. We find that the K-Ni interatomic distance
is 3.27(4)A. The K atoms adsorbed on Ni(llO) have an effective
radius less than the K bulk atomic radius. This can be
interpreted as K atoms becoming somewhat ionic upon reaction with
the Ni(110). We also find the fourth nearest K-Ni spacing is
4.65(20)A. It is found that the experimentally determined
relative coordination numbers of the first and fourth neighbors
are in good agreement with the theoretical coordination numbers
calculated from the reconstructed surface model and thus confirm
this model.
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This work was supported by the Department of Energy (DE-FG02-
84ER45091)
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RESONANT PHOTOEMISSION STUDY OF BaQ.6K0.4Bio3*

M. W. Ruckman, D. DiMarziot (BNL-DAS), M. Croft, Y. Jeon, G. Liang, J. Chen,
M. S. Hegde (Rutgers U.)

We used resonant photoeraission to study the surface electronic structure of
BaBiO3 (Fig. l(a)) and superconducting (Tc-29 K) Bao.0Ko.4Bi03 (Fig.
l(b)). The spectra for BaBiO3 and BaQ,6K0.4BiO3 resemble those reported
for other high Tc superconductors. Photoemission is extremely weak near Ef
and this suggests the surface is semiconducting. The Ba 5p level for
BaBiO3 is found at 14.5 eV binding energy (XPS spectra obtained at Rutgers
from the same material show a Ba 5p component at 13 eV) and 14 eV for

3 A peak at 9.5 eV often seen in photoemission spectra for
3 7 is absent. The Bi 5d peaks for BaBiO3 develop a shoulder at 1.7 eV

lower binding energy after scraping but the 5d peaks for Bao.6K0.4Bi03
remain sharp. We conclude the surface either loses oxygen or is damaged by
scraping and is semiconducting which suggests that sintered pellets do not
give a good indication as to the nature of the superconducting phase.
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Normalized photoemission spectra for (a) BaBiO3 and
(b) Ba0.6K0.4BiO3.

fCurrent address: Grumman Corp. Res. Center, Bethpage, NY.
*Work supported by the U.S. DOE, Basic Energy Sciences under Contract No.
DE-AC02-76CH00016 and the National Science Foundation under Contract No.
MSM-87-16317 1/1.
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A SOFT X-RAY STUDY OF THE INTERACTION OF OXYGEN WITH LI

U/4A
i

M.L.Shek, J.Hrbek(Brookhaven),T.K.Sham (U.Western Ontario) and
o

G.-Q.Xu(Brookhaven)

We have i n v e s t i g a t e d the i n t e r a c t i o n of oxygen w i t h a Li
m u l t i l a y e r e v a p o r a t e d on R u ( O O l ) , u s i n g v a l e n c e and c o r e l e v e l
p h o t o e m i s s i o n , s o f t x - r a y e x c i t e d A u g e r , a n d Li K e d g e
p h o t o a b s o r p t i o n .

The Auger t r a n s i t i o n s i n i t i a t e d by the Li K h o l e can be
a s s i g n e d a s L i - 0 i n t e r - a t o m i c t r a n s i t i o n s o f t h e t y p e s
L i ( K ) L i ( V ) O ( L 2 3 ) , L i ( K ) O ( L 2 3 ) O ( L 2 3 ) ' and L i (K)0<L 2 3)0(Lg3) . The

d e l o c a l i z e d e f f e c t i v e h o l e - h o l e i n t e r a c t i o n s a r e - 1 to -2 eV, and
the o n - s i t e e f f e c t i v e h o l e - h o l e i n t e r a c t i o n s a r e -7 to ~8 eV.

The e x i s t e n c e of two phases of Li ox ide i s s u g g e s t e d . The
f i r s t phase a t t a i n s an approx ima te s t o i c h i o m e t r y of " L i 9 0 " where

x i s 0 . 7 5 to 1 . 2 5 , b e f o r e a d i - o x y g e n p h a s e s t a r t s t o f o r m .
Ph o t oemi s s i on of t h e 0 2 p - d e r i v e d l e v e l s i n d i c a t e s t h a t t h e d i -

2 .
oxygen s p e c i e s shou ld no t be a s s i g n e d as the p e r o x i d e i o n Op

Nor can t h e Li s p e c i e s in e i t h e r phase be t h o u g h t of as a Li ion
e v e n i n t h e f i r s t a p p r o x i m a t i o n . The d e t a i l s of t h e a b o v e
i n t e r p r e t a t i o n s , and a s h o r t compar i son w i th a Li -S s u r f a c e , w i l l

be given elsewhere.

Footnotes :
1. Proposal # 89-U-28
2. Present address: Dept.of Chemistry, U.of Toronto.
3. To be submitted to Surface Science.
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Resonant Photoemission in TiO2(H0)

Zhaoming Zhang, Shin-Puu Jeng and Victor E. Henrich, Applied Physics, Yale University, New

Haven, CT 06520

We have performed a resonant photoemission study on both nearly perfect and defective

TiO2(l 10) surfaces using synchrotron radiation. Stoichiometric TiO2 has a Ti4+ 3dO electronic

configuration. However, since the surface of TiO2 can be reduced by ion bombardment to

partially populate the 3d orbitals of surface cations, it is an excellent material for the study of

valence-band resonant photoemission as a function of d-orbital population.

Resonant photoemission from the O(2p) band is observed for both nearly perfect and reduced
TiO2 surfaces as the photon energy is swept through the Ti 3p->3d optical transition energy,
which indicates a strong hybridization between the oxygen and titanium ions. Changes in the
shape of the O(2p) band are also observed. As compared to the nearly perfect surface, the reduced
surface has higher emission intensity from the a component relative to the 71 component. In
addition, the intensity of emission from the O(2p) o orbitals resonates more than that from the
O(2p) n orbitals for both nearly perfect and reduced surfaces. These experimental results are
consistent with the theoryO), which predicts that the O(2p)-Ti(3d) hybridization involves primarily
the O(2p) c orbitals. The spectra for the defective surface exhibit a resonant change in the intensity
of the Ti(3d) emission as well, which is similar to those reported for both Ti2O3(2) and Ti metatf3).

(1)S. Munnix and M. Schmeits, Phys. Rev. B 30, 2202 (1984).

(2)K. E. Smith and V. E. Henrich, Phys. Rev. B 3j?, 9571 (1988).

(3)E. Bertel, R. Stockbauer and T. E. Madey, Phys. Rev. B 27, 1939 (1983).

This work was supported by Department of Energy, Office of Basic Energy Sciences Grant DE-
FG02-87ER13773.
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X-RAY CONTACT MICROSCOPY- PRELIMINARY RESULTS: A STUDY OF CARDIAC MUSCLE

AND PANCREAS TISSUE

R.M. Hexter (U.MN.)» D. Johnston (U.MN.), M. Schaible (U.MN.),
L. Herman (N.Y. Medical College), R. Feder (Consultant), L. Krebs (NSLS)

With past developments of synchrotron light sources, high resolution

polymer resists and new methods for collecting and digitizing images,

X-ray Contact Microscopy (XCM) has become a more practical means for

studying concentrations of various elements in biological tissue. Our

investigation seeks to determine the concentration of calcium (and several

other elements) in cardiac muscle and pancreas specimens. As such, work

is now well underway to develop an automated computer controlled system

which positions a specimen under the X-ray photon beam, exposes the

specimen/resist combination to a desired flux and subsequently translates

the stage/specimen holder to the next sample. The software for this

system is now largely complete.

Preliminary studies made on the U15 beamline indicate that the

beamline optics as well as total flux play an important role in obtaining

"good" images of the specimen in the resist. We are currently continuing

to upgrade our system and resist development procedures and hope shortly

to begin more extensive studies of the biological tissue.

We thank Dr. Robert Laibowitz at IBM Yorktown for the resists.

This project is funded by grants from the Research Corporation and the

University of Minnesota.
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BEAM LINE U15

ANGULAR DEPENDENCE OF K-SHELL EXCITATION OF O2

D. Y. Kim, D. A. Lapiano-Smith, K. Lee, C. I. Ma, and D. M. Hanson (SUNY at Stony Brook)

The polarization and tunability of synchrotron radiation allows the angular dependence of
molecular fragmentation of O2 following core electron excitation at various photon energies to be
determined. The angular distribution of fragmented ions from O2 is used as a direct probe of the
anisotropic photoabsorption. The angular dependence of the fragmentation depends upon the
symmetries of the core hole excited states, the densities of the overlapping states of different
symmetries, and the lifetime of core hole states and intermediate valance hole states. Ion yield
spectra were obtained at three different angular positions ( 0°, 54.7°, and 90° with respect to the
polarization vector). A high pass filter ( +3 V) was used to eliminate low kinetic energy ions.
Collection efficiencies were determined from CH4, and the degree of polarization from N2-
Normalized ion yield spectra and anisotropic parameter, Pm> values are shown below.
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Ion yield spectra in normalized units at (a) 90°, (b) 0°, and (c) 54.7° with respect to the
polarization vector, and (d) Pm calculated from the 90° and 0° spectra.
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BEAM LINE U15
INVESTIGATION OF Bi-Sr-Ca-Cu-O FUJI BY TOTAL ELECTRON YIELD

A. Krol, C. J. Sher, J. Tonra, L. A. Krebs, Y. H. Kao (SUNY at
Stony Brook), and M. de Simone, I. Davoli, A. Bianconi
(Univerita degli Studi di Roma, Italy).

Measurements of Total Electron Yield (TEY) of Bi-Sr-Ca-Cu-0
superconducting film were performed at energies around the
oxygen K absorption edge at room temperature. This 5000 A thick
film was grown on a MgO substrate by MBE method, TQ was 80 K.
TEY spectra were recorded by measuring both the photoemission
with an electron collector and the neutralizing current with an
electrometer vs grazing angle of incidence at fixed incoming
photon energies (400-800 eV). Experimental data are compared
with theoretical analysis, based on a modified Fresnel
formulation, to calculate the wave field distribution in thin
film. The TEY angular profiles and their derivatives, which
were obtained at a given x-ray energy, reveal information on
the optical constants of the superconductor in the soft x-ray
regime. In the Fig. 1 and Fig. 2 the dependence of the
experimentally measured decrement of real part and imaginary
part of refractive index vs energy is shown, respectively. For
comparison the results of theoretical calculations are also
presented.

Pig. 1. Delta v> energy; h- experiment,
B-calculat ion based on 8. L. Hmnk», P. Lee,
T. J . TanaJca, R. L. ShiMbufcuro. R. X.
Fujikawa, Atom. Oat. Kuc. Oat. Tab. 37
(19B2J l ; C- n l c u U t i o j i based on data
compiled by S. Keald.

504 567 C09
Energy <«V)

Fig. 2 . Beta v« energy: A- experiment,
(•-calculation based on B. L. Kenke, P. Lee,
T. J. Tanaka, It. 1. Shinabukuro, R. K.
Fuj lkava, Atoa. Dat. Kuc. Oat. Tab, 27

compiled by S. Heald.

This research is supported by DOE under grant No. DE-FG02-
87ER45283.

227



BEAM LINE U15
SOFT X-RAY INVESTIGATION OF THE EFFECT OF GROWTH CONDITIONS ON
InAs/GaAs HETEROSTRUCTURES

A. Krol, C. J. Sher, D. Storch, S. C. Woronick, L. A. Krebs,
Y. H. Kao (S.U.N.Y. at Stony Brook) and L. L. Chang,
H. Munekata, (IBM Research Center, Yorktown Heights, NY 10598).

Overlayers of inAs deposited on GaAs substrates by MBE were
studied by means of total electron yield and total external
reflectivity in the soft x-ray regime (400 - 850 eV). A number
of samples with different epilayer thicknesses (from 70 to
600 A) and prepared under differing substrate and growth
conditions were investigated. The data were analyzed by using a
modified Fresnel formulation to investigate the wave field
distribution in stratified media with interfacial roughness.
Angular profiles of total electron yield (see example in Fig.l)
and external reflectivity (see example in Fig. 2) obtained at
fixed incoming photon energy
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provide information on the microscopic structure of the surface
and interface in terms of a rms roughness parameter and some
material properties of the thin InAs overlayer (such as the
complex refractive index) as well as the attenuation length of
secondary electrons. Results obtained indicate that a smoothing
process occurred during crystal growth as evidenced by the fact
that the observed surface rms roughness parameter (which is of
an order of 5 A) is much smaller than those characteristic of
the interfaces (which are of an order of 15 A ), independent of
epilayer thickness. The measured interfacial fluctuations are
lowest for In-stabilized InAs deposited on GaAs(100) 2° off
(toward [110]) substrate,and the highest for As-stabilized
growth. The precise knowledge of optical constants has also
allowed us to determine the density and thickness of epilayers.

This research is supported by ONR under grant No.
N0001483K0675, and by DOE under grant No. DE- FG02-87ER45283.
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BEAMLINE U15

SOFT X-RAY STUDIES OF Y-Ba-CU-0 SUPERCONDUCTING THIN FILM
MICROSTRUCTURE BY MEANS OF FLUORESCENCE AND TOTAL-ELECTRON-
YIELD

A. Krol, C.J. Sher, C.S. Lin, Z.H. Ming, S.E. Park, L.Krebs,
Y.H. Kao, (SUNY at Stony Brook and Buffalo) and G.C. Smith
(Brookhaven National Laboratory)

The angular dependence of the fluorescence and total-electron-
yield were measured in order to obtain the oxygen depth profile
in a Y-Ba-Cu-0 high Tc superconducting thin film. This thin
film was prepared by an overgrowth of a 2000 A 123 layer on a
MgO substrate by laser ablation. Fluorescence yield vs.
grazing angle of incidence was measured above and below the
oxygen k edge (540 and 527 eV), using a low pressure, parallel
plate avalanche chamber (see Fig. 1). Total-electron-yield was
measured simultaneously by means of the neutralizing current
using a current amplifier (see Fig. 2). Experimental data are
compared with theoretical analysis, based on a modified Fresnel
formulation, to calculate the wave field distribution in
stratified media with interfacial roughness. Based on our
analysis we conclude that the oxygen depletion region is not
greater than 2 00 A thick under the surface.

•MM U W U >U MM UM i

Fig. 1 riuorMCWtca Minion trxm a «-«a-Cu-O thin tllmt
polnta-axperiaeiital data, llnea-tbeoretlakl calculation*,
upper car** la MO eV, and tba lover curve la 537 eV.

rig. » Total electron yield f r a a t-»a-Cu-O thin f i ls*
polntf-axparlaantal data, llnea-tfceoratical calculation*. Tba
upp«r corva la MO av, and tha lover curve la 927 •*•

This research is supported by ONR under grant No.
N0001483K0675, and by DOE under grant No. DE-FG02-87ER45283
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Beam Line U15

Asymmetry of Fragmentation Following Core Electron Excitation of Molecular Oxygen

D.A. Lapiano-Smith, C.I. Ma, D.Y. Kim, K.T. Wu, K. Lee, and D.M. Hanson (SUNY at
Stony Brook)

Monochromatic, soft x-rays are used to excite the core electrons of oxygen and the
subsequent electronic relaxation and fragmentation processes are being studied. Total ion
yield spectra show the detection of fragment ions as a function of the excitation energy, the
position of the detector, and the magnitude of the collection field. The spectra in Figs. 1
and 2 were obtained with the axis of the time-of-flight mass spectrometer perpendicular to
the polarization vector of the incident radiation and parallel to the E vector, respectively.
The data for Figs. 1 and 2 were obtained with a low extraction field of 100 V/cm.

When a diatomic molecule is excited into a particular state by polarized, radiation,
the excited molecule has a certain alignment in space. In Fig. 1, the second resonance
peak is much less intense than the corresponding feature in Fig. 2. The intensity of this
resonance is dependent upon whether the alignment of the internuclear axis of the core
hole excited molecule is perpendicular or parallel to the axis of the mass spectrometer.
When the internuclear axis is perpendicular to the spectrometer axis, the large velocity
components along the direction of the internuclear axis, carry the fragment ions away from
the detector, as observed in the less intense a" resonance of Fig. 1. In contrast, when the
molecular axis is parallel to the spectrometer axis, the fragment ions are carried toward
the detector, as observed in the strong *• peak of Fig. 1. For the case in Fig. 2, the a* is
very strong due to the parallel alignment of the internuclear and spectrometer axis. The
T* resonance remains intense because the yield of ions with low kinetic energies is high and
these are collected efficiently by the extraction field. A quantitative analysis of this effect
will provide values for the anisotropy parameter as a function of the excitation energy.
The anisotropy parameter serves to characterize the excited state wavefunction and the
time required for fragmentation.

This research was supported by the National Science Foundation (CHE-8703340).
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Beam line U15
SINGLE EVENT ELECTRON-ION COINCIDENCE STUDIES OF N2O

C.-I. Ma. K. Lee, D. Y. Kim, D. A. Lapiano-Smith, and D. M. Hanson (SUNY at Stony Brook)

13

12

Monochromatic synchrotron radiation
is used to excite selectively the Is electrons of
the terminal and central nitrogen of N2O to
the 3K molecular orbital. Resonance Auger
electrons resulting from deexcitation are
detected by a hemispherical energy analyzer
with 16 anodes. Each individual anode is 3$$-
capable of triggering the start of a time-to- 14
digital converter(TDC). A particular Auger
final state, identified by the electron energy,
then dissociates into fragments that are
detected by a TOF spectrometer, and the
flight time is registered by the TDC. A small
DC extraction field (50 V/cm) is applied
across the ionizadon region. Each event is
recorded individually and consists of a
particular electron energy and several
coincident ion flight times. The correlation
between an initial excited state, the electron
energy, and the fragmentation patterns can be
obtained by various data analysis routines. In
addition the experimental results reveal
information about ion-ion coincidences. The
figure shows the autoionization spectrum
from a terminal nitrogen core hole. The
energy range covered by each anode is 1.3
eV. The histogram of events producing one
detected ion is sorted according to
corresponding anodes, identified by the
labels 9-16.

This research was supported by the
National Science Foundation (CHE-8703340
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U15
SOFT X-RAY REFLECTIVITY CHARACTERIZATION OF SiO2/Si
HETEROSTRUCTURES.

S.C. Woronick, W. Ng, A. Krol, Y.H. Kao (SUNY at Stony Brook)
and E. Arnold (Philips Laboratories, North American Philips Corporation).

Grazing incidence soft x-ray reflectivity has been used to characterize four thermally-
grown SiC>2/Si(100) heterostructures with SiC>2 overlayer thicknesses of about 126, 276,
534, and 1100 A (as determined by this technique). The reflectivity was measured by
scanning the incidence angle while keeping the photon energy fixed (in the range 400
- 800 eV). Interference maxima and minima appear in the data, due to the photon path
differences associated with a thin overlayer. This technique can be used to nondestructively
evaluate interfacial roughness (both at the top surface and buried interface) as well as
material properties. It is particularly sensitive to the material microstructure (e.g. steps
or dislocations) in the vicinity of the interfaces because of the influence this structure has
on the x-ray refractive index and hence the Fresnel coefficients. X-ray reflectivity from
layered structures can be calculated using a theory based on Fresnel equations modified to
include uncorrelated interfacial roughness. The data was analyzed by using a least-squares
curvefitting procedure to adjust the unknown physical parameters in the theoretical model
so as to achieve the best agreement between the model and the data (plotted in Fig. 1).

The root-mean-square roughness at both the top
surface and buried interface was found to be < g 1 -
11 A for every sample (with an uncertainty of •§
about ±4 A for this technique). Rougher top >•
surfaces may be correlated with thicker overlay- & °
ers, but no other correlations (e.g. between top "S
and buried interfacial roughness) were apparent
in the results. The Si x-ray refractive index used _>»
in this analysis had been previously determined £
from a study of bulk material. In the present Jg -2 -
study, the x-ray refractive index of the SiC>2 ma- fi
terial was deduced by utilizing results from all •—'
four samples. The refractive indices for both Si
and SiO2 are in good agreement with semiempir-
ical values calculated from the work of Henke et
al. [At. Data Nucl. Data Tables 27, 1 (1982)].

O-3-

photon energy • 500 eV

50

Fig. 1

150

Angle
250

(mrad)
350

e
data • • theory

This work is supported by the Office of Naval Research under grant No. N0001483K0675
and by the Department of Energy under contract No. DE-AC02-76-CH00016.
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EVIDENCE FOR THE ENTRY OF CHLORIDE IONS INTO THE PASSIVE FILMS ON IRON AND
IRON-CHROMIUM ALLOYS. Z. Zhang, D. K. Tanaka, and J. Kruger (Johns Hopkins
U.) and G. G. Long (N.I.S.T.)

There have been a number of mechanisms proposed for the breakdown of
passivity. Two major groups of the many mechanisms put forth are: 1. those
that suggest the breakdown involves local thinning of the passive film, and
2. those that propose that breakdown results from the penetration of the
passive film by damaging anions.

This report describes x-ray absorption experiments that have as their
objective to determine whether breakdown involves a thinning or a penetration
of the passive films on Fe and Fe-Cr surfaces by chloride in nearly neutral
solutions. The x-ray absorption technique used in the attempt to decide
which mechanism is involved in breakdown was reflection-NEXAFS (near~edge-
x-ray-absorption-spectroscopy) carried out at the oxygen K-edge. This
technique enables the examination of spectral features that are sensitive to
effects such as excitons and electronic structure within the passive film.
The approach pursued was to obtain spectra of the passive film formed in the
absence of chlorides and then to determine how these spectra changed when
chloride was introduced, making measurements on samples removed from the
solution during the induction preiod before breakdown occurred.

Samples studied were the passive films grown on pure iron, on iron-
(14%)chromium and on iron-(24%)chromium, before and after introduction of
chloride into the solution. The near-edge features at the oxygen K-edge
change systematically as the chromium content is increased in the alloy,
indicating that the passive film becomes more insulating. When chloride is
introduced, the greatest effect is seen for the film formed on pure iron.
For the iron-(14%)chromium surface film the effect is diminished, and for
the iron-(24%)chromium film we do not detect an effect. The chromium L -
L and the iron L -L edges are also being analyzed, and thus far
seem to be consistent witn the results obtained from the 0 K-edge. The
analysis suggests that the structures observed are due to penetration of
the passive film by chloride ions.
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U16A

STUDY OF INTERFACE FORMATION ON Co/Si(Ill)-7x7 USING ANGLE-RESOLVED
PHOTOEMISSION
D. D. Chambliss, T. N. Rhodin (Cornell U.)» J- E. Rowe (AT&T Bell Labs),
H. Shigekawa (U. Florida)

The electronic structure of epitaxial layers of C0S12 on Si(111)
substrates is of intense scientific interest both because these structures
offer the possibility of novel high-speed electronic devices and because
they are excellent model systems for understanding the systematics of
epitaxial growth and of Schottky barrier formation. We have studied
electronic structure using angle-resolved UV photoemission on three types
of silicon-silicide samples: a thick C0S12 layer with CoSi2~Si termina-
tion, thinner layers with CoSi2-Co termination, and unannealed submonolayer
deposits of Co on Si(lll). The CoSi2~Si sample shows electronic states in
very close agreement with the energy bands for bulk CoSi2 computed by
Mattheiss and Hamann(l). The CoSi2~Co samples have similar bulk states,
but their outermost layers show a shift by 0.5 eV toward Ep of the Co(3d)
states, apparently because the outermost Co atoms are less strongly reacted
with Si. A state at -3 eV is found and attributed tentatively to an
interface state of the Si(lll)/CoSi2 interface formed at 450°C. The
electronic structure of unannealed deposits indicates a strong reaction
between Co and Si. This suggests similarities between the bonding
environment of the deposited Co and that of the outermost Co on the CoSi2~Co
surface.

1. L. F. Mattheiss and D. R. Hamann, Phys. Rev. B 37, 1062 (1988).

From: Proceedings of the 35th National Vacuum Symposium, October 7, 1988,
Atlanta, Ga.

NSF-DMR-8713820 and the Cornell Materials Science Center.
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U16A

SURFACE STRUCTURE STUDIES OF SILVER BROMIDE (111) AND (320) USING
FLUORESCENCE SEXAFS
P. Tangyunyong, T. N. Rhodin, R. Ozer, D, Batchelor (Cornell U.), Y. Tan,
K. Lushington (Kodak)

The properties of the surface of AgBr are dominated by the Frenkel
defects. The excess interstitial silver ions and a deficiency of silver
ion vacancies near the surface result in the formation of a subsurface
space-charge layer which has been substantiated by various experimental
measurements (1). The generation of an electron-hole pair and subsequent
trapping of these photoelectrons in the vicinity of interstitial silver
ions results in the formation of stable silver clusters which are known as
latent image centers. Recently, Baetzold and Tan (2) have investigated
theoretically the properties of AgBr surfaces by employing the simulation
techniques for bulk and surface defects (3,4). These techniques used the
central force model which included two-body interactions in terms of
Coulombic, Born-Mayer repulsive, and van der Waals attractive forces. The
three-body interaction and deformability of Ag+ ions (5) were thought to be
important in the AgBr system and are being treated theoretically (6).

SEXAFS measurements on the AgBr(320) and AgBr(lll) have been made
which provide information on the configuration of the surface layers.
These data are compared to the predictions obtained from the theoretical
models (2). This comparison is useful in evaluating the theoretical model
and identifying aspects of the surface layers which differ from those of
the bulk.

1. R. C. Baetzold and J. F. Hamilton, Surf. Sci. JS3, 461 (1972); Y. T. Tan,
Prog. Solid State Chem. H), 193 (1975).

2. R. C. Baetzold, Y. T. Tan and P. W. Tasker, Surf. Sci. 195_, 579 (1988).
3. A. B. Lidiard and N. J. Norgett, in: Computational Solid State Physics,

eds. F. Herman, N. W. Dalton and T. R. Koehler (Plenum Press, New York,
1972), p. 385; C. R. A. Catlow and M. J. Norgett, J. Phys. (Paris)
C9-45 (1978).

4. P. W. Tasker, Phil. Mag. A39, 119 (1979).
5. K. Fischer, H. Bilz, R. Haberkorn and W. Weber, phys. stat. solidi 54,

285 (1972).
6. Y. T. Tan, private communication.

From: Proceedings of the XAFS V 5th International Conference on X-ray
Absorption Fine Structure, August 21, 1988, Seattle, Wash.

NSF-DMR-8713820 and the Cornell Materials Science Center.
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X-ray Spectromicroscopy X1A

TTnraM Aile', Janos Kirz1, Steven L. Hulbert2, Erik D. Johnson2 Erik Anderson3 and Dieter
Kern4

1 Department of Physics, State University of New York at Stony Brook, NY 11794
2 National Synchrotron Light Source, Brookhaven National Laboratory, Upton, NY 11973
3 Center for X-Ray Optics, Accelerator and Fusion Research Division Lawrence Berkeley
Laboratory, Berkeley, CA 94720
4 IBM T.J. Watson Research Center, Yorktown Heights, NY 10598

The scanning photoelectron microscope (SPEM) at the National Synchrotron Light Source
(NSLS) [1] has recently recorded micrographs with a resolution below half a micron. To
demonstrate elemental and chemical sensitivity at the submicron level, an artificial structure
consisting of Al and SiC>2 lines on a boron doped silicon substrate was examined. Al 2p and Si
2p primary photoelectrons as well as 0 KVv Auger electrons were used for image formation.
Contrast reversal between the the Si and SiC>2 areas was observed in images formed from
Si 2p and oxide-shifted Si 2p photoelectrons. For the photoelectron micrographs of the test
sample see Phase II Pictorial Update Section.
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The soft x-ray undulator SXU at the NSLS beamline XIA provides coherent illumination of a
zone plate to produce the microprobe. The sample is mechanically scanned through the beam
allowing the formation of images from photoelectrons detected by a single pass cylindrical
mirror analyzer (CMA), or a more complete spectroscopic examination of a selected area of
the sample.

This work is supported in part by the National Science Foundation under grant #
DMR-8815043. The NSLS is supported by the Dep. of Energy under contract DE-AC02-
76CH00016. The Center for X-Ray Optics is supported by the Department of Energy under
contract DE-AC-03-76SF00078.

[1] H. Ade, J. Kirz, S. Hulbert, E. Johnson, E. Anderson, and D. Kern, Scanning photo-
electron microscope (SPEM) with a zone plate generated microprobe, Nucl.Instr.Meth. (to
be publ)
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X-1A

X-RAY HOLOGRAPHIC MICROSCOPY: FIRST RESULTS FROM X-1A

Chris Jacobsen, Dept. of Physics, SUNY at Stony Brook, and Malcolm Howells,
Advanced Light Source, Lawrence Berkeley Laboratory

Work on Gabor x-ray holography using photoresists at the NSLS began in 1985
at beamline U-15 and was continued using the X-17t mini-undulator. At
X-17t, we were able to record holograms at a wavelength of 25 Angstroms in
abount an hour; numerical reconstruction of the processed holograms has
yielded sub-1000 Angstrom resolution images [1]. These experiments are now
continuing using the full-scale soft x-ray undulator and the X-1A beamline,
where we are able to record our holograms at a wavelength of 19 Angstroms in
2-4 minutes. Our first holograms have been of 1 micron latex spheres; these
were chosen as test objects because their size is similar to that of
biological specimens we plan to image in the future, and because they lack
internal structure. Figure 1 below shows a reconstructed image obtained
from a hologram recorded at X-1A. Separate spheres can be clearly resolved
in this image, and they appear as structureless objects apart from a small
amount of noise (which is mostly the twin-image noise present in in-line
holography). We are now pursuing advanced hologram processing methods and
application of the technique to microscopy of biological specimens.

Figure 1. Reconstructed
image of 1.02 micron latex
spheres obtained from an
x-ray hologram. A 1 micron
scale bar is shown.

[1] M. Howells et al., Science 238, 514—517 (1987); and C. Jacobsen et al.,
in J. Kirz and R. Falcone, eds., Short Wavelength Coherent Radiation:
Generation and Applications (to be published by OSA, 1989).

Work supported by the NSF (Grant Number: BBS 8618066) and Director, Office
of Energy Research, Office of Basic Energy Sciences, Material Sciences
Division, of the U.S. Department of Energy under contract DE-AC03-76SF00098.
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XIA

SOFT X-RAY FOURIER TRANSFORM HOLOGRAPHIC MICROSCOPE

I. McNulty, J. Kirz and C. Jacobsen (SUNY/Stony Brook);
E. Anderson, M.R. Howells (LBL); and H. Rarback (NSLS)

Early work in x-ray holography has been limited by detector resolution, sensitivity,
and the long exposure times necessary to obtain holograms of good contrast. Only recently
has the field benefitted from the bright sources, high resolution optics and photoresists
now available. We have constructed an experimental x-ray microscope1 based on Fourier
transform holography (FTH) that depends upon the high brightness of the XIA soft x-
ray undulator source. Using the microscope, we expect to record high contrast holograms
with exposure times on the order of minutes, that should lead to reconstructions with an
anticipated resolution of better than 100 nm.

The reference source formed by a Fresnel zone plate, which is coherently illuminated
by a spherical grating monochromator. Its intensity exceeds 106 photons/second, into a
60 nm focus. In order to avoid problems with noise in photographic film, and aberrations
from reconstructing with visible light, we have chosen to record holograms with a charge-
coupled device (CCD), and to reconstruct them numerically. The detector is composed
of a down-converting phosphor screen and cooled CCD array of 576 x 384 photoelements.
CCD camera exposures, data acquisition and signal digitization are conducted by CAMAC
hardware under the control of a VAX 3200 graphics workstation. Image display and off-line
processing takes place on the same computer.

We are evaluating the performance of the FTH microscope. Reconstruction software
is being tested on numerical models. An analysis of the CCD camera sensitivity is in
progress, and preliminary results that demonstrate the recording of diffraction and inter-
ference fringes with 3.6 nm x-rays are promising.

CCD Array

Object
and Pinhote

Zone Plate

Interference

Fig. 1. Geometry for FT holography.
Radiation through zone plate (forms
reference source) illuminates object.

Fig. 2. Fringes recorded (A = 3.6nm)
with the FTH microscope. The object
was a 5/an pinhole in a platinum foil.

This work was supported in part by AFOSR Contract F-49620-87-K-0001, DOE grant
DE-FG02-89ER60858 and Contract DE-AC03-76SF00098.

1. I. McNulty, et al., Conf. Proc. SRI 1989, Nuci. Insti. Meth., in press
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X2B

MICROTMIOGRAPHY APPARATUS CHARACTERIZATION

K. L. D'Amico and J. H. Dunsmuir (Exxon Res. & Eng. Co.)

We have designed and built an apparatus for doing microtomography
experiments with monochromatic radiation. This apparatus consists of a bent
Si(lll) crystal which is miscut to allow optimum energy resolution and
tunable focal spot size. The monochromator diffracts the beam in the
horizontal plane, so the detector is mounted with the monochromator crystal
on a granite table which allows the detector to be floated on air pads as
the energy is changed. The apparatus was used in the XIOA hutch one year
ago for initial characterization. We have now installed it into the X2B
hutch and will be carrying out microtomography experiments in late '89. The
purpose of these experiments was to determine the flux of monochromatic
radiation from the horizontal monochromator and to determine the quantity of
higher order contamination in the monochromatic beam. Using an energy
dispersive detector and the pulse height spectrum from a bicron detector, it
was determined that there is significant contamination in the beam (greater
than 5% in some cases) which will necessitate the use of a mirror for
filtering purposes. A scan through the Fe K-edge is shown below. This
compares well with the data provided with the foils used (EXAFS Materials).

EDGE SCAN FOR Fe

7050 7100 7150 7200 7250

ENERGY [eV]
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X3A2

CONSTRUCTION OF A LINEAR PHOTODIODE ARRAY DETECTOR
FOR SYNCHROTRON SMALL ANGLE X-RAY SCATTERING*

Benjamin Chu, Dan Q. Wu (Dept of Chemistry, SUNY at Stony Brook) and Roy
Howard (EG&G Princeton Applied Research)

A linear photodiode array position sensitive detector for synchrotron small angle x-ray scattering
was constructed by coupling a fiber-optic face plate coated with a thin layer (-40 pm) of phosphor
(Y O S:Tb) onto an electrostatically focused, intensified photodiode array detector (EG&G, PARC,
Model 1422) originally designed for visible light applications. The x-ray detector was thoroughly
evaluated. It showed excellent linearity of response to the incident x-ray intensity (less than 1%), stable
pixel uniformity (an average of ±5 %), good spatial linearity (±1 per 100 pixels), and a net gain of -17
counts/x-ray photon @8 KeV. The detector quantum efficiency was about 1 for a signal-to-noise ratio
of greater than -5%. The maximum count rate was ~1xio x-rays/cm and could be increased by
reducing the intenstfier gain. No radiation damage to individual pixels was found after exposure to a
main beam of -10 x-ray /cm /sec. A finite afterglow (> 5 sec) was observed for the phosphor inside
the Intensifier tube. The afterglow that could limit fast time-resolved experiments could be significantly
improved by replacing the present intensifier with one using a fast-decay phosphor. The detector usable
length could be increased from the present 25 mm to 50 mm by replacing the fiber-optic face plate with
a 2:1 taper.
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FIG. 1. A schematic diagram for the x-ray photodiode array detector for small angle x-ray. FP denotes the fiber-
optical face plate which has a -40 ftm Y O S:Tb phosphor deposit and is coupled to the intensifier by an index-
matched grease.

* B. Chu, D.Q. Wu, and R. Howard, Rev. Sci. Instrum., in press.

The work is sponsored bv the US Pent of Energy (DEFG028&ER45237A003) and the NSF1DMR 8706432).



X3A2

SIMULTANEOUS SAXS AND WAXS OF CRYSTALLIZATION OF
POLYETHYLENE BLENDS

Benjamin Chu, Dan Q. Wu (Dept of Chemistry, SUNY at Stony Brook), M. Satkowski,
S. McGuire, R.S. Stein (Polymer Research Institute, U. of Mass.)

The crystallization of polyethylene blends (50/50 HDPE/LDPE and LLDPE/LDPE) was
investigated by the time-resolved small angle and wide angle x-ray scattering. The simultaneous
measurements of the lamellar and the crystalline diffraction peaks allowed the morphological study of
the PE blends in great detail during a crystallization process (quenching and slow cooling). The
preliminary results for the 50/50 HDPE/LDPE Wend showed that during the quenching, the HD and the
LD components segregated on an interiamellar scale, while during the slow cooling, the two
components segregated on an inter-fibrillar scale. For the 50/50 LLDPE/LDPE blend, the similar
conclusion to the HDPE/LDPE could be drawn during the slow cooling.

FIG. 1. Schematic diagram of the
SAXD for simultaneous SAXS and
WAXS measurements. An x-ray
photodiode array detector and a Braun
LPSD were used for SAXS and WASX

X"f"y respectively.

FIG. 1

X-ray

Tlwrtral Block

FIG. 2 Schematic diagram of
thermal blocks for temperature jump
measurements. A cooling rate -110

°C could be reached for a AT of 70 ° C.

FIG. 2

The work is sponsored bv the US Devi ofEnem (DEFG0286-ER45237A003).



X3A2

SYNCHROTRON X-RAY DIFFRACTION OF A SINGLE FILAMENT
AND BUNDLES OF POLY(p-PHENYLENE TEREPHTHALAMIDE)
FIBERS

Benjamin Chu, Chi Wu, Yingjie Li, Gerard S. Harbison (Dept. of Chemistry, SUNY at
Stony Brook), Eric J. Roche, Steven R. Allen (CR&D Dept., DuPont Experimental
Station), Thomas F. McNulty (Siemens Analytical X-Ray Instruments, Inc.), James C.
Phillips (X-3 Beamline, NSLS, BNL)

We have successfully performed the first x-ray diffraction measurements of a single PPTA
filament using the high flux synchrotron x-ray radiation at NSLS/BNL. PPTA fiber has exceptional
mechanical properties and its tensile strength can be related to local anisotropic structure. All
previous x-ray diffraction experiments have been done with bundle PPTA fibers because conventional
x-ray sources are not able to provide enough intensity for a single PPTA filament diffraction. Thus, the
literature x-ray diffraction patterns represent some averaging effects of the fiber bundle, which
includes broadening of the diffraction peaks caused by oriented amorphous components or simply by
misalignment of the fibers in the bundle.

By using the Bragg equation, the lattice deformation of a single filament of PPTA fiber can be
calculated in both a and b directions, as defined in the captions of Figure 1. Furthermore, if the volume
of the unit cell is assumed to be constant over a deformation range of less than ~ 1%, the lattice
deformation in the stretch (r) direction (fiber axis) can be calculated. The result is compared with
those from a bundle of PPTA fibers. The different between a single filament and a bundle of fibers
could be due to the averaging effect by a bundle of fibers. Our experimental modulus using a single
filament is very close to the theoretical estimate by Tadokoro et al. but is lower than those estimated
by Fielding-Russel and by Perelkin et al.

The work is sponsored bv the US Dept of Energy (DEFG0286-ER45237A003) and the NSFCDMR 8706432).



X3

ANOMALOUS SCATTERING STUDY OF THE Bi DISTRIBUTION IN
THE 2212 SUPERCONDUCTOR: IMPLICATIONS FOR Cu VALENCY

P. Coppens, P. Lee, H. S. Sheu, R. Restori and A. Darovskikh
(Chemistry Department, SUNY at Buffalo)

The distribution of the bismuth atoms over the cation sites in the 2212 Bi-Sr-Ca-
Cu-O superconductor was determined by the selective-atom diffraction tecl^nique applied to
a single crystal. 154 reflection pairs were measured at wavelengths of 0.9243 and 0.9600
A, at and below the bismuth edge. Analysis of the differences between the two sets of
structure factors indicates a delocalization of the bismuth atoms over the calcium and
strontium sites. A refinement of the occupancies only with a model of the structure derived
from conventional data, including the displacive modulations in the crystal, shows that the
"mixed" Ca plane between the CuO2 layers contains 0.06 (1)% Bi, while the Sr plane

contains 0.05 (1)% bismuth atoms. Substitution of this information in the conventional X-
ray refinement indicates a deficiency of Sr in the strontium layer, and an overall
composition of Bi2 ^ S r j 85Ca0 77Cu2Og. This corresponds to an average valency of
2.34(6) for the Cu atoms, in good agreement with results obtained with other techniques.
The diffraction data indicate that the Cu valency (i.e. the hole concentration) is controlled
by cation deficiencies in the lattice.

100

I

0 916 0B18 0.820 0.922 0.924 0.926 0.926
Lambda

0.916 0.916 0.920 0.922 0.924 0.926 0.926
Lambda

LEFT: Extended X-ray absorption fine structure curve of the 2212 Bi-Sr-Ca-Cu-0 sample,
indicating the wavelength used to collect the "on edge" diffraction data. RIGHT: Variation
of/ (Bi) with X in the same interval, averaged over the 5.4-eV bandwidth of the Si (220)
monochromator.

Work supported by NSF grant #CHE8711736, NYSIS grant #NYSIS88F088, and the
Division of Materials Sciences of the DOE, grant #DEFGO286ER45231.
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X3

ORDERING OF C(2x2) Pb ON Ni(OOl)

P. Eng, P. Stephens and T. Tse (SUNY Stony Brook)

We are using surface x-ray diffraction to study the development of
superlattice order in Pb monolayers adsorbed on Ni. We dosed slightly more than
a monolayer of Pb (monitored by Auger) at room temperature, and then raised the
sample temperature abruptly to 350* C. Figure 1 shows representative in-plane
x-ray scans through the (010) ordering peak. To our surprise, the system starts to
order at a wave vector near (0,1.1,0), which is not an equilibrium phase of the Pb
on Ni(001) system. Soon the 1.1 rlu peak melts, and the expected order at (0,1,0)
develops. Figure 2 shows that the diffraction peak shapes obey a scaling
relationship by superimposing several scans, rescaled by their respective widths and
heights. Finally, Fig. 3 displays the widths (corrected for resolution) showing an
apparent crossover in the domain size growth exponent. Further work is under
way, following various improvements to the sample quality and beamline intensity.
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Work supported by NSF Low Temperature Physics Grant DMR-8702042 and by the
Department of Energy under grant DEFG0286ER45231.
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X3A2

Developments on a CCD Two-Dimensional X-ray Detector

Heribert F. Fuchs, Dan Q. Wu, and Benjamin Chu
(Dept of Chemistry, SUNY at Stony Brook)

A charge-coupled-device (CCD) area detector for synchrotron small angle x-ray scattering had
been developed by mounting a fiber-optic face plate deposited with a thin layer (-40 urn) of phosphor
(Y 0 S:Tb) in front of a CCD camera designed for visible light applications (PHOTOMETRICS, Series
20D). The image of the phosphor was focussed onto the CCD by using a NIKON lens. The x-ray
detector showed good linearity of response to the incident x-ray intensity (within 1 %) and very good
spatial linearly (~1 per 100 pixels) because of the high quality camera lens. The maximum count rate
was -4*10 x-rays/cm /sec and could be increased by a factor of 32 by reducing the aperture of the
lens (from 2.8 to 16). The effective area on the phosphorous screen was 31.5 mm x 47.2 mm (the
maximum size for a plate with d=60 mm), but changing the distance between phosphorous screen and
lens could give any desired size down to the minimum (de)magnification ratio of the lens. No radiation
damage was found after exposure to a main beam of -10 x-ray /cm /sec. No afterglow or set-up time
could be observed for the phosphor.

Unfortunately the detector did not perform as well for the gain; a rough estimation showed, that
about 100 x-rays were necessary to give one digital count. Therefore the detector quantum efficiency
was only 0.2 (where 1 is ideal) for a signal-to-noise ratio of greater than 4% (at short exposure times).
Other drawbacks were the fragile bonding of the fiber-optic face plate to the CCD and the spatial
nonuniformrty due to that face plate (=chicken wire), which was difficult to correct.

However, investigations to improve these problems are under way.
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FIG. 1. A schematic diagram of the CCD x-ray detector. The fiber-optic face plate has a -40 urn Y O S:Tb
phosphor deposit and is coupled to the CCD by a standard NIKON lens.

The work is sponsored by NSF (DMR 8706432) and the US Dept of Energy (DEFG0286-ER45237A003).



X3

DIFFRACTION PEAK SHAPES IN QUASICRYSTALLINE Al-Cu-Fe

C. Guryan and P. Stephens (SUNY Stony Brook) and A. Goldman (Ames Lab
and Iowa State U.)

In a follow—up to our previous high—resolution measurements of diffraction
peak widths in annealed Al—Cu—Ru alloys,* we have studied powder samples of
Al65Cu23Fei2 following various heat treatments. Representative data are shown
below (left) for samples quenched from 700" C and 600" C. After appropriate
corrections for experimental resolution, we find that the samples quenched from
700" and above show nearly resolution-limited Bragg peaks, but that samples
annealed from a lower temperature have an additional broadening. As shown in
the right panel below, the excess peak widths are roughly proportional to the

phason momentum \G±\. Further experiments to determine the nature of this
peak broadening, and its dependence on sample preparation are under way.

(311111) (222200) (644202) i
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' • • • • ' • •
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* C.A. Guryan, A.I. Goldman, P.W. Stephens, K. Hiraga, A.P. Tsai, A. Inoue,
and T. Masumoto, Phys. Rev. Lett. 62, 2409 (1989); A.I. Goldman, J.E. Shield,
C.A. Guryan and P.W. Stephens, to appear in proceedings of 25th anniversary
Adriatico Research Conference on Quasicrystals.

Work supported by NSF Low Temperature Physics Grant DMR-8702042, and by
the Department of Energy under contract W-7405—Eng-82 (Ames Lab), and
grant DEFG0286ER45231 (X3).
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X3A2

SYNCHROTRON SAXS MEASUREMENTS ON SOLUTIONS OF
POLY(STYRENE-ISOPRENE) AB BLOCK COPOLYMER IN ANILINE*

Rolf Hilfiker, Dan Q. Wu and Benjamin Chu (Dept of Chemistry, SUNY at Stony
Brook)

Synchrotron small angle x-ray scattering (SAXS) has been performed on solutions of
poly(styrene-isoprene) AB block (PS/PIP) copolymers in aniline. For three copolymer samples, the PIP
block has a molecular weight of 19 Kg/mol while PS block has molecular weights of 28, 41, and 61
Kg/mot. The copolymer forms aggregates as aniline is a poor solvent for PIP block. The form factor of
co-polymeric aggregates was obtained over a wide q-range with a sufficient precision. By combining
the results of SAXS and of laser light scattering, we were able to determine the structure of the
aggregates. For the samples with PS block molecular weights of 41 and 61 Kg/mol, the aggregates
were micelle-like. However for the sample with PS block molecular weight of 28 Kg/mol, the aggregates
were certainly not micelle-like but preferably vesicle-like. Computer simulation of the form factor of the
aggregates was also carried out taking into account of the polydispersity in sizes.

D

FIG. 1. Logarithm of the form factor
(multiplied by an arbitrary number) as a
function of scattering vector q. Curves (a) to
(d) are form factors of hollow spheres with a
mean outer radius (Ro) of 69 nm and a mean
shell thickness (d) of 21 nm. Curve (a): o(Ro)
= 5 nm; o(d) = 0; curve (b): a(Ro) = IS
nm; a(d) = 0; curve (c): a(Ro) = 15 nm;
a(d) = 1 nm; curve (d): a(Ro) = 15 nm;
o(d) = 2 nm. The hollow squares are the
experimental data and curve (e) is the form
factor of a solid sphere with a mean radius
(R) of 77.5 nm and o(R) = 15 nm. The
dotted lines demonstrate the effect of
smearing due to the finite slit height.
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• R. Hilfiker, D.Q. Wu, and B. Chu, J. Col. Interf. Sci., accepted for publication.

The work is sponsored by the US Dept of Energy (DEFG028&ER45237A003) and the NSF(DMR 8617820).



X3

EXAFS STUDIES OF Cu DEFICIENCY AND Ag DOPING IN Y-Ba-Cu-0

A. Krol, C.S. Lin, Z.H. Ming, C.J. Sher, C.X. Gu, and Y.H. Kao
(SUNY at Buffalo)

X-ray absorption spectra around the Cu K edge in Cu-deficient and Ag-doped high-
Tc superconductor system Y-Ba-Cu-O have been obtained. The near edge structures are
used to investigate the possible variation of Cu valence as the stoichiometry of the YBCO
compound is changed either by creating Cu deficiencies or by adding Ag impurities in the
compound. The EXAFS spectra are utilized to compare the local disorder and oxygen
coordination as a function of the concentration of Cu deficiency.

These measurements indicate that when the Ag impurity content is below 10%,
there is no change in the Cu valence. In this range, the transition temperature Tc also
remains nearly constant at around 92K. However, as the Ag impurity content is increased
beyond 20%, the formal valence of Cu in the material suffers a slight decrease along with a
montonic decrease in Tc. This lends support to the observation that Tc is closely related to
the charge state of Cu.

There are no noticeable changes in the Cu-0 nearest neighbor interatomic distance
as the stoichiometry is altered within this range. The local disorder, as well as the oxygen
coordination number, around the Cu atoms shows a monotonic decrease as the Cu
deficiency content is increased. This observation provides direct evidence that oxygen
content is reduced when Cu atoms are removed from the original compound.

This work is supported by AFOSR under grant #AFOSR-88-0095.
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X3

EFFECT OF IRON ON THE CRYSTAL STRUCTURE OF (Mg,Fe,Cr)SiO3

PEROVSKITE

Y. Kudoh *, C.T. Prewitt *, L.W. Finger l, A. Darovskikh 2 , and E. Ito 3

Geophysical Laboratory, Carnegie Institution of Washington, Washington, DC
2SUNY X3 Beamline

: for Study of the Earth's Interior, Okayama U., Misasa, Tottori,
Japan

(Mg,Fe,Cr)SiO3 perovskite synthesized with a uniaxial split-sphere-type high-
pressure apparatus was studied at the SUNY X3A beamline at the National Synchrotron
Light Source. With a (220) Si double-crystal monochromator and a single crystal of

29x29x43 Jim, intensities of 127 independent reflections were collected with sin 9A <
0.60 A and / > 3.5 a, at a wavelength of 0.9500 A. This is the first-reported single-
crystal diffraction study of a Mg-silicate perovskite containing a significant amount of Fe or
other cations substituting for Mg. Data were corrected for absorption by means of an

analytical integration procedure with a value for the absorption coefficient of 45.07 cm"1.
The unit cell constants obtained through the refinement of 30 reflections are a=4.7823(3),
6=4.9331 (3), c=6.9026(8) A, V=162.84(2) A3. The result of structural refinement in
space group Pbnm indicates that Fe and Cr substitute for Mg rather than for Si, contrary to
the result of Jackson et al, who reported an EXAFS experiment in which Fe appeared to
be in the Si octahedron of a perovskite synthesized in a diamond-anvil cell with laser
heating. The source of Cr in our sample apparently is the LaCrOg heater used with the

split-sphere apparatus.

W.E. Jackson, E. Knittle, G.E. Brown, Jr., and R. Jeanloz, Partitioning of Fe within
High-Pressure Silicate Perovskite: Evidence for Unusual Geochemistry in the Lower
Mantle, Geophys. Res. Lett. 14, 224-226 (1987).

This work was supported by National Science Foundation Grant EAR86-18602 and the
Division of Materials Sciences of the DOE, under grant #DEFG0286ER45231.
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X3

ANOMALOUS SCATTERING STUDY OF THE MODULATION AND
ATOMIC DISTRIBUTION IN THE Pb DOPED 221 Bi-Sr-Ca CUPRATE
SUPERCONDUCTOR

P. Lee, H. S. Sheu, Y. Gao, A. Darovskikh, and P. Coppens
(Chemistry Department, SUNY at Buffalo)

On Pb doping of the 221 superconductor, a second set of satellite reflections
appear, with a q vector of 0.14 a*, compared with 0.23 a* for the original satellite
reflections. Measurement of a number of satellites around the Pb and Bi absorption edge
indicates that both sets contain contributions for the Bi as well as Pb atoms. This
conclusion was confirmed in a subsequent five dimensional analysis of a complete set of
main and satellite reflections (Gao et al, to be published). A set of data was collected at five
wavelengths in the neighborhood of the Pb and Bi absorption edges. Combination of the
intensities around the Bi edge (as described elsewhere, Lee, P., et al, 1989) gives evidence
for delocalization of the Bi atoms into the Sr plane, similar to that observed for 2212.
However, the signal from the Pb atoms, which constitute only about 8% of the total Bi+Pb
contents, is too weak for a reliable determination of the Pb distribution.

Since the crystal is very thin, the experiment at the Pb-edge is limited by counting
statistics, notwithstanding the high intensity of the synchrotron beam. We plan to increase
the intensity further by installation of a new mirror with better X-ray reflectivity.

Lee, P., Gao, Y., Sheu, H.S., Petricek, V., Restori, R., Coppens, P., Darovskikh, A.,
Phillips, J.C., Sleight, A.W., and Subramanian, M.A., Science, 244, 62-63 (1989).

Work supported by NSF grant #CHE8711736, NYSIS grant #NYSIS88F088, and the
Division of Materials Sciences of the DOE, grant #DEFG0286ER45231.
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THE INFLUENCE OF AN EXTERNAL ELECTRIC FIELD ON THE X-
RAY SCATTERING OF 2-METHYL-4-NITROANILINE, AN ORGANIC
CRYSTAL WITH NONLINEAR OPTICAL PROPERTIES

A. Paturle, H.S. Sheu, H. Graafsma, R. Restori, and P. Coppens
(Chemistry Department, SUNY at Buffalo)

The study of the response of a crystal to an external electric field gives information
on the polarizability at the atomic level. A crystal of 2-methyl-4-nitroaniline, which is a
solid with strong non-linear optical properties, was mounted on a four-circle
diffractometer, and subjected to an external field of about 3kV/mm. The voltage is applied
along the polar axis of the crystal (space group Cc). A three-step modulation method was
used in which counts are gated to three chains in synchronisation with the variations in the

electric field. The three steps are "field up," zero field and "field down".1

The intensity response of the crystal to the applied elecOic field is expressed as
response ratio's TJ+, r)_, TJ+_, which are the difference between the field up and zero field,
field down and zero field, and field up and field down respectively, divided by the
unperturbed intensity. The convergence of the response ratio's as a function of time is
plotted in real time to ensure convergence of the signal. In addition to a change in intensity,
small but reproducible shifts in the position of the Bragg reflections allow accurate
determination of the electro-piezo tensor elements.

Pig. 1. The three-ttep modulation method.

!Paturle, A., Graafsma, H., Boviatsis, J., Legrand, A., Restori, R., Coppens, P., Kvick,
A., and Wing, R.M., Acta Cryst., A45, FC25-FC28, (1989).

Work supported by the NSF under grant #CHE8711736 and the Division of Materials
Sciences of the DOE under grant #DEFG0286ER45231.

270



X3

DETERMINATION OF NUCLEIC ACID STRUCTURE IN SOLUTION BY
MEANS OF X-RAY SCATTERING

N.C. Seeman4, J. Phillips1, A. Darovskikh1, J.E. Mueller2, R.D.
Sheardy3

Chemistry Department, Brookhaven National Laboratory, Dep't. of Biological Sciences,
SUN Y/Albany, 3Dep't. of Chemistry, Seton Hall University, ^ e p ' t . of Chemistry, New
York University

Nucleic acids constitute a particularly favorable case for the determination of
structure in solution by means of heavy atom labels. The basic features of nucleic acid
structure have been determined at high resolution by single crystal and fiber-diffraction
techniques: The details of double helical B-DNA structure are well known, and can be
utilized in the interpretation of tertiary structures of more complicated complexes, such as
Holliday recombination intermediates, in which 4 double helices emanate from a single
junction. The first interesting structural question about this system is the relative
disposition of the 4 double helical arms.

We seek to answer this question by the substitution of an iodine label for a methyl
group at two sites on the 4-stranded complex. The iodine-iodine distance is available by
comparison of the substituted complex with the unsubstituted complex. In principle, a
number of pairwise substitutions of this sort must be made in order to determine the
structure in the absence of information other than the structure of the double helix. We
have worked out the chemistry to perform this substitution (Sheardy & Seeman, / . Org.
Chem., 51, 4301, (1986)), and have prepared a Holliday junction analog containing two
internal iodine labels, as well as the complex made from uniodinated DNA. The complex
contains 32 nucleotide pairs, eight on each of four individual arms. The scattering
difference between the two complexes is estimated to be about 2%, which is why the high
counting rates available from synchrotron radiation are necessary in order to obtain the
necessary counting statistics. As a control experiment, the same strand that contains the
two iodine labels is paired with its double helical complement, in order to establish the
detectibility of the effect we seek. The double helical structure should have a well-defined
distance between the two iodine atoms.

We managed to collect a preliminary set of data on the junction structure in October,
1988, but the sample could not be adequately prepared on site for the double helical
control. The data for the junction reached us in March, due to computer failures, and the
data is currently being analyzed. Analysis has been further delayed because of a technical
problem at NYU, but we expect it to be completed this fall (1989). We expect that
collection of another data set will go off much more smoothly, as we know enough about
sample preparation that we can arrive with samples ready for the scattering experiment.

This work has been supported by NIH grant GM-29554.
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STRUCTURE AND DYNAMICS OF GELATIN IN SOL AND IN GEL*

Dan Q. Wu, Benjamin Chu (Dept of Chemistry, SUNY at Stony Brook), M. Djabourov,
J. Leblond (E.S.P.C.I., Paris, France)

Structural and dynamic properties of aqueous gelatin solutions in a sol-gel transition were
studied by small angle x-ray scattering (SAXS) and dynamic light scattering (DLS). SAXS showed an
increase in scattered intensity during gelatin gelation that could be attributed to the aggregation of
gelatin chains. When quenching a 5 wt% gelatin from -45 °C io 11 °C, the gelatin aggregates might be
in the form of fibrils which grew initially in cross-section. Gelation might follow different kinetics for a
gelatin higher and lower than 5 wt%. Photon correlation, on the other hand, clearly showed two
relaxation modes in the sol and near the gel point: a fast cooperative diffusion mode, which remained
constant from sol to gel state after correction for the temperature dependence of solvent viscosity; a
slow mode, which could be originated from the self-diffusion of "free" gelatin chains and aggregates.
The slow mode contribution to the intensity con-elation function was reduced in the gelation process
signaling a decrease but not the elimination of "free* particles in the gel network. A large increase in the
characteristic line-width distribution was observed.

FIG. 1. Plots of estimates on the apparent averaged
radius of gyration of the gel fibrillar cross-section vs.
gelation time from a time-resolved SAXS measurement
where b 5 wt% gelatin solution (0.1 M NaCl, pH=7)
was quenched from 4yC to 11 C. The arrow points
roughly at the time when three dimensional gel network
was formed. The gel fibrils ( A ) grew in diameter
initially. A continues scattered intensity increase might
suggest growth of the fibrils in length. An averaged
maximum diameter of the fibrils di — 2 J2 Rc^pp =
4.5 nm. A different size of fibrils (•) had d2 - 1 nm,
which was close to the diameter of a triple helix.

10

FIG. 2. Typical log-log plot of the time correlation
function of a 5 wt% gelatin solution (0.1 M NaCl,
pH= 7) at 45 °C (I); ~ 5 min after quenching from -
45 °C to 11 °C (2); and ~ 1 hour after the quenching
when gel was formed (3). The plots show (I) at least
two relaxation modes are present; (II) the initial fast
decay is less sensitive to gel formation; (III)
contribution of the slow mode decreases in the gel
state; (TV) a power law region seems to appear at long
decay times.10

10 10 10 10 10'

* D.Q. Wu and B. Chu, Mat. Res. Soc. Symp. Proc., Vol 143,203 (1989)

The work is sponsored by the US Dept of Enemy <DEFG0286-ER4S237A003) and the NA TO (850389).



The Status of the LEGS Facility X5

G.Blanpied4, M.BIecher6, A. Caracappa1, C.Djalai4, G.Giordano2,
S.Hoblit5, O.Kistner1, G.Matone1

lLMiceli1,K.Mize4, B.Preedom4,
A. Sandorfi1, C. Schaerf3, R. Sealock s, C. Thorn 1, S. Thornton , and
C. Whisnant4

1) Physics Department, BNL: 2) INFN — Laboratori Nazionali di Frascati;
3) Universita di Roma; 4) University of South Carolina; 5) University of Virginia;
6) Virginia Polytechnic Institute and State University

The efforts of the LEGS group in the last year have achieved two major goals: the
properties of the tagged gamma-ray beam are now known and controlled well enough to
allow reliable nuclear reaction measurements to be made, and the first experiment — the
photodisintegration of deuterium — is now in progress. The results of this experiment
should be available early in 1990, and equipment is now being installed and tested for the
second experiment, a study of two and three body final states in the photodisintegration
of3He.

The important properties of the gamma-ray beam for nuclear physics measurements are
the rate, spatial distribution, polarization, and energy resolution. Since our experiments
typically require many days or weeks to complete, stability of these properties over such
times is also required. The profile of the beam is roughly Lorentzian, with a full width at
half maximum of 9 mm vertical by 22 mm horizontal at the target position 41 meters from
the center of the interaction straight section. The use of skew quads on the x-ray ring to
correct transverse coupling and an orbit control feedback system in the interaction region
are both necessary to reduce the spot size to this value. The orbit feedback system
maintains the beam centroid to within less than 1 mm at the target. Beam rates up to

4x10 photons per second have been obtained, but during normal operation the rate is

limited to 5 x 10 Hz. This corresponds to a brightness of 1.4x10 photons/sec/mm /sr.
Since the gamma-ray beam cannot be focused, a more useful measure of the flux is the

rate per unit solid angle which is 3.6 x 10 photons/sec/sr.

The LEGS tagging spectrometer has been in routine use for the past year. We have
calibrated the focal plane from 185 to 240 MeV gamma-ray energy, and measured a
resolution of 4.8 to 6.2 MeV (FWHM) over this range. This resolution is dominated by
the x-ray ring energy spread: subtracting the nominal value for this spread from the
observed resolution gives an intrinsic resolution of the spectrometer of 3.8 Mev, which
corresponds to a resolving power of 1 part in 600 of the electron energy. The properties
of the spectrometer (resolution, dispersion, and acceptance) are in excellent agreement
with those calculated from raytracing.
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We have begun a series of experiments to measure the d(y", p) reaction with linearly
polarized photon beams of energies from 50 to 300 MeV. The data will provide a new
high resolution high-accuracy determination of the total unpolarized cross section, will
isolate for the first time the polarization dependent part of the reaction, and will measure
the photon-beam asymmetry with much greater precision than available from existing
data. These will provide a stringent test for models of the nuclear force. In particular the
measurements will reveal details of the role of meson exchange currents and the virtual
excitation of deltas in the nuclear binding.

Protons from the photodisintegration are observed by an array of 24 CaF2 - plastic
scintillator "phoswich" detectors, which use the energy loss in the thin CaF2 scintillator to
distinguish protons from electrons, pions, and deuterons. These detectors span the
angular region from 20 to 160 degrees, subtending a total solid angle of 0.4 sr. Their
energy resolution is about 3% at 100 MeV. The figure shows the particle identification
map for one of these detectors obtained for 208 Mev tagged photons and the correspond-
ing energy spectum of the protons. The peak at 115 MeV is produced by protons from
the photodisintegration of deuterium, and the broad energy distribution is protons by three
body breakup of carbon and oxygen from the windows and insulation of the liquid
deuterium target cell. Preliminary measurements of the total cross section and asymmetry
are in agreement with the limited existing data.

protons

- : , • V^^iiijiimii,,.

10 '60 '110

TOTAL ENERGY

'60 '110

PROTON ENERGY (MeV)

z
.0000

A typical particle Identification spectrum (left) and energy spectrum of protons (right) for 208 MeV
polarized gamma-rays on a llguld deuterium target. This data was obtained with one of the
•phoswltch' detectors, which consist of a 2 mm thick CaF2(Eu) sclntlllator and a 380 mm thick plastic
sclntlllator block viewed by a single photomultlpller tube.

Work supported by USDOE under contract DE—AC02—76CH00016, and in part by the
Instituto Nazionale di Fisica Nucleare (Italy) and the US National Science Foundation.
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X7A

SYNCHROTRON POWDER X-RAY DIFFRACTION STUDIES OF ZORITE

F. M. Allen, S. M. Levine, K. A. Thrush, S. M. Kuznicki
(Engelhard Corporation), and D. E. Cox (BNL)

We are currently investigating the crystal structure and
crystal chemistry of zorite - a rare mineral with an unusual
zeolite-type channel structure.

A single-crystal structure determination [1] shows that zorite
has an 8-ring framework with corner-sharing octahedra and
tetrahedra. It exhibits diffuse superstructure reflections
attributed to a disordered arrangement of rod-shaped structural
fragments containing partially-filled pyramidal sites.

We obtained a zoritfi sample from a pegmatite vein of the
Lovozero massif, Kola Peninsula, USSR. Single crystals
examined by X-ray and electron diffraction techniques show
mostly diffuse and few sharp reflections, implying that the
sample is disordered.

We collected synchrotron powder X-ray diffraction (PXRD) data
in an effort to determine the structure of this disordered
zorite sample, particularly, the distribution of atoms in the
partially-filled sites. We examined a powdered sample mounted
in a flat-plate holder, as well as a sample mounted in a
capillary to determine the effects of preferred orientation on
peak intensities. We detected no diffuse superstructure peaks
like those reported for the single crystal in [1].

We used the Rietveld method to model the zorite structure from
the synchrotron PXRD data collected. Results have been
compared with those of the published single-crystal structure
determination.

We find that the best-refined model based on synchrotron powder
data is essentially the same as the single-crystal model,
including the distribution of atoms in the partially-filled
sites. Synchrotron PXRD therefore proves to be an effective
way to elucidate the structure of this disordered material.

[1] P. A. Sandomirskii and N. V. Belov, Sov. Phys. Crystallcgr.
24.(6) (1979) 686-693.
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X7A

X-RAY STUDIES ON VARIOUS MOLECULAR SIEVE MATERIALS

J. M. Bennett(l) Union Carbide Corporation, Tarrytown, New York, 10591. U.S.A.

The determination of the topology of microporous materials is essential to
understanding the catalytic and adsorption processes. The first stage in a
structure determination of an unknown material is to determine the unit cell
dimensions and possible space groups. Several different samples have been
examined and in all but one case one or more possible unit cells have been
determined. Possible topologies based on the determined crystallographic
information have been determined for two materials.

Sample 1
Data have been collected from an as-synthesized microporous metal sulphide. The
data were successfully indexed on a tetragonal cell with a — 15.84A and c =
18.91A. Systematic absences are consistent with an all face centered tetragonal
cell suggesting that the structure may only be geometrically tetragonal. At the
present time no suitable topology for this new material has been determined.

Sample 2
Data have been collected from a calcined microporous aluminophosphate molecular
sieve material. The data were successfully indexed on a C centered orthorhombic
cell with a - 9.718A, b - 25.82A and c - 8.358A (volume - 2097A3). A possible
topology determined from modelling techniques using the idealized space group
Cmc2i has been determined. Results from sorption studies are also consistent
with the proposed topology. Unfortunately current refinement techniques indicate
that this symmetry is too high. Work is proceeding to determine the correct
space group.

Sample 3
Data have been collected from a calcined microporous aluminophosphate molecular
sieve material. The data were successfully indexed on a primitive hexagonal cell
with a - 20.83A and c - 5.00A (volume - 1879A3). A possible topology, determined
from modelling techniques, is consistent with results obtained from sorption
studies.

Sample 4
Data have been collected from a calcined microporous aluminophosphate molecular
sieve material. Synchrotron data indicate that this sample is impure this was
not evident in a standard x-ray powder pattern. The impurity phase appears to
be AIPO4-5. Removing the impurity peaks, allows the data to be indexed on an
orthorhombic cell with a - 21.60A, b - 13.13A and c - 5.10A (volume - 1448A3).
The determination of an idealized space group is ongoing.

Acknowledgements

We wish to thank D. E. Cox for his assistance during data collection.
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X7A

POSTULATED TOPOLOGY FOR AlPO4-52, A NEW MEMBER OF THE ABC SIX-RING. FAMILY

J.M. BENNETT, UNION CARBIDE CORPORATION, TARRYTOWN, N.Y. 10591,
R.M. KIRCHNER, CHEMISTRY DEPARTMENT, MANHATTAN COLLEGE, RIVERDALE, N.Y. 10471

The A1PO4-52 molecular sieve was synthesized in the presence of the organic
templates tetraethylammonium hydroxide (TEA) and tetrapropylammonium hydroxide
(TPA) under hydrothermal conditions. The sorption characteristics of calcined
A1PO4-52 samples are consistent with a pore structure controlled by 8-rings.

Selected-area electron diffraction techniques showed that the symmetry is
hexagonal with a c-glide plane. Synchrotron powder data from an as-synthesized
material were used to refine the cell dimensions to a - 13.73A and c - 2&.95k.
The possible space groups for the aluminophosphate topology are P«2c, P3ic and
P3ic. The length of the c dimension and similarities between the powder patterns
of chabazite, gmelinite and A1PO4-52 suggested that AlPO<-52 is a new member of
the ABC six-ring family of structures with a 12-layer repeat sequence.

An examination of the 1303 possible 12 layer repeat sequences suggested
that the AABBCCAACCBB layer sequence was the most probable. A DLS simulated
powder pattern calculated using space group P3ic was in excellent agreement with
the observed pattern of a calcined sample collected with a conventional x-ray
source, strongly suggesting that the proposed topology is correct. The proposed
topology contains three different cages all with 8-ring windows consistent with
the observed sorption properties. These cages are a gmelinite cage, a chabazite
cage, and a new cage now referred to as an AlPO«-52 cage.

It was not possible to refine the structure using as-synthesized data
because in all models considered for the occluded material (organic template
plus extra-framework phosphate) the simulated powder pattern was a poor match
to the observed data. A new synchrotron x-ray powder data set was collected on
a calcined sample which should allow a Rietveld refinement to confirm details
of the framework structure.

We wish to thank D. E. Cox for his assistance during data collection and
E. M. Flanigen, R. L. Patton and S. T. Wilson for continuing support and
discussion.

DLS Refined Parameters for the Idealized Framework Structure
of A1PO4-52 with the AABBCCAACCBB Layer Sequence

Atom Atom

All
A12
A13
Oil
0112
022
0231
031
0322

0.23336
0.32971
0.43234
0.27681
0.10570
0.29912
0.45841
0.32471
0.55493

0.00520
0.43494
0.32231
0.03818
-.12330
0.39486
-.43782
0.32361
-.54506

0.19772
0.46961
0.63538
0.25489
0.19480
0.41202
0.47337
0.16629
0.63924

PI
P2
P3
0111
012
023
0232
0321
033

0.23444
0.32993
0.43160
0.21384
0.33640
0.33935
0.22185
0.45737
0.39210

0.22575
0.43476
0.32244
0.11290
-.00627
0.32945
0.45316
0.21842
0.29090

0.19531
0.36196
0.52781
0.17491
0.16623
0.50000
0.49314
0.65844
0.57790
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X7A

STRUCTURE DETERMINATION AND REFINEMENT OF PHOSPHATE
AND PHOSPHITE COMPOUNDS BY SYNCHROTRON X-RAY POWDER
DIFFRACTION

A. Clearfield, N. K. McGuire, P. J. Squattrito (Texas A&M U.), D. E. Cox *(BNL)

Three powder samples were studied using stepscan data at a
wavelength of 1.3087 A and Ge crystal monochromation.

The first sample was A1PO4 in the newly synthesized VPI-5 form.
This zeolite has the largest cavities known at present. The aluminum and
phosphorus framework perpendicular to the c axis was known from
adsorption and modeling studies, but the location of the oxygen atoms was
not known. Rietveld refinement of the diffraction profile confirms the
proposed space group of P 63 c m and lattice parameters of a=18.9687,
c=8.11714. There are 18 formula units in the unit cell. The oxygen atoms
have been located, as well as the non-hydrogen atoms belonging to the
tributylamine template and two water molecules. The overall structure is
that of a layer-type zeolite. Alternating A1O4 and PO4 tetrahedra form a series
of edge-sharing six-membered and four-membered rings. The six-rings and
four-rings are in a 1:2 ratio, and they join together to form an 18-membered
ring centered on the unit cell origin and perpendicular to the c axis. Layers of
edge-sharing 18-rings at z=0 and 1/2 are joined by the apical oxygens of the
A1O4 and PO4 tetrahedra. Each 18-ring is partially occupied by a tributylamine
molecule and a water molecule. There is a water molecule at the center of
each six-membered ring.

The second sample is an aluminum phosphite containing both
phosphite and pyrophosphite groups. This appears to be a chain-type
structure, although the structure solution is still in progress. The space group
isP21, a=8.090, b=9.911, c=7.622, beta=111.9°. '

The third sample is a zirconium phenylphosphonate. This is a layered
structure consisting of zirconium octahedra bridged by phosphate tetrahedra
in the alpha-zirconium phosphate structure. The spaces between the layers
have phenyl groups attached to the phosphate tetrahedra via bridging
oxygens. The structure is centrosymmetric and monoclinic, but the space
group has not been determined unambiguously. The lattice parameters are
a=9.104, b=5.412, c=30.251, beta=101.136°. Structure solution by direct and
Patterson methods, as well as computer modelling, is currently in progress.

* Work Supported by Div. of Materials Sciences, U. S. Dept. of Energy under
contract DE-AC02-76CH00016.
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X7A

FLEXIBILITY OF THE ZEOLITE RHO FRAMEWORK. IN SITU CHARACTERIZATION OF CATION-
EXCHANGED ZEOLITE RHO

M.M. Eddy, W.T.A. Harrison, and G.D. Stucky (UCSB); D.R. Corbin, L. Abrams, and G.A. Jones
(du Pont); D.E. Cox (BNL)

Zeolite RHO has an unusual three dimensional monolayer surface with a topology that
gives equal access to either side of the surface. In the absence of supporting structural
subunits, e.g., smaller cages or channels, RHO exhibits atypical framework flexibility with
large displacive rearrangements. These have been investigated by in situ X-ray powder
diffraction studies of zeolite RHO exchanged with various monovalent and divalent cations. The
unit cell variation (e.g., Ca,H-RHO(400°C), a=13.970(5)A; Sr-RHO(250°C),
a=14.045(1)A; Ba-RHO(200°C), a=14.184(2)A; Cd-RHO(350°C), a=14.488(3)A; Na, Cs-
RHO(25°C), a=15.031A) is a particularly sensitive function of cation and temperature.
Rietveld analysis was used to refine the structures of several samples, including Ca,ND4-RHO
and Ca.D-RHO. Ca.D-RHO shows the largest reported deviation from Im3m symmetry
(a=13.9645(7)A) for a RHO structure. The calcium atom is located in the center of the
double 8-ring, distorting the framework to generate a tetrahedral environment. The results
confirm one of the largest displacive distortions observed for a molecular sieve framework
with a unit cell volume increase of 25% when the calcium ions of Ca,H-RHO are replaced with
hydrogen ions to give H-RHO.

3 f

O1

13.8 14.0 14.2 14.4 14.6 14.8 15.0

Tetrahedral calcium atom in Ca-RHO. Channel distortion with cation in zeolite RHO.

Sponsorship of work by: DOE, ONR.
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X7A

HIGH RESOLUTION SYNCHROTRON X-RAY POWDER DIFFRACTION STUDY OF THE STRUCTURE
OF

M. Eibschutz, L. G. Van Uitert and V. H. Grodkiewicz (AT&T Bell Labs);
D. E. Cox(BNL*)

Polycrystalline material of approximate composition T^I^Ca&^Og w a s sy n t n e~
sized by melting oxides together, pressing pellets and heating in sealed
quartz tubes[l]. High resolution synchrotron x-ray powder diffraction data
revealed a tetragonal phase with a=3.855, c=29.322A, and only a few weak
impurity peaks. Rietveld refinement based on space group I4/mmm gave results
in essential agreement with those obtained in x-ray single crystal[2] and
neutron powder[3] determinations, including appreciable positional disorder
of the oxygen atoms in the T£-0 planes. The refined site occupancies were
found to be high for Ca and low for T£, indicating partial substitution of
the type (.TZl ,65

cao.35^Ba2^CaO .85Ti0.15>Cu208* However, the possibility that
there is some Cu on the T£ sites cannot be excluded. The results of the
refinement are listed in Table 1, and part of the profile fit and difference
plot in the Fig. i

i i i n I I

Table 1
2« X

2*0*9)

Atom

TZ
Ba
Ca
Cu
0(1)
0(2)
0(3)

x

0.533(1)
0
0
0.5
0
0.5
0.630(5)

0.
0
0
0.
0.
0.5
0.5

0.2136(1)
0.1220(1)
0
0.0544(1)
0.0539(3)
0.1434(5)
0.2811(6)

[1] M. Eibschutz et al., Appl. Phys. Lett. _53_, 911 (1988).
[2] M.A. Subramanian et al., Nature 332, 420 (1988).
[3] D.E. Cox et al., Phys. Rev. B38_, 6624 (1988).
*Work supported by U.S. DOE contract DE-ACO2-76CHOOO16.
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X7A

APPLICATION OF A LINEAR POSITION-SENSITIVE DETECTOR TO HIGH PRESSURE
DIFFRACTION STUDIES.

L. W. Finger (Carnegie Institution, Washington); D. E. Cox and G. C. Smith
(BNL*), and A. Amin (Texas Instruments).

Measurements have been made to investigate the application of a high resolu-
tion gas filled multiwire linear position-sensitive detector for diffraction
studies of small samples at high pressures in diamond-anvil cells. Kr/10%
C02 was used as the gas, and the wavelength was chosen to be 0.69A (18keV),
which is fairly well-optimized for typical diamond-anvil cell experiments on
a bending-magnet beam-line. At this energy, it is possible to get very good
position resolution (about 20)jm at lObar, 80um at 1 bar gas pressure) by
making use of the escape photopeak from fluorescence events and gating the
anode signal to the position-encoding electronics!1].

With the detector mounted on the scattering arm about 35cm from the sample,
diffraction patterns can be obtained from small samples with good counting
statistics in a few minutes over an angular range of 10°. The peak widths
lie in the range of 0.05-0.15° depending on the degree of parallax. Prelimi-
nary experiments on a sample of PbTi0.eZr0.ifO3 mounted in a diamond-anvil
cell show evidence of a structural transition between atmospheric pressure
and 41 kbar (Fig. 1).

OUMJFINCER UCAjHPPZTl.PI .000:1 09:02:21 &-FES-W
counl • M0. MC

400

Channil nu

Fig. 1. Pseudo-cubic (110) reflection from
diamond-anvil cell. Sample diameter ca 0.3mm«
Left: ca 41 kbar. Right: atmosphere.

.^03 mounted in a

[1] J. Fischer, V. Radeka and G.C. Smith, IEEE Trans, Nucl. Sci. NS-33, 136
(1988).
*Work supported by U.S. DOE contract DE-AC02-76CH00016.
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X7A

The crystal structure of silica-ZSH-12 by the combined use of high-
resolution solid-state HAS NHR spectroscopy and synchrotron based powder
diffractonetry

C. A. Fyfe (Univ. of British Columbia), H. Gies (Univ. of Kiel, FRG), G.
T. Kokotailo (Univ. of British Columbia, Vancouver), B. Mirier (Univ. of
Kiel, FRG), D. E. Cox* (BNL)

X-ray powder diffraction data from a flat plate sample of the synthetic
zeolite silica-ZSM-12 were obtained at beamline X7A. Intensity data were
recorded by step scanning in the vertical plane over a 29 range 5°-65° in
steps of 0.01°.

The crystal structure of ZSM-12 has been solved by the combined use of
high-resolution solid-state 2BSi MAS NMR spectroscopy and the high-
resolution synchrotron x-ray powder data. ZSM-12 crystallizes in the
monoclinic space group C2/c with a - 24.863, b - 5.012, c - 24.328 A and /3
- 107.7°. The zeolite host structure is built from corner-linked SiO4-
tetrahedra to give a 3-dimensional, 4-connected net. The pores of the
structure are 1-dimensional channels which do not intersect, with 12-
membered ring pore openings of approximately 5.6*7.7 A. The structure of
ZSM-12 is frequently twinned with (100) as the twin plane, which indicates
a new zeolite structure type.

* Work supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CHOOO126.
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TEMPORAL EVOLUTION OF MISORIENTATION FUNCTION DURING HIGH TEMPERATURE LOU
CYCLE FATIGUE

G. Gottstein and S. Chen (Michigan State U.)

During high temperature cyclic deformation, metallic materials undergo a
conspicuous microstructural change due to grain boundary motion, grain
growth and alignment of the boundaries with respect to the direction of
maximum shear stress. The cause of this grain boundary motion is not
understood, and it was the objective of this experiment to reveal the
driving forces for grain boundary motion under cyclic loading by
determination of the temporal evolution of the misorientation distribution
function (MODF). The MODF is obtained by measurement of the orientation of
all individual grains in a polycrystalline sample. The grain size is
usually in the order of 30|tm and thus too small for obtaining Laue
patterns using conventional x-ray sources with reasonable exposure time.
It was shown previously that Laue patterns can be obtained with
synchrotron radiation of a beam size of <f>5nm within seconds of exposure
time ['1. The current study consisted of two parts
1. An attempt was made to acquire the MODF by using a commercial area
detector. This attempt failed because of the background radiation being
too high for the detector to operate.
2. The MODF of a Ni sample fatigued to 160 cycles at 600°C with 0.5% total
strain amplitude was determined. Due to the large grain size a beam size
of 020/im was selected. The Laue patterns of 130 grains (entire gauge
section) were successfully recorded on x-ray films. They will be evaluated
off site by special pattern recognition codes, and the orientations will
be analyzed with respect to their distribution and their relationship with
respect to deformation geometry.

[1] G. Gottstein: Scripta Metall. vol.20, p.1791, 1986.

Work sponsored by Department of Energy, Office of Basic Sciences, contract
number DE-FG02-85ER45205

283



X7A

AL-CU-RU: A PERFECT QUASICRYSTAL

C. Guryan and P. Stephens (SUNY Stony Brook) and A. Goldman (Ames Lab and Iowa
State U.)

We present the first quantitative measurements of an icosahedral-phase alloy that
exhibits no phason disorder. Analysis of high—resolution x—ray diffraction measurements
(representative scans are shown in the figure on the left) of the face—centered icosahedral
phase of AI65CU20R1115 shows that this material is better ordered than any previously
reported icosahedral alloy. The small amount of peak broadening present shows no
contribution from phason strain, as would be indicated by a dependence of peak width on
the phason momentum |G |. Instead the peak broadening is entirely accounted for by

simple phonon strain, as shown in the figure on the right. Further experiments to explore
the dependence of peak broadening on composition and heat treatment have been
performed or are in progress.
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Work supported by NSF Low Temperature Physics Grant DMR-8702042 (Stony Brook),
and by the Department of Energy under conntract W-7405-Eng-82 (Ames Lab)
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ATOMISTIC STUDY OF MAGNETO-OPTICAL AMORPHOUS FILMS X7-A
M. Hirscher1, E. E. Marinero2, and T. Egami1

University of Pennsylvania, Philadelphia, PA 19104-6272, U.S.A.
2IBM Almaden Research Center, San Jose, CA 95120-6099, U.S.A.

Introduction
Rare-earth iron amorphous thin films are technologically used as magneto-optical recording

media. To achieve a large signal to noise ratio in reading and writing, i.e. low error rate, 8the
magnetic properties of the film have to be thermally stable. The perpendicular magnetic anisotropy,
which is essential for recording, is most likely of atomistic nature. To resolve this structural origin
we carried out differential anomalous-X-ray-scattering measurements at grazing angle with the
scattering vector out-of-plane and in-plane of the film. To study the thermal relaxation of the
structure we annealed the specimen in-situ on the goniometer.
Results

The scattering intensity from a sputter-deposited amorphous Fe8oTb2o film was measured with
the incident beam at an angle of 2.5° for energies of 10 and 100 eV below the K edge of Fe. The
difference between the two intensities, i.e. the Fe differential structure factor, shows a peak centered
at 2.95 A"1 (Fig. 1) which is dominated by the Fe-Fe distance. In comparison Fig. 2 shows the
scattering intensity from a sputter-deposited amorphous (Fe.85Co.i5)8oTb2o film with a peak position
around 2.7 A"1. The Tb differential structure factor was determined by a previous experiment [1]
showing a peak at 2.5 A"1. Using an empirical formula, from these peak positions the atomic
distances can be estimated yielding values consistent with the metallic radii of the constituents.

After annealing the (Fe.85Co.i5)8oTb2o film on the goniometer under He atmosphere at 250°C
for 90 min the scattering intensity was measured under identical conditions (Fig. 2). As pointed out
in [1] the difference between the intensities, [annealed] - [as-deposited], should be very similar to the
derivative of the total scattering intensity. However, it is shifted and much closer to the derivative
of the Fe differential structure factor (Fig. 1) yielding that most of the recovery is due to the Fe-Fe
correlations. Furthermore, the estimated strain is about 4 times the expected elastic strain in the
film pointing to a strain of mainly anelastic nature. Together with recent EXAFS measurements [2]
this finding may indicate that the Fe-Tb potential is very soft in these materials.
Acknowledgements

The authors would like to thank Dr. D.E. Cox for his assistance. This work has been supported
by IBM SUR grant 810312.
References
[1] T. Egami, CD. Graham, Jr., W. Dmowski, P. Zhou, P.J. Flanders, E.E. Marinero, H. Notarys,

C. Robinson, IEEE Trans. Mag., MAG-23, 2269 (1987).
[2] M.G. Samant, C.J. Robinson, E.E. Marinero, G.S. Cargill, J. Non-Cryst. Solids, 106,178 (1988).

Fig. 1: Difference of scattering intensities from Fig. 2: Scattering intensity from (Fe85Coi5)80

Fe80Tb2Q below Fe edge, representing the Fe dif- Tb20 as-deposited (solid line) and after anneal-
ferent.al structure factor. i n g a t 2 5 0°C for 90 min (dotted line).
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Beam Line X7-A
STRUCTURAL ANISOTROPY IN SPUTTER-DEPOSTED AMORPHOUS
THIN FILMS

M. Hirscher and T. Egami (U of Pennsylvania), and E. E. Marinero (IBM, ARC)

Sputter-deposited thin films of amorphous transition metal-rare earth alloy, such as
Fe8oTb2O, are beginning to be used as mageto-optical data storage media. For this
application it is crucial that the films possess strong perpendicular magnetic anisotropy
which keeps the magnetization normal to the plane of the film. The anisotropy can be
induced during the sputtering process with appropriate conditions, but the microscopic
mechanism for the magnetic anisotropy has not been clearly determined yet. Using the
glazing angle incidence we observed the structural anisotropy for the first time, which we
believe is the origin of the magnetic anisotropy.

Amorphous films of Fe75Tb25, 2000 A thick, were co-sputtered on Si single crystals
and coated with 125 A of Si3Ni4. The diffraction experiments were carried out with the
incident photon energies just below the Fe K-edge to carry out differential anomalous
scattering experiments. The incident angle was fixed at 2.5°, while the scattering vector,
Q, was taken both nearly perpendicular and nearly parallel to the plane of the film. By
comparing these two cases the structural anisotropy was determined as shown in Fig. 1,
and was found to be closely similar to dS(Q)/dQ, where S(Q) is the static structure factor.
Therefore, the film is in compression, with the in-plane strain of exx = -5.1x10 3. This
strain is by nearly a factor of two larger than the elastic strain measured in similar films.
Thus, we conjecture that a significant portion of the observed strain in this film is anelastic
in origin. The anelastic strain manifests itself as the bond-orientational anisotropy1, and
can produce a large magnetic anisotropy. The structural anisotropy can be relaxed by
annealing as shown in Fig. 2.

1Y. Suzuki, J. Haimovichand T. Egami, Phys. Rev., B35, 2162 (1987).
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Fig. 1. Structural anisotropy Fig. 2. Change in S{Q) due to
S{Q normal) - S(Q, in - plane) of amor- annealing at 250°C for 90 min. Q is normal
phous Fe75Tb25. Dashed line is dS(Q)/dQ. to the film. Dashed line is dS{Q)/dQ.
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X7A

The phase transition in zeolite ZSN-39

G. T. Kokotailo and C. A. Fyfe (Univ. of British Columbia), H. Gies (Univ.
of Kiel, FRG), D. E. Cox* (BNL)

ZSM-39 is a highly siliceous zeolite with an unusual framework structure
similar to that of some clathrate hydrate materials.1 Recent high resolu-
tion 29Si MAS MMR measurements have revealed that a phase transition
occurs below about 105°C corresponding to a lowering of the crystal sym-
metry from the prototype cubic cell.2 High resolution x-ray powder data
were obtained at room temperature and 149°C. The patterns show that the
transition involves a change to tetragonal symmetry, as can be clearly
seen in the figure below. In addition, some weak superlattice peaks
appear, which indicate that the new space group is Ih1. A detailed
analysis of the crystal structure is in progress.

6 O Q H B 1 8 2 0 2 2
2B (degrees)

Observed diffraction pattern of ZSM-39 at 149°C (right) and
25°C (left). The asterisk marks a weak superlattice peak.

1 H. Gies, Zeit. Kryst. 162, 73 (1984).
2 H. Strobl, C. A. Fyfe, G. T. Kokotailo, and T. Pasztor, J. Amer. Chem.

Soc. 109, 4734 (1987).

* Work supported by the U. S. Dept. of Energy, Division of Materials
Science, Contract No. DE-ACO2-76CHOOO126.
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X7A

Structure of T* Phase Superconductors: Anomalous X-ray Diffraction Study of Cation Ordering
in G

G.H. Kwei, R.B. Von Dreele, S-W. Cheong, Z. Fisk and J.D. Thompson (LANL)

Although it has been postulated on the
basis of relative ionic sizes that the heavy
cations in the newly discovered T* phase
cuprate superconductors are ordered between
the two available sites in the space group
P4/nmm, there has been no direct experimental
evidence that such ordering actually takes place.
We have carried out a detailed x-ray diffraction
study of T* phase Lag 9Gdo.9Sro.2Cu04 at four
x-ray wavelengths, including one each near the
absorption edge of each heavy cation in order to
obtain the contrast variation necessary to gain
information about cation ordering. We find that
the large cations (Sr+2 and La+3) are located in
the larger T-phase (K2N1F4) positions (M site),

while the smaller Gd+3 and the remaining La+3

are located in the smaller T-phase (Nd2CuC<4)
positions (M' site). In addition, diffraction data
taken at a low temperature show the crystal
symmetry to be the same at both room
temperature and 19 K.
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Figure 1. Comparison of diffraction data for 0
Lao.9Gdo 9Sro.2CuC»4 taken at 19 K near the Gd
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Work performed under the auspices of the U.S. Department of Energy by Los Alamos National
Laboratory under contract No. W-7405-ENG-36.
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Real-tine observation of soaking of tetragonal lysozyme crystals with AuCl4,
and study of the space-group forbidden reflections.*

M.S. Lehmann (ILL), D.E. Cox* (BNL, Physics), D.P. Siddons* (BNL, NSLS)
J.B. Hastings* (BNL, NSLS) and F.K. Larsen (Arhus University)

The material used was single crystals of hen egg-white lysozyme in the
tetragonal form with spacegroup VU^^ and cell a=79.lA and c=37.9A (Blake et
al., Nature (1965), 206. 757). Crystals were 1x1x0.3 mm3 and were kept in
acetate buffer (pH=4.7) with 0.35 M NaCl.

The experiment consisted of two parts:
1: An on-line measurement of Brapg-reflections during soaking. The purpose

was to get an estimate of the soaking time, and to ensure that the soak-
ing was complete for the given concentration.
The crystal was held with a bit of paper tissue in a 2 mm capillary
opened in one end. At the start, the crystal was surrounded by 50 pi of
buffer. Then 100^1 of buffer holding 2 mM KAuCl4 was added, and the in-
tensities of hhO(h=4 to 16) were followed as a function of time. The
crystals had very small mosaic (FWHM less than 0.005°), and this in-
creased when AuCl4 was added, typically to about 0.08°.
From the changes in the relative integrated intensities the soaking was
found to be complete in less than 2 hours. Measurements done later did
not indicate annealing of the crystals, which kept their mosaic spread.

2: Observations of screw axis forbidden reflections near the absorption edge
of an atom can give information about the position of this atom
(Templeton tnd Templeton, Acta Cryst. (1986), A42. 478; Dmitrienko, Acta
Cryst. (1984), A40. 89), and this was attempted for lysozyme containing
Au. The Au atom is located on a special position X,X,0 with X=0.35.
(Poljak, J.M.B. (1963), 6, 244).
From an absorption measurement the L__TEdge of Au was located (A=1.039A),
and a search was made for the reflections hOO (h=13 to 25). To reduce
background a Ge22o crystal analyser was used (the monochromator was a
Si111 channel-cut crystal). This gives background countrates of 1 c/s
with counts of 2 to 5 Kc/sec for strong peaks. After long counting (1/2
hour/peak) only one significant peak was found, and this disappeared
after a rotation of 4° around the scattering vector. No forbidden
reflections were thus observed.
In the present case the change in the crystal under soaking lead to ex-
tended mosaicity, and a drop in peak intensity. This can obviously be
studied in real time and is of interest in itself, but reduces the chance
for observation of forbidden reflections. If this mosaicity can be
lowered, then the peak signal would increase by two orders of magnitude,
and the forbidden reflections might be observable.

Acknowledgements:
One of us (MSL) gratefully thanks the NSLS for a summer visitorship,

during which this work was done.

*Uork supported by the Division of Material Sciences, U.S. DOE under contract
DE-ACO2-76CHOOO16.
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SYNTHESIS AND CHARACTERIZATION OF II-VI AND III-V SEMICONDUCTOR CLUSTERS IN
ZEOLITES

J.E. Mac Dougall, H. Eckert, M.M. Eddy, G.D. Stucky (UCSB); N. Herron, Y. Wang (du Pont); K. Moller,
T. Bein (UNMA); D. Cox (BNL)

Direct synthesis of CdS and CdSe within ihe pore structure of zeolites leads to novel superclusters with
a structural geometry superimposed by the host framework. Detailed X-ray powder diffraction and EXAFS
analysis together with optical absorption data reveal discrete (CdS)4 cubes located within the small sodalite
units of the structure which begin to interconnect as the loading density within the zeolite rises. The discrete
cube building blocks consist of interlocking tetrahedra of Cd and S with a CdS bond length of 2.47 A. At
higher loadings these cubes begin to occupy adjacent sodalite units where the Cd atoms point toward each
other through the double six-rings linking the sodalite moeities with a Cd-Cd distance of ~6A. As this three
dimensional interconnection proceeds, the corresponding changes in optical properties indicate a progression
towards a semiconductor supercluster with behavior intermediate between that of the discrete CdS cubes and
hulk semiconductor. Semiconductor superclusters of this type represent a novel class of materials where the 3-
dimensional structure and electronic poroperties can be controlled by using different zeolites as the template.

The unique stability of (CdS)4 clusters inside the
sodalite units is due to the coordination of Cd atoms
with the framework oxygen atoms of the double 6-ring
windows. The stability of the supercluster comes
from the interaction between (CdS)4 clusters in the

adjacent sodalite units. We suggest that through-bond
coupling is responsible for the interaction between
(CdS)^ clusters.

For CdSe in zeolite Y Rietveld analysis and
EXAFS results indicate the presence of 70% of the
cadmium ions at SI' and 30% at Sill. Se,O-bridged
cadmium dimers and Cd4O4 cubes are formed in the
sodalite unit. Small amounts of Se helical chains and
CdSe clusters are detected.

Small clusters of GaP are synthesized within the
pores of zeolite sodium Y (NaY) using known
organometallic chemistry, i.e. the reaction of (Me^Ga
+ PH3 --> 3CH4 + GaP.

X-ray powder diffraction shows no evidence for formation of bulk GaP on the zeolite external surface at
temperatures under 400 C. UV- Vis spectra show pronounced peaks a; 290 and 350 nm corresponding to blue
shifts from the bulk band gap (eg. direct 466 nm, indirect 546 nm). 3 ' P solid state magic angle spinning
(MAS) NMR confirms the postulated chemistry and can be used to monitor the formation and transformation
of size quantized species. Extended X-ray Absorption Fine Structure (EXAFS) spectroscopy at the Ga K
absorption edge indicates the presence of small GaP clusters (10-12 A) which is consistent with the
dimensions of the zeolite supercage. Synchrotron X-ray studies show large variations in Bragg intensities
with loading and confirm the long range order of the GaP clusters.

Sponsorship of work by: DOE, du Pont, ONR, Sandia U., and UCSB.
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CRYSTAL STRUCTURE AND EQUATION OF STATE OF Csl TO 302 GPa*

H. K. Mao, R. J. Hemley, Y. Wu, L. C. Chen, J. F. Shu (Geophysical Laboratory, Carnegie
Inst. Washington), and D. E. Cox (BNL)

We have studied the crystal structure of Csl to 302 GPa by energy-dispersive x-ray
diffraction and ultrahigh-pressure diamond-anvil cell techniques. Above 150 GPa, the char-
acteristic x-ray diffraction pattern of Csl shows a triplet which is identical to the 100, 002,
and 101 triplet of hep Xe. The ratios of d-spacings of the three lines remained constant
and are in excellent agreement with the ideal hep c/a ratio of 1.63(±0.01). Experiments on
pure Csl in the lower pressure range indicate that previously reported structural transitions
below 95 GPa can be indexed as a continuous distortion from B2 to an hep-like structure.
The experimentally determined volumes for Csl as a function of pressure up to 302 GPa
are plotted in Fig. 1. Recent lower pressure x-ray diffraction data1'2 and calculations3 for
Xe, which is isoelectronic to Csl, are also compared. The crystal structure and equation of
state of the two materials are indistinguishable at high pressures. This similarity suggests
that the short-range repulsive potential far exceeds the electrostatic terms for Csl at high
compression. Because of the large compressibility of Csl [V/Vo = 0.28 at 302(±8) GPa], the
new P-V data can be used as a pressure standard for other highly compressible materials.

Fig. 1. P-V results for Csl and Xe
[• Ref. 1; A Ref. 2; — theory, Ref. 3]
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1. A.P. Jepbcoat et al. Phys. Rev. Lett. 59, 2670 (1987). 2 R. Reichlin et al. Phys. Rev.
Lett. 62, 669 (1989). 3. M. Ross and A.K. McMahan, Phys. Rev. B 21, 1658 (1980).
*Work supported by Div. of Mat. Sci., US Dept. of Energy (Contract DE-AC02-
76CH00016); National Science Foundation (Grants EAR-8708127, EAR-8720326, and EAR-
8817263).
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SEARCH FOR LOW TEMPERATURE PHASE TRANSITION PRIOR TO SUPER-
CONDUCTING BEHAVIOR IN THE YBa2Cu3O7 COMPOUND

M. A. Rodriguez, D. P. Matheis, S. S. Bayya, and R. L. Snyder (Alfred U.) and D. E. Cox (BNL)

Recent reports1 '2 '3 have suggested the possibility of a structural phase transition in the 100K
to 110K temperature range. Other authors do not report such phenomena45. High resolution
synchrotron x-ray powder diffraction was performed to carfully examine this temperature region. A
nitrate preparation method was used to synthesize the 123 powder. The sample was annealed in an
oxygen atmosphere to obtain the orthorhombic structure. Figure 1 shows the diffraction patterns
for the 006, 020 and 200 peaks as the temperature was lowered. The shifting in these peaks to higher
26 angles is due to thermal expansion behavior. This figure aLo shows the 006 and 020 converging
to approximately the same 26 value at low temperature.

The asymmetric 200 singlet peak was fit with a Split-Pearson VII function to obtain accurate 26
positions. The overlapped 006 and 020 peaks were deconvoluted using a Lorentzian function. Figure
2 displays the results for the 200 d-spacing as a function of temperature. The error bars represent
3a deviation and show that the a-axis is not changing through the 100-110K temperature range.
The b and c parameters behave similarly. The reported phase transition is not observed.

1HO-THETA (OMREESI

Figure 1: Low Temperature X-ray Diffraction Data for 123 Phase

TEMPERATURE IK]

Figure 2: The 200 Peak vs. Temperature Through The Transition Range

'O. V. Aiexsandrov, et al. Fiz. Tverd. Tela (Ruwian), 30 2052-2057 (1988).
2A. I. Golovashken, tt al. Pit'ma Zh. flup. Teor. Fiz. (Riutian), 46 [SI 325-327 (1987).
3S. V. Anshokova, et al. Pit'ma. Zh. Ekap. Tear. Fiz. (Ruuian), 46 |9) 373-375 (1987).
*Vf. I. F. David, P. P. Edwards, et al. Nature, 23J 245-247 (1988).
&P. M. Horn, D. T. Keane, tt al. Phyi. Rev. Lett., 59 No. 24, 2772-75 (1987).
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THE FRAMEWORK TOPOLOGY OF ZSM-57: DETERMINATION FROM SYNCHROTRON X-RAY
DIFFRACTION DATA AND MODEL BUILDING

J. L. Schlenker, J. B. Higgins and E. W. Valyocsik (Mobil)

ZSM-57 is a synthetic zeolite described in European Patent Application
0174121A2, December 3, 1986. Conventional x-ray powder data suggested space
group Immb because of apparent hkO, k odd absences. Very weak 110 and 130
reflections detected in the synchrotron data indicate Imnmi, Imm2, or 1222.
Model building in these space groups with a=7.45 A, b=14.17 A, and c=18.77 A
produced an Imm2 framework for DLS modelling and powder pattern calculation.
Experimental and calculated powder patterns are illustrated below. The
ZSM-57 framework exhibits the ferrierite (FER) projection along 100 and
possesses intersecting 8- and 10-ring linear channels.

TABLE!
DLS-Atomic Coordinate of ZSM-S7 (X104)

EXPERIMENTAL
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CALCULATED

J ( Jli , 1 1 . •

Atom
Tl
T2
T3
T4
T5
T6
T7
T8
01
02
03
04
05
06
07
08
09

010
011
012
013
014

x
0000
0000
0000
2941
2057
2939
0000
2945
0000
1754
0000
1755
8255
0000
5000
2531
0000
2441
5000
5000
1748
2570

v
0000
2043
6998
0000
1963
7017
5000
5000
0915
0000
2369
2405
7253
5912
0000
0916
2031
2688
7234
5000
5000
5917

z
0000
9486
7986
1176
1848
0427
8668
9848
9503
0473
8678
9876
7524
8173
0946
1632
2079
1221
0276
9611
9149
0319

010 PROJECTION
100 PROJECTION
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POWDER DIFFRACTION STUDIES ON GLASSES AND HIGH-T OXIDES.
c

X7-A

B. H. Toby, R. Hu, M. Hirscher and T. Egami, University of Pennsylvania,
Philadelphia, PA 19104-6272; G. Xiao and C. L. Chien, Johns Hopkins
University, Baltimore, MD 21218; Y. He, S. J. Poon and G. J. Shiflet,
University of Virginia, Charlottesville, VA 22901; M. A. Subramanian, J.
Gopalakrishnan and A. W. Sleight, du Pont, Wilmington, DE 19898

Powder diffraction experiments with and without resonance condition were
carried out on non-periodic solids including metallic glasses and high-T

superconducting oxides for the purpose of obtaining total or compositionally
resolved differential atomic pair distribution functions. High energy (25
keV) diffraction was performed on rapidly quenched amorphous AlgoFe Ce,Q

(x = 3,5,7) and superconducting Tl ,Ba2CaCu20g to determine the structure*

factor up to large values of Q as shown below. The Al-Fe-Ce glasses show a

very strong pre-peak at around 1.5 A apparently due to the ordering of Ce
atoms. Together with the pulsed neutron results obtained at the IPNS we
conclude that the structures of these glasses are very different from the
dense-random-packing, and have a short range order which may be a precurser
for the quasicrystalline phase formed at higher concentrations of Fe and Ce.
The diffraction data on Tl-Ba-Ca-Cu-0 are being analyzed to obtain the PDF
to be compared with the neutron PDF which suggested significant 0 and Tl
displacements with short range order [1]. We have carried out differential
anomalous scattering experiments on YBa,,Cu,07 with Au doping at the Au LTTT

edge to determine the location of Au atoms in this compound. The results
are presently being analyzed.

Fig. 1. Diffraction intensity from
amorphous Alĝ -Fê Ce,-.

Fig. 2. Powder diffraction results
of superconducting Tl^B

[1] W. Dmowski, B. H. Toby, T. Egami, M. A. Subramanian, J. Gopalakrishnan
and A. W. Sleight, Phys. Rev. Lett., 61, 2608 (1988).

* Work supported by the NSF DMR-8617950 and ARO DAAL03-87-K-0149.
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X-7A
X-RAY DIFFRACTION NEAR 300 GPA (3 MBAR)

Yogesh K. Vohra, Craig A. Vanderborgh, Steven J. Duclos, and A. L. Ruoff
(Materials Science and Engineering, Cornell University, Ithaca, N.Y.)

High pressure energy dispersive x-ray diffraction studies near 300 GPa were carried out on transition
metals Pt and Fe in a diamond anvil cell. Diamond anvils incorporating the latest design refinements based on
earlier diffraction studies at CHESS to 255 GPa1 were used in these experiments. Diamond flats of 25 im
with 7° bevels to 350 pm were selected on the basw of pressure profile studies. The Pt sample size measured
by x-ray scans of the diamond face was about 30 \xm. The highest pressure spot at the center of the diamonds
contained diffraction from hcp-Fe (from the gasket) and from fcc-Pt. Fig. 1 (top panel) shows the energy-
dispersive x-ray diffraction spectrum (EDXD) spectrum recorded with a 5 \un collimator at a pressure of 282
GPa calculated from the equation of state of Pt of Holmes et al2. Also shown in Fig. 1 (bottom panel) is the
EDXD spectrum at a distance of 7 pun from the center at a pressure of 273 GPa with a higher concentration of
Pt relative to Fe.

These results have the following ramifications for future high pressure research:
(a.) X-ray diffraction studies can be done on high Z materials (atomic number greater than 26) to

pressures above 300 GPa.
(b.) Even at ultra-high pressures of 300 GPa the diamond apparently has not yielded; the diamond still

supports pressure gradients of 1.3 GPafyua. Therefore, attainment of higher pressures appears
possible in diamond anvil cells.

0 /urn 282 GPa

jtj v'V'

15 25
Energy (KeV)

35 45

Fig. 1 EDXD spectra ofPt in the fee phase and Fein the hep phase at the pressures indicated. The
spectra were obtained at X-7A at NSLS (electron energy = 2.53 GeV, I = 183 mA) using 5 nm
collimation (Ed = 37.565 KeV-A). The data collection time for each spectrum is 4-5 hours.
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X7A

Anomalous Powder Diffraction on Rare Earth Oxides

Robert. B. Von Dreele, George Kwei (LANSCE, LANL), Leroy Eyring (ASU).

X-ray powder diffraction data was collected for Pr7Oi2 at room temperature and a wavelength
chosen to be just below the Pr L-edge (X=2.08243A). The anomalous dispersion for Pr at this
wavelength reduced the scattering factor by ~20e\ A Rietveld refinement of this data gave the fit
shown in the figure and a set of atomic parameters in reasonable agreement with the structure
reported by Von P* ,ele, Eyring, Bowman & Yamell (Acta Cryst. B31,971,1975) from constant
wavelength neut, on powder data. The average atom displacements in this result from the neutron
result was -0.05A and probably result from the very limited d-spacing range in this experiment.
The refined value of Pr f was -20.4(3)e-. The final residuals were RWn = 12.62% and Rp =
8.59%. The pattern also showed a small contribution from the Al sample holder which was fitted
with a second phase.

L-EDGE EXPERIMENT ON PR7O12
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X7A

THE STRUCTURE OF A NOVEL BINARY FLUORIDE AgF,

A. P. Wilkinson', N. Bartlett", D. E. Coxc, B. Zemva'1, K. Lutar", A. Jesih"

a U. Oxford, England b MCSD/LBL and Dept. Chem. UCB c Phys. Dept. BNL

d 'Jozef Stefan' institute. Ljubljana, Yugoslavia
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Fig. 1 The observed, calculated and difference profiles. Fig. 2 The coordination of silver.

A refinement of the structure of a phase AgF3 isostructural with AuF3 (1) has been carried out.
The data was collected on a 0.5mm capillary sample prepared by the route outlined by Zemva et
al (2). A wavelength of 1.24805A and a Debye Scherrer type geometry with a 0.5mm receiving slit
were employed. The use of a receiving slit rather than the usual Ge(220) analyser crystal
considerably enhanced the count rate, although at the expense of some degradation of instrumental
resolution. This arrangement gave a FWHM on Si(111) of 0.09°. The FWHM of the Bragg peaks
from the sample were 0.18° or larger.

The receiving slit combined with the high flux of this beam line provided for the collection of high
quality data on samples of low crystallinity. The synthesis (2) of the thermodynamically unstable AgF,
provided adequate samples for such diffraction studies but would be difficult to scale up for the larger
sample requirements of conventional neutron diffraction.

The data analysis was carried out using the GSAS (3) package. The refinement rapidly
converged giving RWP=5.3% and RF=4.7% confirming that AgF, is isostructural with AuF, The
observed calculated and difference profiles are shown in Fig 1. The volume per formula unit
(57.43A) is approximately 5A3 less than that found for AuF3. This phenomenon has been observed
for several isostrucural gold (III) and silver (III) salts, e.g. XeFs* MF," (4) and is attributed to the
tighter binding of the d,2 tone pair in the silver (III) case. This is also apparent in the shorter M-F
axial distance (L= 2.69(4)A for gold and 2.53(1)A tor silver) (Fig. 2) observed in the elongated
octahedral coordination environment for the silver cation.
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X7A

A STRUCTURAL MODEL FOR THE NOVEL BINARY FLUORIDE RuF4

A.P.Wilkinson', N Bartlettb, W.Casteel", D.E.Coxe

a U. Oxford, England b MCSD/LBL and Dept. Chem. UCB c Phys. Dept. BNL
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Data was collected on a 0.5mm capillary sample of RuF4 prepared according to the
procedure of Zemva et al (1). A wavelength of 1.24805A and a Debye Scherrer type geometry
with a 0.5mm recieving slit were employed, giving a very high count rate.

The Bragg peaks arising from the main phase had FWHM of 0.24° or greater. The peak
positions were located precisely by a least squares method and the program TREOR used to
index the data. The best solution was a monoclinic cell a=5.61iA b=4.950A, c=5.41iA,
P=121.36°, V=128A3 giving 2=2. The observed systematic absences were consistent with P2,/n,
but a spacegroup could not be unambigously assigned due to the small range of resolved data.
The program GSAS was used for further data analysis (2). The heavy atoms were assigned to
the special positions of P2,/n and the fluoride ions located from a Fourier difference map. The
resulting model refined to a chemically plausible structure.

The model consists of buckled sheets ot comer sharing octahedra and can be seen to be
related to the SnF4 structure type found for NbF4 (3), but with bent M-F-M bridges rather than
linear ones. The profile fit can not be considered to be entirely satisfactory and further work is
in progress.
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Anomalous X-Ray Powder Diffraction Study of Valence Ordering in oc-Cerium X7A

Arthur Williams, George H. Kwei, Andrew C. Lawson , Jr., and Robert B. Von Dreele
Los Alamos National Laboratory, Los Alamos, NM 87545

We have been interested for some time in the y-a phase transition in cerium. One of the
most remarkable features of this system is that a 15% volume contraction accompanies this
phase transition but the crystal symmetry remains the same. It has been postulated that the
smaller size may result from a valence transition from Ce111 to CeIV, but there has not been
any experimental confirmation of this. Since the average Ce-Ce bond length in a-cerium
corresponds roughly to a valence of 3.5, it becomes interesting to see if valence ordering of
Ce111 and C e ^ ions takes place; this would certainly confirm the mixed valence nature of
these materials. The Ce L-edges for Ce i n and Ce™ are expected to be shifted from each
other by approximately 10 eV. Therefore, near the edge we expect C e m and C e ^ to have
x-ray scattering factorswhich differ by approximately 2e". We have taken anomalous x-ray
powder diffraction data near the Ce L-edge and searched for superlartice lines that would
appear with such valence ordering. In preliminary experiments on Beam Line X7A at
NSLS, we have observed upon cooling of the sample to the ot-phase the appearance of
superlattice lines of the expected intensity. These are difficult experiments requiring long
counting times and further experiments will need to be done to confirm our initial results.

Work performed under the auspices of the U.S. Department of Energy by the Los Alamos
National Laboratory inder contract No. W-7405-ENG-36.
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High Resolution X-Ray Powder Diffraction Study of Ag2F X7A

Arthur Williams, George H. Kwei, Allen C. Larson and Robert B. Von Dreele
Los Alamos National Laboratory, Los Alamos, NM 87545

The detailed structure of silver subfluoride (Ag2F) has been studied by A. Williams using
neutron powder diffraction techniques. The anti-CdLj structure was confirmed and no
evidence for a crystallographic phase transformation (down to 20 K) was discovered. The
neutron data provided the first measurements of the thermal parameters, strain, grain size,
thermal expansion coefficients and vacancy density in this peculiar compound. Since the
Ag atoms in this material are very likely in mixed valence states, it would be extremely
interesting to obtain a better understanding of the distribution of the bonding electrons in
this system. In the experiments done on Beam Line X7A at NSLS earlier this year, we
took careful diffraction scans for a 26 range of 15-100° (see sample data in figure) in the
hope that we would be able to use these data in subsequent refinements to obtain bonding
electron densities from x-ray minus neutron probability density differences. The data is
now being analyzed. This work will also serve as a test case for determining bonding
electron density contours from powder data.
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Work performed under the auspices of the U.S. Department of Energy by the IJOS Alamos
National Laboratory under contract No. W-7405-ENG-36.
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X7A

X-RAY DIFFRACTION OF Fe AND Pt TO 304 GPa'

Y. Wu, H. K. Mao, R. J. Hemley, J. F. Shu, L. C. Chen, (Geophysical Laboratory, Carnegie
Inst. Washington), and D. E. Cox (BNL)

The equation of state of iron at pressures of the Earth's core (135 to 360 GPa) is crucial
for constraining compositional models of the planet. Previous work has been limited to
extrapolations from lower pressure static compression data and to shock-wave results. The
shock-wave data for the solid (e-Fe) extend only to 200 GPa, above which the shock Hugoniot
exceeds the melting temperature. In the present study x-ray diffraction measurements have
been carried out on Fe above 300 GPa for the first time. We used Pt as the primary x-ray
pressure standard because P- V relations for Pt have recently been determined to ultrahigh
pressures by shock-wave and theoretical techniques, and its high atomic number and simple
structure (fee) make it an ideal material for x-ray diffraction studies. Samples of ground
and well-mixed Fe and Pt powders (99.999% purity each) were examined in a diamond cell
with polychromatic x-radiation. The diffraction patterns indicate that Fe remains in the
hep structure to 304 GPa. The 111 diffraction line of Pt was used to calculate the lattice
parameter and thus the pressure. The 100 and 101 diffraction lines of Fe were used to
calculate the volume of the e-Fe (hep). The P- V data of Fe were fitted to an equation of
state (Fig. 1), with Vr

0=11.22(±0.02)A3/atom, /fo=157.6(±3.4) GPa, and A"£=5.81(±0.08).
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X7A

POWDER X-RAY DIFFRACTION STUDIES OF (Ba,K)B103 SUPERCONDUCTOR

Hoydoo You, J. D. Jorgensen (ANL), D. E. Cox, and J. D. Axe (BNL)

A new class of superconducting material, (Ba1_xKx)B103, has been previously
synthesized and characterized. [1] The basic building block of this material
is a Bi-Og octahedra with no known magnetic moment. For small or no K concen-
tration, the structure is monoclinic [2] and it changes to cubic for x=0.35 or
higher and becomes superconducting.

The purposes of our high resolution x-ray powder measurements are 1) to inves-
tigate whether the /2a x 2̂a x 2a supercell structure for samples of x=0.2,
0.3 is tetragonal, orthorhombic, or 2a x 2a x 2a F-centered cubic and 2) to
confirm that a superconducting sample with x=0.4 remains cubic at low temper-
atures. The supercell structures for x=0.2, 0.3 and cubic structure for x=0.4
were previously observed by neutron powder diffraction but had insufficient
resolution to see any strain.

Superlattice intensities for x=0.2 and 0.3
samples at room temperature were less than 1%
of major Bragg intensities and consistent
with the previous neutron powder structure
refinement [1] where the distortions occur
only for oxygen position. As indicated in
Fig. 1 the samples were not homogeneous,
probably originated from a miscibility gap
existing for K concentrations between x=0.2
and 0.4 during sample preparation. The
superconducting sample with x=0.4 appears j
homogeneous, therefore, was mounted on a ;
Displex cryostat for further study of tem- j
perature dependence. The width and position '.
of a (200)c reflection were measured as the j
temperature of the cryostat is lowered. '•
Also whole diffraction patterns were
collected at temperatures above Tc (50 K)
and below (10 K). The peak position appears
smoothly changing and no observable broaden-
ing or splitting of the peak shape was
detected. The powder patterns at 10 and 50 K
are consistent with a cubic structure.

Fig. 1
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X7A

PRESSURE INDUCED STAGING TRANSITION IN LITHIUM INTERCALATED TITANIUM
DI-SULFIDE

Otto Zhou, John E. Fischer (U. of Pennsylvania)

This experiment is intended to study the pressure induced staging transition in stage one
lithium titanium di-sulfide (Li.sTiS2), synthesized from n butyl-lithium solution and TiS2 powder.
In-situ x-ray diffraction experiment was done at NSLS X7A beamline, with monochromatic
radiation and position sensitive detector. Diamond anvil cell was used as the hydrostatic pressure
device.

In the experiment, diffraction spectrum from the Li.sTiS2 powder was recorded after each
pressure increment. The results show that the sample remained as stage 1 compound up to 15
Kbar pressure, the highest pressure in this experiment. The compressibility of Li.sTiS2 powder
along both a and c axes were calculated from the pressure induced d-spacing shifts of (OOL) and
(HKO) reflections. The peak width of all reflections broadened consistently with increasing
pressure, while no stage 2 reflections emerged. This implies that the lateral motion of the
intercalants through the Dauma-Herold domains is the mechanism for the sought-after stage 1 to
stage 2 transition, in which case there will be a somewhat disordered intermediate "phase" within a
certain pressure range. The result indicates that pressure higher than 15 Kbar is needed for the
stage 1 to stage 2 transition in Li.sTiS2. Future experiments will be carried out at higher
hydrostatic pressure.
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X7A

POWDER DIFFRACTION STUDY ON La2Cu04+<s and Pr2NiO4+4

P. Zolliker, D. E. Cox (BNL), J. B. Parise, E. M. McCarron, W. E. Farneth (Du Pont) and
D.J. Buttrey (Univ. of Delaware)
X-ray powder diffraction data were collected for two samples of approximate compositions
La2Cu04.o3 and Pr2NiO4.07, respectively as part of a study of oxygen rich K2NiF4-type ox-
ides. Both samples showed 2 coexisting phases at low temperature, one of them (called F-phase)
with orthorhombic symmetry. The second phase was an orthorhombic B-centered phase (called
B-phase) for La2Cu04 and a tetragonal phase (called T'-phase) for Pr2NiO4, respectively. Both
samples were measured in capillary geometry using a rather short wavelenght of 0.7978A to avoid

heavy absorption. For the low tempera-
ture data collection on La2CuO4.|.£ a closed
cycle helium refrigerator with Be windows
was used. A full data set was collected on
Pr2Ni04 at room temperature to be used in
a combined neutron and x-ray data refine-
ments of the two phases. A plot of the ob-
served and calculated x-ray pattern is shown
in Fig.2. A temperature dependent study of
the (113), (040/400) and (006) reflections of
the La2CuO4 sample was carried at temper-
atures between 200 and 297 K in order to
complete data collected earlier at beamline
X22B. Special emphasis was taken to mon-
itor the peak intesity changes at the tran-
sition from one to two phases. Fig.l shows
clearly that the amount of the B-phase con-

34.3 3< 4 34 5 34.6 34.7 34.8 34.9 35 t inuoulsy rises to about 45% at the expence
20 (degrees) of the F-phase.

Fig.l: Temperature dependence of the (040/400) reflections of La2CuO4.03
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Fig.2: Observed vs. calculated X-ray powder pattern of Pr2NiO4
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HIGH RESOLUTION SYNCHROTRON POWDER X-RAY DIFFRACTION STUDY OF PERLIALITE,X 7B

THE NATURAL ANALOGUE OF SYNTHETIC ZEOLITE-L.

G. Artioli*. Ist.Mineralogia e Petrologia, U. di Modena, 41100 Modena, Italy.
A. Kvick**. Dept. of Chemistry, BrocKhaven National Laboratory, Upton, N.Y.

Perlialite is a rare natural K zeolite, occurring as extremely fine needles
in alkaline rocks from two localities in the USSR. Data were collected from a
powder sample in a 1.0 mm. diameter glass capillary on beam line X-7B.
A Si(111)omonochromator and a LiF(200) analyzer crystal were used, with
A=1.3557 A. In spite of the capillary technique, residual preferred orienta-
tion was observed due to the extreme anisotropicity of crystal morphology.
Space group P 6/m mm was confirmed and the final cell has a=18.542, c=7.526 A.
The data were refined with the whole pattern Rietveld method, using the GSAS
program of A.C. Larson and R.B. Von Dreele. The framework type is closely
related to the synthetic zeolite-L, although site location and occupancy of
extraframework atoms are quite different. The cation content in the cavities
resulting from the refinement turned out to be quite different with respect
to the originally published chemical formula. The refined higher content of
heavy cations (Ba.Tl) was confirmed by subsequent chemical analysis.
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X7B

INTRACRYSTALLINE PROTEINS EFFECT ON CALCITE MOSAICITY.

A. Berman, L. Addadi, A. Kvick\ L. Leiserowitz, M. Nelson*, and S. Weiner.
Weizmann Institute of Science, Rehovot, Israel 76100.

* Chemistry Dept. BNL, Upton, NY 11973

Sea-urchin test plates and spines are composed of magnesium bearing calcite (3-15 mole%Mg).
Single spines or body elements diffract X-rays from conventional sources as single crystals. However, the
internal structure is sponge-like and very unlike any crystalline material. Furthermore, these highly
crystalline elements break with conchoidal fractures, similar to amorphous materials. EDTA-soluble
glycoprotein molecules are extractable from the skeletal elements upon dissolution. These macromolecules
are assumed to play an important role in the control of the mineralization process, being incorporated into
the bulk of the crystals. In this way they may contribute to the flexibility and reduce the brittleness of the
mineral phase."1

Calcite crystals that were grown in vitro in the presence of sea-urchin skeletal glycoproteins have unique
morphological features, indicating that the proteins are preferentially adsorbed, occluded and inhibit the

crystal growth in the {iTo} directions. The amount occluded does not exceed 0.1% (w/w protein/mineral).
It is beyond the resolution of conventional diffractometry to detect changes due to the presence of such

small amount of protein in the crystal lattice. In order to investigate the effect of the occluded proteins on the
mosaicity or coherence length of the synthetic crystals and of the spine itself, we measured 4 crystals at the
NSLS beam line X7B: 3 synthetically grown calcite crystals: one with no protein occluded (pure) and two with
different levels of sea-urchin proteins: low (app. 250 ppm) and high (app. 750 ppm protein/mineral). The fourth
crystal was a small sea-urchin spine. Crystal dimensions were 0.8-0.13 mm and the spine was ~1.0 X 0.1
mm.

We collected 2-7 symmetry-related u scan reflection profiles from each of 10 crystal planes with gradually
increased inclination, ranging from planes parallel to the c axis ({300},{110}) to planes perpendicular to that
axis ({006},{0012}). Reflections with high x angles were measured at different y angles, in order to evaluate
whether there are preferential effects from certain directions.
Results

The pure calcite crystal diffraction peaks (I) are very sharp and range from 0.01° to 0.02" (full width at half
maximum - FWHM) with correlation to the Bragg angle 20. Sea-urchin protein (SU) affected calcite with low
amount of occluded proteins (2) shows significant widening in peak width; the peaks are generally 30-40 %
wider than the same reflections in the pure crystal. Diffraction peaks from a SU-affected crystal with higher
amounts of occluded proteins (3) are composed of multiple very sharp sub-peaks. The overall width of the
reflection does not differ much from that of the same reflection from the low-amount affected c.ilcils.
The spine (4) diffraction peaks are about an order
of magnitude broader (0.1° to 0.2°), indicating a
higher degree of mosaicity in the biogenic
mineral.

These results indicate that smalt amounts of
macromolecules can be accommodated within the
crystal lattice with no substantial change in the
crystal order except for a slight increase in peak
width. However, when the amount of occluded
proteins exceeds a certain level, macro-
dislocations are formed and distinct mosaic blocks
in the range of a few microns are formed.

Reference
(1) Berman, A., Addadi, L. and Weiner, S. (1988).

Nature, Vol.331, p. 546-548.
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X-7B

SYNCHROTRON X-RAY STRUCTURE OF A ZEOLITE ZSM-39 ANALOGUE

J. Kansikas' (U. of Helsinki), Y. Long (U. of Fudan, Shanghai), 1. Mutikainen' (U. of Helsinki),
M. Nelson (BNL) and A. Kvick" (BNL)

The structure of zeolite ZSM-39 originally determined by powder diffraction possesses a sil'.ca clathrate
structure of 12-hedra constructed with 5-ring and 6-ring of oxygens |1). According to the literature the
crystals obtained in systems with different template molecules have had dimensions of 0.1 - 10 fim. The
use of an adamantine derivative [(CH2)sN4CH3p |Fig. lj |2) has made it possible to obtain crystals large
enough (up to 0.07 mm) for single crystal data collection using synchrotron radiation. The space group from
the powder work was determined to be cubic Fd3m (no. 227), as was also found in a single crystal
determination of ZSM-39 with methylamine templates [3|.

The crystal of dimensions 0.07x0.07x0.07 mm was selected and 2057 observed reflections with sin@\A<1.0
A' (A = 0.945A) were measured. The data was normalized using two standard reflections measured after
every 25 reflections. The inclusion of the adamantine template was found to lower the symmetry to
tetragonal 14,/a (no. 88) with a = b = 13.719(1) and c = 19.341(1) A. This space group was also
confirmed by systematic absences. The structure was refined in both tetragonal and cubic space groups.
However, the refinement in the cubic space group did not converge weii. After the refinement of the cage
atoms |Fig. 2] to the R-value of 5.7%, the difference Fourier revealed several peaks in the cavities. The
largest peak of magnitude 4.5 eA' was found in the center of 16-hedron (point symmetry 4) surrounded by
several smaller peaks. This residual electron density is attributed to the disordered adamantine molecule.
The final positioning of the template molecule is under progress.

Fig. 1 Fig. 2

|1] J.L. Schlenker, F.G. Dwyer, E.E. Jenkins, W.J. Rohrbaugh, G.T. Kokotailo and W.M. Meier,
Nature 294, 340 (1982).

|2) R. K. McMullan, F. Tagusagawa and T.C.W. Mak, J. Inclusion Phenomena. 6, 515 (1988).
|3 | Y. Long, H. He, P. Zheng, O. Wu and B. Wang Ibid. 5, 355 (1987).

"Work supported by the Academy of Finland and
Energy, under contract DE-AC02-76CH00016.
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X-7B

SINGLE CRYSTAL STRUCTURAL STUDIES OF THE ZEOLITE MORDENTTE

A. Kvick and Y. Long

Chemistry Department, Brookhaven National Laboratory, Upton, NY 11973

A synthetic single crystal of the zeolite mordenite with the dimensions 85*85*29 \xm was used to
collect three-dimensional diffraction data at the NSLS station X-7B using monochromatic X-rays
at a wavelength of 1.3557 A. The unit cell was a = 18.092, b = 20.418, c = 7.506 A and the
space group was Cmcm. Significant intensities were obtained out to the instrument limit of 115°.
Preliminary refinement of the structure converged at R = 0.12 with a reflection to parameter ratio
of 6:1.

This work was performed at Brookhaven National Laboratory under contract DE-AC02-
76CH00016 with the US Department of Energy and supponed by its Division of Chemical
Sciences, Office of Basic Energy Sciences.
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BEAM LINE X-7B

PHYSICAL ESTIMATION OF X-RAY TRIPLET PHASES BY MULTIPLE DIFFRACTION IN A MOSAIC CRYSTAL WITH

UNIT CELL 3000 A3.

F. Mo and B.C. Hauback (U. of Trondheim-NTH, Norway), and A. Kvick (BNL).

Phase sums for several three-beam cases involving beams H, L and -H-L were estimated previously for
an organic, centrosymmetric crystal with X-radiation from a sealed-tube source (1). The phases were
used subsequently in the solution of the unknown structure (2). In the present work we have repeated
some of the measurements with synchrotron radiation on a crystal of the same compound in order to
a) determine the changes in the intensity profiles caused by the altered physical properties of the
beam, and b) evaluate the potential of this method in work with more complex crystal structures. The
crystals used in the two experiments were of similar size, with edges 0.25-0.5 mm, and had a mosaic
spread ~0.045°.

Five three-beam cases were reexamined. In the conventional-source study, the correct phase was
determined for two of them, one phase was incorrectly estimated to it instead of 0, and for two
triplets the signal was too weak to allow assignment of the phase.

Synchrotron radiation induced several important changes in the multiple diffraction profiles
which were mapped out by repeated ID-scans taken at intervals of 0.0025° in a i|> step-scan over the
Rentiinger peak. The heights of the maxima increased by factors in the range 10-20 above the two-beam
level, FWHM values decreased by a factor of ca 10, typically from 0.15° to 0.0)4-0.020°, and the
asymmetry in the tails of the profiles - where the phase signal is located for a centrosymmetric
crystal - increased over a wide range, from 2.5 to 40x. As a consequence of these changes, the
correct phase could now be identified in all cases examined. Fig. 1 shows the intensity distributions
for one three-beam situation obtained with conventional (a) and synchrotron {b) radiation, respec-
tively. Only in Fig. 1 (b) there is significant asymmetry, showing (cf. 1) that in this case the
triplet phase $3 » 0.
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Fig. 1. Intensity profiles for the three-beam reflection 545/323/822. Intensities are
given relative to the two-beam level, i>^ is the signed angular distance of the secondary
r.l. node L from the Ewald sphere, (a) conventional source, \ - 0.71072 A, hi ,~5%,
FWHM-O.130 (b) synchrotron source, X = 0.9424 A, M k~45%, FWHM~0.020°. peaK

The use of synchrotron radiation improves distinctly the experimental conditions for direct phase
determination, and due to the better signal/noise ratio the phases from mosaic crystals with con-
siderably larger unit cells can now be determined with statistical significance.

1. Mo, F., Hauback, B.C. and Thorkildsen, G. Acta Chem. Scand. A42, 130-138 (1988).
2. Hauback, B.C. and Mo, F. Acta Chem. Scand. A42_, 139-143 (1988).

Research supported by the Norwegian Research Council (NAVF), Grants 424.89/010 and 424.89/054.
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BEAM LINE X7B
X-RAY DIFFRACTION STUDY OF CONDUCTING LANGMUIR-BLODGETT FILMS.

X.Q. Yang, J.M. Chen, T.A. Skotheira, D. Chapman, M.C. Nelson, (BNL); S. Ehrlich,
(Purdue Univeristy); K. Hong, I. Watanabe, M. Rubner, (MIT).

Large nonlinear optical coefficients in a material requires a high degree of ordering, both
microscopic and macroscopic. Recently, we have fabricated conducting Langmuir-Blodgett films
of cadmium stearate/poly(alkyl thiophene) mixtures. The layer structures of these films as well
as cadmium stearate LB films have been studied by e-2e scans for various temperatures from
20 C to 130 C (melting temperature). The temperature dependent x-ray diffraction for cadmium
stearate is shown in Fig. 1. After heated to 110 C, and then cooled to 90 C, the peaks become
stronger and sharper, they also split into two sets with d-spacing of 47.9 A and 48.4 A
respectively. The X-ray diffraction pattern for the mixture of cadmium stearate/ poly(alkyl
thiophene} with 2:1 ratio is shown in Fig. 2. At 50 C, only one set of diffraction peaks related
to dj=49 A exist. At 75 C, a new set related to d2=40 A appears. The d, spacing expands when
sample was cooled from 75 C to 25 C while the d2 spacing contracts. These results indicate a
phase separation and d-spacing reorganization along the stacking direction occurs when the LB
film was thermally annealed. The relationship between the physical properties and these layer
structure changes will be studied further. The in-plane structure study was done on a
conventional four circle Huber diffractometer with a fixed incidence angle scattering geometry
at or near the critical angle. The results will be reported later after further study.

Figure 1. X-ray diffraction for a 34 layer LB
film of a cadmium stearate

Figure 2. X-ray diffraction for a 34 layer
LB film of a cadmium stearate/poly(alkyl

thiophene) mixture with 2:1 ratio

Work supported by the U.S. Department of Energy Division of Materials Science under
Contract No. DE-AC02-76CH00016.
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X9A

NONRESONANCE X-RAY DIFFRACTION STUDIES OF SELF-ASSEMBLED PROTEIN MONOLAYERS
ON SOLID SUBSTRATES.

S. Amador and J. K. Blasie (Dept. of Chem., Univ. of Pa., PA)

Single monolayers of cytochrome c. have been covalently attached to the
surface of Ge/Si multilayers (two Ge/Si bilayers) on silicon. Photosyn-
thetic reaction centers were then bound electrostatically to the cytochrome
c_ monolayer thereby providing a vectorially oriented bimolecular protein
complex on the Ge/Si multilayer surface. Nonresonance meridional x-ray
diffraction data were collected on beam-line X9-A in August, 1989 over a
broad range of momentum transfer Qz for the Ge/Si multilayers ± cytochrome c
± photosynthetic reaction centers. These data have been analyzed, utilizing
the Ge/Si multilayer on a "reference structure", to provide the profile
structure of the cytochrome c_ and cytochrome £./photosynthetic reaction cen-
ter complex on the surface of the Ge/Si multilayer to moderate spatial reso-
lution.

Supported by NIH:GM33525. Beam Line X9 supported by NIH:RR01633.
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X9A

RESONANCE X-RAY DIFFRACTION STUDIES OF ORIENTED MULTILAYERS OF SARCOPLASMIC
RETICULUM MEMBRANES

F. Asturias and J. K. Blasie (Dept. of Chem., Univ. of Pa., PA)

Meridional resonance x-ray diffraction data from oriented multilayers
of isolated sarcoplasmic reticuluia membranes, in which either lanthanum or
terbium was substituted for calcium at mole ratios of 4:1 metal/ATPase, were
collected on beam-line X9-A in July 198 9. These data have been analyzed to
provide the locations of the two high-affinity metal (Ca2+) binding sites on
the Ca2+ATPase in the membrane profile as well as the low-affinity binding
sites on the phospholipid headgroups.

Supported by NIH .-HL18708 . Beamline X9 supported by NIH:RR01633.
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X9A
SPECTROSCOPICALLY DETECTABLE REDUCTION OF CYTOCHROME OXIDASE AND Met Mb BY SYNCHROTRON
RADIATION
I. Ayene and B. Chance (Univ. City Sci. Ctr. and U of P, PA)

Y and X-ray radiation produce large amounts of radicals from water that includes OH+.H-.eaq". Such radicals
can cause damage to the biomolecules. The radiation damage of the samples is a serious problem in X-ray spec-
troscopy. In addition to the damage of the protein, there is also a possibility of the reduction of metalloproteins by
hydratcd electrons. However, in the case of cytochrome oxidase, most of the reports have shown now spectroscopi-
cally detectable reduction. In this report we have demonstrated the reduction of cytochrome oxidase and Met. myo-
globin by synchrotron radiation.

These experiments were carried out at X9B. The reduction of Met myoglobin suspended in phosphate buffer, pH
7.4 by radiation-induced hydrated electrons was observed after one minute exposure (Fig. 1). The reoxygenation or
the conversion of reduced Met. myoglobin into oxymyoglobin was followed after the exposure. Fig. 2 shows lhat
cystamine, a chemical radioprotector, decreases the reduction of Met. myoglobin by hydrated electrons without
changing the properties of Met. myoglobin.

Cytochrome oxidase was kindly supplied by Dr. T.E. King & Univ. City Sci. Ctr., Phila., PA). The enzyme
(125(0.M) was exposed to the white beam for 40 sec. The reduction of the sample, which was obvious from its in-
crease at 60S and decrease at 655nm, was followed by scanning the sample immediately after irradiation. Further
scans were carried out to study the changes in the reduced cytochrome oxidase. Fig. 3 also shows the conversion of
the reduced sample after irradiation to its original form. Presence of cystamine which was found to protect Met.
myoglobin could not reduce the interaction between cytochrome oxidase and hydrated electrons. However, cystamine
has been found to decrease the protein damage of cytochrome oxidase.

Thus, the white beam from X9B was found to reduce cytochrome oxidase and Met. myoglobin which was easily
detectable by optical spectroscopy. Cystamine was found to protect only the protein and not the hydrated electron-
induced reduction of cytochrome oxidase. This implies that cytochrome oxidase is more radio-sensitive than Met.
myoglobin. Further work is being carried out to screen more chemicals to protect cytochrome oxidase from hy-
drated electron induced-reduction of cytochrome oxidase.
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X9A

Non-Resonance, Resonance & Time-Resolved X-Ray Diffraction Studies of Multilayer

Systems from Single Monolayers to Thick Multilayers

K. Blasie, R. Fischetti, S.-T. Xu, S. Amador, L. DeLong (Univ. of PA, Dept. of Chem., PA)

1) In April, this group recorded high signal/noise (BaL-edge) resonance X-ray
diffraction effects on both primary and secondary Bragg maxima in the meridional X-ray
diffraction from five bilayer Langmuir-Blodgett multilayers of Ba-arachidate as a function of
acid/salt ratio in the multilayer. This acid/salt ratio is controlled by the pH of the subphase
utilized in the deposition process and seems to be critical to the development of layer-to-layer
intermolecular correlation in these multilayers as judged independently from observed
intermolecular correlations in the plane of the layers by non-resonance X-ray diffraction. The
resonance data will provide important structural information on the nature of the carboxyl end
group-metal atom interaction to possibly be supplemented by EXAFS data at a later date.

In addition, the new constant exit height monochromator was utilized to investigate the
energy dependence of the non-resonance meridional X-ray diffraction data from oriented
multilayers of sarcoplasmic reticulum membranes over the energy range of 4-9 KeV in
preparation for resonance diffraction experiments on Ca, Ba, and La on the ATPase high
affinity binding sites. The monochromator/vertically focusing Ni-mirror performed well
throughout this extended energy range. This necessary systematic investigation was
previously found to be difficult/impossible to perform with the "old" variable exit height
monochromator.

2) Resonance X-ray Diffraction Experiments were performed on 5-bilayer Langmuir-
Blodgett multilayers of arachidic acid with Ba (v.s. Sr) in various different bilayers of the
multilayer. Analysis of these meridional diffraction data will investigate the utility of
resonance diffraction for directly phasing such data and the structure of the barium carboxylate
moiety within the various different bilayers of 5-bilayer multilayers.

Resonance X-ray diffraction experiments were performed on thick, oriented
multilayers of sarcoplasmic reticulum membranes with La or Tb replacing Ca at mole ratios of
1:1, 4:1, 8:1 metal/ATPase. Analysis of these meridional diffraction data will investigate the
positions(s) of the high affinity calcium binding sites in the profile structure of the ATPase in
the membrane.

Supported by: NIH: HL18708 and GM33825 (Beam Line X9 is supported by NIH: RR01633)
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X9A

EXAFS STUDIES OF RIBONUCLEOTIDE REDUCTASE

Grant Bunker, Ke Zhang, Britton Chance (ISFS, Univ City Sci Center, PA),
Margareta Sahlin, Britt-Marie Sjoberg (Stockholm U., Sweden)

EXAFS spectra were obtained on 1.1 mM samples of the B2 subunit of E. coli
Ribonucleotide Reductase at sample temperatures of 70K and 200K, using the
National Biostructures PRT beamline X9A at NSLS. Data were also taken on
model compounds. Because of the recent controversy about the number of Fe
atoms per B2 subunit, the iron content in the samples was estimated from
the fluorescence edge step, calibrating with Fe solutions of known concen-
tration. The results yielded -2.7 Fe per B2 subunit, vrhich is consistent
with that determined by Fe titration monitored using the 410 nm tyrosine
radical optical absorption band. Analysis of the EXAFS data is in progress.

This work is funded by NIH grant GM-39612. The National Biostructures PRT
is supported by NIH RR-01633.
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X9A

REPORT ON X9A BEAM LINE UPGRADES
G. Bunker. G. Rosenbaum, J. Schug, M. Sullivan, S. Khalid (NBPRT-Univ. City Sci. Ctr., PA)

Beam line X9A has been substantially upgraded during the interval September 1988-1989. A new fixed
exit height monochromator was commissioned during this period, and the data collection program (XDC) was rewrit-
ten from the ground up to make it more flexible and extensible to other types of experiments (such as x-ray scatter-
ing, and various types of time resolved EXAFS). The hardware and software now are largely debugged, and for sev-
eral months PRT members and NSLS general users have been familiarizing themselves with the new setup and acquir-
ing useful data.

The monochromator is entirely new, of a novel design by Gerd Rosenbaum. The fixed exit height beam
presently is 150mm wide, and the design can accommodate up to 200mm long crystals to accept the full angular
divergence of the beam. To minimize noise due to floor vibrations, the monochromator is acoustically isolated on
an inertia base (i.e. a mechanical filter). The linkage, which preserves the parallelism between the crystals as the
bragg angle is changed, is sufficiently accurate that no feedback to the piezoelectric transducer is necessary.
Smooth, reproducible adjustments of the piezo voltage by the computer are all that is necessary to keep the crystals
in tune over a scan. A mirror is present after the monochromator to reject harmonics, and optionally to vertically
focus the beam to several tenths of a millimeter height.

Eight computer controlled motor channels have been constructed, which control the monochromator rotary
table and trolley, the four beam-defining aperture blades, and the sample x and z positions. The DC motors are
controlled by digital servo controllers (also developed by Gerd Rosenbaum) using encoders made from digital poten-
tiometers. DC motors are used for the monochromator because we have found that stepping motor pulses cause the
monochromator to ring, thereby introducing noise and requiring settling times of at least several tenths of a second.
The DC servo system is a big improvement in this respect.

Various improvements have also been made to the instrumentation for EXAFS. Two transmission ioniza-
tion chambers were constructed, optical rails aid carriers were purchased, and the V/F converters were integrated with
the transconductance amplifiers to minimize rpurious offsets and noise due to differences in electrical grounds inside
and outside the hutch. A four-channel signal display panel (which back-converts pulse frequency to voltage) was
also constructed. The PRT's VAX 11/730 computer was moved to BNL for data analysis by users, and some limited
biochemistry laboratory space and equipment are available near the beam line.

Like its predecessor, the new software (written by Jonathan Schug) uses a pull-down menu, event loop
driven interface analogous to that used by the Macintosh. Architecturally the EXAFS software XDC is totally differ-
ent from the original MMC program. The software is composed of a number of small programs that run as separate
tasks under the RSX operating system. The tasks ("tools") are logically grouped into functional units, called
"toolboxes", for specific types of experiments. For example there presently are toolboxes for garden variety EXAFS
experiments, x-ray scattering, and beamline. A central executive program (TBX) controls the creation of the tasks
according to an editable script file ("toolbox file") that is read on startup of the program. This file also contains de-
scriptive comments that are used by the context sensitive help system; the "code" is self-documenting.

The user interface provides pull-down menus, and a fill-in-the-blanks "forms guided" interface. One navi-
gates around the forms using the terminal's keypad or cursor keys. A command line interface of limited functionality
is also provided. Each parameter field in a form can be individually protected against modification (there are 4 pro-
tection levels). For example, all users are able to change the monochromator energy, but only the beam line opera-
tor can change the crystal 2d-spacing. A password is required to set the user's privilege to the higher levels.
Context sensitive help is supported for fields within a form and menu items. Range and data type checking are done
within the form; other errors are detected by the tasks actually doing the work. Operating system commands can be
executed without leaving the program. To create or modify a form, a template is created in a text editor, which is
then put into suitable format with the form-compiler. This flexible system makes it possible to change the menu
structure and forms without recompiling or relinking.

Nearly all beamline and experiment control parameters are editable (with sufficiently high privilege),
making it easy to change CAMAC addresses, motor parameters, etc. Up to 56 channels of data acquisition (pulse in-
put) + 8 A/D channels + 5 timer channels (puke input) are supported, as is computer and manual control of motors in
either millimeters or steps. Fast low-level CAMAC routines were written, permitting event timing to better than 1
millisecond (5% error) when polling sealers, and to better than 100 microsecond using the digital I/O lines.. The
output data files are structured so as to group together related scans along with documentation. The data format can
accommodate scans of any dimensionality (e.g. 2D for a beam profile). The files are binary to save space and I/O
time; a utility to convert to ASCII is provided. Other utilities include a find-beam-center utility, ratemeter (which
presents a real-time scrolling histogram of sealer counts or ratios of sealer counts), and beam profiling utility (i.e.
intensity vs horizontal and vertical position).

Supported by MH-RR01633
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X9A
COENZYME B-12/PROTEIN REACTIONS AND INTERACTION
M. Chance (Georgetown Univ., Washington, DC)

Our synchrotron research focuses on the understanding of the mechanism of activation
of the organometallic cobalt-carbon bond in co-enzyme B-12 catalysis. This bond is the only
known active organometallic in biology and for many of the known co-enzyme B-12
reactions it splits homolytically, reducing the cobalt(III) ion to cobalt(II) and generating a
carbon radical. Transfer of this radical to substrate then follows and the carbon skeleton
rearranges converting reactants to products. The isolated co-enzyme (Fig. 1) is quite stable to
spontaneous dissociation (-clO'TV1) so that a key feature of the enzyme's mechanistic role is
to destabilize this bond. Turnover rates for B-12 reactions an on the order of 102s'1, so that
the activation of the Co-C bond is on the order of 10^, typical of enzyme induced
accelerations.

Several questions relating to the Co-C bond activation are addressed by our experiments
at the NSLS Beam Line X9A. First, what are the structural changes at the cobalt ion upon
homolytic cleavage. The structure of the Co(II) product is presumed to be 5-coordinate based
on the electronic spectra and the solved crystal structure of a dimeric Co(II) complex related
to B-12. We are currently analyzing the structure of Co(II) B-12, generated by photolysis of
the Co-C bond and chemical reduction of Co(III) species, from EXAFS data collected at X9A.
Changes in the Co-ligand distances compared to the co-enzyme form, especially a reduction
in the very long (2.24 A) distance from cobalt to the dimethyl-benzimidazole ligand in the
fifth coordination position, are expected. Analysis of high resolution edge data for several B-
12 compounds compared to cobalt models may establish the geometry of the Co(II) form. It
has been suggested that the Co ion, which is close to the mean plane of the equatorial
nitrogens for the co-enzyme form, may move away from carbon towards the fifth ligand
when the bond breaks. Our structural analysis may provide support for such a mechanism of
Co-C cleavage.

Experiments in the very near future will probe the relationship of steric strain at the
sixth coordination position and Co-C bond stability. Increasing the steric strain at the Co-C
bond by increasing the substitution of the carbon atom destabilizes the bond significantly.
We intend to determine if this correlates with an increasing Co-C distance. For next year, we
intend to determine the structural changes in B-12 upon binding to one of its mammalian
transport proteins as the next step in our goal of determining the mechanism of co-enzyme B-
12 catalysis by examining the structures of enzyme intermediates.

''"" Adenosyl cobalamin

Fig. 1

SUPPORTED BY: Georgetown U. Beam Line X9A is supported by NIH:RR01633.
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PERFORMANCE STUDIES OF TOE 13-ELEMENT GB-DEIECTOR X9
•+Brittoxi Chance ,*Syed Khalid (*UnIv. City Sci. Ctr..Phlla.. PA; +Unlv. of PA. Phila.. PA)

INTRODUCTION
In a reasonably rapid series of tests, the Ge detector has been increased in its data output

capacity, 1) from a few to 13 channels of data acquisition, 2) from the sample signal to 7
channels of reference material sample, and 3) to an exhaustive series of tests leading to
confirmed and reliable operation at submillimolar concentrations of iron, particularly, Mb at
0.8 mM.
TECHNICAL INOVATIONS

Setting of the energy levels. A routine has been worked out by which the energy levels for
the sample and for the reference are readily detected, the window width selected and
optimization acheived. It should noted that this optimization must be done on the same output
point of the amplifier as is fed into the computer. Generally, three volts of signal was selected
with windows varying from 015-030 volts.
REFERENCE MATERIAL

In initial studies the Mn signal from the Mn filter was employed, however, this is not
geometrically coincident with the sample. An improvement was sought by mixing the sample
with a lower Z material; either Cr or Ti are suitable fo studying Fe filtered by Mn. We chose Ti
and were readily able to window the Ti and obtain count rates at least twice those of Fe so that
the contribution of the reference to the noise (sq. root of the sum of the sq.) would not be
significant.
RESULTS

A number of scans using Mn and Ti as reference showed Ti to be superior. In fact, when Ti
was used, the Mn filter was sometimes omitted, giving 4x the count rate. Ti signal is attenuated
significantly, presumably by the thick Be window. It is proposed to use Cr in the next study
and, maybe, remove the thick window leaving the thin window.

In at least one instance it was noted that a very large and slow "glitch" appeared in the higher
eV EXAFS of Fe when using the ionlzation detector as reference, uniform signals were observed
at higher energies when using the internal Ti reference (see Fig. below).
COUNT RATE PROBLEM

The count rate problem seems to have evaporated, 30 or 40 K total counts of which 3 to 4 K
per channel are obtained seems usual. It seems thatroutine of an internal reference within the
sample will solve problems with detector linearity of pathways of excitation for the reference
that differ from those of the sample, etc.

HRET, SKtl- 5 1RXTK

Fig.
A

0.

0.

0.

0.

0.

0

0

o

zoo

ITS

ISO

125

100

013

oso

025

HrW.1. SKEY-
4BTIGC.0OI

C9OO 1000

i PSrst
uS K-t datai

ft

|\r—^

7100 7200

chanr

1300

~ \ ~

74D0

9/34

" ^ — < - ^

1900

•*•—! *• ^.

«300 7000 1300 TSOO 7700

XAFS data of 1 mM Met Mb -Data detected by Ge-detector: (a) When using ionization chamber
for reference, (b) when using internal Ti reference.

Supported by NIH RR-01633, RR-03990
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X9A

STRUCTURAL CHARACTERIZATION OF GALACTOSE OXIDASE

K.G. Clark, R. Fronko, S. Wang (U. of Mich.), J.D. Whittaker, M.M. Whittaker
(Carnegie-Mellon U.), J.E. Penner-Hahn (U. of Mich.)

Galactose oxidase is a secretory enzyme isolated from D.dendroides and
is responsible for the oxidation of primary alcohols to aldehydes and corre-
sponding reduction of molecular oxygen to hydrogen peroxide.[1] Containing
only a single copper atom in the absence of any additional metal ions,
Galactose oxidase is unusual in its ability to catalyze a two electron redox
reaction at a mononuclear active site.[2] There are currently two proposals
regarding the structural basis of this uncommon reactivity. The first in-
volves a two electron redox couple (Cu+3 + 2e- <-> Cu+1) , accounting for both
the two-electron reactivity and the loss of ESR signal upon redox activation
of 'as isolated1 enzyme with ferricyanide.[3] The second puts forth evi-
dence for an antiferromagnetically coupled Cu+2/radical active form of the
enzyme, including similar optical absorption features for azide complexes of
both inactive (Cu+2) and active forms of the protein. These features occur
in the expected region of ligand-to-metal charge transfer; their similarity
suggests a corresponding similarity in oxidation states.[4]

The mechanism of catalysis remains elusive due to sample heterogeneity
of the 'as isolated' enzyme. Recent advances involving mild reduc-
tion/oxidation techniques have made available homogeneous modifications of a
reductively inactive, a oxidatively active, and an active + substrate form
of Galactose oxidase.[4] Studies of the characteristic copper edge regions
of x-ray absorption spectra of each enzyme modification currently allow us
to identify the oxidation state of the metal ion for each form.

The active and inactive forms had virtually identical edge regions.
Upon comparison to model compounds, it was determined that these edges
reflect Cu+2 and NOT Cu+3. This demonstrates that oxidative activation does
NOT involve metal centered oxidation. The edge structure for the active
form with substrate is illustrative of Cu+1 complexes., with a distinctive
ls-> 4p edge feature commonly observed for Cu+1.[5]

^ressel, P.S., Kosman, DJ. (1982) Methods Emymol. 89, 163-171
2Euinger, M.J., Kosman, D.J. (1982) Copper Proteins (Spiro, T. G., ed) pp. 219-261, Wiley Interscience, N Y
3Hamilton, G. A., Adolf, P.K., de Jersey, J., Dubois, G.C., Dyrkacz, G. R., Libby, R.D., (1978) /. Am. Chem.
Soc. 100, 1899
4Whittaker, J.W., Whittaker, M.M. (1987) / . Biol. Chem. 263, 6074-6080
5Kau, L. S., Spira-Solomon, D.J., Penner-Hahn, J.E., Hodgson, K.O., Solomon, E.I. (1987) JAm. Chem. Soc.

This work was suppor t ed by t h e NIH (GM 38047 t o J . E . P . H . ) , NSF (VMG 8717058
t o J .D .W. ) . NSLS Beam Line X9 i s suppor ted th rough NIH:RR01633.

319



X9A

RESONANCE X-RAY DIFFRACTION STUDIES OF ULTRATHIN LANGMUIR-BLODGETT MULTI-
LAYER FILMS

R. Fischetti, S. Xu and J. K. Blasie (Dept. of Chem., Univ. of Pa., PA)

Previously, nonresonance x-ray diffraction has been utilized to de-
termine the profile structure (of each individual monolayer) and the degree
of layer-to-layer intermolecular correlations for ultrathin Langmuir-Blod-
gett multilayers composed of five bilayers of arachidic acid fabricated on
alkylated substrates as a function of the pH of the buffered BaCl2 subphase.
In April, 1989, resonance x-ray diffraction effects from the Ba atoms in
these multilayers on the meridional diffraction data were collected on beam-
line X9-A. Analysis of these data to provide the positions of the Ba atoms
within the profile structures of those multilayers i3 in progress.

Supported by NIH:GM33525. Beam Line X9 supported by NIH:RR01633
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X9

EXAFS STUDIES OF FE-MULTILAYERS

C.L. Foiles, C. Fierz, H.-K. Sung (Michigan State U.), T.I. Morrison and
Heather Chen (Illinois Institute of Technology)

We have begun an investigation of the EXAFS behavior of ultrathin Fe

layers incorporated into multilayer and superlattice systems. The Fe layer

thickness range from approximately 6.3 A to greater than 50 A. Although

this investigation is still in its initial stages, results for the

superlattice system Fe-V illustrate the goal and potential of these studies.

Electron diffraction data suggest the two elements have different lattice

parameters for 50 A layers and a common lattice parameter for layers of

less than 20 8. EXAFS data for Fe in Fe-V are clearly different. The data

for 50 X Fe layers are identical to bulk Fe. Data for 6.3 8 Fe layers

(total Fe thickness is about 250 A) produces a Fourier transform with a

split second peak and a shifted third peak. Interpretation of these

is in progress.

Supported by MSU-Center for Fundamental Materials Research and
Research Corporation. Biostructures PRT supported by NIH RR-01633.
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X-9
EXAFS Studies of Ni Tetraazamacrocycles and their CO Adducts
Lars R. Furenlid, Mark W. Renner, and Etsuko Fujita

Department of Applied Science and Chemistry Department, Brookhaven National Laboratory,

Upton, New York 11973

F430 is a nickel(II) hydrocorphin and the prosthetic group of methyl coenzyme M
reductase. It catalyzes the reductive cleavage of S-methyl coenzyme M to coenzyme M and
methane in the final step of the reduction of carbon dioxide to methane. As models1 of F430,
and as an extension of previous work on carbon dioxide activation by cobalt(I) macrocycles,2

we studied the EXAFS of Ni(II), Ni(I), Ni(I)-CO complexes of Li and L2 in CH3CN to
characterize the structural differences as a function of oxidation state and axial ligation of the
metal in solution.

Li Lz
Analysis1-3 of EXAFS data on square planar, low spin Ni(IttLi2+ and Ni(II)L22+

complexes in CH3CN gives average Ni-N distances of 1.93 and 1.94 A, respectively, which
are slightly longer than those obtained from single crystal X-ray diffraction data. Analysis of
EXAFS data on the reduced species, Ni(I)T.i and Ni(I)L2, yields two kinds of Ni-N distances
(1.94 and 2.06 A for NiLi+, 1.93 and 2.08 A for NiL,2+ ). The longer distances and greater
distortion in the macrocycle core of the reduced complexes are consistent with the EXAFS
results on the corresponding isobacteriochlorin.l EXAFS data on CO adducts clearly indicate
that these are five coordinate complexes with a short Ni-C bond (1.80 A for NiLi, 1.78 A for
NiL2). Both Ni-N(imine) and Ni-N(amine) distances in the CO adducts increase quite
dramatically (2.02 and 2.19 A for NiLi, 2.01 and 2.16 A for NiL2) compared to those in free
NiLi+ and NiL2+. A recent X-ray result4 for [Co(I)Li-CO]+ shows that the complex has
square pyramidal geometry with bond distances similar to those in the nickel systems. (Co-N
2.075 and 2.158, Co-C 1.797 A ; the Co atom lies 0.57 A out of the plane of the four
coordinating nitrogens.)
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X9-A

Electrolyte-Metal Interfaces (EXAFS Studies of Electrochemically
Controlled Metal Monolayer Adsorption)

T. E. Furtak, T. M. Hayes, and P. G. Samanta
Physics Department, Colorado School of Mines, Golden, CO 80401

The object of this program is to determine the environment of
a foreign metal monolayer on a metal electrode while the sample
is under electrochemical control. We have used grazing inci-
dence excitation of the Cu K-edge for a Cu layer on polycrystal-
line Pt, detecting the absorption through the Cu fluorescence
normal to the surface. Our experimental design is based upon
a large sample (2cm x 25cm) of Pt (100nm thick) on float glass.
This is mounted in a Teflon sample chamber with a Kapton window
which can be "inflated" with the aqueous electrolyte or deflated
so as to press the window against the sample electrode. The
liquid is pumped to the sample chamber through an external sys-
tem. Cu is deposited from the electrolyte (0.5 M H^SO. +
0.2 mM Cu , nitrogen purged) through control of the cell poten-
tial at the "underpotential" condition. This is the potential
at which one monolayer is
more strongly bound than Cu M L on Pt, in situ
multilayers [1]. The
entire chamber sits on a
tilt stage with the x-ray
incident angle at 8mrad.
Fluorescence is detected
with a custom ion cham-
ber fitted with Ni filters
and Soller slits. Raw
data of the near edge
are shown here. These
were recorded at 1 sec
per point, 2 eV per
point, 100 points per
scan. These are the
results of one scan each.

The data are similar to
those for Cu on Au [2 ].

CO

8.94 8.98 9.02
Energy (KeV)
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EXAFS SPECTROSCOPY OF ELECTROCHEMICALLY GENERATED SPECIES
D. Igo, W. Heineman, R. Elder, Deptartment of Chemistry
University of Cincinnati, Cincinnati, Ohio 45221-0172

The ability to perform EXAFS spectroscopy with samples under
potential control provides a means to maintain metal centers in
well defined oxidation states in spite of the highly reducing
environment generated by secondary electrons produced by the X-
ray beam, chance has shown that proteins may be preserved by the
addition of cystamine but that the metal sites are not protected.
We are investigating the ability of potential control to maintain
oxidation state in a variety of matrices.

Recent investigations involved the use of a polymer
electrolyte, poly(dimethyldiallylammonium chloride), as the
supporting medium for the EXAFS spectroelectrochemical
experiment. The polymer matrix serves as both a physical
support, for holding the complex, Cu1'** (2,9-dimethyl-4,7-
diphenyl-1,10-phenanthroline disulfonic acid)2

3"' , in the X-ray
beam, while also providing the ionic-conductivity needed for the
complex to be electrochemically converted from the Cu* to the
Cu . This is done via a constant humidity electrochemical cell,
(Figure 1) . The preliminary experiments verified the complete
conversion from the Cu1 complex to the Cu** species.

Sat'd KNO 3 Pt Aux.

Ag Ref.

Au Work.
Mylar

/
Mylar

Figure 1: Constant humidity, polymer electrolyte
spectrochemical cell.

Supported by RR-01633 (NBPRT Beam Line X9) and GM35404
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IMPROVEMENT OF SIGNAL-TO-NOISE RATIO USING THE GE-DETECTOR X9

*Syed Khalld , *+Britton Chance . +Mao-Zhu Zhang

•University City Science Center.Philadelphla. PA

••"University of Pennsylvania, Philadelphia. PA

The 13-element Ge-detector was used for the reference and sample signal both
coming out of the sample and the filter. Initially the tests were performed on an Fe sample
with Mn fluorescence of the filters as the reference sample. The Mn and Fe fluorescence
were close to each other and not well resolved. Therefore the windows at the Single Channel
Analyzer were kept narrow. This did not cause any overlap, however, the signal photons
were reduced in number.

To separate the reference from the sample, we mixed Ti C with a myoglobin sample
and used a Ti fluorescence signal as the reference. This separated the two signals and
afforded the opportunity of openin. g the windows to their maximum limit. The statistics of
the signal and the reference photons was improved. The MCA picture displays the large
scattering peak A1, the Ki fluorescence peak 'B' for Fe and the K2 fluorescence peak C for
Titanium.

Supported by: NIH through RR-01633 and RR-03990
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WHITE X-RAY BEAM POSITION FLUCTUATIONS AT X9B

S. Khalid, B. Chance, M.-Z. Zhang, G. Quaglia (Univ City Sci Center PA &
Synchrotronics, PA)

The monochromatic X-ray beam position fluctuations at Beam Line X9A
were observed on several occasions over the period of the past three years.
We found beam fluctuations of ±100 \i. This was limited with the Pick Up
Electrodes (PUEs) mounted in the electron beam tunnel at NSLS. With the use
of feedback systems, we were able to keep the sample with ±15 \l of the beam.
However, the noise was measured after the optical elements (monochromator
and the mirror) of the beam line. These elements could be a source of
additional noise, therefore, we measured the noise characteristics of the
white beam of X9B at a distance of about 9 m from the source.

The X9B hutch was partitioned. The upstream of the hutch was used for
sample damage, and the downstream for monitoring beam position. A ZnS(Ag)
phosphor coated stainless steel reed was used as a probe and the vertical
track voltage output was recorded. The reed's sensitivity was about 130 mV
for 100 |i. movement. Position fluctuations of ±30 |X were observed between
3:00 a.m. and 7:00 a.m. on June 29, 1989. Also during this 4 hour period,
the beam moved downward by about 600 |i.

Beam Movement on 29 June 1989

TIME OF DAY (A.M.)

Supported by: NIH:RR01633 and SBIR:CA41787
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X9A
X-RAY ABSORPTION STUDIES ON CARDIAC CYTOCHROME cl
Chong Kim (RPI, Troy, NY), Grant Bunker (Univ. City Sci. Ctr., PA)

X-ray absorption spectroscopic (XAS) studies on the structure of the
heme site in various forms of cardiac cytochrome ci are conducted. The pri-
mary objectives of this project are to determine the effect of the hinge
protein on the structure of the heme sites of the cytochrome £1 and to un-
derstand what environmental, structural and electronic charges in the heme
sites of these cytochromes are associated with the electron transfer pro-
cess . The unique feature of this system is that allosteric control of func-
tion by the hinge protein is exercised and the structural features of this
control are of great interest, since the hinge protein may facilitate the
interaction of cytochrome £ with the bs.i complex.

X-ray absorption experiments were initially performed at room tempera-
ture. Fluorescence XAS spectra were measured in the front face fluorescence
mode with a Stern-Heald type ionization chamber with a MnO2 filter and
Soller slits for suppression of elastically scattered background radiation.
Silicon 111 monochromator crystals were used.

A comparison of XAS data of highly purified "one band" £1 (cytochrome
c_l without the hinge protein) and "two band" £1 (cytochrome £1 bound to the
hinge protein) demonstrates that the hinge protein exerts a rather pro-
nounced effect on the heme environment of the cytochrome £.1. The spectrum
of the cytochrome £4 is quite similar to that of corresponding redox state
of cytochrome £.. In contrast, the spectra of two band £j is strikingly
different from those of cytochrome c and one band £.1. The EXAFS spectra and
corresponding Fourier transforms of cytochrome £ and one band £1 can be su-
perimposed. The first shell Fourier transform peaks of two band cytochrome
c_l and cytochrome c_ are very similar in modulus and phase, but the second
shell transform peak of two band £1 is significantly different from that of
cytochrome £. being about 90° out of phase on average and the amplitude of
the corresponding peak of two band £1 is slightly larger than that of cy-
tochrome £. It is conceivable that either the second or third coordination
shell environments of the heme in cytochrome £1 may change when the hinge
protein is bound to cytochrome £1. We have reported these XAS results with
a possible explanation for the correlation with the observed function of the
hinge protein in the interaction between cytochrome £x and cytochrome c
(Biochemistry, 1989, 2SL, 1439) .

To substantiate our current hypothesis and, further to characterize
the structural changes induced cytochrome £1, we have also performed XAS ex-
periments at liquid nitrogen temperature. The detailed analysis of these
data would provide more information on the average shell distances, coordi-
nation numbers, and Debye-Waller factors in cytochrome £1, and further clar-
ify the effect of the hinge protein on the heme environment of the cy-
tochrome £1. The collected data are currently under analysis.

Supported by a grant from the American Heart Association (861254), and NIH
through GM-39612 and a grant to the National Biostructures PRT for Beam Line
X9, RR-01633.
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Commissioning Tests and Initial Observations of NSLS Beamline X9A, January 5-8 1989

Andrew Kolodziej1, Thanos Sinafoglu*, W. H. Orme-Johnson1, and S. Khalid^
1 Department of Chemistry, M.I.T., Cambridge, MA 02139
2LS.F.S.

Prior to the NSLS shutdown, our experience with XAFS measurements on X9A had
been less than satisfactory: samples of Ni enzymes had less than 1/2 the S/N observed on
the same samples in the 8.6 KeV region at CHESS, using our cryostat and Lytle detector
in both cases. After detailed consultation with G. Bunker and G. Rosenbaum, we
examined the post-shutdown performance of X9A, with very satisfactory results. The
configuration was an IQ proportional counter, 2mm x 20mm sample in a -60<>C cryostat at
45° to the beam, soler slits, and a Lytle detector viewing the sample at 90° to the beam.
We examined standard samples (100 mM Nickel octaethyl porphrin, 3 mM NiCI and 0.5
mM NiCI) and tested for linearity of detector response by blocking 70% of the X-rays
entering the cryostat with an Al foil attenuator between the IQ detector and the front
window of the sample compartment. l(/l0 plots scaled to identical shapes regardless of
concentration or the presence of the attenuator. The improvements that made this
performance possible include stabilization of beam position by NSLS, checked by us
periodically with photographs at the sample positions, the use of a quadratic
monochromator correction program that tracked the piezzoelectric elements to keep the
device at the top of the rocking curve (maximal flux and maximal harmonic rejection) and
the use of a Ni focussing mirror. The Io correction and harmonic rejection were excellent
and after tests with and without the mirror, careful calibration of the monochromator
correction, use of the Ni focussing mirror, as well as careful alignment of the beam slits,
we found that with NSLS operating at 50-150 ma at 2.5 GeV, we now see S/N on the
order of 2X larger than found at CHESS previously, on dilute samples (<lmM) of the
nickel proteins hydrogenase and carbon monoxide dehydrogenase. In fact, very dilute
samples which before the shutdown had not even displayed an edge jump (but which
yielded satisfactory data at CHESS), now give good quality spectra. These results
encourage us to regard NSLS X9A as being very satisfactory for our research on
nitrogen fixation, methanogenesis, and steroid hydroxylase enzymes. Additionally, we
were able to begin experiments with the 13 element Ge diode array and we are encouraged
that separation of compton and EXAFS on frozen aqueous samples make possible the use
of freeze-quench techniques to collect kinetic data on electron transfer between the Fe
protein and MoFe protein components of nitrogenase, as well as the catalytic performance
of Ni and Fe in hydrogenase and carbon monoxide dehydrogenase.

Supported by N.S.F. and N.I.H. (The NBPRT Beam Line X9: NIH-KR01633)
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POLARIZED X-RAY ABSORPTION STUDIES OF HEME MODEL COMPLEXES

•Richard Korszun. +G. Bunker, +K. Zhang, ®W.R Scheldt

•Univ. of Wisc.-Parkside, WI;+Unlv. City Sci. Ctr., PA;®Notre Dame, IN

Polarized EXAFS and XANES studies on single crystals of several heme enzymes and

model compounds will be performed. The heme enzymes include resting and camphor-bound

cytochrome )-450 from Ps. putida, and the resting form of yeast cytochrome c peroxldase as

well as its cyanide adduct and enzyme-substrate complex, these heme enzymes catalyze a

diverse series of reactions. Cytochrome c peroxidase catalyzes the breakdown of organic

peroxidases and exhibits catalytic intermediates which are similar In structure and function

to catalase and horse radish peroxldase. The cytochromes P-459 catalyze a mixed function

bond-breaking of hydrocarbons by cleaving molecular oxygen, this class of enzymes is

characterized by a diverse selectivity of substrates and cytochromes P-450 are found in

regulatory, oncongenic, and toxologlcal systems. Both the peroxldase and cytochrome P-450

share stereochemical aspects of their catalytic mechanisms and they are similar In certain

respects to mitochondrial cytochrome oxidase. A polarized EXAFS study of these enzymes will

complement X-ray crystallographic and solution EXAFS studies by providing highly accurate

heme In-plane and axial geometries of the catalytic intermediates which are stable in the

crystal.

In addition, the measurement of polarized XANES spectra on these enzymes and

models coupled with X-Alpha Scattered Wave molecular orbit calculations will provide a

description of the electronic basis for catalysis by these enzymes.

Finally, the polarized EXAFS and XANES experiments on the model compounds and

enzymes will provide a detailed stereochemical description of the heme second and third

nearest neighbors.

Supported by: NIH-GM41822 (Beam Line X9A is supported by NIH:-RR01633)
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X-RAY ABSORPTION SPECTROSCOPIC INVESTIGATIONS OF METALLOENZYMES
M. J. Maroney, G. J. Colpas, M. Kumar, U. of Massachusetts at Amherst

Beam line X9

Our work involving structural investigations of transition metal sites in
metalloproteins using XAS spectroscopic techniques continues. During the past year we have
completed a study of Ni k-edge structure aimed at providing information regarding the
possible geometries of Ni sites in hydrogenases and carbon monoxide dehydrogenases. Spectra
obtained on Ni(II) complexes of high local symmetry reveal several features on the Ni k-edge
that are good indicators of geometry (M. K. Eidsness et al. in "The Bioinorganic Chemistry of
Nickel," Lancaster, J. R., Jr. ed., VCH Publishers, New Yorkl988). These studies reveal the
presence of Is --> 4pz transitions (plus shakedown contributions) for tetragonal geometries
lacking one or more axial ligands. All geometries exhibit Is --> 3d transitions, which obey
electronic selection rules and were therefore stronger in tetrahedral geometries and weak in
centrosymmetric complexes. We have extended these studies to include over 30 complexes of
mixed O,N, and S ligation in tetrahedral, planar, pyramidal, trigonal bipyramidal, and
octahedral idealized geometries and including several isoleptic Ni(II) and Ni(III) complexes.
These studies reveal that the area of the Is »> 3d transition plus the presence or absence of a
Is —> 4pz feature provides a good indicator of coordination number and idealized geometry
even in low symmetry complexes. As expected, the two five coordinate geometries (pyramidal
and trigonal bipyramidal) are distinguished by the presence or absence of a Is --> 4pz feature,
as are planar 4-coordinate and 6-coordinate complexes. The isoleptic Ni(II/III) complexes
demonstrate that the same geometry-sensitive features are present on Ni(HI) edges, although
they are generally broader and the Is --> 3d transitions are larger in area than for the
corresponding Ni(II) complexes. The shifts in edge energy that occur for the Ni(II/III) pairs
are in general small and often less than the resolution of the Si (111) monochromator on X9.
This suggests that most Ni(III) complexes (particularly those with S-donor ligands) are highly
covalent compounds that do not differ significantly in the electron density on Ni from their
Ni(II) analogs. Preliminary investigations of the Ni center in the "as isolated" form of the
hydrogenase from Thiocapsa roseopersicina support either 6-coordinate or trigonal
bipyramidal geometries.

Additional studies investigating
geometry changes in various forms of
the hydrogenase are underway in order
to gain mechanistic insights into how
the Ni center participates in the
reversible oxidation of H2.
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METAL CLUSTER ACTIVE SITES IN PROTEINS X9

L. Que. A True

Univ. of Minn.

Experiments performed 9/88. To study the structure and reactivity of binuclear Iron

centers in proteins, EXAFS experiments were performed on two proteins: methemerythrin

and an iron-zinc uteroferrin, where one iron atom in the diiron site has been replaced by a

zinc atom. Both the iron and the zinc edge data were examined in the uteroferrin. To

determine the proper phase and amplitude parameters used in the fitting of the data. EXAFS

data were collected on several compounds of known structure including

monoaquobisacetylacetonato zinc, zinc acetate digydrate, tetraimidazolezinc(II)

perchlorate. zinc dimethyidthiocarbamate, zinc diethyidithiocarbamate, hexaimidazole

zinc(II) dichloride and [FeZn(BPMP)(OAc)HB(Ph4)], CH3CN.

Experiments performed 12/88. We concentrated on studying the active site of

carboxylato-bridge diferrous proteins to determine how changes in the Iron environment of

these proteins affect their catalytic function. EXAFS experiments were performed on

deoxyhemerythrin and the differous forms of methane monooxygenase and ribonucleotide

reductase. EXAFS experiments were further used to probe the structure of a model

compound of bridged diferric proteins, Fe2(HPTB)(Me2)(NC>3)5, and to study the changes in

the iron environment when hydrogen peroxide is complexed with this compound.

Metal Cluster Active Sites in Proteins

L. Que, A True, T. Elgren (Univ. of MN)

The u-oxo bridged di-iron site has emerged as an important structural motif in many

enzymes including hemerythrin (Hr), methane mono-oxygenase (MMO), the B2 subunit of

ribonucleotide reductase (RRB2), and uteroferrin (UF). Recently this binuclear iron site has

been modeled using a tetradentate ligand, TPA, which fills four ligand positions on each iron

and allows for two bridging ligands between the irons. One of these bridges is a u-oxo bridge

while the nature of the other bridge is varied to see how the Fe-O-Fe angle, the Fe-Fe distance

and the Fe-N distances are effected. It is hoped that these results may to interpret the changes in

structure of the previously mentioned proteins.
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X9A
DYNAMIC STRUCTURES AND MULTIPLE REACTION PATHWAYS IN MYOGLOBIN
K. S. Reddy, K. Zhang, B. Chance (Univ. City Sci. Ctr., PA; Univ. of PA,. PA )

Flash photolysis simulates the physiological function of heme proteins with axial ligands like O2 , CO, NO.
Our continuous efforts on understanding these reactions using low temperature optical spectroscopy, in combination
with x-ray absorption fine structure vEXAFS) and electron spin resonance spectroscopy techniques are revealing new
information about their Structure - Function relationship (1- 3). Our initial EXAFS studies on the reaction MbCO "*
Mb* + CO -* MbCO indicated that at low temperatures (<10K) the photo product (Mb*) has significantly different
structure than that of chemically prepared deoxymyoglobin. Our group also suggested the ligand movement in the
heme pocket for the photoproduct generated at temperatures >40K. Here we report our recent experimental results on
relaxation process in photoproduct using light and temperature perturbation techniques at temperatures <70K. And
using EXAFS and XANES spectroscopy techniques, we also report the possible effect of room temperature protein
fluctuations on heme structure when it is frozen below glass transition temperature.
PROTEIN FLUCTUATIONS & NONEXPONENTIAL KINETICS.

Using optical spectroscopy the Illinois group initially studied the rebinding kinetics of reaction (/ ) , from 4K
to room temperature and in lime scales of 10"" sec to 10^ sec. Frauenfelder et al. (4) quickly realized that classical
kinetics is severely limited by its inability in estimating the rate constants and understanding the reaction dynamics
at temperatures below 180K. The nonexponential behavior was explained as heme protein having many different
conformational substates with different activation enthalpies. In other words, the system that has single rate
constant at room temperature becomes non-identical at low temperature (<180K), at least to the extent of spreading
rale constants that differ in many orders of magnitude. The nonexponential decay certainly argues for distribution of
rates but does not indicate the molecular and electronic origin of this distribution. Also the results could be
explained by other models. Frauenfelder el al. come to the conclusion of distribution of rate constants by fitting the
kinetic data to enthalpy spectrum assuming the reaction having single path. The above assumption is true only
when photoproduct is same as deoxyMb and the intramolecular relaxation is absent in the photoproduct. It is
important to note that our EXAFS experiments conclusively shown the presence of unrelaxed heme, and kinetics
indicated the relaxation of heme after photolysis. The perturbation kinetics (2,3) using light & temperature jump,
and already reported results on optical pumping method indicates, the origin of complexity in the kinetics is not
only due to frozen conformational substates but the system acquires it during the photolysis and subsequent
recombination - relaxation process. It is possible that the relaxation process depends on the type of ligand present
in the he ne pocket.
UNDER31 ADDING HEME DISORDER USING EXAFS.

Protein structure is a very demanding form of engineering involving one level of structure within another in a
perfectly organized fashion. Lumry, Eyring, and Cooper & Perutz (5) and others stressed the importance of
fluctuation in enzyme catalysis and protein reactions. Frauenfelder et al.. in 1979 presented a tentative picture of
fluctuating myoglobin with the aid of Debye-Waller factors from x-ray diffraction study on meimyoglobin crystal.
EXAFS inherently being short range probe technique (-5A) , and being more sensitive than x-ray diffraction, in
principle, it is capable of providing better information about the disorder around the metal atom (6). Using EXAFS
we h°.ve estimated the dynamic disorder in five-coordinated and six-coordinated myoglobins. Preliminary analysis
indicated that heme group in deoxy Mb is more labile than the MbCO, MetMb, and MbNO.
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X9A

VANADATE INHIBITION OF 3-PHOSPHOGLYCERATE KINASE

G. Reed (Univ. of Wisconsin), G. Rosenbaum (Univ. City Sci. Ctr., PA)

EXAFS experiments on the inhibition mechanism of 3-phosphoglycerate
kinase by vanadate have been continued. Date for reference structures
(MnATP, MnADP, MnEDTA and V2O5) have been recorded with sufficient quality
at this beam line and at CHESS. Data of the enzyme recorded earlier at this
beam line were not of sufficient quality.

The experiment has been continued when the new 13-element Ge-detector
became available (courtesy of Dr. B. Chance). Mn-EXAFS data of the MnATP-
enzyme complex and V-EXAFS data of the Vanadate-enzyme complex have been
recorded in good quality. Further studies are needed to record the Mn- and
the V-absorption spectra of the MnATP-enzyme-vanadate complex.
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CONSTANT EXIT HEIGHT DOUBLE CRYSTAL MONOCHROMATOR WITH HIGH PRECISION
ANGULAR TRACKING

Gerd Rosenbaum, Jonathan Schug, Michael Sullivan (ISFS, Univ. City Sci.
Ctr., PA), Larry Rock (Automation Associates, NJ)

A novel high precision linkage has been developed for the angular
tracking between the axes of a double crystal monochromator with constant
exit height. The monochromator operates without any feedback scheme over
the entire Bragg-angle range of 10 to 71 degrees. The monochromator is sup-
ported by a low frequency vibration isolation system.

We have separated the extremely precise angular tracking from the less
precise positioning for constant exit height. The angular linkage is a dou-
ble parallelogram using backlash-free and friction-free flexural pivots.
The first crystal is mounted on a precision rotary table. The shaft of the
second crystal stage is supported by a trolley and can freely rotate. The
linkage provides only for the exact angle of the second crystal but does not
support any weight of the crystal stage and freely follows the trolley.
This design allows for a heavy weight second crystal stage, e.g., for sagit-
tal focusing. The stationary first axis offers efficient in-vacuum cooling
of the crystal and the convenience of a direct and linear Bragg-angle con-
trol.

The tracking error for small energy steps is less than 1 arcsec. It
is less than 6 arcsec over the range of a typical EXAFS-scan and about 30
arcsec from 4 keV to 11.4 keV. The repeatability is better than 0.2 arcsec.
A polynomial fit to the measured tracking error is used for automatic com-
pensation. Despite its high accuracy the linkage does not require any high
precision machining.

The vibration isolation base consists of a 2,500 lb. inertia plate
mounted on springs. The low resonant frequency of about 2.5 Hz is not pre-
sent in the X-ray output. The low frequency noise in the X-ray flux is
greatly reduced. An electronic tilt sensor is used to check levelness of
the inertia base within fractions of an arcsec.

Work supported by grant RR-01633, DRR, NIH.
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DEVELOPMENT AND CONSTRUCTION OF A BENDING STAGE FOR SAGITTAL FOCUSING

G. Rosenbaum, R. Fischetti, M. Sullivan (Univ. City Sci. Ctr., PA), L. Rock
(L. Rock Assoc./ NJ)

A very compact bending stage for a sagittally focusing crystal has
been constructed. The stage fits onto the trolley which positions the sec-
ond crystal in the new constant exit height monochromator. Yet it accommo-
dates 9.5" wide crystals for focusing a 2C0 mm-wide beam in the horizontal
direction. The device is designed for generating a cone which allows it to
overcome the fixed 3:1 image ratio of cylindrically bent sagittal focusing
stages. The focusing and cone angle adjustments are actuated from outside
the vacuum tanks via feedthroughs. The full scanning range of the monochro-
mator from 10° to 71° is maintained. Tests of the focusing and cone angle
adjustments with the bending stage installed in the monochromator tank have
been successful.

Supported by: NIH: RR01633
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BEAMLINE CONTROL AND DATA ACQUISITION SOFTWARE PROGRESS REPORT

J. Schug, G. Rosenbaum, G. Bunker, R. Fischetti (Univ City Sci Center, PA)

Beamline Control and Data Acquisition software package called XDC was devel-
oped, debugged, and installed. XDC supports standard EXAFS and scatter-
ing/diffraction experiments and numerous beamline alignment and setup tools.
All DA modules use the same data file format and a set of programs provide
standard methods of data display. All existing beamline equipment is under
computer control. Beam profiling and EXAFS DA can record up to 64 channels
of data. Ease-of-use, performance, and reliability have been increased
based on experience gained during ase. Modular and flexible toolbox/menuing
system allows easy addition and modification of software. Preliminary on-
line and hardcopy documentation installed and distributed. Final documenta-
tion is now being prepared.

Supported by: NIH:RR01633
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STRUCTURES OF INTERMEDIATES OF COENZYME B12 CATALYSIS

M. Wirt, I. Sagi, E. Chen, S. Frisbie and M. Chance (Georgetown U, Wash. DC)

The structures of the catalytic intermediates of adenosylcobalamin
(Ado-Cbl) dependent enzyme systems are not well understood and have been
difficult to crystallize. Using EXAFS spectroscopy, we have examined the
structure of the Co+1, Co+2, and "base-off" forms of BX2. For the Co+2

species, the average of the Co-N equatorial distances of the corriri ring are
1.87±0.01 A, and the Co-nitrogen (Co-Nd) distance to the dimethylbenzimida-
zole ligand is 1.99±0.02 A. The large reduction in the Co-Nd distance rela-
tive to Ado-Cbl, where Co-Nd is 2.24 A, is consistent with the cobalt ion
moving out of the plane of the corrin nitrogens, and suggests a mechanism
for cobalt-carbon bond homolysis. When the cobalt-carbon bond breaks, the
Co-Nd bond becomes much stronger and electron density is reoriented away from
the breaking bond. We also present the structures of Co+1 and base-off B12

and discuss their significance to B12 catalysis.

Supported by: NIH:RR01633 and NSF:DMR85190959
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X-RAY EDGE SPECTROSCOPY OF COBALT (I, II, III) Ba

M. Wirt, I. Sagi, E. Chen, S. Frisbie and M. Chance (Georgetown U, Wash. DC)

We present the first direct structural studies of the cobalt (I, II,
III) and "base-off" forms of B12 using x-ray edge spectroscopy. In addition,
model cobalt compounds, including cobalt (I, II, III) dimethylglyoxime (DMG)
were examined. A surprisingly small 0.5±.2 eV shift to lower energy was ob-
served for each change in oxidation state from Co+3 to Co+2 to Co+1 B12 • 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 a delocalization of
electron density off the cobalt atom in the two reduced forms. No edge
shift was observed for the Co+3 DMG compared to Co+2, indicating that the un-
paired electron density may be localized on the axial nitrogen of the pyri-
dine ligand. A 2.0 eV shift to lower energy was observed in the comparison
of Co+3 DMG to Co+1, indicating full Co+1 character for that species. Also,
assignments for other cobalt compounds are presented.

Supported by: NIH:RR01633 and NSF:DMR85190959
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XAFS STUDY OF ADENOVIRUS ElA ZINC BINDING PROTEIN

K. Zhang1,1. Ayene1, L. Webster2, B. Chance1, and R. P. Ricciardi2 (1ISFS/UCSC;
2 Wistar Institute)

The product of the adenovirus ElA oncogene regulate the transcription on
viral and cellular genes*. ElA gene encodes two proteins of 289 and 243 amino
acids (aa). The 289-aa protein is identical to the 243-aa protein except that it
contains an additional stretch of 46-aa (R140-185) due to the differential splicing of
the 13S and 12S transcript. Mutational analysis has shown that the 46-aa coding
domain is required for the efficient trans-activation observed with the 289-aa protein.
This domain contains single consensus Zn finger sequence found in numerous gene
regulatory proteins and can be written as Cys-X2-Cys-X13-Cys-X2-Cys. It has been
speculated that the four cycteines tetrahedrally bind a zinc ion.

Site directed muttigenesis of the individual Cys residues (Gly for Cys) of ElA
finger rendered the 2S0-aa protein in capable of trans-activation. It has found
that substitution of Ser for Cys-154 had no effect on zinc binding. However, Ser
substitution for Cys on 171 and 174 causes no Zn binding.

To understand the structure and function relationships for wild type and Ser to
Cys (154) mutant, we have performed a X-ray absorption fine structure experiment
at National Synchrotron Light Source (NSLS) beamline X-9A of BNL. We used
energy dispersive 13-elements Ge detector to detect the fluorescence emitted by the
absorbing atom (Zn). The protein concentrations for the measurement are 0.8 mM
for the wild type and 0.7 mM for the mutant. A series of scan were collected at
20K for the total of more than million counts per data point. Model compounds,
ZnS and Zn(NH3)4, were also measured.

XAFS data analysis followed the standard procedure. We also generated the
radial distribution function (RDF) from XAFS data using the "spliced method".
Starting from the filtered single shell chi data, the backseat tering amplitude and
the central and backseat tering phase shifts are removed by taking ratio and the
phase difference between the c data of unknown and an appropriate model. The
amplitude ratio and the phase difference are then extrapolated through the low k
region using the cumulant expansion. These data are then inverted using a Fourier
sine transform with a Gaussian damping factor to obtain a broadened RDF.

The preliminary results for the wild type consistent with that the Zn ion ligated
to 4 sulfurs located 2.33 A away, which indicates the four Cys residues at the finger
motif bind to the Zn ion. The analysis of the mutant ZnElA protein is in progress.

* J. S. Culp et al. Proc. Natl. Acad. Sci. USA 85 6450 (1988).

This work is supported by NIH grnut No. RR01633 and 60275-012.
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XAFS STUDY OF CARBOXYMYOGLOBIN PHOTO-PRODUCTS

K. Zhang, K. S. Reddy, G. Bunker, and B. Chance (ISFS/UCSC)

Myoglobin has been regarded as a model system for studying ligands rebinding
kinetics. The non-exponential rebinding process found, however, revealed the com-
plexity of protein function even if a simple one was concerned1. The structure of the
intermediate states after photo induced transition has been since investigated by
spectroscopic techniques, and it is believed that the structural difference is essential
for understanding the process.

We have performed XAFS measurement on the carboxymyoglobin (MbCO)
photo-products at various temperatures between 15 to 100K at beamline X9-A of
NSLS. The experiment uses a 1 KW Hg arc lamp to photolyze the protein. The
fraction of photolysis was optically monitored during the XAFS measurement on
the 760 nm photolysis band2. A 13-element intrinsic Ge detector was used to detect
the fluorescence from the sample of 1 mM in concentration.

In Figure 1, the near edge region of MbCO photo-products at 15K and 60K
are plotted. The similarity of the near edge data between the two temperatures
indicates that the photo-products are structurally identical.
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Figure 1. The X-ray absorption near edge data of MbCO photoproducts at 10k
(solid) and at 60K (dash).

1 . R. Austin et al. Biochem. 14, 5355 (1975).
2 . B. Chance et al. Biochem. 22, 3820 (1983).

This work is supported by NIH grant No. RR01633 and GM31992.
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X-RAY ABSORPTION INVESTIGATION OF METAL BINDING SITES IN CRUDE OIL AND
PETROLEUM PRODUCTS

G. Zhang, G. S. Mondo (Chevron, CA)

The metal binding sites in two Maya residua and four residue subtrac-
tions : 1000-1250F Vacuum Residue, 1250F + Residue and its four subfractions
(SEF1, SEF2, SEF3 and SEF4) were studies by means of X-ray Absorption
Spectroscopy at vanadium and nickel K-edges. The X-ray absorption data were
collected in fluorescence mode using synchrotron radiation. An atmospheric
residue sample which has gone through hydroprocessing treatment was also in-
vestigated. The near edge spectra at vanadium K-edge suggest that vanadium
atoms in residua have a coordination environment similar to Vanadyl
Tetraphenylporphrin and Vanadyl Phthalocyanine. Fourier transformation of
the fine structure further indicates that vanadium metal in residua exhibit
the vanadyl porphrin structure.

Supported by: NIH:RR01633 and Chevron Research
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COMMISSIONING OF SURFACE DIFFRACTOMETER

K. L. D'Amico, K. S. Liang, G. J. Hughes, C. H. Lee, and E. Y. Sheu (Exxon
Res. & Eng. Co.)

We have commissioned a new surface diffractometer for performing
ultrahigh vacuum studies of single crystal substrates. The chamber consists
of a stainless steel vessel with a 0.020" Be window which allows X-rays to
enter and exit over a 200° range. A reverse-view LEED optics can also be
used for retarding field Auger measurements. The chamber is outfitted with
a gun for Ar sputtering, as well as several ports for installation of gas or
metal deposition sources, etc. The instrument is based on the so-called Z-
axis configuration, where the entire diffractometer sits on a specially
constructed table with a goniometer for adjusting the a-angle (angle of
incidence of the beam in the horizontal plane with respect to the physical
surface); the scattering plane is vertical. The diffracted beam detector
arm is equipped with a F-arm for scanning momentum transfer in a plane
normal to the vertical scattering plane. The combination of the a and T
motions allows for unique capabilities relative to the more popular four
circle configuration. In particular, the 3" wide Be window and the range of
motion of the a turntable allow for an a of greater than 25°. This allows
surface reflectivity studies to be carried out as well as in-plane
diffraction studies. The figure below shows a representative scan through
the critical angle for Cu.

ALPHA-GAIMA SCAN THRU Cu CRITICAL ANGLE
""•••"-• acurnnre - aunt
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MICROTOMOGRAPHY APPARATUS CHARACTERIZATION

K. L. D'Amico, J. H. Dunsmuir, and H. W. Deckman (Exxon Res. & Eng. Co.)

We have designed and built an apparatus for doing microtomography
experiments with monochromatic radiation. This apparatus consists of a bent
Si(111) crystal which is miscut to allow optimum energy resolution and
tunable focal spot size. The purpose of this experiment was to debug this
apparatus with the microtomography detector; the entire apparatus will be
installed at X2 in the month of 3/89. The monochromator diffracts the beam
in the horizontal plane, so the detector is mounted with the monochromator
crystal on a granite table which allows the detector to be floated on air
pads as the energy is changed. The device was characterized by scanning
through absorption edges of the first row transition metals Fe, Cu, and Zn;
scans were done as a function of bend radius to observe the change in the
edge width as a function of bend. Below is shown the result for the Cu edge
at 8980 eV. One can see that the edge becomes smeared as the crystal is
bent (bend = 1000) away from the optimum bend radius for best energy
resolution. Note that the edge jump becomes rounded and that the features
above the edge become less pronounced. These results allow us to quantify
the effect of bend on energy resolution and compare with calculated
expectations.
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X-RAY REFLECTIVITY STUDY OF THE Pb/Cu(110) SURFACE

K. L. D'Amico, K. S. Liang, H. H. Hung, and C. H. Lee (Exxon Res. & Eng.
Co.)

We have carried out an X-ray reflectivity study of the Pb/Cu(110)
surface using the ultra-high vacuum chamber and scattering spectrometer.
The Z-axis geometry of the device permits scanning through finite L
(momentum transfer component perpendicular to the surface plane and along
the surface normal) while maintaining constant grazing angle of incidence.
This permits quantitative scans to be made along, truncation rods of the
surface. With an incident wavevector of 8.11 A one can scan through the
bulk (010) diffraction peaks, thus determining the off-specular reflectivity
and monitoring how it is affected by the presence of Pb on the surface.
Such a scan is illustrated below, showing the pronounced asymmetry that
is obtained upon adsorbing the Pb in the p(5xl) phase. Analysis of the data
is under way to determine the vertical displacement of the Pb atoms and
possible vertical relaxation of the Cu surface upon adsorption of Pb.

oooo
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HIGH-RESOLUTION SCATTERING STUDY OF NA-X ZEOLITE AT HIGH PRESSURES

H. E. King, Jr. and C. S. Yang (Exxon Res. & Eng. Co.)

Recent experiments conducted on single-crystal samples of sodium
zeolite X using an in-house 4-circle diffractometer have shown an unusual
pressure-induced peak broadening in these crystals. Up to a pressure of
approximately 1.5 GPa the peak-widths are unchanged from their zero-pressure
values, but above this point the peaks progressively broaden with increasing
hydrostatic pressure. To better understand this phenomena we have used the
higher resolution provided by synchrotron radiation to measure the Bragg
peak widths from -100 fiia diameter, single crystals mounted in diamond-anvil
pressure cells. Measurements on two different crystals showed the same
results. As can be seen in Fig. 1, the rocking curve increases in width in
a somewhat unusual way--it becomes flat-topped. But in Fig. 2, it is seen
that at the same time the radial scans maintain their peak widths. This
indicates that the long-range order is unaltered, but that the mosaic spread
increases. Bragg peaks in other directions in the cell show a similar
broadening making it unlikely this comes from a simple symmetry change along
one direction of the cell. Further analysis is underway.
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XIOA

LAUE DIFFRACTION AT HIGH PRESSURES FROM A SMALL SINGLE CRYSTAL
ENCLOSED IN A DIAMOND ANVIL CELL

H.E. King, Jr.(EXXON); J.M. Newsam(EXXON); R.H. Jones(Royal Institution, GB); C-Z
Yang (EXXON); and D. Xie (U. Penn.)

Laue diffraction measurements using synchrotron radiation present a powerful means of measuring
the intensities of Bragg peaks from a small single crystal and thus obtaining its crystal structure.
Such measurements provide a snapshot of a substantial volume of reciprocal space by integrating
over both the broad energy spectrum of the synchrotron and the scattering angle through the use of
an area detector(film). This reduces the measurement time per reflection by orders of magnitude
over that of conventional single-peak step scan techniques. The importance of spatial and temporal
intensity variations of the synchrotron source is therefore reduced. Also, real-time diffraction
measurements for use in kinetic studies are possible. The application of these techniques to crystals
enclosed in a high-pressure cell is appealing, and we have undertaken a feasibility study to test
their potential. Measurements were made on X10A using white radiation focussed by a Pt-coated,
doubly curved glancing-angle mirror. A minimal take-off angle was used to allow the highest
possible high-energy cutoff. The spectrum actually seen by the sample is, however, strongly
influenced by the diamond cell, and a calculation of this effect is shown in Fig. 1. The incident
beam was collimated through the use of two x-y slits, and the beam cross section at the sample was
approximately 200 \xm. The sample was a sodium zeolite X single crystal, approximately 100 |am
in diameter, mounted in a Merrill-Bassett type diamond-anvil pressure cell. The crystal was
pressurized to 1.9 GPa, the hydrostatic pressure being transmitted by a alcohol/water mixture. An
example of the resulting Laue diffraction patterns is shown in Fig. 2. These are to our knowledge
the first such measurements ever made. Because the crystal is not in a special orientation, a highly
symmetric pattern is not obtained. However, visible in the photograph are at least two zones which
are characterized by circular traces of Bragg spots. We also recorded film pack data in three
different orientations. These are currently being analyzed. Attenuation of the diffracted beams by
the cell imposes an additional difficulty on determining reliable integrated reflection intensities.
However, the quality of the Laue patterns recorded from this prototypical sample argues well for
the development of quantitative high pressure Laue diffraction techniques.
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X10A

SAXS STUDY OF WAX CRYSTALLIZATION FROM A TWO COMPONENT FLUID

H. E. King, Jr., S. K. Sinha, M. Y. Lin (Exxon Research & Engineering Co.)

Using Beamline X10A at the National Synchrotron Light Source,
Brookhaven National Laboratory, small-angle x-ray scattering experiments
were performed on two different solutions as each was cooled through the
temperature at which wax crystallization takes place. The compositions of
the solutions and their saturation temperatures (T ) are as follows:
1) 25 weight percent C23 in cyclohexane (Tg = 10°C} and 2) 5 weight percent
C23 in isooctane (Tg ~ 10°C). The cooling was done in steps through the use
of a circulating fluid bath. Near T a small-angle scan was taken at each
1°C temperature step. Each scan tooR approximately one-half hour during
which the temperature was constant to within a few tenths of a degree. We
performed the experiment in this fashion to test for the appearance of any
short-range density fluctuations above the actual crystallization
temperature; however, none were observed in either solution. At a
temperature somewhat below T we observed a sudden increase in scattering at
very-small angles. This is indicative of large (=2000A) domain sizes, and
it is likely that these correspond to coherent crystalline domains within
the wax crystals themselves. Wide-angle x-ray scattering from the
cyclohexane solution has already shown that such crystalline domain sizes
were formed in that solution below To.

S
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X10A

SURFACE X-RAY DIFFRACTION STUDIES OF THE Pb-p(9xl) PHASE ON A Cu(llO)
SURFACE

C. H. Lee, K. S. Liang, K. L. D'Amico, G. J. Hughes, and P. E. Eisenberger
(Exxon Res. & Eng. Co.)

The newly discovered surface phase of the Pb-p(9xl) on a Cu(llO)
surface1 has been studied using grazing incidence x-ray diffraction. The
measured peak shifts show that the p(9xl) structure undergoes a
commensurate-incommensurate transition with increased temperature (Fig. 1).
The peak shifts measured can be fitted as e = e (T/T -ly with T = 250°C
and exponent p = 0.5 ± 0.1. This result is consistent with the theoretical
model of the uniaxial stripe phase. In this work, the in-plane surface
structure of p(9xl) phase was also studied. Based on the fifty-seven
integral intensities of the superlattice peaks measured, the structure of
p(9xl) was determined (Fig. 2). In this structure, the closest distance
between two Pb atoms projected on the surface plane is 3.238A, which is
smaller than that of the bulk Pb (3.50A) indicating the need of the out-of-
plane shifts of the Pb atoms. Out-of-plane x-ray measurements of the rod
intensities have been performed, and the more detailed structural analysis
is in progress.

1 C. H. Lee, G. J. Hughes, and K. S. Liang, Bull. Am. Phys. Soc. 34, 578
(1989).
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Fig. 1 The measured temperature dependence of the (7/9,0) peak of the
p(9xl) phase.

Fig. 2 The proposed structure of the Pb-p(9xl) phase on Cu(llO) surface.
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X10A

THE GLOBAL PHASE DIAGRAM OF AN UNIAXIAL SYSTEM WITH COMMENSURATE-
INCOMMENSURATE TRANSITIONS: Pb OVERLAYERS ON A Cu(llO) SURFACE

K. S. Liang, K. L. D'Amico, C. H. Lee, and E. Y. Sheu (Exxon Res.
& Eng. Co.)

Our recent LEED study of Pb overlayers on Cu(llO) surface revealed a
series of uniaxial structures of (12x1), (9x1), and (5x1) as the Pb coverage
is increased from 0.6 to one monolayer.1 Using this system as a
prototypical case, we have carried out detailed measurements on the phase
behaviors of the CI transition using grazing incidence x-ray diffraction
technique at Beamline XI0A. We found that in the commensurate regions the
measured peak shifts followed precisely a predicted power law of 1/2 as the
exponent, with the transition temperatures of 115°C and 245°C for the (12x1)
and the (9x1) phases, respectively. Interestingly, similar transitions were
also found in the incommensurate regions near these Tc's. From detailed
lineshape measurements performed over a large phase region, we were able to
probe such interesting characteristics as substrate pinning and the order-
disorder nature of the domain walls.2 Based on the x-ray measurments, a
global phase diagram of Pb on Cu(110) surface has been established.

1 C. H. Lee, G. J. Hughes, and K. S. Liang,
Bull. Am. Phys. Soc. 34, 578 (1989).

2 M. H. Jensen and P. Bak, Phys. Rev. 29., 0.77 .
6280 (1984).

Fig. 1 The results of X-ray measurements
performed in the incommensurate region
between the (12x1) and the (9x1) phases:
(a) the measured peak shifts as a function
of temperature, fitted with e = 0.7565 +
0.05(T/Tc-l)U-D with Tc = 124°C; (b) the
FWHM's of the fitted Lorentzian square
component, indicating domain wall pinning
below Tc; (c) the FWHM's of the fitted
Lorentzian component, indicating an order
transition in the fluid phase at ~220°C.
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X10A

X-RAY SCATTERING STUDIES OF THE NEMATIC TO SMECTIC-A TRANSITION UNDER NON-
EQUILIBRIUM SHEAR FLOW CONDITIONS

C. R. Safinya, E.B, Sirota, R. Piano, and N. Lei, Exxon Res. & Eng. Co.

We are using a high resolution x-ray scattering spectrometer to probe
the microscopic structure of the nematic (N) and smectic-A (smA) phases of
8CB under steady state shear flow conditions. We emphasize that the x-ray
structure factor that is measured at a finite flow rate is explicitly a
dynamical property of the system whose behavior is described by the
equations of motion for the smectic-A density order parameter and not by
equilibrium statistical mechanical considerations (which determine the
single time density-density correlation function at zero shear).1 Shear
flow distorts the transient smectic-A domains that occur near the N-smA
transition. By measuring the distortion, we obtain directly the relaxation
time of these transient domains: thus, our inherently static probe is giving
us dynamical information. Near T^ , the flow imposes a nematic director
orientation normal to the shear direction. The plotted contours in the
nematic phase are cuts of S(q) in the k -k shear plane for a shear rate of
300 sec-1. The half-width-half-max (HwftM)yof the contours gives the inverse
of the correlation length of the pretransitional fluctuations. At higher
temperatures we see that the contour is clearly distorted and the effect of#
the shear flow is evident. The anisotropy is a direct measure of yr where y
is the shear rate and r is the order parameter relaxation time. By
measuring r at each reduced temperature (or equivalently £), we will be able
to obtain r(|) and to compare to current dynamical scaling theories.2

1 R. Bruinsma and C. R. Safinya, preprint (1989).
2 P. C. Hohenberg and B. I. Halperin, Rev. of Modern Physics 49, 435 (1977).
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X10A

STRUCTURE OF ZWITTERIONIC ASSOCIATING POLYMERS

Y. Shen, C. R. Safinya, M. Adam, L. Fetters, R. Chance, and K. S. Liang
Exxon Research and Engineering Co.

Associating polymers are long chain polymers containing a small
fraction of strongly associating side groups. Ionomers are one well-studied
example. In order to develop a more complete understanding of these
materials, we have studied structurally simplified materials of
"semitelechelic" polyisoprenes.* As illustrated in Fig. 1, these materials,
designated ZwP, consist of long, flexible polyisoprene chains capped at one'
end by an (ammoniopropyl) sulfonate zwitterion. We carried out detailed
high resolution x-ray scattering studies of six distinct melts with (chain)
molecular weights (MW) - 2000, 3000, 4000, 8600, 10000, and 22000. We show
in Fig. 2 a typical x-ray scattering profile plotted versus q (A-1), for
longitudinal scans through the first five peaks of the structure factor for
the melt with MW - 4000. The peaks can be indexed on a two-dimensional
hexagonal lattice of tubes where the peaks correspond to the (1,0), (1,1),
(2,0), (1,2), and (3,0) reflections of the lattice, respectively. The'
hexagonal lattice spacing is 102.22 A. From the width of these extremely
sharp peaks, one can also put a lower bound on the domain sizes >2000 A.
For molecular weights between 8600 and 10000, the structure is seen to
transform into a phase with a three-dimensional cubic lattice with a three-
dimensional cubic lattice. These studies are consistent with dilute
solution studies which indicate that the aggregation number decreases for
increasing molecular weights, and also theoretical studies2,3 suggesting
spherical structures for small aggregate numbers and tube-like structures
for large aggregate numbers.

1 H. S. Davidson, L. J. Fetters, W. G. Funk, W. W. Graessley, and
N. Hadjichristidis, Macromolecules 21, 112 (1988).

2 J. L. Bredas, R. R. Chance, and R. Silbey, Macromolecules 2±, 1633 (1988)
3 Z. G. Wang and S. A. Safran, J. Chem. Phys. 89, 5323 (1988).
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X10A

X-RAY REFLECTOMETRY STUDIES OF POLYMER FILMS

S. K. Sinha, E. B. Sirota, G. J. Hughes (Exxon Res. & Eng. Co.);
S. K. Satija (Nat. Inst. for Standards & Tech.); T. M. Russell (IBM)

Specular reflection of X-rays has been established to be a powerful
method for studying the density profile of thin films or adsorbed layers
normal to a surface. The diffuse scattering away from specular is a probe
of lateral correlations of density inhomogeneities along the surface, i.e.,
it may be thought of as the two-dimensional analog of small angle scattering
from bulk inhomogeneities. In addition, the length scales probed by such
scattering extend to almost a micron, since the minimum transverse q-vector
away from specular which can be achieved can be as small as 10 A . We
demonstrate this with experiments on a polymer film adsorbed on a flat,
polished silicon substrate. The figure shows (a) the specular reflectivity
profile from a 1300A film of a PMMA/polystyrene block copolymer on a silicon
substrate, and (b) the diffuse scattering measured slightly off-specular.
The rapid oscillations are due to the overall film thickness, while the less
rapid modulations are due to random "islands" of 175A thickness on the film
surface. The theory predicts that these modulations in the diffuse
scattering should be exactly out of phase with those in the specular
reflectivity, as is indeed the case. The transverse diffuse scattering (not
shown) measures the 2D small angle scattering from the surface island
structure.
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X10A

IN-PLANE X-RAY DIFFRACTION OF AMPIPHILIC MONOLAYERS

B. Thomas, J. Buontempo, F. Novak, S. Rice (Univ. of Chicago); B. Lin,
S. Ming, T. Bohannon, P. Dutta (Northwestern Univ.)

Time-dependent relaxation effects in monolayers of amhiphile molecules
when they are compressed, e.g., a gradual drop of their initial compression
pressure, have been observed for decades but not well understood. In
previous work done at CHESS we have identified for the first time a
microscopic relaxation mechanism in monolayers of heneicosanol (C21H430H);
namely, a transition from a uniaxially distorted (orthorhombic) phase,
formed upon compression, to an undistorted (hexagonal) phase. The rate at
which this transformation occurs is strongly temperature dependent, and we
have proposed that this temperature dependence is determined by the rate of
nucleation of the hexagonal phase from the metastable shear induced
pseudohexagonal phase. Our current work at the Exxon X10A beamline is to
gather more information concerning these relaxation effects and in
particular to investigate the role of the polar head group of the ampiphile
in the proposed nucleation process. To do this, we have substituted the
acid analogue of heneicosanol, heneicosanoic acid (C2iH43C00H) in our x-ray
scattering experiment.
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1 Time development of the diffraction scan from a monolayer at 16°C
and 25 dynes/cm. The fitted background has been subtracted; the dashed
lines are individual Lorentzians, and the solid lines are their sum.
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X10B

X1OB CHARACTERIZATION EXPERIMENTS

K. L. D'Amico (Exxon Research and Engineering Co.)

Experiments were carried out to characterize the X10B Beamline
following the installation of the focussing mirror and installation of the
miscut Ge(lll) crystal monochromator (T - 7°). An energy dispersive
detector was used to measure the approximate amount of third order
contamination in the monochromatic beam; this is estimated to be no greater
than 0.2%. The energy resolution of the monochromatic beam was determined
from radial (20-0) scans through the Si(111) diffraction peak for a crystal
placed at the sample of a Huber 4-circle goniometer. This is estimated to
be 10 eV. Such a scan is shown below.
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X10B

REFLECTIVITy FROM SAPPHIRE

K. L. D'Amico, G. J. Hughes, S. K. Sinha (Exxon Res. & Eng. Co.)

The X-ray reflectivity of the A12O3 surface was measured using 7.95 keV
X-rays. The surface roughness is estimated to be k A based upon the
deviation of the measured reflectivity from that calculated for the ideally
terminated interface. The crystal was a commercially available disk, 0.020
inches thick and 1.0 inches in diameter with [001] normal to the physical
face used. These measurements are a predecessor to the future use of
reflectivity to determine the surface properties of metals and insulators.
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XI OB

X-RAY SCATTERING STUDIES OF WAX ON SINGLE CRYSTAL SILICON SURFACES

G. J. Hughes, H. E. King, Jr., S. K. Sinha, and J. M. Drake (Exxon Res.
& Eng. Co.)

The growth of wax crystals on a Si(111) surface was probed using x-ray
scattering. A polished Si wafer was dosed with approximately 0.2 ml of a 5%
(wt.) C23 paraffin in isooctane. Upon evaporation of the solvent, a layer
of wax was formed on the surface. Studies of this surface revealed an
oriented structure with strong 00,2 reflections. Despite the presence of
strong 110 and 200 reflections in bulk C23 powders, no in-plane reflections
were observed. Therefore, though the interaction between the Si surface and
the wax molecule is quite weak, the wax grows as an oriented crystal.
Further studies were made using a Si(lll) surface derivatized with one
monolayer of C-18 alkylsiloxanes. As in the case of bare Si, upon
evaporation of the solvent, the wax crystallized with OOi planes
perpendicular to the Si(111) surface normal. The rocking curves of the 00^
reflection were somewhat sharper than was seen in the case of the untreated
surface. This is presumably due to the interaction between the
alkylsiloxane and wax being stronger than the wax-silicon interaction.
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X10B

X-RAY STRUCTURAL STUDIES OF EPITAXIAL FILMS OF Nb ON SAPPHIRE SUBSTRATES AND
Nb/Al203

C. H. Lee and K. S. Liang (Exxon Res. & Eng. Co.); F. S. Shieu and
S. L. Sass (Cornell Univ.); and C. P. Flynn (U. of Illinois)

The Nb thin films grown by MBE on sapphire substrates were studied
using grazing incidence x-ray diffraction and reflectivity measurements.
The orientations of the Nb films were determined as follows:
Nb(lll)/Ai203(0001), Nb(211)/Ai203(0ll0), and Nb(110)/A^203(1120). The
reflectivity measurements revealed fine structures which might be due to a
modulated layer at the Nb/Ai203 interface (Fig. 1). In plane epitaxial
relation of the Nb(lll)/Ai203(0001) sample was shown to have the Nb(llO) in
the (1120) direction of the substrate. The in-plane reflection of the
Nb(llO) peak was observed to by asymmetric with the peak position shifted
toward the (1120) of Ai203 substrate by 1.28%. Compared to the misfit
(1.745%) between bulk Nb and sapphire in this direction, this result is
consistent with the expected strain developed over the Nb film. The
asymmetry of the peak may be due to the presence of extra reflections
associated with the Nb/A^203 interface. Further study on the film
structure, and the interface in particular, is under way.

§ .wl

6

Fig. 1 The measured reflectivity of a Nb film on A.e203(0001) substrate; the
oscillations observed correspond to a film thickness of -120A.

Fig. 2 The in-plane (110) peak of the Nb film on A^203(0001) substrate.
The arrows A and B indicate the peak positions of (1120) of Ai203 and (110)
of Nb, respectively.
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X10B

FAULTING AND COHERENCE CHARACTERISTICS OF BETA ZEOLITES

J. M. Newsam, C-Z. Yang, M. M. J. Treacy and A. E. Schweizer (Exxon)

Beta zeolites can be regarded as highly disordered intergrowths between two end member
structure types [1-3]. The first (A) is generated by stacking sheets along the c-direction with an
uninterrupted succession of 4i (or 43) screw operations and has an ABAB . . . type stacking
sequence of straight 12-ring channels (when viewed along the a or b directions). The other end
member (S) has recurrent alternation 414341... and an ABC.. . pore sequence. Neither end
member structure has apparently yet been synthesized in a structurally pure form. This is
unfortunate, because the A end member would have a chiral pore system with potential, therefore,
for use in enantio-catalysis or enantio- (optical isomer) separations. High resolution PXD data
have been measured on XI OB from a series of beta zeolites extracted from a wide range of
synthesis conditions and compositions. In all cases the PXD patterns comprise both sharp and
broad lines, although the peaks that are expected to be sharp on the basis of the known faulting
behavior [1-3] such as 004, 008, 302 etc. are generally broader than the instrumental component.
This reflects that the effective crystallite size along the stacking direction is generally relatively
small, less than ~3,000A. There are, nevertheless, some differences from one preparation to the
next and in a small number of cases the sharp peaks have quite narrow widths (Figure - impurity
peaks are marked). Even in these cases, however, there is no development of definition in the
remainder of the PXD profile demonstrating that the character of the pore stacking arrangement is
essentially unchanged.

2
Z>
o
o

15.0 20.0
Two Theta (°)

25.0 30.0 35.0

[1]. M. M. J. Treacy and J. M. Newsam, Nature 332 249-251 (1988).
[2]. J. M. Newsam, M. M. J. Treacy, W. T. Koetsier and C. B. deGruyter, Proc. Roy.

Soc. (London) A420 375-405 (1988).
[3]. J. B. Higgins, R. B. LaPierre, J. L. Schlenker, A. C. Rohrman, J. D. Wood, G. T.

Kerr and W. J. Rohrbaugh, Zeolites 8 446-452 (1988).
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X10B
HIGH RESOLUTION POWDER DIFFRACTION FROM A SERIES OF FAUJASITE-
RELATED ZEOLITES

J. M. Newsam, C-Z. Yang, M. M. J. Treacy, D. E. W. Vaughan and K. G. Strohmaier (Exxon)

Many zeolites are subject to stacking disorder. This stacking disorder is manifested in the
corresponding powder diffraction patterns by altered peak intensities and by characteristic
variations in the individual peak widths. A series of materials related structurally to faujasite,
such as ZSM-20 [1,2], have been studied by high resolution powder X-ray diffraction on XI OB
at a wavelength of 1.58A. This series (Figure) includes examples of the pure cubic stacking
(FAU) found in the mineral faujasite and related synthetic zeolites X, Y etc. (a), an example of a
near-perfect hexagonal stacking sequence (bss - generated from the FAU-framework by
recurrent replacement of inversion centers along 111 cubic by mirror planes) (d), and a range of
materials representative of the phase field between these two end-member structure types (e.g. (b)
and (c)). The character of the stacking sequences in these various materials is manifested by the
distribution of intensities in the first singlet/triplet peak(s) (centered on 26 = ~6°), by the relative
intensities of the next group of peaks around 20 = 11 °, and by the relative widths of those peaks
(such as the 103hexagonal at 20 ~ 11.4°) that are sensistive to the stacking disorder. The present
data, combined with PXD pattern simulations [3] and with parallel studies using in-house PXD
and electron microscopy, provide a self-consistent picture of the faulting in this system and enable
a classification of materials bas^d on faulting characteristics.
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[1]. J. M. Newsam, M. M. J. Treacy, D. E. W. Vaughan, K. G. Strohmaier and
W. J. Mortier, J. Chem. Soc. Chem. Comm. 493-495 (1989).

[2]. D. E. W. Vaughan, M. M. J. Treacy, J. M. Newsam, K. G. Strohmaier and
W. J. Mortier, in "Zeolite Synthesis" Fds. M. L. Occelli and H. E. Robson (ACS
Symp. Ser. 398, American Chemical Society, Washington DC) 544-559 (1989).

[3]. M. M. J. Treacy, J. M. Newsam and M. W. Deem, in preparation (1989).
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X10B

POWDER X-RAY DIFFRACTION FROM LARGE PORE ZEOLITES SUFFERING FROM STACKING
DISORDER

J. M. Newsam, C. Z. Yang, M. M.
Research and Engineering Co.)

J. Treacy, and D. E. W. Vaughan (Exxon

Several large pore zeolites, such as beta1-3 and ZSM-204, display
stacking disorder. The greater instrumental resolution that is usefully
accessible at the synchrotron X-ray source, coupled with the use of a
general purpose program for simulating the effects of stacking disorder in
these complex structures5 provides an opportunity for extending
significantly our understanding of such stacking disorder behavior.

The low angle regions, 4-13° from a series of polycrystalline samples
of materials related structurally to faujasite and ZSM-20 were measured on
X10B using a single 0.04° slit to define the diffracted beam acceptance
(Figure). This region of the PXD profile conveys detailed information about
the stacking arrangements both through the structure in the first main
peak(s) at 26 - 6.3°, and in the relative widths of the peaks at 29 <= 10.4°
and 26 — 11.3°. The present results, with parallel studies using in-house
PXD and electron microscopy, provide a self-consistent picture of the
faulting in these types of system and enable classification of materials
based on faulting characteristics.
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1 M. M. J. Treacy and J. M. Newsam, Nature, 332, 249-251 (1988).
2 J. M. Newsam, M. M. J. Treacy, U. T. Koetsier, and C. B. de Gruyter,

Proc. Roy. Soc. (London) A420, 375-405 (1988).
3 J. B. Higgins, R. B. LaPierre, J. L. Schlenker, A. C. Rohrman,
J. D. Wood, G. T. Kerr, and W. J. Rohrbaugh, Zeolites, 8, 446-452 (1988)

4 J. M. Newsam, M. M. J. Treacy, D. E. W. Vaughan, K. G. Strohmaier, and
W. J. Mortier, J.C.S. Chem. Comm., in press (1989).

5 M. M. Treacy, J. M. Newsam and M. W. Deem, in preparation (1989).
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X10B

SINGLE CRYSTAL DIFFRACTION FROM SMALL ZEOLITE CRYSTALS

J. M. Newsam, H. E. King and C-Z. Yang (Exxon)

Techniques for performing diffraction experiments on individual microcrystals in the 1-
15(im size range [1] have been further explored. Selection and mounting of crystals > 5u.m is
now routine [2]. Using relatively conventional manipulation techniques under an optical
microscope, microcrystals >-5\im of a range of zeolitic materials have been mounted with >80%
success rate. By minimizing extraneous and air scattering, and by using hollow glass fibres that
are tapered to ca l|im (Figure), background levels can be reduced sufficiently to allow rotation
photographs to be in determining the orientations of microcrystals > 5|im.

Full computer control of beamline components and of the diffractometer supporting table
position and orientation has been essential in streamlining the process of initial beam-line and
diffractometer alignment. The diffractometer control software has been modified to permit, for
example, automatic indexing, as well as synchrotron-specific functions such as peak scans with
variable step widths so that counting time can be concentrated in the vicinity of the extremely
narrow (typically 0.02° FWHM) central peaks. The number of points per scan of each Bragg
reflection makes data collection time consuming in the traditional move-start count-stop count -
move mode. A capability recently added allows for data to be accumulated 'on-the-fly'; that is, for
detector signal to be continually recorded as the detector is scanned through the peak position.

Preliminary data recorded using these methods have proven helpful in assisting phase
identification and space group determination (for example of new stannosilicate phases
synthesized in the M2O.Si2O.SnO2.H2O system [3]). Difficulties have been encountered with
recording internally-consistent data sets over the several hours or days required for full data
collection. Improved techniques for monitoring the intensity of the beam incident on these small
samples are being explored.

Figure. SEM micrograph of a 6|itn
crystallite of zeolite A (approx. 2500
unit cells on an edge) glued to a
hollow glass fibre that tapers to a
point of < l|im.

[1]. P. Eisenberger, J. M. Newsam, M. E. Leonowicz and D. E. W. Vaughan, Nature 309 45-
47 (1984).

[2]. J. M. Newsam, H. E. King, Jr. and K. S. Liang, Adv. X-ray Analysis (Plenum, New
York) Vol. 32 9-20 (1989).

[3]. E. W. Corcoran, J. M. Newsam, H. E. King and D. E. W. Vaughan, in "Zeolite
Synthesis" Eds. M. L. Occelli and H. E. Robson (ACS Symp. Ser. 398, American
Chemical Society, Washington DC) pp. 603-616 (1989).
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X10B

REFLECTIVITY FROM THIN POLYMER FILMS

E. B. Sirota, S. K. Sinha, and G. J. Hughes (Exxon), S. K. Satija
(NIST), and T. P. Russell (IBM)

X-ray reflectivity measurements were performed on the X1OB line using
8 KeV radiation. The systems studied were PS-PMMA and PS-Polyisoprene
(PI) diblock copolymers spun onto 4" diameter polished silicon wafers
1/8" thick. Various molecular weights were studied (30K •* 100K), as a
function of temperature and annealing time. The reflectivity curves
showed oscillations due to the average thickness, with characteristic
modulations. These latter arise from the beating of two discrete
thicknesses, caused by the preferred layering (microphase separation)
of the system and the fact that the amount of material on the sub-
strate did not amount to an integral number of layers. The steps of
discrete height also gave rise to characteristic modulation in the
diffuse scattering, which can be related to the correlation function
of the "islands" on the surface.
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INITIAL XAS RESULTS OF TITANIUM SILICIDE FORMATION X11 -A

D. Aldrich, R. Fiordalice, Q. Islam, H. Jeon, R. Nemanich, D.E. Sayers
North Carolina State University

Titanium Silicide evolves through a variety of phases before forming a the stable TiSi2
C54 phase. The C54 phase of TiSi2 is of particular interest because of its low resistivity and high
temperature stability. XANES can initially be used to determine when the pure and mixed phases
are forming. The EXAFS can be used to study the evolution between the phases.

Samples consisting of 300A-500A of Titanium deposition on a cleaned (100) Silicon
substrate were furnace annealed or Rapid Thermal Annealed (RTA). Furnace annealing was
performed in vacuum and N2 environments. Ar and N2 were used for the RTA. Powdered
samples of TiSi2 [C54], Ti5Si3, TiN, ^ 0 3 , TiO2 (anatase), and TiO2 (rutile) were used as
standards for analysis. The EXAFS data for the standards was collected in the transmission and
fluorescence modes. The fluorescence and total electron yield modes were used for the
deposited/annealed samples.

Initial XANES analysis of the vacuum furnace annealed samples shows titanium and
silicon interdiffusing for annealing temperatures of 200°C - 400°C. At 550°C a mixed silicide or
the TiSi2 [C49] phase is forming. At 900°C the silicide is predominantly TiSi2 [C54]. A 900°C
sample made on a possibly contaminated substrate showed the formation of an alternate structure,
probably a contamination layer, between the TiSi2 [C54] and the silicon substrate. The data from
the nitrogen furnace annealed samples closely matches the vacuum annealed samples and shows
no nitride formation. Raman spectroscopy performed on these samples shows the progression of
interdiffusion (0°C-550°C), TiSi2 [C49] formation (800°C), and TiSi2 [C54] formation

(900°C). The raman also showed the presence of some contamination in the suspect 900°C
vacuum furnace annealed sample.

The high temperature Ar RTA samples (700°C, 900°C, 1100°C) showed the formation of
a mixed silicide or TiSi2 [C49] phase similar to the 550°C vacuum anneal. The annealing time
was not long enough for the predominant formation of the TiSi2 [C49] or [C54] expected at high
annealing temperatures. The short annealing time may limit the interdiffusion causing the
formation of a mixture of silicides (titanium rich, TiSi2 [C49], and TiS*2 [C54]) instead of a pure

TiSi2- At 900°C there is a large oxide content. The results of the N2 RTA samples is similar. At
600°C there is an interdiffusion of titanium and silicon. A mixed silicide or TiSi2 [C49]

formation occurs at 700°C. The 1100°C N2 RTA sample shows a discernable mixture of TiSi2
fC54] and TiN. The Raman analysis of the Ar RTA samples shows the progression: TiSi2[C49]
(700°C), oxide formation (900°C), TiSi2 [C54] (1100°C). Raman Studies suggest that for

800°C-900°C RTA the oxygen present in the sample forms into an oxide. [Ref. 1]

1. R.J. Nemanich, R.T. Fulks, B.L. Stafford, and H.A. Vander Plas, J. Vac. Sci. Technol. A
3(3), 938-941 , (May/June 1985)

Research supported by the U. S. Dept. of Energy under Contract DE-FG05-80-89ER45384.
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X l l

REFLECTION EXAFS STUDY OF BURIED INTERFACES: DETECTORS FOR

STUDIES OF SINGLE CRYSTALS AND EPITAXIAL FILMS

Pathikrit Bandyopadhyay, Anne Tabor, and Bruce A. Bunker, Notre Dame.

As part of a program to study interfaces between semiconductors and metals or insulating

overlayers, we have used evanescent-wave EXAFS with fluorescence detection. A fundamental

problem with this work is that the single-crystal substrates give rise to diffraction peaks that con-

taminate the data. Earlier work1 has shown that spinning a sample during data acquisition suc-

cessfully averages out most diffraction peaks; however, sample "wobble" precludes this for the

grazing-incidence interface work. We have successfully fabricated and tested a 16-channel PIN

diode array detector and the associated electronics. Initial results show this detector capable of

spatially discriminating diffraction peaks, so that individual contaminated channels may be rejected

During this period, measurements have been obtained with this detector for a variety of different

overlayers on GaAs. These data are currently being analyzed.

1. B. A. Bunker, J. Vac. Sci. Tech., A5, 3QQ2 (1987).

Supported by Office of Naval Research under contract N00014-89-J-1108.
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X11A

NANOLAYER REACTIONS IN ALUMINUM-COPPER INTERFACES*

E. V. Barrera, M. W. Ruckman, and S. M. Heaid (BNL-DAS)

Surface extended x-ray absorption fine structure (SEXAFS) measurements on the
nanometer level were made for Al/Cu interfaces. The samples were studied
immediately after deposition and measurements were taken while varying thick-
ness and after heat treatments. Samples were deposited on Ta by filament
evaporation in a 10"10 Torr vacuum system. Significant differences in inter-
face reactions were observed depending on deposition direction (Cu on Al or
Al on Cu). Figure 1 shows a comparison between standards of copper and CuAl
with a bilayer Cu/Al and trilayer Al/Cu/Al. Note that the chi(K) for the
bilayer strongly resembles that for cu, indicating an unreacted interface.
The trilayer chi(K) however, resembles that of a reacted interface upon
deposition.

This research which will also investigate other Al-metal interfaces, has
shown that the interface reaction is dependent on deposition layering order.
Other Al-metal systems being investigated include Al/Ni, Al/Cr and
Al/Nichrome.

CuAl

110A AI/HOA CU/I40A Al

110A CU/S40A Al

& • 10 13

Fig. 1. Chi(K) for CuAl, a Al/Cu/Al trilayer, Cu/Al bilayer, and for Cu.

*Work supported by the U.S. DOE, Basic Energy Sciences under Contract Nos.
DE-AS05-ER10742 and DE-AC02-76CH00016.
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XI1A
THE STUDY OF INTERFACES IN METAL-MATRIX COMPOSITES USING EXAFS*

E. V. Barrera (BNL-DAS), B. Maruyama (Composite Materials Dept.-NRL), and
S. M. Heald (BNL-DAS)

Metal-matrix composite materials are tailor made systems which combine the
ductile nature of metals with the high strength of reinforcing materials to
yield a material system with high strength, good thermal stability and
absense of brittleness. Unwanted in a tailor made material such as graphite
fiber reinforced aluminum is the presence of unwanted aluminum carbide, a
brittle reaction component to the forming of the composite. This research
utilizes EXAFS as a method of studying the reaction components in Al/graphite
composites. A composite system of Al/V/graphite is studied where 800 A of
vanadium is deposited on pyrolytic graphite followed by an aluminum over-
layer. The V is to act as a diffusion barrier for Al carbide formation.

Three samples will be reported on at this time and include V foil, as-
deposited (ion-plating) Al/V/graphite, and a heat treated Al/V/graphite
sample. Figure 1 shows the radial distribution functions for the three
samples. Significant differences exist suggesting that EXAFS will be quite
beneficial to the interface reaction interpretation. Figure 2 shows the
lower shell chi(K). The Fourier transform was taken over 1.4 to 3.2 A. Note
that the as-deposited composite has V with low atomic number near neighbors.
Heat treating of the composite causes further reaction to the interface. The
EXAFS analysis reported here is an analysis of the V interface layer. Future
analysis will involve using x-ray reflectivity to study the Al/V and V/graph-
ite interfaces to evaluate the use of V as a Al carbide diffusion barrier.
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Fig. 1. The radial distribution
functions for reacted Al/V/graphite
as-deoosited Al/V/graphite, and
vandiura foil.
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Fig. 2. Lower shell chi(O (solid
line) and amplitude (dotted line) for
reacted Al/V/graphite, as-deposited
Al/V/graphite, and V foil.

*Work supported by the U.S. DOE, Basic Energy Sciences under Contract Nos.
DE-AS05-ER10742 and DE-AC02-76CH00016.
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X-11A

Intrazeolite Attachment of Ge-Mo Heterobimetallic Complex
Demonstrates Bifunctional Surface Chemistry1

Aticha Borvornwattananont, Karin Moller and Thomas Bein
Department of Chemistry, University of New Mexico, Albuquerque, NM 87131, USA

We explore a new approach to synthesize hybrid catalysts by introducing heterobinuciear
organometallic compounds into acid zeolites as candidates for linking catalytic functions to
zeolite frameworks. With two different metals present, the complexes can be anchored to the
support via one oxophilic metal, whereas catalytic reactions may proceed at the second metal
center. HY zeolite encapsulated Cl2(THF)GeMo(CO)5 is studied by Ge- and Mo-edge EXAFS, in
situ Fourier transform spectroscopy and TPD/MS. The complex attaches to the zeolite pore
system through the Ge-moiety under retention of the Ge-Mo bond, whereas a large fraction of
the intrazeolite -Mo(CO)s moieties remain unaffected by the anchoring reaction. Figure 1
shows Ge-edge data of the precursor itself (a), its attachment to a zeolite 4-ring window (b)
and after decomposition at elevated temperature under vacuum (c).

1) Borwornwattananont, A.; Moller, K.; Bein, T. J. Chem. Soc, Chem. Commun. , in press

Acknowlegment is made to the Donors of the Petroleum Research Fund.
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6 - PHASE ALLOY EXPERIMENTS X-11

D.L. Brewe, D.M. Pease, J.I. Budnick and Z. Tan (U. Conn.)

We have been studying bonding in various B phase alloys by means of
temperature dependent EXAFS. Most of our work has been on equiatomic
Ni50Al50, Co50Al50, and Fe5OAl5O. These are brittle, but readily disordered
samples, and we have found that the spectra obtained for powdered transmission
samples are not accurate representations of bulk spectra, even for carefully
annealed powders. By the low angle fluorencence method described above, we
have obtained good EXAFS spectra for bulk, annealed, and electroplated CoAl
and NiAl. Despite the fact that the heat of formation for Ni-Al is very close to
that of Co-Al, and actually exceeds the CoAl value by a small amount,1 we find a
much stiffer transition metal - transition metal bond in CoAl than in NiAl, i.e. the
temperature dependence of the second neighbor and third neighbor transition
metal EXAFS disorder parameters is significantly less for CoAl than NiAl.
Significantly, of the two alloys, CoAl is the more brittle. Our results for Fe-Al
are not yet complete, and may indicate that this material, which has a heat of
formation less than half that of CiAl or NiAl, may be retaining enough site
disorder, even when annealed in bulk, to influence the EXAFS results.

1A.R. Miedema, J. of the Less Common Metals 32_(1973), 117.

This work is supported by the division of Materials Science of DOE under
Contract No. DE-FG05-89ER45384.
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Beam Line XI1

-X-Ray Absorption Studies of High-Tc Superconductors*

J. I. Budnick, Z. Tan, B. Chamberland (U. of Connecticut), G. Tuorillon (LURE,
France).

X-ray absorption measurements have been carried out on a number of high-Tc superconduc-
tors and related compounds. The extended x-ray absorption fine structure (EXAFS) is em-
ployed to study the local atomic structure and to detect impurity phases. Electronic structure
is studied via the near-edge structure (XANES).

Combining La L3 and Cu K edge EXAFS, it is shown that nominal LaxCuO4 (
1.50 < x <, 2.00) materials contain stoichiometric (La/Cu= 2/1) La2CuC>4 and CuO as an im-
purity phase. The amount of substitutional La vacancies in the nominal La-deficient samples
is minimal [ l ] . This result is in agreement with other studies [ 2 ] of similar materials. In
addition, the EXAFS technique is demonstrated to be capable of quantitatively detecting im-
purity phases that exist in small amounts as small particle inclusions that may not be detected
in usual x-ray diffraction measurements.

Similarly using the combined Cu K and Ce L3 EXAFS and XANES, CU2O is identified to be
an impurity phase that can often exist in the reduced Nd2—jCCeJCCuO4 n-type superconduc-
tor. The presence of this impurity phase can obscure the interpretation of spectroscopic data
like Cu K and L edge XANES in terms of the intrinsic electronic structure of the supercon-
ductor. For samples shown unambiguously by EXAFS and x-ray diffraction to be free of im-
purity phases, our Cu tf-XANES data C3j confirm that electrons are doped at the Cu site
t<0. Ce L3-XANES data show that Ce valence in the doped material is greater than 3+ and
similar to that in CeO2- This supports the electron-doping picture.

Local atomic environment of silver in Ag-substituted and Ag-added YBa2Cu3O7_,5 materials
has been studied via both Ag AT-XANES and EXAFS. Silver is in an oxidized form probably
substituting for the Cu(l) chain site at low concentrations but exists in a fee metal form at
high concentrations. The unique and precise information from this study (now in press [5])
is combined with other experimental techniques to achieve a more complete understanding of
the role of silver in YBa2Cu3O7_^ superconductor C5] . EXAFS studies of vanadium-
substituted and plasma treated YBa2Cu3O7_«5 materials are in progress.

* We acknowledge the support from the US Department of Energy. This work is also partly
supported by the Department of Higher Education of the State of Connecticut.
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[ l ] Z. Tan etal. Physica C (in press,1989).

[2 ] For example, J. Jorgensen etal. Phys. Rev. B 38 (1988) 11337.

C3] Z. Tan etal. to be published in Physica B.

[4 ] J. M. Tranquada etal. Nature (London) 337 (1989) 720.

[5 ] B. R. Weinberger etal. Physica C (in press, 1989).
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CONCENTRATION PROFILING USING X-RAY REFLECTIVITY:
APPLICATION TO Cu-Al INTERFACES*

Huaiyu Chenf and S. M. Heald (BNL-DAS)

Synchrotron radiation measurements were made using glancing angle X-ray
reflectivity to study Cu-Al thin film interfaces. The reflectivity data con-
tain information about film morphology, and its sensitivity to the concentra-
tion of an element can be improved by measuring above and below an absorption
edge. An analysis routine for the reflectivity data was developed to extract
a model of the concentration profile and roughness. The figure shows an
example of the data and the resulting concentration profile after analysis.
The results are compared from Cu-Al interfaces prepared in an UHV environ-
ment, with and without exposure to oxygen before Al deposition. The reac-
tions caused by thermal annealing at temperatures ranging from 65 to 160*C
are also studied. Density profiles of the two samples after various anneals
indicate that there are different levels of mixing at low temperature with
the samples becoming similar after high temperature (140-160'C) anneals. The
low levels of reaction observed in this work are difficult to detect by other
techniques, such as Rutherford Backscattering Spectroscopy. In view of the
simplicity and the sensitivity of the glancing angle X-ray reflectivity
technique, it can be generalized to other thin film systems.
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Reflectivity near the Cu K edge =====> Cu depth profile

•fCurrent address: Argonne National Laboratory, Bldg. 202, Argonne, IL 60439
*This work was supported by the U.S. DOE, Basic Energy Sciences under
Contract Nos. DE-AS05-ER10742 and DE-AC02-76CH00016.
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UNOCCUPIED STATE ELECTRONIC STRUCTURE OF N ^ P t ^ ALLOYS

M. Choi, D.M. Pease, J.I. Budnick, G.H. Hayes, D.L. Brewe and Z. Tan
(U. Conn.)

The L3 and L2 edge x-ray absorption near edge spectra of Pt have been

measured for NixPtt x random solid solutions. A remarkable peak in the spectra
grows systematically with Ni concentration. This peak extends to roughly eight
electron volts above the Fermi energy. By comparing our results on the NixPtj x

system to corresponding spectra of Cu90Au10 we argue that the peak under
discussion in the absorption spectra of NiPt, v is associated with unfilled d bands
and is not merely a geometrical consequence of larger atomic spheres such as
Pt(Au) being surrounded by smaller atomic spheres such as Ni(Cu).

Acknowledgement
This work is supported by the division of Materials Science of DOE under
Contract No. DE-FG05-89ER45384.
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X-RAY FLUORESCENCE STUDY OF CERIUM IN THE PASSIVE FILM ON ALUMINUM

A. J. Davenport (BNL), H. S. Isaacs (BNL) and M. W. Kendig (Rockwell International)

The corrosion-resistance of aluminum and aluminum-based alloys can be increased by
treatment with cerium compounds. Cerium ions become incorporated at low concentrations in the
passive oxide film which is several nanometers thick. In order to understand the mechanisms of
incorporation and corrosion inhibition, it is necessary to determine the chemical state of cerium in
the film. This is readily determined by glancing angle x-ray fluorescence. The near edge structure
of both the LI and L3 edges allow a sensitive distinction to be made between cerium in the + 3 and
+ 4 valence states. This can be seen for the L3 edge in the figure: the Ce(III) standard (CeCl3)
gives a single peak whereas Ce(IV) (CeO2) shows a pair of peaks.

The corrosion-resistant films were prepared electrochemicaUy by applying a constant
cathodic current in a solution containing CeCl3 to an evaporated aluminum film on a float glass
substrate. The freshly deposited film contains cerium mainly as Ce(III) although some Ce(IV) is
present. This can be deduced from the small shoulder which coincides with the higher energy peak
for the Ce(IV) standard. However, exposure of the specimen to a corrosive environment converts
all the cerium to Ce(IV) as illustrated in the figure. The same behavior was found on treating the
polished surface of the aluminum alloy 5052;

Ce(III) standard (CeCl,)

Ce(IV) standard (CeO2)

cathodic treatment of aluminum
in CeCl3: Ce(III) dominates

exposure to NaCl:
Ce(III) converts to Ce(IV)

-30 0 30 60

X-ray energy (eV) relative to the Ce L3 edge

This work was performed under the auspices of the U.S. Department of Energy, Division of
Materials Sciences, Office of Basic Energy Sciences under Contract No. DE-AC02-76CH00016. We
acknowledge the support of the U.S. Department of Energy, Division of Materials Sciences, under
Contract No. DE-AS05-80-ER10742 for its role in the development and operation of Beam Line
X-ll at theNSLS.
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EXAFS Analysis Including Multiple Scattering in the Spherical Wave
Approximation*

R.H. Felton and L.R. Furenlid (Georgia Tech)

It is apparent that EXAFS analyses of data are greatly improved in
accuracy, if a spherical wave theory is employed. Inclusion of multiple
scattering in the EXAFS analysis has been accomplished by Gurman, Binsted,
and Ross , who use an exact theory for double and triple multiple scattering
terms. An alternative approach is to implement Rehr's high energy
asymptotic formulation , which is quite accurate for near collinear
arrangements of atoms.

We have carried out the implementation and find that fitting EXAFS data
to be feasible with an estimated increase in computational speed of _ca_. 80
compared to calculations using the exact theory . Satisfactory first and
second-shell distance are found in metal-imidazolato and metal-catecholato
complexes. As expected good agreement is noted in first-shell distances
between the full EXAFS calculation and the ratio method, when applicable.
The analysis has been extended to the native enzyme, protocatechuate 3,4-
dioxygenase and the enzyme-substrate complex. In the former species, five-
coordinate iron is found and in the latter complex, the catecholato species
is chelated. The analysis is being extended to a related dioxygenase,
catechol dioxygenase, and its complex with the substrate to ascertain if the
iron environments differ in the two enzymes or if the mode of substrate
binding has altered.

1. Gurman, S.J. , Binsted, N., and Ross, I., J. Phys. C; Solid State Phys.,
19, 1845 (1986).
2. Rehr, J.J., SPIE, 690, 2(1986).
3. Furenlid, L.R., and Felton, R.H., Physica B, (in press).

* This work is partially supported by a grant from N.I.H. (GM23474). The
Department of Energy (DE-FG05-89ER45384) provides support for development
and operation of X-ll.
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EXAFS OF ZN ION IN NAFION FOLLOWING EXPOSURE TO HYDROGEN SELENIDE

R. H. Felton (Ga. Tech), C. Hoener (U. Texas), and A. J. Bard (U. Texas)

EXAFS is used to characterize the environment of zinc exposed to H^Se in

a Nafion film. The samples are prepared by exposing clean Nafion film to

solutions of various mole precent Zn (((Zn+^) + (Mg+^)) - 1M), followed

by reaction of the dehydrated film with HgSe gas. EXAFS of 1,3, and 100%

ZnSe in multilayer samples was measured at the Zn edge. At the lower

loadings the predominant species is one zinc ion/cavity. Samples were

encased in Mylar to prevent rehydration.

The 1 and 3% samples exhibit identical EXAFS, and analysis by the ratio

method leads to a first-shell distance of 2.00 HH 0.02 A and a four-

coordinate zinc ion. No evidence of selenium is found in the first

shell. The 100% sample showed the same bond length as the lower

concentration samples. The data are inconsistent with the formation of a

ZnSe monomer or ZnSe aggregates, but agree with a tetrahedral Zn ion

bonded to oxygen, found previously in dehydrated Nafion incorporating

zinc ions but lacking the l^Se treatment .

The results are at odds with the current view that favors formation of

metalchalcogenide clusters . We plan to measure the Se edge EXAFS in an

attempt to resolve the disagreement.

1. Y.S. Ding and S.L. Cooper, Polymer Res. Synchrotron Radiat. Sources

(BNL-51847), 54, 1985.

2. N. Kakuta, J.M. White, A. Campion, A.J. Bard, M.A. Fox, and S.E.

Webber, J. Phys. Chem. 89, 48, 1985.
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A CELL FOR X-RAY ABSORPTION STUDIES OF THE EMERSED ELECTROCHEMICAL DOUBLE LAYER

G.J. Hansen and W.E. O'Grady, Naval Research Laboratory.

A unit has been built to study the electrochemical interphase on electrode
surfaces ex situ using glancing angle X-ray reflectance spectroscopy and elec-
tron yield detection [1], The sample electrode is emersed from a thin strip
electrolyte electrochemical cell, and the X-ray beam is totally reflected from
the electrode surface above the electrolyte thin strip. The cell is purged with
He gas, and the emitted electrons are amplified by the He and collected using a
300 V biased aluminized mylar sheet held 1 cm from the electrode surface.

The teflon electrochemical cell has a narrow horizontal slot 1.5mm x 50mm
from which the electrolyte protrudes and contacts the electrode, forming a nar-
row meniscus within which the electrochemical interphase is established. As the
electrode rotates and emerses hydrophobically (dry) from the electrolyte thin
strip, the in situ electrochemical interphase is established over the entire ex
situ electrode surface.

When the X-ray beam is totally reflected from the electrode at an angle 6
well below the critical angle 0C, a standing evanescent wave is established
which penetrates in the sample some tens of angstroms, and is sensitive to the
electrochemical interphase at the electrode surface. The sample electrode can
be held vertically or horizontally to make use of the beam polarization. The
resultant EY spectra are extraordinarily noise free and surface sensitive.

I/I.

Electrolyte
Thin Strip N>

-50

E-Eo (eV)

Fig. 1. Schematic drawing of XAFS
cell demonstrating thin strip emer-
sion, grazing incidence reflection
of the X-ray beam, and electron
yield detection, (a) Back view,
(b) Side view.

Fig. 2. Electron yield L3 edge of the
gold electrode at 4 mrad. (a) Clean,
(b) After emersion from 0.1 N H2SO4 at
+1.8 V (SCE) at 2 rpm. Spectra taken
with electrode stationary. Electrode
held vertically with beam polarization
perpendicular to the surface.

We would like to acknowledge W.T. Elam and W.N. Hansen for helpful sugges-
tions and discussion, andG. DeRose for his assistance.

[1] G.J. Hansen and W.E. O'Grady, Rev. Sci. Instrum. (submitted).
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XAFS STUDIES OF THE EMERSED ELECTROCHEMICAL INTERPHASE

G.J. Hansen and W.E. OV Lady (NRL), and G. DeRose (Case Western Reserve Univ.).

XAFS studies of the electrochemical interphase have been done via electrode
thin strip emersion [1] using total reflection spectroscopy and electron yield
detection. Gold electrodes were emersed from acid solution after formation of a
surface oxide layer at anodic electrode potentials. Spectra were obtained with
the X-ray beam incident on the elect rode surface at about 4 mrad from grazing,
using an ambient pressure electron >ield detector which was made of aluminized
mylar and bias +300 V with respect to the sample electrode. The electrode,
electrochemical cell, and detector were enclosed in a He filled container with
Kapton windows. Analysis of the XAFS data showed that one atomic layer of gold
was oxidized to form an 8-10 A thick surface oxide layer (presumably AU2O3), in
agreement with published electrochemical and optical determinations. The Au-0
bond distance was 2.0 A.
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Fig. 2. Fourier transforms of the
XAFS data in Fig. 1. k1-wieghted.
Phase corrected to Au-Au.

k(A')

Fig. 1. ^-weighted XAFS data for
gold, (a-b) Electron yield at 4
mrad of (a) clean gold, and (b) gold
emersed 0.1 N H2S04 at +1.8 V (SCE).
(c) Transmission of 5 /am thick gold
foil, for comparison.

1] G.J. Hansen and W.E. O'Grady, Rev. Sci. Instrum. (submitted).

376



Xll

X-RAY FLUORESCENCE, XANES AND EXAFS AT TRACE LEVELS USING
SYNCHROTRON RADIATION

P.J. Harget, C.K. Saw and D.P. Karim, Hoechst Celanese
Corporation, Summit, N.J. 07901

It is frequently necessary to detect elements at trace
levels, in-situ, in a nondestructive manner. Further
information on oxidation state and local chemical structure
of these elements is often desirable. Elemental detection is
commonly performed using x-ray fluorescence (XRF) with
conventional x-ray sources. Using synchrotron radiation as a
source, the advantages of incident energy selectivity,
polarization and high flux make the detection of trace
elements in the ppb range feasible. We have designed and
built an energy despersive XRF system which utilizes
synchrotron radiation. To date we have been able to detect
elements in the transition metal range down to 10's of ppb
and have good sensitivity extending into the lighter
elements, ca. Al. Using this system we have also been able
to carry out XANES (x-ray absorption near edge spectroscopy)
experiments to determine the oxidation state of metals down
to the few ppm level by taking advantage of the energy
discrim- ination of this system. EXAFS (extended x-ray
absorption fine structure) experiments have also been
carried out on trace level elements in the 5 to 10 ppm range
to determine local chemical structure and environment.
Results from test experiments using all three spectroscopies
(XRF, XANES and EXAFS) will be presented.

We gratefully acknowledge the support of the U.S. Department
of Energy, Division of Materials Sciences, under Contract
Number DE-FG05-89ER45384 for it's role in the development
and operation of Beam Line X-ll at the National Synchrotron
Light Source. The NSLS is supported by the Department of
Energy, Divisions of Materials Sciences and Division of
Chemical Sciences, under Contract Number DE-AC02-76CH00016.
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GLANCING ANGLE XAFS AND REFLECTIVITY STUDIES OF Ni AND Cr/Al BILAYERS*

S. M. Heald and E.VBarrera (BNL-DAS)

X-ray absorption and reflectivity studies have been made of the annealing
behavior of Ni/Al and Cr/Al bilayers. Clean interfaces (prepared at 10~^
torr) were compared with ones contaminated by exposure to 600 L O2 prior to
the Al deposition. Distinct differences were observed in the bahavior of the
clean and O2 exposed interfaces. The O2 exposure significantly increased the
temperature at which reaction occurred. The onset temperatures were
increased from - 2 5 0 ^ to 310°C for Ni and from ~360°C to 420°C for Cr.
For the Ni case detailed analysis of the XAFS and reflectivity data indicates
that for the clean sample N1AI3 grows at the interface in a uniform layer,
while for the O2 exposed sample the NiAl3 growth is more diffuse. This is
illustrated by the concentration profiles derived from the reflectivity data
shown below. Analysis of the Cr data is currently being carried out.
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Fig. 1. Ni density profile in the clean and O2 exposed samples. The line
shows the expected concentration for NiAl3.

*Work supported by the U.S. DOE, Basic Energy Sciences under Contract Nos.
DE-AS05-ER10742 and DE-AC02-76CH00016.
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*X-RAY ABSORPTION MEASUREMENTS OF CHARGE DENSITY ORDERING IN Ba(1_x)KxBiO3

S. M. Heald and D. DiMarziot (BNL-DAS)
M. Croft, M. S. Hegde, S. Li, and M. Greenbelt (Rutgers U.)

X-ray absorption measurements were made for the Bi L3 edge in ( )
with x=0 and 0.4. The near edge spectra (Fig. 1) show evidence for doping
dependent Bi(6s) holes, but do not show evidence for disproportionation of
the Bi into the 3+ and s+ valence states. The temperature dependent EXAFS
<j2 results for the Bi-0 bond in the x=0.4 material show a deviation from
normal behavior as indicated by an Eistein model fit (Fig. 2). In addition,
a temperature independent disorder of 0.0025 A was observed in comparison
with a similar bond in the x»0 material. The combination of these results
support the idea that the charge density wave distortion is associated mainly
with the 0 sites rather than the Bi, and that the charge density wave dis-
tortions and superconductivity may be related.
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tCurrent address: Grumman Corp. Res. Center, Bethpage, NY.
*Work supported by the U.S. DOE, Basic Energy Sciences under Contract Nos.
DE-AS05-ER10742 and DE-AC02-76CH00016.
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EXAFS STUDIES OF DIFFUSED AND IMPLANTED SEMICONDUCTORS

A.P. Hitchcock, F. Esposto and T. Tyliszczak (McMaster U., Hamilton,
Canada)

We used electron-yield (EY) and fluorescence (FL) detection to
record the XAS of dopants in semiconductors at concentrations from
1x10" to lxlO20 at.cm"3 prepared by a variety of methods. Our system
of smooth sample rotation [1] was found to be effective in both FL
and EY at removal of diffraction structure associated with the
single crystal substrates. This, and the high flux and stability of
NSLS, have extended the detection limits for implanted samples to
8xlO14 (XANES) or lxlOls cm"2 (EXAFS) .

As implanted in MBE-grown Si (with T.E. Jackman, NRC)
As-K EXAFS and XANES was recorded on samples prepared by low

energy (500 or 1000 eV) As ion implantation during MBE growth of an
epitaxial Si(100) thin film . Analysis indicates that most of the As
is in a distorted substitutional site with expanded coordination
<R(As-Si)=2.38 A) in optimally-prepared lxlO2°cnf3, 700°C material.
There is a large increase in empty low energy p states in As, Si
samples grown at 460°C. The EXAFS of both high and low T grown
samples suggests some As-clustering [2], consistent with evidence
from PL and positron angular correlations.

Ge,InP (with DA Thompson, McMaster)
This and the Zn,InP studies are related to research programs in

opto-electronic materials. Ge was ion implanted at McMaster into InP
at 150 keV with doses of 8x10" to lxlO1' cm"2. Ge edge signal was
detectible in all samples but useable EXAFS was only obtained for
samples above lxlO15 cm"2. There was an interesting difference between
samples implanted at high versus low rates (10 min versus 4 hours
for 4xlOls cm'2 dose) which suggests that there is significant P loss
and a metallic-like surface at high dose rates.

Zn,InP (with JPD Cook, FR Shepherd, BNR, Ottawa)
These materials were prepared at BNR by MQCVD or diffusion

(Zn) . The Zn,InP samples had relatively low levels of Zn (lxlO18 to
lxl0I9cnf3) distributed over a relatively large depth (0.5 to 2 m) .
With this depth distribution it was expected that these samples
would be ideal for FL detection. Unfortunately, although Zn FL was
detected from all samples, we found that essentially all materials
used in the FL-detector and in mounting the samples also contained
Zn so that background signals of similar magnitude to those
generated from the Zn,InP samples made the results of questionable
value.

1. T. Tyliszczak and A.P. Hitchcock, Physica B 158 (1989) 335-336.
2. T. Tyliszczak, A.P. Hitchcock and T.E. Jackman, EXAFS and XANES

Studies of MBE-grown As, Si (100), J. Vac. Sci. Tech. A
(submitted)

Research supported by OCMR (Ontario) and NSERC (Canada).
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EXAFS STUDY OF FERROELECTIC PHASE TRANSITION IN GExPBi.xTE: EVIDENCE
OF BOND-FLUCTUATIONS ABOVE TRANSITION TEMPERATURE

Q. T. Islam (N. C. State U.), D. E. Sayers (N. C. State U.), and
B. A. Bunker (U. Notre Dame)

The phase transition in IV-VI GexPbi.xTe ferroelectric alloys has both displacive and
order-disorder character1. It has been suggested that ordering of the orientationally disordered
Ge ions precipitates the 2nd order structural transition characterized by a soft TO phonon. To
investigate the effect of ordering of Ge ions on the phase transition, we have studied the bond-
distortion about Pb near Tc(x) for two alloys concentration, x=0.05 and 0.101, which have Tc
of 140K and 240K respectively.

In Fig. 1 is plotted the structural Debye-Waller factor, which is proportional to the
square of the order parameter (magnitude of Pb-Te sublattice shift) in the low-temperature
phase, and is to be interpreted as bond-fluctuations above Tc.

Several features emerge from a preliminary analysis of the data: (a) the non-linearity of
the structural D-W factor demonstrates deviation from the mean-field theory; (b) the magnitude
of the Pb-Te sublattice shift, measured directly for this disordered alloy, of 0.07±0.01 A at OK,
compares well with the value 0.06 A for x=0.06, calculated from ultrasound data2; (c) the value
of Tp agrees well with measurements by other techniques (Fig. 2); (d) strong bond-fluctuations
persist to about 20K above Tc.

The last feature possibly suggests the occurrence of orientational-disorder to
orientational-order transition of Ge dipoles in this alloy in the high-T phase. The tunneling
motion of Ge ions from eight equivalent potential wells to the two wells along a specific <111>
direction (along which the Pb-Te sublattice shifts in the low-T phase) strongly perturbs in the
lattice, causing the fluctuations. As Tc is approached, most of these dipoles are ordered, the
tunneling motion and so the perturbation is reduced. Similar result is obtained for x=0.1,
although the magnitude of bond-fluctuations is smaller than in x=0.05.
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Fig. 1. Structural D-W factor of Ge.05Pb.95Te Fig. 2 Transition temperature of GexPbi-xTe

1. Quazi T. Islam and Bruce A. Bunker, Phys. Rev. Lett., 59, 2701 (1987).
2. S. Sugai, K. Murase, T. Tsuchihira and H. Kawamura, J. Phys. Soc. Jap., 47, 539 (1979).

Research supported by the U. S. Dept. of Energy under Contract DE-FG05-89ER45384.
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EXAFS STUDY OF DIAMOND-MACHINED GERMANIUM

M. JOO, Q. ISLAM, R. SPARKS, M. PAESLER AND D. SAYERS (N.C. State U.)

During machining of Germanium by a diamond tool, wear particles experience substantial
temperature, pressure and shear effects in the presence of wear lubricants. To identify possible
formation of compounds or complexes due to chemical reaction with the lubricants, as well as to
study the local structural change due to the pressure and temperature, we have investigated by
EXAFS the wear particles as a function of one of the important machining parameters, the rake
angle - the angle made by the tool with normal to the surface of the wafer, at fixed depth of cut
(100 flinch), 80 jxinch/revolution transverse speed of the tool and 6° clearence angle. Fig.l and
Fig.2 show respectively the Ge K-edge EXAFS and the Fourier transform for Ge samples at
77K with -30° (sample-A) and -10° (sample-B) rake angles. These data have been compared
with c-Ge, prepared by relieving the thermal strain of the Ge sample with -10° rake angle by
annealing it at 38O°C for 4 hours in Ar atmosphere. Preliminary analysis of XANES as well as
EXAFS show that, (a) there is no oxide formation in any of the samples, (b) sample-B is,
within the errors, crystalline Ge, and (c) sample-A, although also c-Ge, differs significantly
from c-Ge in the 2M and more distant shells, showing evidence of static disorder (i.e. a
distribution of bond-angles), and.therefore suggesting presence of frozen strain due to the
temperature/pressure of the machining process. These results complement the presence of a non-
zero strain-profile, determined by Raman experiment, near the surface of the wafers upto 2
microns deep, the strain being more prominent in a sample with -10° rake angle.

Acknowledgements:
This work was done at X-11A Beamline at the National Synchrotron Light Source and is
supported by the U.S. Department of Energy under Contract DE-FG05-89ER45384. Ge
samples were prepared by the Precision Engineering Center, NCSU, supported in part by ONR
contract N00014-83-K-0064.
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DIFFERENCE IN STRUCTURE BETWEEN CRYSTAL AND SOLUTIONS
FORMS OF CONCONAVALIN A
S Lin,° J. Gilboa.*1 Y. Zhang" and E.A. Stern0

" U. of Washington, *• Weizmann Institute of Science, Rehovot. Israel

Conranavalin A Experiments

SUMMARY:

The transition metal site of concanavalin A protein has been studied at the Zn K-
edgc using the x-ray absorption fine structure (XAFS) technique in both the crystal
and solution forms For the first time clear differences are found in the structure
between \U< ciystal and solution forms. These differences persist whether the second
rri'-tal siif î  filled with Ca or Cd The crystal has one less ligand around the Zn
lhan di- t h«- solutions forms and the average bond length is 0.07^1 shorter in the
crystal I he crystal has an anomalous temperature dependence. There is essentially
no disrernihlr increase in disorder as the temperature is increased from 50K to 300K
an. ih< ;i\"rage bond length decreases! The anomalous behavior can be understood
by asMinmiu a c 'repression occurs at the Zn site in the crystal as the temperature
increases- I h< solutions have normal temperature dependences.

These results have far-reaching implications on our understanding of the structure
. if pn itPin1" and its relation t> < function. At least in one case, the structure of a protein,
cofiranavrtlin \ as determined from a crystal, is different from the solution form. The
protein is- significantly more constrained in the crystal, actualh becoming compressed
as the temperature is increased, and showing more disorder than the solution form at
low 'eiiip> ratures The mechanism and generality of the differences between crystal
and solution will be investigated in the future. Future studies will also investigate other
bimetal protein sitt^ to determine whether different conformation substates produce
sigiuficai' nstortions at the protein interior and at active sites.

\rkt. wl. .igement Research support by NSF Grant DMB 8613948.

383



X-11A

Synthesis and Characterization of lll-V Semiconductor Clusters:
GaP in Zeolite Yi

Jim E. Mac Dougall, H. Eckert, Galen D. Stucky, Dept. of Chemistry, U. C. Santa Barabara
Norman Herron, Ying Wang, Du Pont, Delaware
Karin Moller, Thomas Bein, Dept. of Chemistry, U. of New Mexico,
Dave Cox, BNL

Gallium phosphide clusters were stabilized in zeolite Y by gas-phase adsorption of (Me^Ga and
subsequent treatment with PH3 at elevated temperature. EXAFS analysis reveals that 70% of
the gallium is coordinated to the zeolite framework via a Ga-0 bond with an average bond length
of 2.04 A. The remaining 30% Ga have formed GaP clusters. Three coordination shells were
identified by the fitting procedure: a Ga-P shell at 2.37 A (N = 0.9), a Ga-Ga shell at 3.85 A (N
= 1.1) and a second Ga-P contribution at 4.56 A (N = 1.5) (see Figure 1). The bond distances
are consistent with bulk GaP. The small coordination numbers indicate the formation of ca. 10 A
clusters which could be accomodated in the supercages of zeolite Y. This interpretation is
confirmed by MAS-NMR and UV-VIS spectroscopy.

FT

1) Mac Dougall, J.E.; Eckert, H.; Stucky, G.D.; Herron, N.; Wang, Y.; Moller, K.; Bein, T.; Cox,
D. J. Am. Chem. Soc, in press

This work is funded by ONR, Du Pont Company and the Sandia-University Research Program
(DOE)



X11A

EVIDENCE FOR AN Ag4O3 PHASE OF SILVER OXIDE

A. N. Mansour, Research and Technology Department, NSWC, 10901 New Hampshire
Avenue, Silver Spring, MD 20903-5000.

The structure of various samples of chemically and electrochemically prepared
AgO materials was investigated by extended x-ray absorption fine structure
(EXAFS) spectroscopy.1 Analysis of k3 weighted EXAFS data (Figure 1) and their
respective Fourier transforms (Figure 2) have shown that chemically prepared
(CP) AgO is composed of Ag+1 and Ag*3 ions coordinated with 2 oxygens at 2.13 A
and 4 oxygens at 1.99 A, respectively, in agreement with the results of neutron
diffraction' except for a slightly smaller (approximately 0.04 ± 0.02 A)
coordination distance. For electrochemically prepared (EP) AgO, the Ag+1 ions
are also coordinated with 2 oxygens at a distance of 2.13 A. However, the
coordination number for the Ag+3 ions varies from 2.8 to 3.5 oxygens without any
significant change in the coordination distance of 1.99 A. That is, EP AgO is
really AgOj,, where 8, is the degree of oxygen deficiency near the Ag+3 ions.
The magnitude of 8 can be as large as 0.29 ± 0.05 and is a strong function of
preparation procedures such as current density, duration of charging, charge-
discharge cycling, and porosity of the uncharged material. The EXAFS results
reveal that a phase of silver oxide, Ag4O3, is formed electrochemically. The
EXAFS results also suggest that the electrochemical oxidation of Ag or Ag,0 to
AgO proceeds via the formation of Ag4O3 as an intermediate step.

0.0 0.5 1.0 1.5 J.O 2.5
RADIAL DISTANCE lAl

1.5 4.0

Figure 1. Normalized k3 weighted
EXAFS data for CP AgO (solid) and EP
AgO (dash) taken at 135 K.

Figure 2. Fourier transform of data
shown in Figure 1 over the k-range
of 2.1-17.6 A"1.

1. A.N. Mansour, J. Phys. Chem., in press (1989).
2. V. Scatturin, P. Belon, and A.J. Salkind, J. Electrochem. Soc. 108, 819

(1961).

This work was supported, in part, by the Independent Research Program of NSWC.
The x-ray absorption measurements were performed at NSLS, which is supported
by the U.S. Department of Energy, office of Basic Energy Sciences under
contract t DE-AS05-80ER10742.

385



Beamline X l l

EXAFS STUDY OF Zn,.xMnxS: COMPARISON OF LOCAL STRUCTURE IN

Zn l x Mn x S AND Zn,.xMnxSe*

R. A. Mayanovic, W.-F. Pong, and B. A. Bunker, U. of Notre Dame.

In view of the fact that the tetrahedral radius of S'2 ion in the two systems is considerably smaller
than that of the Se'2 ion, the diluted magnetic semiconductors(DMS) Zn,.xMnxS and Zn,.xMnxSe
provide an ideal combination in which to study the effectof the anion on their local structure. Namely,
we want to compare the details of their tetrahedral bond angle distortion in connection with the
superexchange mechanism occuring between the Mn*2 ions via the intervening anion.

We have measured the Mn and Zn K-edge EXAFS spectra at room temperature and the Mn
K-edge at 77K, for Zn,.xMnxS samples having x=0.10,0.20 and 0.50, in transmission mode at the
NSLS using the X11A beamline. The same measurements were also made on zinc blende-structured
ZnS and NaCl-structured MnS, which were used as standards for our data analysis.

We have determined the nearest-neighbor Mn-S and Zn-S bond lengths from the room
temperature Mn and Zn K-edge EXAFS data, respectively. Within the experimental error of .0.008 A,
the nearest-neighbor bond lengths for Zn!.xMnxS show very little Mn concentration x dependence;
the Zn-Se and Mn-Se bond lengths for Zn1.xMnxSe, obtained previously in this laboratory,1 show,
what appears to be, a slightly greater x dependence. This indicates a substantial distortion, more so
in Zn1.xMnxS than in Zni.xMnxSe, of the local structure away from the Vegard's Law behavior. One
possible explanation, for a slight difference in local distortion for the two DMS, is that there is a
greater relaxation of the anion sublattice in Zn^MnjS than Zn,.xMnxSe due to the difference in anion
size.

According to Spalek etal.,2 the strength of the superexchange interaction in DMS should depend
on the amount of Mn-anion-Mn bond angle distortion. Since we have evidence for a linear x
dependence of the Mn-Se-Mn bond angle distortion in Zn,.xMnxSe, it should be interesting to
determine the details of the corresponding bond angle distortion in Zn,.xMnxS. Further analysis of
the EXAFS data, for the next nearest-neighbor distances, will provide the means by which such an
determination can be accomplished.

1. W.-F. Pong, R.A. Mayanovic, B.A. Bunker, J.K. Furdyna, and U. Debska, (To be submitted
to Phys. Rev. B).

2. J. Spalek, A. Lewicki, Z. Tamawski, J.K. Furdyna, R.R. GaJazka, and Z. Obuszko, Phys. Rev.
B 33, 3407(1986).

'Supported by the Office of Naval Research under contract N00014-85K-0614.
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IN-SITU XAS STUDIES OF UPD Cu ON PLATINUM ELECTROCATALYSTS

J. McBreen (BNL), W.E. O'Grady (NRL), G. Tourillon, E. Dartyge
and A. Fontaine (LURE-CNRS)

Underpotential deposited (UPD) monolayers of foreign metals
on platinum electrodes are known to catalyse the oxidation of
small organic molecules such as methanol. Proposed mechanisms
for this effect are (1) modification of the electronic or
physical structure of the Pt, (2) adsorption of OH from the
electrolyte by the adsorbate or (3) catalysis via a redox process
involving the adsorbed metal. In principle X-ray adsorption
spectroscopy (XAS) should detect any of these processes.

In the present study UPD Cu on Pt electrocatalysts was
investigated by transmission XAS. The electrocatalyst consists
of 20A Pt particles on a carbon powder support. As a result
about 50% of the Pt atoms are surface atoms. This permits XAS
studies of the adsorbate by a simple transmission experiment. In
addition XAS studies of the Pt substrate can be done by
transmission XAS. In the present study a UPD layer of Cu was
formed on the Pt in 1 N HoS04 at 50 mV SCE and XAS studies were
done in-situ. The investigation consisted of two parts, a high
resolution XANES study on the dispersive beamline at LURE-CNRS
and an EXAFS study of the adsorbed Cu at Beam Line X-ll.

The XANES results show that the adsorbed Cu is in the Cu(I)
state (Fig. 1). XANES at the platinum L3 edge showed a concomi-
tant decrease in the white line, indicating a filling of the d-
bands. The Fourier transform of the EXAFS (Fig. 2) indicates
that the adsorbed Cu interacts both with water from the electro-
lyte and with the Pt substrate.

a' --•—jb'— • •

Fig. 1. XANES for Cu (#••), UPD Cu Fig. 2. Fourier transrform
( ) and Cu2O (...). of EXAFS on UPD Cu on Pt.
Work done under DOE Contract No. DE-AC02-76CH00016.
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STRUCTURE OF ZINC COMPLEXES IN ALKALINE ELECTROLYTE

J. McBreen (BNL), W.E. O'Grady (NRL), G. Tourillon, E. Dartyge
and A. Fontaine (LURE-CNRS)

Zinc complexes in alkaline electrolyte are of importance in
battery technology. They are of academic interest because during
electrochemical discharge of zinc electrodes supersaturated
solutions are formed. These display anomalous behavior which
has been ascribed to the formation of dimers and chain struc-
tures.

The present work consisted of three parts. These were (i) a
preliminary EXAFS study of 8.4 M KOH + 0.74 M ZnO at Beam Line
X-ll, (ii) a more extensive study of 0.74 M ZnO in 8.4 M NaOH,
KOH, RbOH and CsOH at Beamline X-ll and (iii) an in-situ study of
zincate formation at a discharging electrode in 12 M KOH at the
dispersive beamline at LURE-CNRS.

In the preliminary work the k1 weighted transform displayed
two peaks (Fig. 1). Analysis of the first peak is consistent
with the presence of Zn(OH)4~ and a Zn—O bond length of 1.97A.
The second peak is at the expected Zn—Zn distance in a dimer.
However, a decrease in t;he peak in the k3 weighted transform
indicates a low Z backscatterer. Phase correction for Zn—O
shows that the imaginary part of the transform is out phase with
the second peak by w radians. This could be due to forward
scattering to waters of hydration around the Zn(OH)4~ or to ion
pairing with K+ ions. The results were identical in all the
alkali electrolytes and in the in-situ studies (Fig.l). These
results and a comparison with results for Zn(OH)2/ which has a
chain structure, indicate that the second peak is due to waters
of hydration. No evidence of dimer or chain formation was found.

Fig. 1. Radial structure
functions (k1 weighted,
Ak=2.5-10.6 A"1) for (a)
8.4 M KOH + 0.74 M ZnO (- -) and
(b) 4.2 M zincate from a
discharging electrode in 1? M
KOH ( ). Data (a)obtained
at X-ll, data (b) obtained
at LURE-CNRS.

Work done under DOE Contract No. DE-AC02-76CH00016.
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ENCAPSULATION OF LEAD SULFIDE MOLECULAR CLUSTERS
INTO SOLID MATRICES.
STRUCTURAL ANALYSIS WITH X-RAY ABSORPTION SPECTROSCOPYJ

Karin Moller, Thomas Bein, Dept. of Chemistry, U. of New Mexico, Albuquerque, NM 87131
Norman Herron, Walter Mahler, Ying Wang, Du Pont , Wilmington, DE 19898

Molecular-size PbS species have been stabilized in the open-pore structure of zeolite Y and
mordenite via ion-exchange with Pb(ll) and subsequent treatment with H2S at 295 K. Detailed
analysis of synchrotron x-ray absorption data of the Pb Lm-edge shows that intrazeolite
PbC>2(Oz)3 (Oz = zeolite oxygen) species in zeolite Y react with H2S to form mono-molecular
S2Pb(Oz)3 species which are still anchored to the zeolite framework. At high loading levels of
lead in zeolite Y, the intrazeolite PbS phase appears to be more ordered than at low loading
levels. The coordination of Pb(ll) and the structure of PbS in the mordenite host is less ordered
but basically very similar to that of the mono-molecular species in Y. Optical absorption data
of these samples agree very well with the structural EXAFS results. Larger PbS clusters have
been stabilized in 85% ethylene-15% methacrylic acid copolymer films (EMAA) by a similar
preparation procedure. The PbS formation in zeolite Y (Pb24SY) and the polymer is compared
in Figure 1. EXAFS data indicate that the reaction forms PbS clusters with several Pb
coordination shells, and that the conversion to PbS is a function of Pb(ll) loading levels.

1) Moiler, K.; Bein, T.; Herron, N.; Mahler, W.; Wang, Y. Inorg. Chem. 2&, 2914 (1989)

Support was provided by the Sandia-University Research Program (DOE, T.B. and K.M.).
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X-11A

Reduction and Cluster Growth of Palladium in Zeolite Y
Containing Transition Metal Ions. X-Ray Absorption Studies.12

Karin Moller and Thomas Bein
Department of Chemistry, University of New Mexico, Albuquerque, NM 87131, USA

The effect of a second transition metal on the reducibility and agglomeration behavior of
palladium in zeolite Y is studied by EXAFS spectroscopy. Special attention is given to the
potential bonding interactions between both metal constitiuents which could result in "chemical
anchoring" of the noble metal to the support via the unreduced cocation. Zeolite Y was co-
exchanged with Fe2+ or Co3+ and Pd2+, and with each ion alone. Dehydration in oxygen
atmosphere and reduction with hydrogen was performed at different temperatures up to 623 K.
The structure of the samples during various stages of pretreatment and reduction was studied
with EXAFS on both absorption edges. Palladium is partially reduced to Pd° at room
temperature and forms small metal clusters at higher temperatures. Iron is oxydized under
oxygen atmosphere and is partially present in form of iron oxide particles, which are
redispersed under reducing conditions. A small enhancement of the reducibility of palladium is
observed if iron is present in the zeolite, but neither a "chemical anchoring" nor an effect on
the final agglomeration process of palladium is detected by the presence of iron cations. In
contrast, co-exchange with cobalt results in a substantial higher dispersion of the Pd(0) phase
after high temperature reduction. Apparently, the change in cation distribution induced by the
cobalt ions influences the reduction process of palladium. When palladium ions are diffused into
the zeolite containing aqueous Fe(ll) ions, a Pd(0) phase consisting of larger crystallites is
formed at room temperature by a redox reaction with Fe(il).

1) Moller, K.; Bein, T. J. Phys. Chem in press
2) Moller, K.; Bein, T. Studies in Surface Science and Catalysis, Vol. 49: "Zeolites: Facts,
Figures, Future", Eds.: Jacobs, P.A.; van Santen, R.A., Elsevier, Amsterdam, 1989, 985

Acknowledgement is made to the Donors of the Petroleum Research Fund, administered by the
American Chemical Society, and to the Sandia-University Research Program (DOE).
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LXAFS CHARACTERIZATION OF CATALYSTS DERIVED FROM ALUMINA-SUPPORTED TRIOSMIUM
CLUSTERS x _ n

M. M. Otten, H. H. Lamb, and D. E. Sayers (N.C. State U.)
P.-L. Zhou, and B. C. Gates (U. Delaware)

Triosmium carbonyl clusters covalently anchored to y-k& 0_ are pre-
cursors of unique ensembles of three 0'..-** carbonyl complexes wxth novel
catalytic properties. The ensembles have been characterized previously by
EXAFS spectroscopy and HREM. In this work the surface species resulting
from treatment of the 0s ensembles in flowing H~ at 450°C for 4 h and
from subsequent treatments of the sample in. vacuo at 300 and 400°C were
examined by EXAFS spectroscopy. The EXAFS results indicate that H_ treat-
ment leads to complete loss of CO ligands with concomitant formation of
thin raft-like supported 0s aggregates. After H_ treatment the EXAFS con-
tribution of the Os-supported interface remains strong. Analysis revealed
an Os-0 coordination number of 3.0 with an average distance of 2.57 A, con-
sistent with an epitaxial relationship in which 0s atoms occupy three-fold
hollow sites of the close-packed oxygen layer of Y-Al~0_ (111). The metal-
support interface is closely similar to those of conventionally prepared
supported metals, such as Pt/ Y-Al 0 , which have been characterized
previously by Koningsberger and coworkers. The unique raft-like
structure of the 0s particles appears to be stabilized by carbon adatoms
(N=2.2 and r=2.17 £). Treatment in high vacuum at 300 and 400°C did not
significantly affect the structure of the aggregates or the metal-support
interface, in contrast to the previous results of Koningsberger et al.
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X-ray Absorption Studies at the L-edges of Lead in High Tc

Superconductors: II. Oxidation State of Pb in (Pb,Bi)2Sr2Cu06+5

J. B. Parise, SUNY/StonyBrook
E. M. McCarron, C. C. Torardi, Du Pont

Sample" r,f (Pb,Bi)2Sr2CuO6+8 (Pb=5 12.5, 25%) have been prepared in
crimped gold tubes ' . atmospheric pressure and under 3 kbar of air pressure using peroxide
precursors. We have described elsewhere (1) the general appearance of the absorption edges
for the isoelectronic ions of Tl, Pb and Bi. Both crystallographic and x-ray absorption studies
have been carried out on these materials. The edge occurs at a higher energy as the content of
Pb(IV) increases in the material. There is a distinct 4 eV separation between the Lm-edges of
Pb in PbO and PbO2-

The position of the X-ray absorption edge (see Table 1) appears to correlate well
with the average formal oxidation state for lead in the standard compounds studied. Both
qualitatively and semi-quantitatively (Table 1) the formal oxidation states of lead in the Pb-C
(prepared at room pressure) and Pb-HP materials (prepared at high pressure) are (II) and
(IV), respectively.

Although the Cu-edge showed no edge shifts'1'2), that of the Bi-Lm edge is
indicative of increasing amounts of Bi(V) in the samples prepared at high pressures (HP).

Table 1: Comparison of Pb-Lm X-ray-absorption edge positions* for lead in standard
compounds an those in the 2201 phase. [(Bi,Pb)2Sr2CuO6+5]

Compound

PbO
Pb3O4

PbQ
Pb -
Pb -
Pb -
Pb •

2
1/4C5

1/2C
• 1/4HP

1/2HP

£.1/2*

13054.0
13055.0
13056.4
13053.6
13053.6
13056.3
13056.4

Formal
Oxidation
State For

2.0
2.7
4.0

-

Infered
Oxidation
State For Pb

-
-
2 +
2 +
4 +
4 +

A£i/;

0.0
1.0
2.4
0.4
0.4
2.3
2.4

* Position (in eV) of the half height of the absorption edge,

t Difference (in eV) of absorption edge from that of PbO.

5 Nomenclature: Pb-xS where x refers to the amount of Pb per formula unit and S refers to samples
prepared in either crimped (C) tubes or under high pressure (HP).

(1 ) J. B. Parise, P. L Gai, M. A. Subramanian, J. Gopalakrishnan, and A. W. Sleight,
Physica C 159 (1989) 245.

( 2) C. C. Torardi, J. B. Parise, M. A. Subramanian, J. Gopalakrishnan, and A. W. Sleight,
Physica C 157 (1989) 115.
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XI1A

X-ray Absorption Studies at the L-Edges of Lead and Bismuth: I.
Oxidation State of Pb in (TI,Pb)Sr2Can-iCunOx (n=2,3)

J. B. Parise, SUNY/StonyBrook
M. A. Subramanian, J. Gopalakrishnan, A. W. Sleight, Du Pont

The oxidation state and stoichiometry of the metal atoms in the high Tc oxide
supsrconductors controls the level of electron hole doping in the CuO sheets; this has been
demonstrated*1'2) to be correlated with Tc. For the characterization of the oxidation state of Pb
in the new superconductors^) (TI,Pb)Sr2Can-iCunOx (n=2,3; x=7 and 9, TC=85K and 122K,
respectively) XANES studies were performed(4) at the Pb Lw absorption edge.

Several well characterized materials containing either lead (as Pb2+ , Pb4+ or a
mixture thereof) or containing thallium (as T l 3 + or T!1+) were examined. Ionic, insulating
materials containing the lower oxidation states (PbF2 and TI2MOO4, for example) had sharp,
well-defined edges (Fig. 1). On the other hand, the more semiconducting or metallic compounds
containing higher oxidation states exhibited more shallow edges and a distinct pre-edge feature
(Fig. 1). In the case of lead, the position of the edge was observed to move to higher energy as
the content of Pb4+ increased across the series PbO, Pb3C>4, PbC>2.

On the basis of a comparison of absorption edge position and pre-edge features for
lead in n=2 and n=3 phases, the formal oxidation state for Pb in the superconductors is 4+.
Since lead has been shown*4) to substitute exclusively for T l 3 + , this implies a lowering of the
hole concentration relative to the ideal end member composition T!2Sr2Can-iCun0x.

I
£

-20 -10 0 10 20
E-Eo (eV)

Figure 1. X-ray absorption (u.x) in the
vicinity of the Tl-Lm edge (12658 eV) for
TI2O3 (dotted curve) and TI2MOO4 (solid)
in which thallium is assigned the formal
oxidation state (3+) and (1+) respectively.
The edge-features for Pb4+ and Pb2+ are
similar to those shown for the isoelectronic
T l 3 + and T l 1 + , respectively.

(1 ) J. B. Torrance et al., Phys. Rev. Lett. 61 (1988) 1127.
( 2 ) J. B. Parise et al., Physica C 159 (1989) 255.
( 3 ) M. A. Subramanian et al., U.S. Patent 4,835,136, CR-8614, issued May 30, 1989.
( 4 ) J. B. Parise et al., Physica C 159 (1989) 245.
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DEVELOPMENT OF NOVEL STRAIN MEASUREMENT TECHNIQUES X-11

D.M. Pease, E. Jordan and J.I. Budnick (U. Conn.)

We have been investigating novel methods of strain measurement with E. Jordan
of the the University of Connecticut Mechanical Engineering Department. In
addition to developing laboratory apparatus which can measure strain using
x-ray induced fluorescence from marker materials, we are attempting to measure
strain from the displacement of small («- 5 micron) nickel spheres, observed by
transmission photography using the X-ll beamline. We have obtained sharp
photographs of the spheres of aluminum samples and are now working on
finding the best method of measuring displacement from these images. X-ray
techniques eventually will have the advantage of being a non-contacting strain
measurement method which is unperturbed by turbulance in the environment of
elevated temperature specimens, and the synchrotron measurements promise
great sensitivity for the measurement of strain in suitable systems.

This work is supported by the division of Materials Science of DOE under
Contract No. DE-FG05-89ER45384.
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Beam Line X11

Techniques for Performing X-Ray Absorption Studies of Thick Concentrated
Samples Using Fluorescence Detection*

D.M.Pease, Z.Tan,J.I.Budrick,D.L.Brewe ( U.of Connecticut), C.C.Law (United Technologies-
Pratt&Whitney).

We have developed two different approaches to the problem of distortions which occur in X-
ray absorption spectra from concentrated or thick samples when standard fluorescence techniques
are used.

We have developed an experimental method to obtain accurate X-ray absorption spectra from
concentrated bulk samples using a normal-incidence low-exit-angle detection geometry. We have
obtained quantitative results at 77K and 300K for Cu[l] and for P-phase Transition metal Alu-
minides. We are developing the technique to be used at intermediate temperatures in a study of the
temperature dependence of the EXAFS in the Aluminides.

This method will be useful for obtaining spectra from materials that are net easily formed into
foils or powders and for insulators which have potential problems with charging when e-yield
techniques are used. The estimated sampling depth of several thousand angstroms should also
greatly reduce the effect of surface oxides on measurements of bulk properties compared to e-yield
techniques. It has been speculated, that the surface sensitivity of the e-yield techniques is a signifi-
cant contributor to differences in EXAFS amplitudes and near-edge features between these tech-
niques and transmission measurements[2].There is also potential for applications such surface
studies[3] and depth profiling using similar geometries.

With S.M.Heald of BNL we have also developed calculations[4] which show that for moderate
distortions, the correction to the fluorescence EXAFS amplitudes from concentrated or thick
samples can be approximated by a constant correction to the coordination number and mean-
square-relative-displacement. A quantitative correction can be made to obtain these parameters
accurately using standard fluorescence detection geometries.These results also demonstrate that the
distortion is of a form that allows the use of fluorescence data without corrections in studies of
EXAFS temperature dependence, where only relative values are needed.

*We gratefully acknowledge the support of the US department of Energy.

References

[1] D.M. Pease,D.L.Brewe,Z.Tan, J.I.Budnick and C.C.Law,Phys.Lett.A138 (1989) 230.
[2] A. Erbil,G.S. Cargill III,R.Frahm and R.F. Boehme,Phys. Rev. B37 (1988) 2450.
[3] Y.Suzuki,Phys. Rev. B39 (1989) 3393.
[4] Z.Tan,J.I.Budnick and S.M.Heald,Rev.Sci.Inst.6O (1989) 1021.
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LATTICE DISTORTION IN THE DILUTED MAGNETIC SEMICONDUCTORS

ZN, . X MN X SE AND ZN,.XMNXS

Way-Faung Pong, Robert Mayanovic, and Bruce A. Bunker, Notre Dame.

Bond lengths, Debye-Waller factors, and site occupancy in the diluted magnetic semicon-
ductors Zn^Mn^S and Zn^Mn^Se have been measured using extended x-ray absorption fine
structure (EXAFS). The nearest-neighbor bond lengths at both room temperature and low
temperature (77K) are found to be constant as a function of alloy composition within the exper-
imental uncertainties of 0.01 A. We have also determined the second-shell Zn-Zn, Zn-Mn, and
Mn-Mn distances, as well as the second-shell Se-Se distances. By combining these results, we may
determine the deviation in bond angles away from a perfect tetrahedron. These results are shown
in Fig. 1.

Second-shell distances and Debye-Waller factors have also been studied, showing that while
the anion sublattice suffers the largest distortion, the cation sublattice also exhibits some relaxation.
As shown in Fig. 2, the Zn-edge second-shell results show larger Mn coordination and smaller Zn
coordination compared with a random distribution, which indicates a tendency towards local
ordering. These results impact not only electronic structure and transport, but also magnetic
properties due to the superexchange mechanism occurring between the Mn+2 ions and mediated by
the intervening anion in Znj.xMnxSe.

Zn-Se-Zn
\
\

i -

i

1

I

109.6"

\ •

\

Mn-Se-Mn

* Zn-Zn Coordination

? Zn-Mn Coordination

K y"

i-'
0.2 0.4 fl.6

Mn C o n c e n t r a t i o n , x

1.0 o.;: 0.4 o.6 O.B

Mn Concentration, x

Fig. 1 Deviation in bond angles from 109.6°
in Zn,.xMnxSe, as determined by
EXAFS bond-length measurements,
as a function of alloy composition x.

Fig. 2 Zn-Zn and Zn-Mn second-shell coordi-
nation in Zn,.xMnxSe as a function of
alloy composition x. The number of Zn
(Mn) neighbors is smaller (larger) than
expected if the distribution were random,
implying a tendency to order.

Supported by Office of Naval Research under contract N00014-89-J-l 108.
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Au L3-EDGE X-RAY ABSORPTION STUDY OF YBa2(CuQ.QAUQ.

M. W. Ruckman (BNL-DAS) and A. F, Hepp (NASA-Lewis Research Center)

XAFS measurements of the Au L3 and Cu K edges are used to study Au substi-
tution in YBa2Cu3Oy_x. Hepp et al. [1] found that Au doping has little
effect on Tc at 10% substitution for Cu. The Au doping causes no change in
the lattice parameters in the a-b plane and causes a 0.06 A expansion of the
unit cell along the c-axis. XFS data suggests that Au is trivalent. Figure
1 shows L3 near-edges for Au, AU2O3 and YBa2(CuQoAuo. i)sOj^x and Fig. 2
shows the k^-weighted transformed EXAFS spectra for Au and the 10% Au doped
superconductor. When gold becomes trivalent an intense white line develops.
This feature is much smaller for YBa2(Cuo.oAuo.l)3O7_x than AU2O3 suggesting
Au has fewer unoccupied 5d states in the superconductor than in the oxide.
This assumes that all of the Au reacts with 1-2-3 to form the new phase. If
it does not react fully, then a significant fraction of the Au must still be
metallic.

The k^-weighted L3 edge EXAFS (Fig. 2) shows that the local structure of
Au changes when it reacts with 1-2-3. Metallic Au has a bond length of 2.88
A and the first radial distribution function (RDF) peak is at 2.40 A. The
RDF for the 10% Au doped material peaks at 1.00 and 1.58 A. There is also a
large peak in the RDF at 2.40 A. The EXAFS data suggests the existence of a
Au phase with a bond length not unlike the Cu-0 bond in the 1-2-3 material.
The EXAFS data also suggests the presence of a metallic Au phase possibly
located in clusters or at grain boundaries.
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[1] A. F. Hepp et al., J. Solid State Chem. 7±, 433 (1988).

This work was supported by the U.S. Department of Energy under Contract No.
DE-AC02-76CH00016 and NASA (Grant NCC 3-19).
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REAL TIME X-RAY DIFFRACTION EXPERIMENTS WITH POLYMERS

C.K. Saw and P.J. Harget, Hoechst Celanese Corporation,
Summit, N.J. 07901

The emphasis of this talk will be on methodology and
approaches that have been developed to carry out real time
x-ray diffraction experiments with polymers. Both wide angle
x-ray scattering (WAXS) and small angle x-ray scattering
(SAXS) will be covered since they are both important for
determining the structure and morphology of polymers. Some
of our experimental arrangements with a linear position
sensitive detector for SAXS experiments and a curved position
sensitive detector for WAXS experiments will be presented.
These devices speed up data collection considerably since no
scanning is involved and scattering space is not distorted.
In addition special modes/sequencing of data collection for
anisotropic scattering will be discussed which facilitate
rapid data acquisition. Some of the experimental advantages
for real time diffraction experiments utilizing synchrotron
radiation will also be discussed. This not only includes the
high intensity feature, but also the utilization of inherent
self focusing to collect both WAXS and SAXS data
simultaneously. Finally, a few applications of real time
diffraction with polymers will be discussed.

We gratefully acknowledge the support of the U.S. Department
of Energy, Division of Materials Sciences, under Contract
Number DE-FG05-89ER45384 for it's role in the development and
operation of Beam Line X-ll at the National Synchrotron Light
Source. The NSLS is supported by the Department of Energy,
Divisions of Materials Sciences and Division of Chemical
Sciences, under Contract Number DE-AC02-76CH00016.
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MELTING OF PB FROM A LOCAL PERSPECTIVE
Edward A. Stern,a Peteris Livins6 and Zhe Zhang"
Physics Department, FM-15, University of Washington, Seattle, WA, 98195

Long range fluctuations are not an important mechanism in melting because it
is a first order transition. The mechanism of melting depends on short range phe-
nomena. Various theories exist, for this mechanism employing dislocations, vacancies,
etc.. However, there is no experimental evidence defining the mechanism. The usual
experimental tool for delecting structural changes on melting is diffraction which
senses the loss of long-range order. We have used the x-ray absorption fine struc-
ture (XAFS) technique to observe the melting phenomenon in pure Pb. XAFS is a
local probe which gives a new perspective on melting that may help in defining the
mechanism of melting

XAFS measurements have been performed on pure Pb from 15K to above its
melting point of 600K. The experimental difficulties that had to be overcome were
protection of the samples from oxidation and from disintegration as it melted. These
were overcome successfully. The most striking change that occurred on melting was
an abrupt decrease in the XAFS amplitude by a factor greater than two as indicate
in Figure 1. This decrease did not follow the usual Debye-Waller dependence but
was approximately independent of energy from the K-edge. We interpret this abrupt
decrease as the fraction of the time a Pb atom is diffusing. The diffusion rate abruptly

increase by a factor of 10s at the melting point.
0.4

Pig. 1 The absorption yx of a
- pure Pb sample (dashed) in ar -

bi trary units vs. x-ray energy
from the L3-edge a t 450K. The
background i s shown as the
solid curve and determined by
the method described in the
text . Accurate background
subtraction i s possible by the
new method in the region above
the solid arrow. The standard
method of background subtrac-
tion is accurate only above
the region denoted by the
dashed arrow.

-0.6-25 75 100
E (eV)
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a: Research supported by DOE Grant DE FG05 89ER45384
b: Research supported by NIH Grant DMB 8613948 AOl
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EXAFS STUDtf OF FERROELECTRIC IV-VI SEMICONDUCTORS

Z. Wang and B. A. Bunker, Notre Dame.

EXAFS has been used to study the local structure of the disordered alloy PbS/Te,.,. These alloys

undergo a ferroelectric phase transition from a high-temperature cubic phase to the low-temperature

trigonal phase. The transition temperature is a strong, nonlinear function of alloy concentration,

suggesting that the Sulfur atoms play an important role in the transition. EXAFS studies on the Pb

site in these alloys have been performed above and below the transition temperatures. The pre-

liminary EXAFS results imply that S atoms are displaced about 0.3 A from the cell center at all

temperatures and concentrations in both the low- and high-temperature phases. These findings imply

that the S atoms may undergo an order-disorder transition as observed in Pb,.xGexTe'. In addition

to the order-disorder character of the transition, there is also a displacive character: EXAFS mea-

surements of the Pb site clearly show that the entire anion sublattice shifts relative to the cation

sublattice below the transition temperature.

Fig. 1 The d:'«v.ence in first-shell EXAFS
Debye-Waller factors Ac2 associated
with the Pb edge in PbS018Te082, rela-
tive to PbTe measured at the same
temperature, as a function of
temperature T. The Debye-Waller
factor increases as temperature is
lowered because the Pb atoms move
off site center. 0.0000

100 150 200 250

Temperature (K)

300 350

1. Q. T. Islam and B. A. Bunker, Phys. Rev. Lett. 59, 2701 (1987).

Supported by Office of Naval Research under contract N00014-89-J-1108.
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Beamline X-l 1A

CHEMICAL DYNAMICS OF SOLID COMBUSTION SYSTEMS BY
TIME-RESOLVED DIFFRACTION

Joe Wong, E. M. Larson, J. B. Birch, P. A. Waide, B. Rupp
Lawrence Livermore National Laboratory, Livermore, CA 94550

We have performed a series of first time-resolved x-ray diffraction (TR-XRD)
experiments on Beamline X-11A to follow the chemical dynamics of a number of solid
combustion systems in-situ at high temperature (>2000 C). A Princeton Instrument photo-
diode array which is capable of recording a full scan of 1024 pixels in 4 msec, was used as
a position-sensitive detector to record the TR-difrraction patterns from the reacting
specimen situated in a specially designed reaction chamber-diffractometer with a vertical
0-2G geometry. Systems of studies were:

(a) Ti + C = TiC,
(b) Ti + C + Ni = TiC + TiNi alloy and
(c) Ni+Al = NiAl.

For the latter system, we were able to achieve a time resolution of 50 msec and record the
formation of pre-reactive phases, melting of the reactants, reaction intermediates and final
product in the course of a couple of minutes of total scan.

These experiments demonstrate a new capability at NSLS to study the chemical
dynamics and phase transformation of reactive systems in-situ, at high temperature and
other external perturbations in the time domain of a few milliseconds.

Work performed under the auspices of the U.S. Department of Energy by the Lawrence
Livermore National Laboratory under contract number W-7405-Eng-48.
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BcamlineX-llA
Nd^+ Coordination in Binary Alkali BeF2 Laser Glasses by

XANESandEXAFS

Joe Wong, E. M. Larson and M. J. Weber, (Lawrence Livermore National Laboratory)

Beryllium fluoride glasses are of interest for various optical and laser applications because of their
large band gap and small nonlinear refractive index. To tailor the stimulated emission cross section and
other optical properties, it is important to understand how the local environment of the lasing ion varies
with the host glass composition. Information about coordination geometry and bonding can be obtained
from an analysis of x-ray absorption near-edge structure (XANES) and extended x-ray absorption fine
structure (EXAFS). We have measured these properties for Nd^+ in a series of fluoroberyllate glasses. The
compositions of the glasses investigated are listed in Table 1 All glasses were doped with about 1 mol.%
NdF3.

Room-temperature absorption spectra were recorded at beamline X-l 1A using double Si(lU)
crystals and a 0.5 mm entrance slit yielding a resolution of -0.5 eV at the Nd L3 edge (6208 eV). Spectra
were obtained using a fluorescence technique.

Table 1. White line analysis of the normalized Nd L3 XANES.

PEAK LINEWIDTH INTEGRATED
BASE GLASS fmol.%'> HEIGHT (eVI INTENSITY

100BeF2

55BeF2 «45LiF

55BeF2»45KF

55BeF2 • 45RbF

34BeF2 • 23A1F3 • 19MgF2 • 10CaF2 • 14BaF2 4.05

The integrated intensity of the Lorentzian line in Table 1 also changes with glass composition
indicating a change in the oscillator strength of the 2p-> 5a transition. This is correlated with the large,
systematic variations in the crystal-field splitting of 4f states of Nd^+ with changes in fluoroberyllate glass
composition observed in optical spectra showing similar narrowing with increasing size of the alkali
modifier.

To substantiate our white line studies of Nd^+L3 XANES in these binary alkali BeF2 glasses, a
systematic study was carried out to determine the Nd coordination of fluoride ions in the series of 45MF-
55BeF2 glasses, where M = Li, K, and Rb. The average coordination of Nd3+ by F ions was found to
increase in going down the alkali series (Table 2)in accordance with earlier molecular dynamic structure
simulation and correlates with narrowing of the optical spectra of these glasses.

Table 2. Nd3+ Coordination in Alkali BeF2 Glasses Derived from EXAFS Analysis

Glass No. of fluoride ions
BeF2 7.8
45LiF-55BeF2 8.5
45 KF - 55BeF2 8.6
45 RbF - 55BeF2 9.6

Work performed under the auspices of the U.S. Department of Energy by the Lawrence Livermore National
Laboratory under contract number W-7405-Eng-48.
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X-11A

SOLUTE-PAIRING IN SOLUTION-HARDENED BINARY AND TERNARY

FCC ALLOYS

J. Wong? W. E. Nixon* and J. W. Mitchell4"

Lawrence Livermore National Laboratory
P.O. 8ox 808, Livermore, CA 94550, USA

"•"Department of Physics, University of Virginia
Charlottesville, VA 22901, USA

The pairing of solute atoms 1n novel solution-hardened FCC Cu alloys
has been investigated with EXAFS. Two binary 6 at.X Ni-Cu and 6 at.X
Pd-Cu alloys, and one ternary 3 at.X Ni-Cu, 3 at.X Pd-Cu alloy were
studied. The solute concentration in each system was chosen so that It
was below that (8.33 at.X) allowed by statistical distribution for
finding a solute-solute pair 1n the first coordination sphere of the FCC
structure. The results derived from detailed simulations of the EXAFS
signal arising from the first coordination shell of the Ni and Pd solute
atoms 1n these alloys are given 1n Table 1. These results may be
summarized as follows: (1) In both binary and ternary alloys, N1 1s
coordinated by 12 Cu host atoms at a distance equal to sum of the
Goldschmidt rad11. There 1s no N1-N1 pairing. (2) On the other hand,
Pd-Pd pairing 1s found 1n both the binary and ternary systems. In
addition, chemical Interaction with the Cu matrix 1s evident from the
Pd-Cu separation of 2.60 A which 1s ~0.05 A shorter than sum of the
Goldschmidt radii. (3) Finally, there is no evidence of pairing of Ni-Pd
solute atoms 1n the ternary alloy.

Table 1. Calculated Nearest Neighbor Coordination (N) and Bond
Distance (r) 1n Binary N1-CU, Pd-Cu, and Ternary Ni-Pd-Cu, FCC Alloys

6XN1-CU
6XPd-Cu

I n Cu

C e n t r a l
Atom

N1
Pd

Cu

NI

Pd

(+0.02A)

12 Cu
11 Cu

1 Pd
11 Cu

1 Pd
12 Cu

52
59
70
54
68

11
1

Cu
Pd

2.51

2.60
2.75

0.0002
-0.00003
-0.0021

.0011

.0001
0.0004

.0002
-0.0015

-12.9
- 8.0

-n .8

-11.0

-11.4

Standard
0ev1at1on of Fit*

(*)

6.6
: 8.9

5.8
i

8.1

4.8

*as percentage of the maximum amplitude of the respective experimental
xfk3 spectra.
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YBgg: A CANDIDATE SOFT X-RAY CRYSTAL MONOCHROMATOR

J. Wong, G. Shimkaveg, W. Goldstein, M. Eckart, L. Wilson
Chemistry & Materials Science

Lawrence Livermore National Laboratory
Liverrnore, CA 94550

and
P

H. Tonkins
Stanford Synchrotron Radiation Laboratory

Stanford. CA 94309

A number of large d-spacing crystals have been used and considered as
monochromator for synchrotron radiation in the soft x-ray region. Candidates so
far considered are listed In F1g. 1, showing the energy Interval of
applicability with Bragg angles 1n the range 20 - 80* and Intrinsic absorption
due to constituent elements 1n the crystals. The present monochromator setup at
SSRL Jumbo spectrometer 1s a 3-crystal system consisting of Ge(lll), InSb(lll)
and Beryl(lOlO). Ge(lll) will disperse from 5.5 KeV to just below 2 KeV. The
gap between Ge(lll) 1s bridged by InSbC111) to just below the Si K-edge at 1.88
KeV. The usable range of Beryl 1s 0.8 to 1.5 KeV which is just below the Al
K-edge.

YB55 1s an alternate candidate and satisfies all of the material requirements
as soft x-ray monochromator for synchrotron radiation. It 1s semiconducting
like Ge and SI, the 2d value of the (400) reflection 1s U.76A with a
calculated Oarwin width of -1 eV in the range 1 - 2 KeV, where it Is
transparent. With G e ( n i ) , YBgs will make a simpler 2-crystal system for
dispersing synchrotron x-ray In the 1 - 5 KeV region, the material 1s very hard
and refractory. Small crystals -10 mm x 4 mm have been grown and
characterized, and we are currently evaluating Its rocking-curve
characteristics. Larger crystals 50 mm long by 10 mm diameter have recently
been grown by Tanaka (J. Crystal Growth 73, 31 (1985)) and will also be
evaluated.
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Work performed under the auspices of the U. S. Department of Energy by the
Lawrence Livermore National Laboratory under contract number K-7405-ENG-48.
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THALIUM IMPURITIES IN LEAD
Zhe Zhang, P. Livins and E.A. Stern (U. of Washington)

Previously, it has been found that mercury and tin impurities in lead,1 both of
which lower the bulk melting point, show phenomena which is interpreted as a pre-
melting microscopic bubble around the impurity. Thalium is an impurity which raises
the melting point of bulk lead. Measurements have been made on a 3% concentra-
tion of thalium in lead, using the x-ray absorption fine structure (XAFS) technique
and covering ihe temperature range from room temperature to near the bulk melting
temperature. It was found that no premelting phenomena was found for this impu-
rity. Thus, ihe present evidence indicates that the premelting phenomena occur only
around those impurities which lower the bulk melting point.

References:
: E.A. Stern and Ke Zhang, Phys. Rev. Lett. 60, 18, (1988).
2 H. Shechter. E.A. Stern. Y. Yacoby, R. Brener and Zhe Zhang, Phys. Rev. Lett.
63. 1400 (1989).
Acknowledgement Research support by DOE grant DE-FG05-89ER45384.
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X-11A
AN EXAFS STUDY OF EVAPORATED AMORPHOUS AS4S4 FILMS

W.ZHOU, J.LEE, M.A.PAESLER AND D.E.SAYERS
NORTH CAROLINA STATE UNIVERSITY

Amorphous AsxSi-x at x=0.4 (i.e. a-As2S3) is thought to have a random covalent network,
while a-AsxSi-x at x=0.5 (i.e. a-As4S4) is a disordered molecular solid, when they are properly
prepared. Compositional trends between the two extreme cases is related to the variation of the
structural ordering, and also affects sample properties. For example, reversible photo-darkening,
which peaks between x=0.4 and x=0.5, is a function of composition . To understand these
effects, a study of the atomic structure and the structural change in both stoichiometric cases, i.e.
a-As2S3(1) and a-As4S4 would prove helpful. We report an EXAFS study at the arsenic K-edge
of three amorphous AS4S4 films (as-deposited, thermally annealed and light-soaked). The films
were prepared on Kapton substrates by flash-evaporation of AS4S4 powders at 5xlO*7 torr using
a molybdenum boar, The films used were around 3.5|J.m in thickness. Annealing was at about
450K for 1 hour while light-soaking entailed exposure to an Ar laser beam (488nm and 300mW)
for 20 minutes at 77K. Because there exist both As and S atoms in the first shell, the ratio
method failed to give satisfactory results. In this study, we use a non-linear least-squares fitting
method including both As and S atoms to minimize the difference between the experimental data
and the fitted function. The data are fitted from 2.6 to 14.4 A"1. The standards used are the first
shells of C-AS2S3 and c-As. Fixing coordination number to Ns=2 and NAS=1 or N S + N A S = 3 ,
we have the same radial distances and similar trends of disorder factors among the as-deposited,
annealed and light-soaked samples. Table 1 lists the comparison of structural parameters with
Ns=2 and NAS=1 in the first shell. The Debty-Waller factors listed are relative to those for c-
AS4S4. The EXAFS results indicated that flash-evaporated a-Aso.5So.5 still keeps its AS4S4

molecular structure, i.e., it has short
Table 1 Structural parameters for a-As4S4 films range order out to the second shell.

Compared to the molecular crystal
Sample Shell

As-deposited

Annealed

Light-soaked

1
1
2
2
1
1
2
2
1
1
2
2

Bonding
As-S
As-As
As-S
As-As
As-S
As-As
As-S
As-As
As-S
As-As
As-S
As-As

R(A) Ao"2(10"4A2) As4S4(realgar)(2), these molecules are
2.24±0.01
2.56+0.02
3.6610.02
3.4410.02
2.2410.01
2.5610.02
3.6710.02
3.4410.02
2.2410.01
2.5610.01
3.6710.02
3.4410.02

-513
15+4
34+17
8+2
-2+4
6+4
22125
7+1
-413
3+4
21114
6+2

randomly packed. With this, we set
N$=2 and NAS=2 in the second shell.
Althouth the distances are consistent
with those of C-AS4S4, the molecular
units in the films are quite disordered,
especially in the as-deposited film.
Little change is seen between the
annealed and light-soaked a-Aso.sSo.f
films. This means that the photo-
induced structural change is not
related to the AS4S4 molecular, but to
the network structure.

Reference
1. C.Y.Yang, M.A.Paesler and D.E.Sayers, Phys. Rev. B36(17), 9160(1987)
2. DJ.E.Mullen and W.Nowacki, Zeitschrift fur Kristallographie, Bd.l36,S.48(1972)

Suppouted by US DOE under contract DE-FG05-89ER45384
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BACTERIOPHAGE PWX174 X12-C

M. Agbandje, E. Arnold, J. Badger, S. Krishnaswamy, M. Luo, R. McKenna, M.
Oliveira, M. Rossmann, T. Smith, P. Willingmann.

Purdue University, Department of Biological Sciences, Lilly Hall of Life Sciences,
West Lafayette, Indiana 47907.

PhiX174 is an icosahedral ssDNA virus, genetically well characterized and with
interesting structural features. The virus capsid contains 60 copies of protein F, G
and J, as well as 12 copies of protein H. Of these, J is located internally while H
occupies the fivefold vertices. The phage attaches to E. coli cells by means of the H
spike proteins.

Crystals, 0.2-0.3 mm in diameter, were originally obtained by vapor diffusion
methods in the presence of Tris buffer, PEG 8000 and CaC12. Some of the crystals
diffracted X-rays to 3.5 A resolution. The data posed problems in indexing, scaling
and post-refinement due to probable polymorphism and insufficient overlap of common
refections. The crystal system and space group are probably orthorhombic and
P212121, respectively, with one virus particle per asymmetric unit. Data were processed
to 5 A resolution.

Since mid-1988, we have been able to grow fairly reproducible monoclinic
crystals with space group P2, and cell dimensions a = 305.9 A, b = 360.9 A, c =
299.6 A, 6 = 92.9°. This implies a mean spherical radius of 280 A. We have collected
about 25% of the high resolution data by combining results from DESY, Brookhaven
NSLS, SSRL and Daresbury. A locked rotation function has shown the particle
orientation.

Although the variety of proteins in the ssDNA parvoviruses and the phage are
very different, our experience with the RNA viruses has shown that we might expect
some degree of structural homology. Thus, the simultaneous analysis of PMX174 and
CPV is particularly thrilling. Note: The PWX174 crystals are less stable than the CPV
crystals. All attempts to obtain very low resolution data on our area detector have
failed because of the rapid crystal death.

Publications

Krishnaswamy, S., Willingmann, P., McKenna, R., Rossmann, M. G., Stowe, P. &
Incardona, N. (1989), manuscript in preparation.
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STRUCTURE DETERMINATION OF ANIMAL VIRUSES: Parvoviruses X12-C

M. Agbandje, E. Arnold, J. Badger, S. Krishnaswamy, M. Luo, R. McKenna, M.
Oliveira, M. Rossmann, T. Smith, P. Willingmann.

Purdue University, Department of Biological Sciences, Lilly Hall of Life Sciences,
West Lafayette, Indiana 47907.

Parvo (Greek small) viruses are animal ssDNA viruses. They, like picor-
naviruses, consist of a protein coat surrounding the nucleic acid. Their diameter is
somewhat smaller (260 A). We are studying canine parvovirus which, unlike some
other parvoviruses, does not depend on the simultaneous infection of adenovirus for
propagation.

Canine parvovirus (CPV) was first identified in 1978 and spread rapidly to
almost all parts of the world. It causes fulminant enteritis in dogs or myocarditis in
young puppies. The molecular weight of the virion is 5.5 x 106d ,and that of its
ssDNA content is 1.6 x 106. The viral capsid contains three polypeptides with
molecular weights of 82,000 (VP1), 67,300 (VP2) and 63,500 (VP3). The exact number
of each polypeptide in the capsid is unclear, but it is known that VP3 is most
abundant. All three polypeptides are the products of the same open reading frame
on the 3' half of the genome, with VP3 corresponding to the carboxy end of VP1.
The infectious particles are very stable. They can survive from pH 3 to pH 9, or at
6O C for at least 60 minutes at neutral pH, as well as in the presence of detergents.

We have grown crystals of canine parvovirus. These are monoclinic P2l with
a = 264.4 A, b = 350.3 A, c = 267.8 A and B = 90.9° with two particles per cell.
These crystals diffract well and are moderately resistant to radiation damage. The
cell dimensions imply that the mean spherical radius is 257 A.

We have collected between 30-40% of 2.8 A resolution data, some of them at
Brookhaven NSLS. We have able to compute a rotation function which showed, for
the first time, that these particles are also icosahedral and also the orientation of the
two particles in the cell. Packing considerations and a search using a hollow shell
model have indicated the position of the particle center. Calculated test data have
shown that a hollow shell model in this space group, given enough good data, is a
sufficient starting model at 25 A resolution to permit phase extension to high
resolution.

Publications

Luo, M., Tsao, J., Rossmann, M. G., Basak, S. & Compans, R. W., 1988, J.
Mol. Biol. 200, 209-211.
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STRUCTURE DETERMINATION OF ANIMAL VIRUSES: Picornaviruses X12-C

M. Agbandje, E. Arnold, J. Badger, S. Krishnaswamy, M. Luo, R. McKenna, M.
Oliveira, M. Rossmann, T. Smith, P. Willingmann.

Purdue University, Department of Biological Sciences. Lilly Hall of Life Sciences,
West Lafayette, Indiana 47907.

Picorna ("small RNA") viruses are among the most common viral pathogens.
They are the causative agents for such diseases as the common cold, poliomyelitis,
hepatitis A and foot-and-mouth disease. These viruses are around 300 A in diameter,
contain about 30% RNA (w/w) and have a protein coat consisting of 60 copies of
each of four proteins. The considerable structural similarity among picornaviruses is
evident from the results of HRV14, HRV1A, poliovirus, Mengo virus and
foot-and-mouth disease virus. The capsid proteins of VP1, VP2 and VP3 each have
a MW of around 30,000 and have a homologous fold to that found in the coat protein
subunits of plant viruses. The small capsid protein VP4 is in a mostly extended
conformation on the inside surface of the picornavirus shell.

Partial data have been collected on the following HRV14-antiviral compound
complexes:

WIN 52084 and ethyl oxazoline Aug 1986
WIN 52084 and propyl oxazoline Aug 1986
WIN 56590 Aug 1986
We have also collected partial data sets on the following drug-resistant mutants

of HRV14:
unknown mutant X Nov or Dec 1988
C199 - > F Apr 1989

All these data sets are isomorphous with wild type HRV14 crystals which are
cubic P213 with a = 445.1 A.

Publications

Smith, T. J., Kremer, M. J., Luo, M., Vricnd, G., Arnold, E., Kamer, G.,Rossmann, M. G., McKinlay, M. A , Diani, G. D. &
Otto, M. J. (1986), Science, 233, 1286-1293.

Badger, J., Minor, I., Kremer, MJ., Oliveira, M A , Smith, TJ., Griffith, J.P., Guerin, D.M.A., Krishnaswamy, S., Luo, M.,
Rossmann, M.G., McKinlay, M.A., Diana, G.D., Dutko, FJ., Fancher, M., Rueckert, R.R. & Heinz, BA. (1988), Proc.
Natl. Acad. Sci. U.S., 85, 3304-3308.

Badger, J., Krishnaswamy, S., Kremer, MJ., Oliveira, MA, Rossmann, M.G., Heinz, BA., Rueckert, R.R., Dutko, FJ. &
McKinlay, MA. (1989), J. Mol. Biol. 207, 163-174.

Badger, J., Minor, I., Oliveira, M. A., Smith, T. J. & Rossmann, M. G. (1989), Proteins, in press.
Rossmann, M.G. (1989). Antiviral Res. 11, 3-14.
Rossmann, M. G. (1989), Vir. Immunol., in press.
Rossmann, M. G. (1989), FASEB J., in press.
Rossmann, M. G. (1989), J. Biot. Chem., in press.
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STRUCTURE OF GIUTAMINE SYNTHETASE

David Eisenberg, Mason Yamashita, Gyo Jun, Shwu Huey liaw, Chris Hill and
Duilio Cascio, MBI, UCLA, Los Angeles, CA 00024

Background summary:

Molecular weight:
Cell dimensions:
Space group:
Crystal size:
Data collection:

Heavy atoms:

Radiation damage:

Maximum resolution:
Previous history:

620,000 dodecamer of identical subunits
a=235 A; b=134 A; c=200 A; £=103
C2; 1 dodecamer/asymmetric unit.
Prisms: 0.5 x 0.3 x 0.2 mm
Native to 2.6 A resolution
Trp-inhibited GS to 2.8 A resolution
AMP-inhibited GS to 2.8 A resolution
Methionine sulfoximine-glutamine synthetase
Unnecessary; each of the above structures has
been determined to 3.5 A resolution, as high
as the data we can collect on the area detector.
Crystal life is a little less than average.
It is possible to translate the crystals.
2.7-2.9 A, depending on the crystals.
Data for each of the above crystals has been
recorded to 3.5 A on an area detector with
rotating anode; also a partial native data set
(about 1/3 data) to 2.6-2.8 A resolution has
been measured at National Synchrotron Light
Source.

An atomic model of 43,656 atoms was determined (Almassy et al, 1986,
Nature 323, 304-309) and has now been refined (Yamashita et al, 1989, J. Biol.
Chem.) at 3.5 A. Our goal is to learn much more about the mechanism and feedback
control of the enzyme, which requires higher resolution data.

The biochemical significance of glutamine synthetase is that it catalyzes the
entry into metabolism of nitrogen, by the condensation of ammonia with glutamate.
Because of this, the enzyme is highly regulated, with about 15 known effectors. It
is one of the largest and most complex enzymes (43,656 non-hydrogen atoms) so far
with a known atomic structure. Hundreds of chemical, genetic, and spectroscopic
studies have been performed on it, and the higher resolution structure will permit
many of these to be correlated to the atomic structure.

Supported by NIH research grant USPHS GM 31299
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THE STRUCTURE OF RuBisCO

David Eisenberg, Paul Cur mi, Herman Schreuder, & Duilio Cascio, MBI, UCLA,
Los Angeles, CA 90024

RuBisCO form IV. The structure of the inactive form III of ribulose bispho-
sphate carboxylase/oxygenase [RuBisCO] was determined at a nominal 2.6 A reso-
lution (Chapman et al., 1988) using area detector data. More recently, synchrotron
data have been collected, and are currently being processed. These are far better
data, extending to 2.1 A resolution.

Fortunately for elucidating the biochemical mechanism of RuBisCO, we have
a new, activated crystal form IV of RuBisCO, in which the substrate, the Mg ion
required for catalysis, and the transition-state analog are bound (Suh et al, 1987).
It may be possible to substitute an anomalously scattering rare earth for Mg.

Molecular weight: 540,000 16-mer of two types of subunits.
Cell dimensions: a=205 A; c=117 A.
Space group: P3221; 8 sub units/asymmetric unit.
Crystal size: Prisms: 0.8 x 0.4 x 0.4 mm
Data collection: Native to 2.5 A resolution

Derivatives are unnecessary because of
molecular replacement solution, although
anomalous scattering would certainly help the
initial phasing.

Radiation damage: Crystal life is average, and crystals can be
translated in the beam several times.

Maximum resolution: 2.0 A
Previous history: Data to 2.2 A resolution for Form III

has been collected at the National Synchrotron
Light Source.

The biochemical significance of RuBisCO is that it initiates photosynthesis
by reacting carbon dioxide with ribulose bisphosphate. Thus, it is the source of all
food, and is almost certainly the world's most abundant protein. Perhaps a dozen
labs are engaged in genetic re-engineering of RuBisCO, with the goal of increasing
crop yields. A comparison of the active enzyme, data for which we seek to collect,
with the inactive form, will be useful to these laboratories. Also, recently our
model for the small subunit of RuBisCO has been questioned by Branden's group
in Sweden. The new data could settle the question.

Supported by NIH grant USPHS GM 31299
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XI2A
7~x-*r Coincidence Coupton Spectrometer*

V. Stojanoff (Univ. of San Paulo, Brazil), K. Hamalainen (Univ. of Helsinki,
Finland), J.B. Hastings, D.P. Siddons (BNL, NSLS)

X12A (a)

An instrument is under development for the study of compton scattering in
coincidence with fluorescence emission. Preliminary work on detector charac-
terization and timing electronics development have been carried out.

High energy resolution compton scattering spectrometer*

V. Stojanoff (Univ. of San Paulo, Brazil), K. Hamalainen (Univ. of Helsinki,
Finland), J.B. Hastings, D.P. Siddons (BNL, NSLS)

X12A (b)

A novel backscattering geometry mosaic crystal analyser has been combined
with a highly despersive double crystal monochromator to produce an instru-
ment capable of measuring compton scattering profiles with around leV energy
resolution. The instrument still requires significant development effort,
but shows sufficient promise to merit further work.

*Work supported U.S. DOE under contract DE-AC02-76CH00016.
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DETERMINATION OF STRUCTURE AND MOLECULAR
TILTS IN LIPID MONOLAYERS ON WATER

T.M. BOHANON^), B. LIN<a), M.C. SHIHK G.E. ICE<b> and P. DUTTA^

(^Northwestern University

Organic monolayers on the surface of water have been studied using macroscopic
probes for several decades. Although X-ray diffraction data has been reported for the past
three years , the structure of commonly known films (fatty acids, alcohols, phospholipids
etc.) has only been postulated because no higher-order peaks were seen. We have now
observed second-order peaks in the high-pressure phase of heneicosanoic acid and henei-
cosanol (Fig. 1); using the peak positions, we have established that the films form the
distorted-hexagonal in-plane structure shown in Fig. 1 (inset).

Based on multiplicity alone, the ratio of intensities of the first and second first-order
peaks should be 2:1, and that for the second-order peaks should be 1:2. In fact the inten-
sities differ from these values and change with temperature. We attribute these variations
to tilting of the chains away from the vertical (as in, say, liquid crystals or membranes).
The availability of second-order peak intensities allows us to make a more precise determi-
nation of the tilt angle and direction than would be possible from first-order intensities
alone. We find that the relative intensities of the first-order peaks, and the relative inten-
sities of the second-order peaks, can be explained using small tilt angles (2°-7°). However,
the tilt direction swivels 90° as a function of temperature: below 5"C, the tilt is along the
5 A bond, but above it the tilt direction is normal to the 5 A bond.

Fig. 1: Diffraction peaks
from a monolayer of
heneicosanoic acid at
5°C. The solid lines are
Lorentzian fits to the
data; a linear back-
ground has been sub-
tracted. The second-
order peaks have been
scaled up by a factor of
10. INSET: in-plane
structure; the distortion
of the hexagon is exag-
gerated.

1.4 2.8 2.9

This work was supported by the U.S. Dept. of Energy (grant no. DE-FG02-84ER45125)
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MOSAIC CRYSTAL X-RAY SPECTROMETER TO RESOLVE INELASTIC BACKGROUND FROM ANOMALOUS
SCATTERING EXPERIMENTS1

G. E. Ice and C. J. Sparks, Jr. (Oak Ridge National Laboratory)

A mosaic crystal X-ray energy analyzing spectrometer has been constructed to
separate the inelastic scattering enhanced by radiation near an absorption edge
from the elastic diffraction of interest for atomic site determinations, Fig.
1. Mosaic spread minimizes the sensitivity to changing source profile so that
diffracted intensities are comparable over large angular ranges. Energy
resolution is mainly limited by fractional mm source sizes as shown in Fig. 2.
The energy resolution of 8 eV at 7.5 keV and 0.3 mm source size is comparable
to that with nearly perfect crystals, and with more than an order of magnitude
increase in flux. Double focusing is achieved with a single curvature for
sagittal focusing and the mosaic spread for parafocusing in the meridional plane.
A broad energy range proportional to the mosaic spread is dispersed along a
linear position sensitive detector for sinr ;ltaneous detection. The spectrometer
will operate effectively over an X-ray energy range of E ± 0.5E with fixed focal
distances. Inelastic scatter is excluded with this spectrometer from the elastic
signal of interest as shown in Fig. 3. Some of the resonant Raman scattering
excited by X rays 33 eV below the NiK edge is only 67 eV below the energy of
the elastic signal of interest. This energy discrimination is not possible with
solid state detectors.

Mosaic Crystal

Slits

Fig. 1. Double
focusing mosaic
crystal spectrometer
for quantitative
intensity comparisons.

Source PSPC
Detector

Fig. 2. Energy
resolutions of 8
and 14 eV are
achieved with 0.3
and 1 mm source
sizes.

ENERGY (k»V)

Fig. 3. Inelastic
scattering contributing
as unwanted background can
be separated from measure-
ment of elastic scatter
near to absorption edges.

xTo appear in Nucl. Instr. and Meth. 1989.
Research sponsored by the Division of Materials and Chemical Sciences, DOE.
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X-RAY DETERMINATION OF THE MODULATION POTENTIAL IN A STAGE-2 POTASSIUM-GRAPHITE
INTERCALATION COMPOUND1

X. B. Kan, J. L. Robertson, C. S. Moss (Univ. of Houston); K. Ohshima (Univ.of
Tsukuba, Japan); and C. J. Sparks (Oak Ridge National Laboratory)

By use of both synchrotron and conventional X-ray sources, the HK.L Bragg peaks
have been measured at room temperature on a single crystal of graphite
intercalated with potassium to stage 2. For these reflections there is a
contribution of the two-dimensional alkali metal liquid due to the modulation
induced by the host graphite lattice. With the theory of Reiter and Moss, the
modulation potential is extracted by fitting the integrated intensities for the
H - K - 3m reflections and the intensity profiles along L for those reflections
where H - K - 3m ± 1. The potential is similar to that derived for Rb in
graphite but with enhanced local minima at the carbon atoms. Stacking faults
are found to occur at random. Alkali-metal-graphite intercalation compounds are
characterized by a staged structure in which, for stage n, the intercalant is
periodically separated by n carbon planes; they also demonstrate two
dimensionality in the liquid or disordered state of the intercalant for n > 2.
Competition between alkali-metal atoms and alkali-metal-host interactions gives
a great variety of modulated incommensurate liquid and solid phases. For stage
2 at room temperature, the diffraction pattern of the alkali metal appears quite
liquidlike; but, because of the modulation by the graphite host lattice, it also
exhibits contributions to the Bragg peaks at the graphite reciprocal-lattice
positions. Results of experiments on single-crystal C24K were used to produce
the corrugation potential V(r) shown in Fig. 1. This contour map of the
modulation potential has a minimum at the center of the hexagon as expected, but
it also has a (initially) surprising dip over each carbon atom site. Such a
minimum signifies a weak attraction for the K+ ion over the carbon site. It
remains for us to introduce the V(r) of Fig. 1 into the molecular-dynamics (MD)

simulation to test the derived potential
using available X-ray and neutron data on
S(q,w) for K in graphite.

Fig. 1. Contour plot of the derived
potential V(r) . The dotted contours indicate
V = 0. There are pronounced absolute maxima

Cbetween a hexagon center (0) and a carbon
atom (C) with a clear local attractive well
over the carbon sites. The value of V(r—0)
is 0.083 eV compared to 0.092 eV for a stage-
2 Rb intercalate.

Rev. B39, 10627-32 (1989).
Research sponsored by Divisions of Materials and Chemical Sciences, DOE, and the
National Science Foundation.
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SITE OCCUPATION OF Fe IN AN Al,7Fe,Ti2$ ALLOY
1

W. D. Porter, C. J. Sparks, W. C. Oliver (Oak Ridge National Laboratory)
K. Hisatsune (Nagasaki Univ., Japan), and A. Dhere (E.I. duPont)

Studies of the phase stability between the tetragonal DOJJ structure of AljTi and the
cubic LI2 phase formed by the substitution of Fe for 10X of the Al led to the measurement
of site occupation parameters. This research contributes to a program focused on
creating useful engineering materials by enhancing the ductility of the usually brittle
intermetallic compounds that have desirable high temperature properties. Efforts are made
to convert non-cubic structures to cubic structures to enhance the deformation modes for
increased ductility. The structures of AljTi may be described as the stacking of two
cubic LI2 unit cells with an antiphase boundary between them, Fig. 1. Note that unlike
the Ll2 structure, Fig. 2, the D0»2 structure permits Al-Al first neighbor pairs
suggesting that there may not be a large energy barrier to mixing of the Al and Ti sites.
X-ray powder diffraction of intensity ratios (I superstructure/I fundamental) gave a
Bragg-Williatns long-range order parameter of S • 0.78». This corresponds to about 5X of
the Al sites being wrongly occupied with Ti atoms and consequently, 15X of the Ti sites
being wrongly occupied with Al atoms. For the polycrystalline Al»7FetTi2i sample, X-ray
energies just below the FeK edge and 2 and 5 keV above the edge effected a change in the
real part of the iron atomic scattering factor by 6 electron units. X-ray intensity
ratios (I superstructure/I fundamental) changed by about 15Z. Such a large change in the
intensity ratio provides for sufficient accuracy to determine that 6 ± 2 at.X or 75% of
the 8 at. X Fe addition resides on the Al sublattice with 25% of the Fe addition occupies
sites on the Ti sublattice. Though intensity measurements for two different X-ray
energies are sufficient to determine the site occupations of a ternary alloy with two
sublattices, we used the redundancy to test the precision of our measurements. Our
results also showed that the Al and Ti atoms were mixed on the two sublattices with 15»2

of the Ti sites occupied by Al atoms as shown in Fig. 2. AI,.xF,,Ti

•X» 6 TO 8ol.% Ft

u.f*

Fig. 1. Mixing occurred between the sites
as those labeled Al contain Alt5 Tij
and sites labeled Ti contain Ti,33Al17>.

Fig. 2. Most of the Fe addition goes to
the Al sites which contain AltsjFet2Tii2.
The Ti sites contain Ti»J%Al122Fei|(.

Though the cubic form of the (AlFe)jTi alloy is brittle, measurements of the solubility
and site preference will aid in building a theoretical understanding of the chemical sta-
bility of phases.

*MRS Symposium Proceedings,"High Temperature Ordered Intermetallic Alloys," Vol. 133,
Boston, MA, Fall 1988.

Research sponsored by the Division of Materials and Chemical Sciences, DOE.
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X-RAY DIFFRACTION FROM ION IMPLANTED ZONES1

S. I. Rao and C. R. Houska (Virginia Polytechic Institute); K. Grabowski and J.
Claaussen (Naval Research Lab.); and G. E. Ice and A. Habenschuss (Oak Ridge
National Laboratory)

Measurements of X-ray Bragg profiles and diffuse scattering from (111) and (100)
oriented single crystal niobium films implanted with nitrogen to average levels
of 5 and 0.5 atomic percent are analyzed to determine the strain profile.
Comparisons between the widely used theoretical calculation TRIM and the measured
asymmetric Bragg profiles show differences in the strain profile of the implanted
films. The measured strain profile results from two factors: (i) depth
distribution of implants with knock-on damage and (ii) elastic constraints
imposed by the sapphire substrate. Four implantation energies were used to
produce four overlapping Gaussian distributions of N in a 250 ran (111) oriented
Nb single crystal film deposited onto a thick (001) sapphire crystal. Bragg
peaks broadened into intensity bands with a characteristic fine structure are
used to obtain the distribution of interplanar spacing below the free surface.
Shown in Fig. 1 is the nitrogen implanted (222) Bragg reflection profile compared
with the theoretically calculated Bragg profile predicted by TRIM. Though a
difference exists, the strain profiles shown in Fig. 2 are somewhat more similar.
The strain is found experimentally to be larger near the free surface and falls
off more steeply (2b) than predicted by the theoretical curve (2a). Analysis
showed that the strain in the plane of the film is small. Strain profiles as
shown in Fig. 2b can be extracted in considerable detail from Bragg diffraction
profiles. Figure 3 compares one of six typical experiments to the best fit
strain profile of Fig 2b, solid line. These data support the model that single
nitrogen interstitials cause the dominant elastic strain.

Fig. 1. Bragg Fig. 2. Strain profiles Fig. 3. Fit of strain
profile, produced for N implanted 2500A (111) profile of Fig. 2b to
by TRIM and oriented Nb film on (001) reflection,
experimental. sapphire. Determined from

(a) TRIM simultaneous (b)
X-ray intensity band
analysis.

lHater. Res. Soc. Symp. Proc. 138, 87-92 (1989).
Research sponsored by the Divisions of Materials and Chemical Sciences, DOE, and
the Office of Naval Research.
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COMPARISON OF AMORPHOUS AND QUASICRYSTALLINE FILMS OF SPUTTERED Al

J. L. Robertson and S. C. Moss (Univ. of Houston) and K. G. Kreider (National
Bureau of Standards)

Conventional microcrystalline models have been considered unsuccessful
descriptions of the glassy state of simple metals and alloys. The discovery of
the icosahedral quasicrystal, however, has revived interest in the structure of
metallic glasses. This work supports the view that there is an intimate
connection between the local order in glasses, icosahedral quasicrystals, and
the crystalline Frank-Kasper phases. The competition among them may be
understood if we consider the ways in which frustration, induced by an attempt
to close-pack tetrahedra, is relieved or realized. Liquids can naturally
accommodate this frustration by forming icosahedral clusters that are not little
pieces of, say, an fee crystal. Recent evidence is the development of the
statistical mechanics of icosahedral order in dense liquids just above the glass
transition where the calculated structure factor, S(Q), agrees rather well with
the data on amorphous Fe. X-ray data were collected on 5-7 (Mia films of
Al0 72Mn0 22S10.06 sputtered on NaCl at 45, 150, 230"C. The 45"C films show a
typical metailic-glass structure factor, S(Q), Fig. lc, while at 230°C the
structure is quasicrystalline, Fig. lb. A combined particle-size and phason
strain broadening was applied to the normalized and reduced S(Q) for the 230°C
film (dotted line of Fig. lc) to bring it essentially into coincidence with the
amorphous (45°C) S(Q) leading us to conclude that the glass, or amorphous phase
represents a defect limit of the quasicrystal. The results shown in Fig. 1

indicate that the atomic arrangements
ia the glass and quasicrystalline
phases are quite similar differing
mostly in particle size and strain
broadening. This phase may not really
be amorphous but "microquasi-
crystalline," or highly defective
quasicrystals in which the orienta-
tional order is lost. Further
structural studies are in progress to
clarify this issue.

1
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Fig. 1. Shown is the S(Q) for the film
sputtered (b) at 230°C with Q2

broadening and (c) a comparison of the
230°C data of (b) with an additional
particle size broadening of 25A to the
amorphous like pattern obtained for
the film sputtered at 45°C.

1Phys. Rev. Lett. 60, 2062-65 (1988).
Research sponsored by the Divisions of Materials and Chemical Sciences, DOE, and
National Science Foundation.
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STUDIES OF THE TETRAGONAL AND CUBIC STRUCTURES OF ZIRCONIA

R. Srinivasan (U. of Kentucky), R.J. De Angelis (U. of Kentucky) and
B.H. Davis (U. of Kentucky).

Synchrotron x-ray diffraction data were obtained, in order to

definitely identify the crystal structures in zirconia ceramics produced by

sol-gel method. The particles of chemically precipitated, after calcination

below 600°C, are very fine, and have the diffracting particle size in the

range of 7-15 nm. Since the tetragonal and cubic structures of zirconia have

very similar lattice parameters, it is commonly difficult to distinguish

between the two. The tetragonal structure can be identified only by the

characteristic splittings of the Bragg profiles from the "c" index planes.

However, these split Bragg peaks from the tetragonal phase in zirconia

overlap with one another due to particle size broadening. In order to distin-

guish between the tetragonal and cubic structures of zirconia, three samples

were studied using synchrotron radiation. The results indicated that Sample

A, containing 13 mol% yttria stabilized zirconia, showed cubic structure

with a = 0.51420 + 0.00012 nm. Sample B, containing 6.5 mol% yttria stabi-

lized zirconia, was found to have a mixture of cubic and tetragonal phases,

cubic phase being the major one, with a = 0.51430 + 0.00008 nm. Sample C,
o —

which was precipitated from a 13.5 pH solution, was observed to have the

tetragonal structure with a = 0.51441 + 0.00085 nm and C Q = 0.51902 +

0.00086 nm. Raman studies on these samples corroborate the X-ray diffraction

results. The X-ray diffraction data from a synchrptron source are superior

to the data obtained by conventional X-ray diffraction in identifying the

crystal structures of very fine crystalline materials.

ACKNOWLEDGMENTS: This work was supported, in part, by the Commonwealth of

Kentucky through the University of Kentucky, Center for Applied Energy

Research Laboratory, and, in part, by the Department of Energy Contract No.

DE-FG05-85ER45186 at the University of Kentucky and the Oak Ridge Associated

Universities.
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X-RAY RESONANCE EXCHANGE SCATTERING IN URANIUM NITRIDE

W. G. Stirling (Keele, UK); W. Buyers (Chalk River); E. D. Isaacs,
D. B. McWhan, G. Aeppli (AT&T Bell Labs); C. Peters and G. E. Ice (ORNL);
D. P. Siddons and J. B. Hastings (NSLS)

The Uranium pnictides are a series of intermetallic compounds which
span the range from localized (USb) to itinerant (UN) 5f electrons. In
particular UN shows temperature dependent structure in the photoemission on
the scale of electron volts.1 Recent x-ray resonance exchange scattering
studies in UAs have shown very large enhancements in the magnetic scattering
at the M ™ and My absorption edges.2 The enhancement results from electric
dipole transitions between atomic core states and the exchange split Fermi
edge states. We observe similar enhancements in uranium nitride but fail to
observe any temperature dependence in the energy dependence of the resonance
at the M_v edge.

Uranium Nitride has the NaCl structure and orders in a type I
antiferromagnetic structure. Using the techniques developed to study UAs,
the integrated intensity of the (001) magnetic reflection was measured at
T=10K from 3.5 to 3.56 KeV and from 3.675 to 3.765 KeV which spans the My
and M,y edges respectively. The M.y resonance was also measured at 49.4R
which is just below the Neel temperature. In addition the intensity of the
(002) charge reflection was measured from 3.7 to 3.785 KeV. The results are
very similar to the UAs results. The intensity at the peak of the My
resonance is about 75 times weaker than at the M ™ resonance and the shape
of the My resonance is asymmetric with a long tail on the low energy side.
The ratio of the intensity of the (001) to that of the (002) at the peak of
the M-y resonance approaches 1% as observed in UAs. Finally there is no
obvious difference in the shape of the MJV resonance measured at 10K and at
49.4K. L

1 B. Reihl, G. Hollinger, and F. J. Himpsel, J. Mag. and Mag. Mat. 29, 303
(1982).

2 E. D. Isaacs, D. B. McWhan, C. Peters, G. E. Ice, D. P. Siddons,
J. B. Hastings, C. Vettier, and 0. Vogt, Phys. Rev. Letts., April 1989
(in press).
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INTERLAYER ORDER IN THICK LIQUID CRYSTAL FILMS

D.J. Tweet, J.O. Cross, L.B. Sorensen, B.D. Swanson, D. Yee, T.M. Zhang (Univ. of Washington)
G.E. Ice (ORNL)

We have measured the (00^) x-ray scattering from thick freely suspended liquid crystal films of 8OSI
(4-2-methylbutyl-phenyl4'-octyloxy-(l,l')-biphenyl-4-carboxylate)in the smectic-C, smectic-I and smectic-
J phases. Our motivation for these measurements was both to see how the interlayer order evolves with
temperature and to determine how the lineshape depends on the phase. The measured scattering intensities
near the (001) reflections are shown below. The data have been offset vertically for clarity; the smectic-C
and smectic-I intensities were comparable and the smectic-J intensity was about four times larger. This
indicates that the layering in the smectic-J phase is much stronger than that in the smectic-C and smectic-1
phases; the amplitude of the first. fourier component of the smectic mass density wave is twice as large.
There are small differences in the observed scattering well away from the peak that might be caused either
by a density or a tilt variation between the surface of the film and the interior. The smectic-C and the
smectic-I phase films are predicted theoretically to exhibit power-law lineshapes near the (001) quasi-Bragg
peak, while the smectic-J phase is predicted to exhibit a true Bragg peak with phonon tails; the observed
scattering intensities show that the predicted power-law exponent, T), is too small to measure. The respective
temperatures, peak postions, film thicknesses, d-spacings and tilts are:

Smectic-C: 90°C; 26T = 3.0895° ± .001°; N = 298.8 ± 1.5; d = 28.58A; 0 as 22.8°.

Smectic-1: 77°C; 2»r = 3.1170° ± .0005°; N = 287.5 ± 1.5; d = 28.32A; 0 * 24.0°.

Smectic-J: 68°C; 26P - 3.0625° ± .0005"; N = 278.5 ± 0.7; d = 28.83A; 0 « 21.6°.

The tilt was calculated using cas(0) = d/l, assuming a fully extended molecular length, 1 = 3lA.

o
o

TWO THETA

This research was supported by NSF Grant DMR 86-12286 and by the NSLS Faculty-Student Support
Program.
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A POWDER DIFFRACTION STUDY OF Mg2CoH4

P. Zolliker (BNL*), and K. Yvon (Univ. of Geneva)

A structural study was carried out on a sample of composition Mg2CoHx (x=»4)
prepared at the University of Geneva, with a pseudo-hexagonal crystal
structure. Metal hydrides of the family Mg2THx (T=Ni, Co, Fe, Cu; x=4-6)
are widely studied for potential use in hydrogen storage applications. An
indexing of all strong and medium reflections of a Guinier film gave a
C-centered orthorhombic cell with a c-glide plane (a=4.648A, b=8.115A and
c=10.083A) but several weak reflections remained unindexed [l]«

Data sets were collected at three different wavelengths close to the
absorption edge of Co (X=1.6295, 1.6115 and 1.6095A). An analysis of the
positions of weak diffraction peaks allowed a determination of the unit cell
of the superlattice (a=10.08lA, b=18.6O6A, c=8.114A, Z»24, space group
Pmma). A detailed data analysis is in progress, taking advantage of the
anomalous scattering effects to contrast the Co and Mg atoms. Fig. 1 shows a
selected d-space region of diffraction data collected at three wavelengths.
Note the change in integrated intensities of the marked diffraction peaks.
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Fig. 1. Selected region of powder diffraction data collected at three
wavelengths.

[l] P. Zolliker, Theses No. 2246, Univ. of Geneva, P. 47, (1987).

* This work was supported by the Division of Materials Sciences, U.S. Dept.
of Energy under Contract DE-AC02-76CH00016.
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X-ray Standing Wave Studies of SrF2-on-Si(l l l) X15A

J. Dcnlingcr, M. A. Olmstead and £. Rotenbcrg, Department of Physics

University of California, Berkeley, CA 94720

E. Fontes and J. R. Patel, AT&T Bell Laboratories

600 Mountain Avenue, Murray Hill, New Jersey 07974

The location of Sr atoms at the interface of SrF2 and Si(l 11) 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 CaF2/Si(lll). Photoemission studies of
SrF2/Si(l 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(lll)
(mismatch 0.6%) has located Ca atoms atop two high symmetry sites, T4 (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 an atop and in the H3 site. The registry of the Sr atoms to
Si ( l l l ) is shown in Fig. 1 and represent the (111) & (220) standing wave results. For
clarity the atop sites necessary for full consistency with the standing wave results are not
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
LEED. We conclude that for a deposition temperature of 763°C Sr occupies two
different sites atop and H3, with regions separated by phase or misfit boundaries.

[1] J. Zegenhagen and J. R. Patel, submitted for publication.
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CaFj/Si Heteroepitaxy: Importance of Stoichiometry,
Interface Bonding and Lattice Mismatch

JZegenhagen*
J.R.Patel

AT&T Bell Laboratories
Murray Hill, New Jersey 07974

The growth of good quality heteroepitaxial crystals is a highly developed art However, in most systems
the factors influencing growth are not really understood. Considerations are frequently limited to easily
accessible facts such as lattice 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 heteroepitaxial system111 we have made an in-
situ UHV study of the location of Ca atoms during the early stages of growth of CaF2 on Si(lll)
(mismatch only 0.6%), using x-ray standing waves. The experiments were performed on a newly
developed dedicated UHV x-ray standing wave facility at X-1SA.

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 Si(lll). For lower temperature
deposition a larger fraction of CaF2 remains undissociated and a third Ca site 7 fold coordinated in
addition to the H3 and T4 sites is consistent with the standing wave results. The high temperature result
for the (111) and (220) reflections are shown below.

Our model disagrees with the atop121 and exclusively T4
|3) sites predicted from high resolution

transmission microscopy and medium energy ion scattering respectively. Our conclusions are that Ca
atom positions at the interface are 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.

{1] R. F. C. Farrow, P. W. Sullivan, G. W. Williams, G. R. Jones and D. C. Cameron, J. Vac. Sci. &
Technol. 34158 (1981)

[2] J. L. Batstone, J. M. Phillips and E. C. Hunke, Phys. Rev. Lett 60 1394 (1988)

[3] R. M. Tromp and M. C. Reuter. Phys. Rev. Lett 61,1756 (1986)
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COPPER ON SILICON (111)

J. Zegenhagen,* E. Fontes, Jr., and J. R. Patel

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

X15A

From x-ray standing wave studies we are beginning to get 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 S i ( l l l ) 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 (15%). This would again indicate that either Cu on silicon
(HI) is not registered with the crystal lattice below or that there are multiple sites
leading to a domain structure. The LEED (5.3x5.3)I1J patten has qualitatively similar
features to that observed for monolayer Ga on silicon (111). Scanning tunneling
images121 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 S i ( l l l ) surface double planes.
However, the low coherent fraction for the inplane registry suggests that the Cu atoms
are incommensurate with the underlying silicon. These conclusions are consistent with
the LEED and scanning tunneling microscopy results.

[1] H. Kemmann, F. Miiller and H. Neddermeyer, Surf. Sci. 154,267 (1985).

[2] J. E. Demuth, U. K. Koehler, R. J. Hamers and P. Kaplan, Phys. Rev. Lett., 641
(1989).
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Present address: Max Planck Insntut, Stuttgart 80. West Germany.
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REGISTRATION OF Ga ON Si(lll) X15A

J. Zegenhagen* and J. R. Patel
AT&T Bell Laboratories, Murray Hill, New Jersey 07974

In the period 1088-89 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 ozone problem is handled with an
ozone neutralizer and no excess ozone can be detected during periods when the
beam line hutch is opened after operations. The monochromated beam passes
through an ion chamber and mechanically operated slits, entering the vacuum
chamber through 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(ll l) . 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 y/TXy/J
structure demonstrated quantitatively that the T< 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 the surface with no unique in plane lattice site. The performance
of the x-ray standing wave 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.
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CU IN AMORPHOUS SI BY EXAFS

M. A. Marcus, R. McGrath, A. A. MacDowell (AT&T Bell Laboratories)

Cu is an interesting dopant in Si because it is a fast diffuser in both crystalline and amorphous forms,
but it is much more soluble in the amorphous phase than in the crystal (6 ppm vs. 1400 ppm). In crys-
talline Si, Cu can occupy substitutional and interstitial sites, with the latter providing the high mobil-
ity. This work addresses the questions of why the solubility is different in the two forms, and what the
terms 'interstitial' and 'substitutional' mean in an amorphous structure.

In clarifying these points, we have looked at Cu EXAFS in solutions of Cu in Si prepared by ion
implantation. The Cu ions penetrate about 2/i, amorphizing the Si on their way in. Concentrations of
0.1 and 1.0 at. % were used. The EXAFS measurements were performed in a new mini-hutch behind
the existing UHV chamber, i.e., in a sequential end-of-line (piggyback) configuration. Fluorescence was
detected with a plastic scintillator.

For 0.1% Cu in a-Si, the best fit to our data was obtained with two Cu-Si shells at distances of
2.36+_.03A and 2.55+_.05A, and coordination numbers of 0.8 and 0.7, respectively. That the coordina-
tion numbers add up to less than half of that expected for a substitutional site suggests that there is a
large disordered population of Cu which does not show up in EXAFS. The Cu appears to sit in ill-
defined sites, contrary to what would be expected from a simple substitutional picture. The disorder
does not go away with annealing at 250°C. Because Cu is known to be very mobile at this tempera-
ture, the disorder is not likely to be due to trapping in nonequilibrium sites. The data for 1% Cu in Si
are indistinguishable from that for 0.1%, indicating a lack of Cu-Cu clusters.

Based on these preliminary results, we speculate that Cu is coordinated with less than four Si atoms,
while the rest of the Si environment is not directly bound to Cu. This picture is a hybrid of interstitial
and substitutional models.
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NEW BOND LENGTH FOR AN OLD SYSTEM: Ni(001)c(2X 2)—S

R. McGrath, A. A. MacDowell, T. Hashizumef, F. Sette, and P. H. Citrin [AT&T Bell Laboratories)

In the course of commissioning our beamline and testing for systematic errors (e.g., beam motion,
normalization, higher harmonics) that could alter the absolute accuracy of SEXAFS-derived structural
parameters, we have remeasured the S /f-ec'ge SEXAFS from the system Ni(O01)c(2x2)—S. The raw,
background-subtracted, and Fourier-transformed data are shown in Fig. 1. The high statistical
quality of the data from this 0.5 monolayer system allows the reliability of our results to be critically
assesed by comparison with previous SEXAFS work [1,2] on the same surface. The identical S-Ni
phase shift derived from the model compound NiS was used, giving an average S-Ni(OOl) bond length
for different polarizations and sample temperatures of 2.236 +0.01 A (the quoted uncertainty reflects
precision, not accuracy). This agrees within +0.005 A of earlier published values[l,2]. To test the
overall accuracy of our data, we then measured different model compounds such as ZnS and CoSg and
derived other phase shifts (suitably small corrections for the difference in backscattering atoms were
made, i.e., -0.004 A for Co and +0.008 A for Zn). While these phase shifts provided perfectly self-
consistent bond lengths between and within the model compounds themselves, when applied to NiS
they gave systematically incorrect values by 0.03 A. Remeasurement of the NiS sample showed it to
be air sensitive. We conclude, therefore, that the earlier quoted SEXAFS values which used this
particular phase shirt are too long by 0.03 A. The correct S-Ni(001) bond length is 2.20+0.02 A. This
work affirms the very high precision that SEXAFS measurements are known to provide, while at the
same time serving as a reminder that, like all EXAFS work, very reliable phase shifts are essential for
the measurements to be comparably high in absolute accuracy.

Figure 1: Sulfur /C-edge SEXAFS from 0.5 monolayers
of chemisorbed S measured at 95 K. SEXAFS
contributions from as high as 6th-neighbor shells are
observed.

t Present address: Institute Tor Solid State Physics, Univ. of Tokyo.
[1| S. Brennan, J. Stohr, and R. Jaeger, Phys. Rev. B 24, 4871 (1981).
|2| F. Sette, T. Hashizume, F. Comin, A. A. MacDowell, and P. H. Citrin, Phys. Rev. Lett. 01, 1384 (1988).
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MULTI-PHASE LOW TEMPERATURE ADSORPTION OF H2S ON Ni(OOl)

R. McGrath, A. A. MacDowell, T. Hashizumef, F. Sette, and P. H. Citrin (AT&T Bell Laboratories)

A high resolution electron energy loss (HREELS) studyfl] reported that H2S exposure of a Ni(OOl)
surface at 110 K leads to a saturated half-monolayer(ML) phase of undissociaUd H2S. Because we have
been investigating how adsorbates of differing chemical nature modify the properties of the substrate,
this system seemed ideal for comparison with the well studied 0.5 ML system of atomic S on Ni(OOl).
Our NEXAFS and SEXAFS results[2] show, however, that the interpretation of the HREELS data is
not correct. At 95 K and low K2S impingement rate (< 2xl013cm~2s~1), dissociation on Ni(001) still
occurs up to ~0.45 ML coverage, accompanied by ~0.05 ML of weakly chemisorbed and
orientationally ordered H2S. Further H2S exposure at a >100x higher impingement rate shows that
this ~0.5 ML phase is also not saturated; a disordered physisorbed layer continues to grow to a
thickness of ^ 1 ML. Upon warming this fully saturated surface, the disordered H2S desorbs at ~ 160
K, the converted H2S desorbs at ~ 190 K, and the adsorbed H produced from the initally dissociated
H2S desorbs at ~220 K. The remaining S is a c(2x2) overlayer identical to that formed at room
temperature. Figure 1 shows the S /f-edge NEXAFS spectra at various stages in the H2S adsorption
and desorption process. Figure 2 shows the corresponding SEXAFS data, illustrating the strong
similarity in the differently prepared surfaces.

Apart from clarifying the adsorption properties of H2S on Ni(001), this work exemplifies the utility of
NEXAFS and SEXAFS for identifying and quantifying atomic and molecular surface species even when
their difference involves only H and the two species coexist.

= - C T ; N -:NE=Gf

I y

-*j\

Figure 1: if-edge NEXAFS from H2S on Ni(001)
as a function of exposure, (a)-(d), and
temperature, (e)-(i).

t Present address: Institute for Solid State Physics,
Univ. or Tokyo.

jl) A. G. Baca, M. A. Schulz, and D. A. Shirley,
J. Chem. Phys. 81, 6304 (1984).

|2| R. McGrath, A. A. MacDowell, T. Hashizume,
F. Sette, and P. H. Citrin, Phys. Rev. B (Nov 15), in press.

Figure 2: S tf-edge SEXAFS data, (a) and (c)
are from fully saturated phase in Fig. l(d), (b)
and (d) are from surface in Fig. l(h). Smooth
line is Fourier-filtered first-neighbor
contribution. Disordered <;l ML H2S overlayer
in (a) and (c) affects SEXAFS amplitude but
not phase. Data in (e) and (f) are, respectively,
from surface in Fig. l(i) and from room
temperature c(2X2) phase.
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COOPERATIVE ADSORPTION MECHANISM FOR OVERCOMING A KINETIC BARRIER

R. McGrath, A. A. MacDowell, T. Hashizumef, F. Sette, and P. H. Citrin {AT&TBell Laboratories)

Unlike other H2S-exposed metal (001) surfaces which dissociatively adsorb ~0 .5 monolayers (ML) of S
and form c(2x2) overlayers, e.g., Ni and Co, the Cu(001) surface unexpectedly adsorbs only ^0 .25 ML
of S in a p(2x2) structure. Our study reveals that the barrier to forming the c(2x2)—S surface can
be overcome by a novel mechanism involving cooperative population of c(2X 2) sites.

Figure 1 shows NEXAFS spectra after a low impingement ( < 2x 1013cm~2s~') exposure of H2S. The
increase of both S and H2S species is continuous. The top of Fig. 1 shows that warming the exposed
surface leads to additional dissociation. This adsorption and annealing behavior contrasts sharply with
that for H2S on Ni(001) at 95 K (see accompanying abstract). The H2S-covered surface warmed to 290
K (shown bold) is a c(2X2) structure, identical to that formed by high-temperature diffusion of atomic
S from the bulk [l]. We have also prepared this same c(2x2)—S surface (a) by low-temperature, low-
impingement dosing of H2S on a p(2x2)—S surface followed by warming to 290 K, see Fig. 2, (b) by
room-temperature, low-impingement dosing with predissociated H2S using a hot W filament, and (c)
by room-temperature, high-impingement dosing (>10 I 5cm~2s~') of H2S.

The barrier to forming the c(2x2)—S structure clearly involves H2S, not atomic S. Dosing at low
temperature, i.e., under conditions of slow diffusion, leads to an intermediate molecular state which,
upon warming, dissociates and converts the surface into a c(2X2) structure. Isolation and structural
characterization of this precursor state, see accompanying abstract, shows the state involves c(2x2)
sites. This work points to cooperative occupation of these sites, because only at low temperature
(when the surface residence time is long) or high impingement rate (when the probability of multiple
occupation is increased) does the c(2X2) structure form. We propose that this unusual adsorption is
needed to lift the small surface reconstruction of Cu(001) that has been suggested to form from the
initial adsorption of S[2]. Confirmation of this reconstruction and its removal upon forming the
c(2x 2)—S surface awaits other measurements.

Figure 1: Bottom: S K-edge NEXAFS from H2S
on Cu(001) at 90 K. The 'final' S- and r e -
covered surfaces are shown bold. Top:
Warming up the 'final' surface to 290 K
converts H2S —• S, forming a c(2x2) structure.

Figure 2: As in Fig. 1, but initial surface is
Cu(001)p(2x2)—S. Note some physisorbed H2S
initially desorbs. After dissociating remaining
chemisorbed H2S, same c(2x2) surface as in
Fig. 1 is formed.

t Present address: Institute for Solid State Physics, Univ. of Tokyo.

[1] J. C. Boulliard and M. P. Sotto, Surf. Sci. 195, 255 (1988).
|2| C. C. Bahr et al., Phys. Rev. B S5, 3773 (1087); H. C. Zeng et al. Phys. Rev. B S9, 8000 (1989).
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STRUCTURE OF A PRECURSOR STATE IN DISSOCIATIVE CHEMISORPTION

R. McGrath, A. A. MacDowell, T. Hashizumef, F. Sette, and P. H. Citrin (AT&T Bell Laboratories)

We report the first direct structural determination of a metastable surface reaction intermediate. This
molecular state is the immediate precursor to dissociative adsorption in the reaction H2S(y) +
Cu(001)p(2x2)—S -»• Cu(001)c(2X2)—S + U(g). The novel application of these techniques provides
microscopic insight into the macroscopic kinetic processes of adsorption, desorption, and dissociaiton
(see accompanying abstract).

In Fig. 1, the anisotropic absorption of 0.22 ± 0.01 monolayer (ML) of atomic chemisorbed S, S(c), in
Cu(001)p(2x2)—S contrasts with the > 3-eV-shifted isotropic absorption of the S-H <r* resonance in
(disordered) physisorbed H2S, H2S(p). The thickness of the non-equilibrium condensed film is ~ 50
ML. Fig. l(c) shows the equilibrium H2S-dosed p(2X2)—S surface formed by thermal desorption of
the H2S(p). Subtracting the p(2x2)—S contribution gives the result in Fig. l(d). The remaining ~0.2
ML represents chemisorbed H2S, H^c), and is the precursor to dissociative adsorption: upon warming,
it converts the p(2x2)—S structure to c(2x2)—S (see Fig. 2 in accompanying abstract). The H2S(c)
data are anisotropic and of opposite sense to that of S(c), indicating that the molecular reflection axis
lies along or close to the surface normal (the S-H tr* absorption is maximized when E lies within the
H-S-H plane and between the two H atoms).

In Fig.2, the kinetically frozen precusor state is isolated as in Fig.l. We find the first-neighbor
H2S(e)-Cu bond length rf is 2.38±0.04 A, compared with r, = 2.27±0.02 A for S(c)-Cu in the
p(2x2)—S structure. Both the polarization dependence of the first-neighbor amplitudes and the
analysis of higher-neighbor shells show that H2S(e) occupies the fourfold-hollow site. Our results are
also confirmed by least squares analysis of the raw unsubtracted data. The structure of H2S(e) on
p(2x2)—S is thus an overall c(2x2) system consisting of two interwoven p(2X2) meshes of S and H2S,
each in fourfold hollows, with HgS(c) bonding S-end down to Cu at a distance 0.1 A longer than that
ofS(c).

2«6C 2470 2480 2490 2500
PHOTON ENERGY U\

Figure 1: S iC-edge NEXAFS from (a)
Cu(001)p(2x2)—S, (b) physisorbed H2S, and (c)
a mixed layer. All measurements made at 90 K.
Chemisorbed H2S species in (d) is precuror to
dissociation.

Figure 2: S iif-edge SEXAFS from surfaces in a
Fig.l(a), (b) Fig. l(c), and (c) Fig. l(d). r3

represents H2S(c)—S(c) distance, «ao(Cu).
Insert: S(c) atoms are filled, H2S(c) molecules
are open.

t Present address: Institute for Solid State Physics, Univ. of Tokyo.
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STRUCTURE DETERMINATION OF Si(lll):B(v/5'x v/J)R3O*

R. L Headrick, I. K. Robinson, E. Vlieg, L. C. Fcldman (AT&T Bell Laboratories)

XI6A

Deposition of foreign atoms onto a semiconductor surface may change the reconstruction and
electronic states of the surface. For example, group III elements Al, Ga, and In all occupy adatom
sites on the Si(lll) surface, forming a (\/3"X T/T) reconstruction and creating an electronically
passive surface.1 The recently discovered B-{y/Tx y/5) reconstruction on Si(lll) has the unique
property that it can be preserved underneath a layer of amorphous or epitaxial silicon.2 We have
studied the B-i/3" reconstruction and the transition to the B ^/JT/amorphous-Si interface with in-
situ x-ray diffraction.

The S^lll^B-f^/Tx >/&) reconstruction was prepared by heating heavily boron doped Si(lll)
samples to 900' C in vacuum, segregating boron to the surface. For the surface structure
determination 62 in-plane reflections and two fractional or by intensity vs. perpendicular
momentum transfer profiles were collected. Atomic coordinates and the surface Debye-Waller factor
were determined using a x 2 minimization. A side view of the B-y/5" structure deduced from these
measurements is shown in Figure 1. The surface is found to be terminated with an array of silicon
adatoms with boron in a substitutional site beneath each adatom.

For this work a silicon evaporation source was mounted on the XI6A UHV chamber so that the
crystallographic determinations as a function of Si coverage could be performed. Depositing
amorphous silicon on this structure leaves the first complete layer of silicon as well as the layer that
boron is substituted in undisturbed. However, Figure 2 shows that the silicon adatom array
becomes disordered as the Si(lll):B-(i/3~X \/5")/an)orphous-Si interface is formed.

1. J. M. Nicholls, B. Reihl, and J. E. Northrup, Phys. Rev. B 85, 4137 (1987).

2. K. Akimoto, J. Mizuki, I. Hirosawa, T. Tatsuroi, H. Hirayama, N. Aizaki, and J. Matsui,
Extended Abstracts of the Nineteenth Conference on Solid State Devices and Materials,
(Business Center for Academic Societies, Tokyo, 1987) p. 463.
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Non-Ising Characteristics of the Pt(llO) Surface Phase Transition

]. K. Robinson, E. Vlieg, K. Kern

AT&T 8ell Laboratories, Hurray Hill, NJ 07974
and IGV-KFA Julich, D-5170 Julich, West Germany.

The temperature dependence of the (1.5, 0, 0) surface diffraction peak of a clean Pt(11O) sample was
measured in the Ultra High Vacuum (UHV) system associated with the X16A beamline. Much cleaning and a base
pressure of 1.0x10 torr were required to obtain a well-ordered starting surface [see previous report].
The peak was found to diminish in height on approaching the transition temperature of 1080K and broaden
above as indicated in the figure. The behaviour was completely reversible with equilibration times much
shorter than we could measure.

The data points shown are the parameters obtained by careful lineshape fits at each temperature. The curve
used was a Lorenzian with variable height, width and position convolved with the low-temperature lineshape.
The convolution accounted both for resolution and the residual step distribution of the starting surface,
giving a half-width of about 0.01 inverse Angstroms combined.

The drop in peak height approaching the transition is well-represented by an exponent of 0.22 and a Tc of
1080K as shown; critical scattering above Tc is also apparent. The width diverges linearly with T above Tc,
implying a correlation length exponent of 1.0. Both these features agree with previous reports for Au(HO)
investigated by LEEO [1], for which Tc was 65OK. That work claimed that the phase transition to be 2D Ising-
like for which the exponents should be 0.125 and 1.0.

The third parameter describing the peak shape in the figure, the peak shift from the exact half-order
position, is totally inconsistent with 2D Ising behaviour. As explained in the previous report, this arises
from the presence of steps in the surface; the shift is in fact a direct measure of the step density. The
fact that steps are seen to be generated spontaneously above Tc immediately informs us that the Pt(110)

phase transition is at least
T

Tc = 1080 K
£ = 0.22

- 0.08

0.06

! I I I I I I

partly a surface roughening
transition.

[1] J. C. Campuzano, M. S.
l~~1 Foster, G. Jennings, R. F.
3 Willis, W. Unertl, Phys. Rev.
£C Lett. 54 2684 (1985).
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Observation of Steps on the Pt(llO) Surface XI6A

I. K. Robinson, E. Vlieg, K. Kern

AT&T Bell Laboratories, Murray Hill, NJ 07974
and IGV-KFA Julich, D-5170 Juiich, West Germany.

A PtC110) crystal was cleaned by sputtering, annealing and heating in Oxygen in the Ultra High Vacuum (UHV)
system associated with the X16A beamline. X-ray diffraction Uneshapes were measured for the clean surface
in a pressure of 1.0x10 torr at hutch temperature. New software was developed to allow measurements to
be made at large out-of-plane momentum transfer by means of a fifth vertical diffractometer axis which
rotates the entire UHV system up to 20 degrees [1]. The figure shows the resulting lineshapes of the (1.5,
0, L) and (2.5, 0, L) super-lattice peaks due to the reconstruction, at values of perpendicular momentum
transfer L from 0.1 to 0.8 reciprocal lattice units (RLU). These were taken at constant exit angle from the
surface of 2.0 degrees and the relative heights were normalised to unity.

The lineshapes of the in-plane diffraction from the (1x2) reconstruction show a distinct pattern of
positional shifts which is remeniscent of Au(110) (1x2) [2]. That such shifting of the peaks was due to the
presence of randomly distributed steps had been suggested in the earlier accounts [2]. This had led to a
detailed theoretical calculation of the out-of-plane dependence of the shifts by Fenter and Lu [3],
predicting oscillation about the exact half-order position periodic with the reciprocal lattice. This
behaviour is clearly seen in our data as the solid lines indicate.

The significance of this result, apart from its novelty, concerns the LEED study of the (1x2) to (1x1) phase
transition of Au(110) [4]. In that work it can be determined that the diffraction conditions used
corresponded roughly to L=0.5 in our figure. Consequently, that investigation was insensitive to the
presence of steps on the surface and probably simplified the interpretation of 20 Ising critical behaviour.
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X16A
X-ray Study of the Roughening Transition of the Ni(113) Surface
I.K. Robinson (AT&T Bell Labs), E.H. Conrad and D.S. Reed (Univ. of Missouri-Columbia)

We have conducted x-ray diffraction studies as a function of temperature on the Ni(l 13)
surface. By taking advantage of the high resolution of x-rays, we have not only observed the
transition to the high temperature disordered state but have additionally measured the asymmetry of
the surface tension in the (113) plane [1]. The peak intensity, measured on the first order truncation
rod (CTR) halfway between Bragg points, is shown in Fig.l. The peak intensity decays rapidly
above 700K. The data is in reasonable agreement with the temperature behavior expected for
T<TR, as predicted by Villain et. al [2]. Above TR, the height correlations are expected to diverge
logarithmically and the diffraction line shapes are predicted to be approximately power law [2];

where qx and qy are the components of the momentum transfer parallel to the surface, cx and cy are
related to the surface tensions in the corresponding directions, and T| is the temperature dependent
roughness exponent. Experimentally the low temperature line shapes are found to be Lorentzian,
convoluted with the detector function (L*G). Above 750K the diffracted peaks can be fit either as
L*G or as power-law peaks. The asymmetry in the excess surface tension, cx and cy, along the
[332] and [HO] directions was measured as a function of temperature for the first time (see Fig. 2).
The difference in the x-ray determined asymmetry and previous measurements of the parameter are
dramatic. X-ray results show an asymmetry four times larger than results from He scattering data.
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1) I.K. Robinson, E.H. Conrad, and D.S. Reed, J. Physique (Paris) (submitted).
2) J. Villain, D.R. Grcmple, and J. Lapujoulade, J. Phys. FI5, 809 (1985).
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X16A
Surface structure of Au(llO)-(2x1) and Pt(110)-(2x1)

E. Vlieg, I.K. Robinson and K. Kern

AT&T Bell Laboratories, Murray Hill, NJ 07974
and IGV-KFA Jiilich, D-5170 Jiilich, West Germany.

The atomic structure of the (2x1) reconstructed (HO)-surfaces of Au and Pt has been investigated in detail
using X-ray diffraction. The surfaces were prepared by sputtering and annealing in the UHV system of
beamline X16A. The data sets consist of a large number of structure factors measured at small perpendicular
momentum transfer (in-plane data) plus structure factors measured as a function of the perpendicular
momentum transfer I (rod scans), see figure. From the figure it is clear that the rod profiles of Au(110)
and Pt(110) are very similar, indicating that the reconstructed surfaces have a closely related structure.

Both surfaces have been studied with a number of other techniques, such as LEED and ion scattering, and
there is general agreement on the missing-row model for the reconstruction [1]. This is not true for the
relaxations occurring at the surface. An earlier X-ray diffraction study [23 (which main purpose was to
prove the roissing-row model) pointed to an expansion of the top-layer spacing, in contradiction with most
experiments done since. Fitting the present data sets gave a contraction of -0.3A of the top-layer spacing
for both Au and Pt, thus bringing the X-ray diffraction results in agreement with the other techniques.
Other prominent relaxations are pairing of the atoms in the second and fourth layers. The results of the
fits are shown as solid curves in the figure.
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Various theoretical approaches have been used
to predict the structure and relaxations on
fee (110)-surfaces [31. We find that a first-
principles calculation [4] is in closest
agreement with the. present X-ray diffraction
data.

C1] P. Fery, W. Moritz and D. Wolf, Phys.
Rev. B38 (1988) 7275; P. Fenter and T.
Gustafsson, Phys. Rev. B38 (1988) 10197, and
references therein.
[2] I.K. Robinson, Phys. Rev. Lett. 50 (1983)
1145.
[3] S.H Foiles, Surface Sci. 191 (1987) L779,
and references therein.
W K.-M. Ho and K.P. Bohnen, Europhys. Lett.
i (1987) 345.
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X16A

SURFACE PHASE TRANSITION AND KINETICS OF Cu sAu(lll)
X-M. ZHU\ I.K. ROBINSON", E. VLIEG", H. ZABEL* , J.A. DURA*, AND C.P. FLYNN*
' Department of Phyict, Umierrity of IWnou, Urbana, II 61801, USA
" AWT Bell Lab; Murray HM, NJ 07S74, VSA

Bulk CusAu ha» a discontinuous ordering transition 7" = 663K. A number of recent theoretical and experimental investi-
gations show the ordering transition near the surface might be continuous1. Our grazing incident x-ray scattering experiment
focused on Bragg profiles of superstructure peaks as they develop following a quench from temperatures above to temperatures
below TV

We used a thin film of Cu3Au with a (111) surface grown by MBE at the University of Illinois. The surface x-ray ex-
periment was carried out at the AT&T X16A beam line of the National Synchrotron Light Source located at the Brookhaven
National Laboratory3. The sample was loaded into a surface chamber equipped with Ar+ sputtering gun, LEED, and Auger
probes for surface preparation and analysis, as well as a Be window for x-ray scattering. Auger intensity analysis indicated no
dramatic evidence of segregation. In all scans the incident and exit angles of the x-ray beam to the surface were kept identical:
a,- = af = a. The critical wave-vector Kc perpendicular to the surface for total reflection at Cu3Au is 0.067A"1 or 0.023 in
units of the [111] reciprocal lattice vector (L) perpendicular to the surface.

- | ' ' ' | ' ' ' | ' ' '/k1 ' I ' ' ' I ' ' M

"r 1000 r-

0.9B Q.98 1.00 1.10 1.201.02 1.04 1.06 1.08 0.90 1.00
HK UK

Fig. 1 - (a) Radial scans through the (llO) superstructure reflection at constant L = 0.02 ( at,- = a / = o ) after the quencn
from 7"+5K to T'-20K. (b) Simularly, except a more shallow quench to T*-10K. The center of the peak position are at
[1.02,-0.98,0.02].

Fig. l(a) shows a typical time sequence of radial (110) scans after a deep quench to T"-20K . All scans were taken with the
constant perpendicular wavevector L=0.02. This deep quench experiment exhibits the normal nucleation and domain growth
behavior which is also observed in the bulk. The width follows the usual power law in time3 AQ oc t~" with a = 0.4 ± 0.1,
which is essentially identical to the exponent which we find in bulk experiments on the same sample. However the ratio of of
intensity for radial scans at different L is not constant in time. It shows the ordering and domain growth start first in the bulk
and subsequently proceeds to the surface layers.

The time evolution of the line shapes after shallow quenches is much different than that after deep quenches, as is
demonstrated in Fig. l(b). Following a quench to 7"-]0K , we observe a rather long incubation time of about one hour
during which only the broad component gains some intenstiy. Finally, a sharp component starts to appear on top of the
broad component, and while the former grows with time, the latter remains unchanged. The final line shape consists of two
components, a broad and a narrow one, both having Gaussian line shapes. We have also observed these two components in
radial scans when heating the sample from room temperature to 7"-10K. The bulk measurements on the same sample shows
only a single component. It shows a coexistence of microdomains of disorded phase embedded in ordered phase at surface
region upon approaching 7".

The experiment described above revealed the following. Firstly close to T' two types of domains with distinctively different
length scales of about 2G-25A and of 40O0-6O00A coexist in near surface layers. Secondly the ordering and domain growth
after a deep quench starts first in the bulk and subsequently proceeds to the surface layers in a template like fashion.

The work at Illinois was funded by the Department of Energy under Contract No. DE-AC02-76-01198. The National Syn-
chrotron Light Source is supported by DOE contract No. DE-AC02-76CH00016.

(1) S. Dietrich, in Phate Tmntitiont and Critical Phenomena, Vol. 12, edited by C. Domb and J. Lebowitt,
Academic Press, New York, 1988.
(2) P.H. Fuoss, I.K. Robinson, Nucl. Inst. Meth. 171 , 222 (1984).
(3) S.M. Allen and J.W. Cahn, Acta Met. 27 , 1085 (1979).
(4) HE. Cook, M. Suescawa, T. Kajitani, and L. Rivaud, 3. de Physique 38 , C7-430 (1977).
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X16B

STRUCTURE OF A Gd/Y MULTILAYER BY ANOMALOUS SCATTERING

R. M. Fleming, P. Marsh and D. B. McWhan (AT&T Bell Laboratories)

Although x-ray diffraction has proved to be a valuable tool in evaluating the structure and the
degree of ordering in chemically modulated films,1 thus far a first-principles determination of
the modulated structure has been lacking. The primary difficulty in obtaining a
crystallographic structure is the limited number of reflections that can be reached in a film
geometry. Consequently, previous studies of multilayer structures have resorted to modeling of
the data, a procedure that raises questions about the uniqueness of the solution.

The goal of this experiment is to perform a crystallographic refinement of the modulated
structure of a Gd10Y20 film. We have collected data on twenty-six (00£) reflections at four
energies near the Gd Lm absorption edge (7.243 keV). Two scans at two energies showing the
satellites around the (004) are shown in Fig. 1. Note the change in the asymmetry of the
satellites as the energy is changed from 7.027 to 7.238 keV. Fig. 2 shows an energy scan through
the Gd LnI edge with the diffractometer set to an arbitrary point (0 -.2 2.5). We will use this
scan to determine the anomalous terms of the scattering factor, / and / ' , by a comparison with
measurements2 and calculations.3 The measurements of Gd J" by Templeton, et al.2 are shown
for comparison in Fig. 2. We will first attempt a refinement of the occupances and >
coordinates using the (00£) data and we will later attempt to analyze in-plane displacements by
including off-axis data.

References:

1. D. B. McWhan in Synthetic Modulated Structures, L. L. Chang and B. C. Giessen, ed.
(Academic Press: New York: 1985), p 43.

2. L. K. Templeton, et al., Acta. Cryst. A38, 74 (1982).

3. D. T. Cromer and D. Liberman, J. Chem. Phys. 53, 1891 (1970).
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Fig. 1: Scans along (00£) at 7.027 and 7.238
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edge.
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XI6B

FINITE SIZE EFFECTS IN CONFINED LEAD AND KRYPTON
INCLUSIONS

L. Grabask and J. Bohr
Riso National Laboratory, 4000 Roskilde, Denmark.
I.K. Robinson
AT&T Bell Laboratories, Murray Hill, NJ 07974, USA.
B. Johnson, A. Johansen, H.H. Andersen and L. Sarholt-Kristensen
Physics Laboratory, University of Copenhagen, 2100 Copenhagen 0.

Small crystallites of krypton and lead were studied at temperatures from RT to 663 K, in a small
furnish at beamline X16B. The crystallites were formed in single crystals of aluminum after ion
implantation. The implantation energy was 150 and 200 keV for the lead and the krypton respec-
tively, for both elements the fluence was 2-1016 cm"2. The sample containing krypton was studied
in two temperature sequences, and diffraction from solid krypton was observed at temperatures
up to 598 K. The size of the krypton inclusions was 41 A both before and after the two heating
cycles. So at temperatures as high as 623 K the growth of the krypton inclusions was insignificant
at least at the time scales applied here (hours). The sample containing lead was well character-
ized as it had been studied at the rotating anode at Ris0 national laboratory in Denmark. The
mean size of the lead crystallites was 270 A. In this experiment we observed scattering originating
from both (100) and (111) facetts at the lead inclusions. We did not observe premelting of the
facetts (surfaces) of the lead inclusions, as we were unable to discern differences in the tempera-
ture development of the intensity originating from the facetts compared with the intensity of the
(111) Bragg peak from the lead inclusions. We observed a superheating of 20 K before the lead
started to melt, this is, at least in part, caused by the confinement of the lead by the aluminum
matrix. In the same system we observe supercooling of 15 K, this is a pure size effect, the lead crys-
tallites are simply to small to form nucleation grains for solidification at temperatures above 586 K.
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The figure shows the truncation rod from the lead inclusions along the (111) direction, q measures
the distance away from the lead (111) Bragg peak ((111) + q(lll)) . The full line is the best fit to
a power law.
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X16B

LATTICE DISTORTION AND CHARGE DENSITY WAVE IN UAs

E. D. Isaacs and D. B. McWhan (AT&T Bell Laboratories); C. Vettier (ILL)

UAs has a transition from a simple type I antiferromagnetic structure
to a double q type la structure at T = 62K. Previous studies have shown
that this transition is accompanied by a volume change of 4x10 , but a
distortion from cubic symmetry was not observed.1 We have made measurements
of the charge scattering (i.e. the component of polarization which is
unrotated on scattering) as a function of temperature through the
transition. A charge modulation is found in the type IA phase where a (003)
reflection appears (see Fig. 1). A lattice distortion is observed by
measuring the (006) reflection using the A/2 component passed by the
monochromator (see Fig. 2). The splitting is consistent with a distortion
of c/a = 1.0002. The (003) reflection is consistent with a charge
modulation -at 2T which results from breaking the symmetry of the spin
sequence of -H— along each of the basal plane directions as a result of
magnetostrictive coupling.

1 H. W. Knott, G. H. Lander, M. H. Mueller, and 0. Vogt, Phys. Rev. B21,
4159 (1980).
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X16B

X-RAY DIFFRACTION STUDIES OF Au AND Co CLUSTERS

Matthew Marcus (AT&T Bell Laboratories)

There were two systems investigated: Au clusters prepared by the
Schmid recipe, and Co particles suspended in a surfactant, made by vapor
deposition into a cold toluene solution followed by warming and removal of
the toluene. These materials are of interest because they provide a way of
investigating small-particle in samples of macroscopic size without the need
for sophisticated vacuum handling. In particular, the Schmid material is an
example of aggregates in the cluster size range (55 atoms) in a macroscopic,
handleable form.

The prevailing model of the Schmid clusters in a 55 atom cuboctahedron
surrounded by ligands. XRD on this material shows a broadened peak at the
Au 111 position, which is consistent in position and width with that
predicted for the ideal cuboctahedron. A Mackay icosahedron would give an
additional peak, which was not seen. Thus, we can distinguish between these
closely related models. A peak at d = 20A was seen and attributed to
diffraction by clusters considered as units.

The Co particles yielded small-angle X-ray scattering which was fit to
a model of rod-shaped particles. This '.'as later confirmed by TEM. Also,
the surfactant in which they were suspended normally has a hexagonal liquid
crystal phase, which was suppressed in the suspension. Diffraction
measurements show at least a lOOx suppression of the hexagonal (01) peak on
addition of 2 volume % of particles. Other evidence suggests that there is
an incompatability between liquid-crystalline order and the presence of fine
particles. Scans around where hep and fee Co should be showed only two very
weak peaks which were too sharp to be due to small particles, so were
attributed to a small fraction of larger particles. Hence, the smaller
particles were probably amorphous.
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X16B

X-RAY MAGNETIC SCATTERING IN MIXED-VALENCE TmSe

D. B. McWhan and E. D. Isaacs (AT&T Bell Laboratories); S. M. Shapiro (BNL
Physics); S. Hoshino (Univ. Tsukuba, Japan)

The Lj,_ absorption edge of Tm in TmSe has two overlapping "white"
e top curve of figure) which are attributed to the Tm +2 and +3J

lines (see top curve of figure) which are attributed to the
configurations in this homogeneous mixed valence material. Both
configurations have magnetic moments and TmSe orders antiferromagnetically
at T = 3.2K. We have measured the intensity of the rotated component of
polarization (CT-TT) for the (003) magnetic reflection and the results are
shown as open squares in the figure. Two well resolved resonances are
observed, and these are interpreted as originating in the magnetic ordering
in each of the two configurations. This is consistent with a homogeneous
mixed valence system. These studies can be extended to magnetic materials
in which their are several different sites, and it may be possible to study
the magnetic ordering site by site.
1 H. Launois, M. Rawiso, E. Holland-Moritz, R. Pott, and D. Wohlleben,
Phys. Rev. Lett. 44, 1271 (1980).
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Figure: Absorption coefficient (top) and the intensity times absorption
coefficient of the (003) CT-TT of TmSe (bottom) .
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X-RAY DIFFRACTION STUDY OF STEPPED Hi (lll)5olll0J SURFACE
X-16B

Q. Shen (Cornell U), J.F. Chang (Cornell U), G. Navrotski (Cornell U),
J.M. Blakely (Cornell U), L.E. Berman (NSLS), D.B. McVhan (AT&T)

High resolution x-ray diffraction study was performed on a stepped Ni
(111) surface which was miscut by 5° towards the [HO] zone. The round disc
shaped sample (diameter -1 cm) was Ar* sputter cleaned and annealed at 6SO°C
inside a portable UHV chamber with a 360° Be window. The chamber was mounted
directly on a standard Huber 4-circle diffractometer, and pumped by a 50 1/s
turbomolecular pump and backed by another turbo pump. The pressure in the
chamber ranged from 1x10" torr at room temperature to 2x10" torr at 650°C.
The cleaning cycle was repeated for many times until the surface step forma-
tion was apparent in the diffraction profile during a [112] scan which is
perpendicular to the step direction. The incident beam (X* 1.7202 A) was mono-
chroma ted by a horizontally focussing Ge (111) crystal. The vertical beam
size was ~3 mm as determined by slits. The diffractometer was run in the sym-
metric mode. A Ge (111) analyzer was used in front of the Nal detector.

For convenience a hexagonal unit cell was adopted with (300). =(22?),
(030), =(242) and (003)h =(111). Series of [112] scans were meaiured on the
truncation rod connecting CllI) and (002). A typical scan is shown in Figure
l(a). The profile consists of a center peak at Ah=h-l=O which is the normal
to the (111) terrace direction and a less sharp peak at the side which corre-
sponds to the normal to average surface direction. The center peak is due to
large (111) terraces that are very stable because of the close-packed nature.
The side peak contains valuable information on the step (terrace) distribu-
tion on the miscut surface. Figure l(b) shows the behavior of both peaks in
reciprocal space, as obtained from preliminary line shape analysis. Tempera-
ture dependence of the diffraction profile was also obtained from 100°C up to
650°C and the data are being analyzed at the present time.

.02-.01 0 .01
Ah (h«x)

(a)

-.02 -.01 0 .01
Ah (h«x)

(b)

Figure 1: (a) [11-2]
scan at (1,0,-70) .
The curve is a fit to
data with a Gaussian
and a Lorentzian, and
a sloped backgraound.
(b) Behaviour of both
peaks in reciprocal
space. Filled circles
and pluses are peak
and HWHM positions
respectively. All
curves are guides to
the eye.
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X16-C

DISTANCE DEPENDENCE OF ELECTRON TRANSFER OF SURFACE CONFINED
REDOX COUPLES VIA AC VOLTAMMETRY AND X-RAY STANDING WAVE
STUDIES*

D. Acevedo, G. M. Bommarito and H. D. Abrufia; Dept. of Chemistry, Baker Lab. Cornell U.
Ithaca, N.Y. 14853-1301

We are interested in the electrochemical and structural study of redox centers that are
part of highly structured interfaces. To this effect we have begun the synthesis and
characterization of a family of transition metal complexes of ruthenium and osmium of the
general type shown below in Figure 1.

These complexes can be employed in the preparation of self-assembling monolayers on
platinum and gold surfaces and the presence of the heavy metal tag (Os, Ru) makes the
amenable to study by x-ray based techniques. We have prepared and electrochemically
characterized a number of these complexes. For example, the complex
[Os(bpy)2(4,4'trimethylenedipyridine)CI]+ '1 (4,4'trimethylene dipyridine is compound D
in Figure 1 below with n=3) adsorbs from solution onto platinum electrodes at a coverage that
corresponds to a close-packed monolayer (r = 9x10"11mol/cm2). In addition, the adsorbed
material exhibits a very well defined electrochemical response (Figure 2) characteristic of a
surface confined material. We have employed a.c. voltammetric techniques to study the rate of
interfacial electron transfer as a function of solvent and surface coverage.

We will employ this and related materials in x-ray standing wave studies where we
will monitor the distance of the metal center (Os or Ru) from the electrode surface as a
function of the length of the tethering chain in order to correlate this distance with the rate of
electron transfer. In addition, by carrying out similar measurements as a function of
potential we will be able to determine the potential profile across the interface. We will also
be able to perform such studies with the metal center being in the +2 or +3 oxidation state so
that the effect of coulombic attraction/repulsion will be manifest. In addition, we plan to
study the in-plane structure of these materials with surface diffraction techniques.

[M(N-N)2 L Cl] + 1 [M(N-N)? L?] *2 M= Os, Ru

N-N =

•1-0.60 +0.00 *0.20 O.O -0.20 -0.40 -0.60

E vs SSCE

Figure 1 Figure 2

This work was supported by the National Science Foundation and the Office of Naval Research
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X16-C
IN-SITU MEASUREMENT OF IONIC DISTRIBUTIONS AT THE ELECTRODE
SOLUTION INTERFACE VIA X-RAY STANDING WAVES*

G. M. Bommarito, D. Acevedo and H. D. Abrufia; Dept. of Chemistry, Baker Lab. Cornell U.
Ithaca, N.Y. 14853-13101

The interface between a metal electrode and an electrolyte solution has special
properties associated with the fact that if a potential is applied (relative to the solution
potential), the cations and anions from the electrolyte can be electrostatically attracted to or
repelled from the electrode surface and gradients of ion populations are set up in the solution
phase. The physical extent of this gradient depends on both the concentration of the electrolyte
and the applied potential and has been theoretically described in the Gouy-Chapman model of
the electrical double layer which states that in the absence of specific adsorption there is an
exponential decay (diffuse double layer) in the concentration of the species away from the
electrode surface. This is generally expressed as:

Ci - Cbi exp[-zF*/RT]

where Cj is the concentration of species i at a distance x from the surface, Cbj is the bulk
concentration, Z is the charge F is Faraday's constant and o is the potential at a distance X. As
mentioned above, the extent of this gradient is a function of both the potential and the
electrolyte concentration. It is smallest (<10A) for high electrolyte concentrations and for
potentials far from Epzc (potential of point of zero charge that is; when the surface is
electrically neutral). It reaches its largest values (hundreds of angstroms) at low electrolyte
concentrations and at potentials close to Epzc-

Within the present context, it is these distributions, and their potential dependence
that we are interested in measuring employing the x-ray standing wave and related
techniques. We have previously studied iodide adsorption and its potential dependent
distributional changes on a Pt/C LSM (layered synthetic microstructure) employed as an
electrode and we are now carrying out analogous measurements with bromide.

In these studies we employed an incident energy of 14.5 keV and measured the angular
dependence of the reflectivity as well as the characteristic bromine Ka fluorescence at 11.9
keV. From analysis of these profiles we will be able to determine the potential induced
distributional changes of bromide in the vicinity of the electrode surface and compare these
results with those predicted by theory.

This work was supported by the National Science Foundation and the Office of Naval Research
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Study of the Structural Modulation in
Diffraction at Cu and Bi Absorption Edges

X16-C

by X-ray Synchrotron

P. Bordet, J. J. Capponi, G. P. Espinosa, J. L. Hodeau, M. Marezio and D. B.
McWhan
CNRS-Grenoble and AT&T Bell Laboratories-Murray Hill

We have collected data with the X16C diffractometer at NSLS on a single crystal of
nominal composition Bi2Sr2CaCu2Og+x (Tc~80K). The sample was of "good quality"
even though it had the usual layered morphology. The crystal quality was deduced
from the spot shapes as they appeared in precession photographs. The intensity of
several Bragg reflections and satellites (due to the incommensurate structural
modulation) were measured as a function of energy across the Bi and Cu absorption
edges. This procedure allows one to analyze selectively the Bi and Cu contributions
to the modulation. The magnitude and the direction of the atomic displacements can
be obtained by determining the I(hkl)M/I(hkl)s as a function of energy. The s and ss
subscripts indicate Bragg and superstructure reflections, respectively. Fig. 1 shows the
Iss/Is vs. E at the CuK-cdgc for the 200 and the (2.213 0 1 ) reflections. During the
experiment we observed large intensity variations almost after each injection and after
energy changes. Because of these uncontrollable intensity variations the present data
can only give qualitative results. Usually, intensity variations can be eliminated by
measuring standard reflections, but in the case of measurements as a function of
energy the normalization becomes more complicated, as it is not known a priori
whether the variation is real or due to beam fluctuations.
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TESTS OF A BENT LAUE CRYSTAL MONOCHROMATOR FOR ANGIOGRAPHY X17B1

P. Suortti (U. of Helsinki), W. Thomlinson, D. Chapman, N. Gmiir, R. Greene, N. Lazarz (NSLS)

A prototype of a focusing, Laue-type dual energy monochromator was tested on the X17B1 beam-
line (Ref. 1). The monochromator has two triangular crystals which are clamped at the base and bent
to a cylindrical shape by pushing the tip. Asymmetrical Si(lll) reflections from 0.525mm thick [100]
wafers of Si are used. The angle between the two crystals is adjusted for the desired energy separation
of the monochromatic beams. One of the crystals is mounted on a carriage and the distance between
the crystals can be changed to vary the crossover point of the two beams. These motions are driven by
DC motors and cam-lever arm mechanisms. The beam (higher energy E.) diffracted by the first crystal
passes through the second crystal, while the undiffractcd beam passed by the first crystal is diffracted
by the second (lower energy Eg).

The focusing by the crystals was measured with photographic film. Distortions of the crystals were
seen near the clamps, but reflections from the middle of the crystals produced perfectly straight focal
lines. An incident beam Smm high was focused to lines less than 0.5mm high at a distance of 3 me-
ters. The wiggler source distance was 28 meters.

The energy separation and the widths of the reflected energy bands were determined by putting an
Iodine absorber in the beams, scanning the energy by rocking the monochromator through the Bragg an-
gle corresponding to the Iodine k-edge, 8,. = 3.42° and observing the change in absorption. As the an-
gle is increased, the second crystal rocks through 6 K , followed at a higher angle by the first crystal as
seen in the figure below. In this typical setting, the widths of the energy bands were about 120 eV and
their separation 242 eV. The results of the measurements agreed closely with the calculations (Ref. 1).

The monochromatic flux was determined by measuring integrated intensities of a standard Mo
powder sample. The flux was calculated to be 7.9E+09 ph/sec/mradH/mA, when the vertical slit ac-
cepted about 18% of the beam and the wiggler field was 4.9 T. The storage ring was operating at
2.525 GeV and 1.85 mA of electrons. This corresponds to a projected operating condition flux of
7.4E+12 ph/sec/3.75 mradHteSO mA. This number is rather close to an earlier theoretical estimate.

1. P. Suortti and W. Thomlinson, Nucl. Instr. and Meth. A269,639 (1988).
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Work was funded by DOE under Contract No. DE-AC02-76CH00016 and the Academy of Finland.
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Beam Line X-18
INVESTIGATION OF THE ELECTRONIC STRUCTURE OF PT-CARBONYL ANION CRYSTALS USING
THE PT Lj WHITE LINE INTENSITY

H.J. Robota (Allied-Signal EMRC), A.Z. Ringwelski (UOP), R.W. Leyerle (UOP), L.
Dahl (U. Wisconsin), G. Lewis (U. Wisconsin)

The intensity of the Lg white lines observed in the 5d transition series
has been used both qualitatively and quantitatively as an indicator of changes
in 5d-orbital population. Qualitatively, one observes a larger white line area
as the atom being probed becomes more oxidized, i.e. has lower 5d-orbital
occupancy. The Pt-carbonyl cluster anions present an interesting case for
observing such qualitative behavior. The four ions investigated were:
Pt19(CO)22~*. Pt2A(CO)30"

2, Pt26(CO)32"
2, and Pt38(C0)4«"

2. Two factors are expected
to influence the apparent 5d-orbital occupancy. Most pronounced should be the
charge/Pt ratio. The Pt19 cluster must distribute a full four extra electrons
over a relatively small number of metal atoms, while in Pt38, only two extra
electrons need be distributed over twice as many Pt atoms. In addition to this

effect, changes in the cluster
geometry and the Pt-CO
interaction through back-bonding
will also contribute to a change
in 5d-orbital occupancy. At the
outset, one would assume that
actual charge/Pt ratio would
dominate differences induced by
structure or bonding. As shown
in the figure, the Pt L3 white
line intensity appears quite
insensitive to the extra
electrons in the clusters.
Based on the suggestions made
above, Pt19 would have been
expected to have the smallest,
not largest, white line. In
order to understand the details
of these observations, a
relatively complete and detailed
theoretical investigation of the
electronic structure in these
clusters must be undertaken.

0 20 40 60
Energy Relative the Pt l_3 at 11564 eV
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Beam Line X-18
A COMPARISON OF PT-CARBONYL ANION STRUCTURES IN SOLUTION AND THE CRYSTALLINE
STATE

H.J. Robota (Allied-Signal EMRC), A.Z. Ringwelski (UOP), R.W. Leyerle (UOP), L.
Dahl (U. Wisconsin), G. Lewis (U, Wisconsin)

Four Pt-carbonyl cluster anions were investigated: Ptig(CO)22~*, Pt24(CO)30"
2, Pt26(CO)32"

2, and Pt38(CO)4il"
2. Measurements were made on the crystalline

powders using fluorescence detection at about 140 K and on dilute solutions at
300 K using regular transmission detection. A comparison between the solution
and crystalline states of these clusters is interesting because the Pt-Pt
distance distribution is very broad and peaks around several well separated
values. These peaks in the distribution give rise tc strong interference of the
respective EXAFS signal producing amplitudes which are strongly attenuated from
what might be expected based on the "average" coordination number. This is
particularly pronounced in the Pt19 cluster where a very strong beat is produced
by two well defined subgroups of bond distances of nearly equal occupancy. The

question we wished to address
is whether the distribution of
distances observed is an
inherent property of these small
charged clusters, or if crystal
packing forces play an important

• PT19 SOL role in determining the Pt-Pt
pair correlations. Since EXAFS

*" u c D PT19 UQ requires no long range order to
___. _- investigate these structures,
"IZ4- SOL it is ideally suited for making

yV^ o PT7A I ID C^e s°luti°n phase measurement.
— The figure shows the normalized

A PT26 SOL ^ ^ ^ f° r e a c n °f the clusters
displayed in pairs, solid first,

x PT26 UQ then in solution. No sharp
differences in the EXAFS are

v PT38_S0L observed, only a slight
attenuation of the amplitude

+ PT38_UQ_ likely produced by thermal
motion of the atoms at the
higher temperature. Again, the
beat near k-lOA"1 in the Pt19

cluster is quite pronounced,
indicating that the distribution
of Pt-Pt distances is an
inherent property of these small
Pt-carbonyl anion clusters.
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Beam Line X-18
AN EXAFS INVESTIGATION ON POTENTIAL STRUCTURAL CHANGES IN PT CATALYST PARTICLES
WITH VARYING PRETREATMENTS

H.J. Robota (Allied-Signal EMRC), A.Z. Ringwelski (UOP), R.W. Leyerle (UOP)

As part of an ongoing IR spectroscopic investigation of ethylene adsorption
on supported catalysts, we have observed a pronounced change in the strength with
which ethylene forms a 7r-bond to the Pt surface. This is most simply noted upon
evacuation following saturation of the catalyst surface. Following a low
temperature pretreatment which consists of a reduction in H2 gas followed by
evacuation at 563 K, w-bonded ethylene can only be observed with a slight over-
pressure of gas phase ethylene. Upon evacuation, all evidence of adsorbed w-
bonded ethylene is gone. In contrast, by raising the pretreatment temperature
to 623 K, a nearly saturated layer of jr-bonded ethylene persists unaltered upon
evacuation for at least 24 hours. We speculated that the two different
pretreatment temperatures might induce changes in the structure of the supported
Pt particles. Thus, an EXAFS investigation was conducted to explore this
possibility. The figure superimposes first the results following pretreatments

at either 623 K or 563 K. The
two curves are remarkably
similar. As a test of how
sensitive this type of
measurement might be to subtle
structural changes, the lower
portion of the figure compares
the bare catalyst and the
ethylene saturated catalyst
following the 563 K
pretreatment. Under these
conditions, no *r-bonded ethylene
should persist, rather the
surface will be covered with
about 25% of a monolayer of
ethylidyne. Small, but clearly
detectable changes in spectrum
phase and amplitude are evident.
These results lead us to believe
that other than very modest
structural changes take place
following different pretreatment
conditions. In particular, it
appears quite safe to rule out
formation of subsurface H in the
Pt particles, since this should
produce a much more pronounced
effect.
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Beam Line X-18
AN EXAFS INVESTIGATION ON STRUCTURAL CHANGES IN PT CATALYST PARTICLES PRODUCED
BY ADSORBED SPECIES

H.J. Robota (Allied-Signal EMRC), A.2. Ringwelski (UOP), R.W. Leyerle (UOP)

Changes in catalyst particle structure under the influence of adsorbed
species encountered under reaction conditions have long been speculated to
responsible for changes in activity, selectivity, life-time, etc. In order to
better understand what types of information might be extractable about metal
particle structure or potential adsorbate detection, we have begun a series of
measurements to investigate the influence of adsorbed species on a wide variety
of supported metal catalysts. Our initial work used a 3%Pt/7-Al2O3 catalyst with
average Pt particle diameters around 15A. This will give high signal-to-noise
ratio in the measurement while keeping the particles small enough to be
structurally sensitive to the presence of adsorbates. The adsorbates used were
ethylene (which produced a saturated ethylidyne layer covering about 25% of the
available Pt sites), CO, H, and 0. Measurements were made with the sample in
a high vacuum chamber at a sample temperature of around 150 K. Exposures were

Changes In Pt particle structure with adsorpbates all at room temperature. The
figure depicts the normalized
EXAFS obtained for the fresh

0.05~i catalyst and following
adsorption of the indicated
species. Except for 0 exposure,
all changes are subtle. Slight
changes in oscillation phase and

• m /-\ i w\ A /v amplitude suggest changes in the
0.00H fll / \ / \ / V W ^ ^ ^ * • Clean degree of particle perfection,

i.e. order, and average Pt-Pt
D ethylenehond length. Exposure to 02

produces a larger effect as
-evidenced by the change in the
first few oscillations. These

-changes suggest the formation
Q of reasonably well defined Pt-

0 units. That this 0 is only
chemisorbed can be demonstrated
by its easy removal at room
temperature with H2. These data
will be further analyzed using
phase and amplitude correction
methods to reveal new, small
coordinations like Pt-0 and Pt-
C.
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BEAMLINE X18-A

AN X-RAY DIFFUSE SCATTERING STUDY OF
MICTOMAGNETIC Au-Fe ALLOYS

J.P. Anderson and H. Chen (U. of Illinois)

Synchrotron radiation was utilized to measure the diffuse intensity
from single crystal specimens of two binary Au-Fe alloys. The
compositions involved were Au-18at%Fe and -25at%Fe; so chosen
because they are thought to exist in the "double transition" regime of
the magnetic phase diagram for this system*. Upon cooling these
compositions to cryogenic temperatures, the superparamagnetic spin
state of the alloy is thought to transform to a long-range
ferromagnetic state prior to assuming a mictomagnetic (spin glass)
state at temperatures near 10K. However, recent magnetic
susceptibility measurements^ suggest that the interim ferromagnetic
state is nonexistant. A direct microstructural study, such as diffuse x-
ray scattering, will disclose the actual arrangement of the magnetic
solute (Fe) within the non-magnetic solvent (Au) and may settle the
controversy spawned by the magnetic data.

The room temperature measurements were carried out on solution-
annealed and quenched specimens with l lkeV photons. The
specimens show low absorption at this energy and thus the effects of
surface condition are minimized in this inherently soft material. A
solid state detector was used to eliminate specimen fluorescence. As
measured with an Al powder compact, the direct beam intensity at
llkeV was 1.12(±0.05) x 107 cpmc (6.0 x 109 cps at a ring current of
100mA). Full volume analyses will be carried out to reveal the nature
of the local atomic arrangements in these alloys under various aging
conditions. We have performed two complete sets of diffuse intensity
measurements on quenched samples. Analyses are currently
underway.

1. J. P. Anderson, H. Chen and K. Ohshima (to be submitted).
2. L. D. Rakers and P. A. Beck, Phys. Rev. B36, 8622 (1987).

This research was supported by NSF under Grant No. DMR-87-21796.
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Beamline X18-A

X-Ray Diffuse Scattering from an Fe-25%Ni-O.88%C Austenitic Steel.

8. 0. Butler and J. B. Cohen (Northwestern Univ.)

Steels comprised of tempered martensHe are very important technologically and
have been studied extensively, yet little is currently known of the local
atomic configuration of the interstitial carbon in the freshly quenched state.
The martensitic transformation is displacive and so the initial atomic
arrangements are inherited from the precursor austenitic (fee) phase. Some
Mossbauer measurements of this system [1-2] have indicated that the carbon
atoms are ordered in the austenite phase prior to transformation but this has
not been verified by other techniques. In this study diffuse x-ray scattering
was employed to investigate the local order of the carbon atoms in an
Fe-25%Ni-0.88%C austenite (Ni is added to the steel to stabilize the austenite
phase).

To avoid the complications of analysis of this system as a ternary alloy a
wavelength just above the Ni K-edge was used where the dispersion corrections
are slightly more severe >for the Ni than for the Fe. Both of these elements
then have nearly the same scattering factor and so analysis can be done
treating this ternary alloy as a binary. Diffuse scattering measurements were
made in a volume in reciprocal space in absolute units so that corrections for
higher order thermal diffuse and Compton scattering can be made. These
corrections are particularly important in this system as only 5-10% of the
intensity is expected to be due to carbon ordering. A second volume
measurement was made below the Ni absorption edge in order to confirm that
scattering attributed to carbon ordering was not, in fact, due to Fe-Ni
interactions. This second measurement will also be used to determine the
state of short range order between the Fe and Ni in this alloy.

This research was supported by NSF under Grant No. DHR-8417961

References:

[1] 0. N. C. Uwakweh, J. Ph. Bauer, 0. M. R. Genin, Metall. Trans., (1989) in
press.

[2] J. M. Genin, P. A. Flinn, Metall. Trans., 18A, 1371-88, (1987)
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BEAM LINE Xl8a

X RAY DIFFRACTION FROM A LIQUID CRYSTAL FILM ADSORBED ON SINGLE-
CRYSTAL GRAPHITE

P. Dai, S.-K. Wang, and H. Taub (U. of Mo.-Columbia); S. Ehrlich (Purdue U.); J.Z. Larese (BNL); J.R. Dennison
(Utah St. U.)

Recently, scanning tunneling microscopy (STM) has been used to image monolayers of the bulk liquid crystals, n-
alkylcyanobiphenyl (wCB), adsorbed on the basal plane surfaces of highly-oriented pyro.'ytic graphite (HOPG) at

room temperature.1'2 It is of considerable interest to verify independently the monolayer structures inferred by
STM. We have undertaken x ray diffraction experiments to investigate the structure of 10CB films adsorbed on
single-crystal graphite as well as bulk polycrystalline 10CB.

The 10CB was adsorbed onto freshly cleaved natural graphite crystals by methods identical to those used in the STM

experiments.2 For two different vapor-deposited samples, several Bragg peaks were observed scanning parallel to the
surface. The largest d-spacing found was 11.7 A which is much smaller than the bimolecular-layer spacing within
the monolayer of 43 A inferred from the STM images. The similarity of the two in-plane radial scans done at
arbitrary azimuths suggests that the 10CB film is isotropic about the graphite c-axis.

Samples made by melting a small grain of 10 CB on the graphite surface showed some behavior differing from the
vapor-deposited ones. In one case, we observed a very sharp Bragg peak corresponding to a d-spacing of 35.2 A from

a single domain of adsorbed 10CB. The in-plane azimuthal width of the peak was -0.04° comparable to that of the
graphite (100) peaks. Since the largest d-spacing which we observed in the bulk powder was only 28.6 A, we
conclude that this peak originates from a 10CB film. We were able to show that the film reciprocal lattice vector is
not in a high-symmetry direction of the graphite basal plane. We also observed a weaker and broader peak from the
adsorbed 10CB suggesting that there might be coexisting polycrystalline material.

A second melted-grain sample appeared to have a similar structure to (hat of the first one. However, instead of
having a large single domain, the film was polycrystalline with the particles having a strong preferential orientation
with respect to the graphite surface. A Bragg peak corresponding to a d-spacing of 36.2 A was observed in all
directions scanned, but it was most intense scanning perpendicular to the graphite surface. Apparently, for this
sample, most of the 10CB particles are oriented with the bimolecular layers parallel to the surface and the molecular
axes nearly perpendicular to the surface. Our observation in scans parallel to the surface of Bragg peaks having d-
spacings of S.9 A and 6.1 A, close to the estimated molecular width, is consistent with this interpretation.

Our tentative conclusion from these experiments is that x ray diffraction is revealing multilayer 10CB film structures
unseen in the STM images. In none of our measurments did we observe a Bragg peak of the film corresponding to a
d-spacing of 43 A, the layer-spacing within the monolayer inferred by STM. The fact that it was necessary to apply
voltage pulses to the STM probe in order to observe some of ihe monolayer images may be related to the absence of
such a peak. Possibly, the x ray experiments did not have the sensitivity to detect monolayer coverages, although,
in view of the strong scattering from the film, this appears unlikely. Further x ray experiments would be desirable
to establish whether the vapor-deposited and melted-grain samples have the same film structure.

1 J.S. Foster and J.E. Frommer, Nature 333, 542 (1988).
2D.P.E. Smith, H. Horber, Ch. Gerber, and G. Binnig, Science 245,43 (1989).

Supported by NSF Grant No. DMR-8704938, DOE Grant No. DE-FG02-85ER45183 of the MATRIX PRT at the
NSLS, and DOE Division of Materials Science Contract No. DE-AC02-76CH00016.
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BEAM LINE Xi8a

X RAY SCATTERING FROM MONOLAYERS PHYSISORBED ON SINGLE-CRYSTAL SUBSTRATES

J.R. Dennison (Utah St. U.); S.-K. Wang, P. Dai, and H. Taub (U. Mo.-
Columbia); S. Ehrlich (Purdue U.); J.Z. Larese and L. Passell (BNL)

We have undertaken a research effort to use synchrotron x ray diffraction to
study monolayers physisorbed on single-crystal substrates. Our aim is to
explore systematically the effect of substrate translational symmetry,
binding energy, and corrugation on the structure of a variety of films which
we have already investigated on exfoliated graphite substrates by elastic
neutron diffraction.^

In order to perform these experiments, we have constructed a new ultra-high
vacuum (UHV) chamber for use at the MATRIX beam line at the NSLS. It is
equipped with a low-energy electron diffraction (LEED) system, an Auger
electron spectrometer, and an ion sputtering gun. A principal design feature
is that LEED measurements can be performed simultaneously with the x ray
scattering to provide on-line characterization of both substrate and film.

For our first experiment, we plan to investigate the layer-by-layer growth of
xenon on the Ag(111) surface. The large x ray cross section of Xe makes this
system favorable for an initial study. Although Xe is believed to be one of
the few adsorbates which completely wets the basal plane surfaces of graphite
(i.e., forms an infinite number of solid film layers),2 it is not known
whether Xe completely wets the Ag(111) surface. X ray diffraction will be
used to probe the structure of the first few layers of the Xe film at
temperatures below 50 K.

During a two-week period in December, 1988, we performed preliminary x ray
measurements at Xi8a on a polished Ag(111) crystal. The sample was inside
our UHV chamber which is small enough to mount directly on the phi-drive of
the Huber spectrometer. We found that the entire chamber could be moved
satisfactorily by the chi and theta drives, but that an adjustment of the phi
drive is necessary to accommodate the chamber weight (about 240 lb).
Nevertheless, the chamber could be maneuvered to observe the bulk (200) and
(311) Bragg reflections of the Ag substrate. Further experiments are planned
during the spring and summer of 1989.

H. Taub, in The Time Domain in Surface and Structural Dynamics, NATO ASI
Series, edited by G.J. Long and F. Grandjean (Kluwer, Dordrecht, 1988), p.
467.
J.L. Seguin, J. Suzanne, M. Bienfait, J.G. Dash, and J.A. Venables, Phys.
Rev. Lett. 5±, 122 (1983).

Supported by NSF Grant No. DMR-«704938, DOE Grant No. DE-FG02-85ER45183 of
the MATRIX PRT at the NSLS, and DOE Division of Materials Science contract
No. DE-AC02-76CH00016.
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BEAMLINE 18-A

X-Ray Diffuse Scattering from Al-Cu-Zn Utilizing Anomalous Dispersion.

D. R. Haeffner and J. B. Cohen (Northwestern U.)

A single crystal of Al-3 wt.% Cu-5 wt.% Zn was solution treated for 3
hours at 508 °C, quenched into ice water, and aged in an oil bath at 80 °C
for 24 hours. This aging treatment was designed to produce Guinier-Pres-
ton (GP) zones in a relatively early stage of development. It is well
known that a similar treatment will produce platelike GP zones in Al-Cu bi-
nary alloys and roughly spheroidal GP zones in Al-Zn binary alloys. The
structure of GP zones in this ternary alloy has been the subject of almost
no research.

The structure of binary alloys may be solved directly by the use of one
wide-angle diffuse scattering experiment. Both Al-Cu and Al-Zn have been
examined using this method (1-3). A ternary alloy presents addition com-
plexity making it analytically too difficult to solve for the structure
with just one experiment. Anomalous dispersion may be used to eliminate
some of the unknown terms from the diffuse scattering equation. This is
possible due to a rapid change (with energy) of the atomic scattering fac-
tor of an element close to its absorption edge while the other constituent
elements' scattering factors change very little. Two experiments must be
made: one relatively far from the edge, and one very close to the edge.
By subtracting the results of one from the other, several terms drop out,
allowing for the solution of the equation.

Following this idea, four experiments where performed. One well below the
Cu edge and one just below the Cu edge; likewise for the Zn edge. The com-
bination of the four experiments will allow for the solution of all the
terms from the ternary diffuse scattering equation. As should always be
the case in diffuse scattering experiments, the direct beam intensity for
all energies used was measured and this knowledge will be used to correct
for thermal diffuse scattering and Compton scattering, as well as to match
the results from the four experiments.

References

(1) E. Matsubara and J. B. Cohen, Acta metall. 33, 1945 (1983)
(2) E. Matsubara and J. B. Cohen, Acta metall. 33, 1957 (1983)
(3) D. R. Haeffner and J. B. Cohen, Acta metall. (in press)

This research was supported by NSF under Grant No. DMR-8417961
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X-18A

LOW TEMPERATURE ANOMALOUS STRUCTURAL AND ELECTRICAL PROPERTY
CHANGES IN La2_xSrxNiO4

S. Hoffman, V. Chandrasekaran, S. N. Ehrlich, S. M. Durbin and G. L. Liedl (Purdue U.)

Recent reports on possible superconductivity(l) and structural changes(2) at low temperatures
in La2-xSrxNi04 (K.2NiF4 type) was the basis for this initial study of the correlations between
the reported phase transition and electrical/magnetic property changes. Anomalies in the
magnetic moment near 70K have been attributed to phase separation and changes to a negative
moment at lower temperatures to superconductivity. Rodriguez et.al. (2) and Lander (3) have
reported structural changes near 70K with the former indicating only lattice parameter changes
while the latter indicates an orthorhombic to tetragonal change at the transition. The low
temperature change to tetragonal is based upon work of Axe et al(4) on similar cuprates.

A single crystal with stoichiometric oxygen and x=0.2 was used for this study. The sample,
rectangular rod shaped, had the c-axis along the length of the rod and (110) planes parallel to
the facets of the rod. The sample had electrodes connected for standard four-point resistance
measurements and was mounted in the low temperature sample chamber such that resistance
data could be taken during x-ray measurements as a function of temperature.

Regions around both the (200) and (220) peaks were scanned as a function of temperature
while monitoring the electrical resistance of the sample. Electrical measurements show a rapid
decrease in resistance at 70K to the lowest value measurable with the instrumentation followed
by a slower rise in resistance as the temperature was decreased all over a couple degrees.
Preliminary examination of the x-ray data indicate possibly two orthorhombic structures at
room temperature with slight lattice parameter changes down to the transition temperature and a
large change in at least one of the structures at the transition. Indication are that the b-axis
undergoes the largest changes. Further work is planned to gather diffraction data on this sample
and other chemistries near this transition temperature.

1. Z. Kakol, J. Spalek and J.M. Honig, to be published J. Solid State Chem.

2. Rodriguez et al, Phys. Rev. B 38, 7148 (1988).

3. G. M. Lander et al., seminar Purdue March 1989.

4. J.D. Axe et al, to be published IBM J of Res. and Dev.

Work supported by DOE under contract DE-FG02-85ER45183 and the Indiana Corporation for
Science and Technology.
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X-18A

THE PHASE DIAGRAM OF A LIPID MONOLAYER ON THE SURFACE OF WATER

B. LIN, T.M. BOHANON, M.C. SHIH and P. DUTTA, Northwestern University

The isotherms of lipid monolayers on the surface of water (Langmuir films) show
apparent discontinuities implying several condensed phases. It has been customary to label
the highest-pressure phase as solid, and lower-pressure condensed phases as 'liquid-
expanded' and/or 'liquid-condensed'. However, these speculations are based on the evi-
dence of isotherms and other macroscopic probes; within the last three years, it has been
shown that it is possible to obtain direct structural information using synchrotron radiation.

We have used X-ray diffraction to elucidate various features of the monolayer
isotherms of heneicosanoic acid between 1°C and 8°C (a region in which the isotherms
have familiar shapes but show interesting trends as a function of temperature). In addition
to the known distorted-hexagonal solid at high pressures, we have seen (a) an expanded
hexagonal 'free rotator' solid constituting the lowest-pressure condensed phase; (b) conti-
nuous tilted-to-untilted transitions within the distorted-hexagonal structure, with the tilt
direction depending on temperature, and indicated in the isotherms by changes of slope;
and (c) for T>3°C, an intermediate region showing no in-plane peaks.

(k-I.87A~')

15 20 17 20 23 20
Monolayor pressure ( dyno»/ot».)

26

Fig. 1: Isotherm segments (top), peak areas (center), and peak positions (bottom) as a function of pres-
sure, in the region of the higher-pressure phase transition, at three temperatures as indicated. Lines
through the data are guides to the eye. The trends in the data are interpreted as tilting transitions.

This work was supported by the U.S. Dept. of Energy (grant no. DE-FG02-84ER45125)
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X-18A

PRECIPITATION BEHAVIOR OF 6*(Al3Li) IN A BINARY Al-Li ALLOY

K. Mahalingam, V. Mahadev and G. L. Liedl (Purdue U.)

The precipitation of 5 in a binary Al-3.2wt%Li alloy with aging treatment
at 433K, 453K and 473K was studied by X-ray diffraction. The growth kinetics
were correlated with the average particle size, R, of the 6' phase as func-
tion of aging time. R was determined from the FWHM of (100) peak correspond-
ing to the 6"" phase. It is observed that the decomposition of the solid
solution is a two stage process, leading to the two phase a-S'' structure.
The first stage is identified as a precoarsening process, wherein all the 6'
particles grow by the diffusion of Li atoms from the supersaturated a
matrix. The second stage is a true precipitate coarsening process charac-
terized by the classical Ostwald ripening behavior.

A structural study of the 6'phase was performed by X-ray diffuse scattering
experiments. This study was conducted on a single crystal sample of the
same alloy which was aged at 473K for 12 hours. Short range order parameters
and the average atomic displacements were determined. The measured values
of the displacements are very small. The measured values of the short range
order parameters indicate that the 6' phase has a very high degree of order.
A simple model is proposed to examine the implications of the experimental
observations [1], The short range order parameters determined from the
model are in good agreement with the experimentally determined short range
order parameters. This model, when applied to earlier stages of aging,
produces results that are consistent with the observations made in the growth
kinetic study. Based on the predictions of this model it is believed that
the 6" particles possess a fairly high degree of order even in the as-quenched
state. Future work is aimed at obtaining quantitative information on the
state of order of the 6'in the as-quenched condition.

Reference:

(1) K. Mahalingam Ph.D Thesis, Purdue University (1989).

Work supported by U.S. Dept. of Energy, Div. of Materials Science under
contract number DE-FG02-85ER45183.
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BEAM LINE Xl&si
GRAZING ANGLE X-RAY DIFFRACTION STUDY OF CONDUCTING LANGMUIR-
BLODGETT FILMS.
X. Q. Yang, J. M. Chen, T. A. Skotheim, D. Chapman, (BNL); S. Ehrlich, (Purdue University);
K. Hong, I. Watanabe, M. Rubner, (MIT).

Large nonlinear optical coefficients in a material requires a high degree of ordering, both
microscopic and macroscopic. Recently, we have fabricated conducting Langmuir-Blodgett films
of octadecylpyrrole monomers and cadmium stearate/polyfalkyl thiophene) mixtures. The
layer structures have been studied by e-20 scans. The results are shown in Fig. 1 and Fig. 2. The
cadmium stearate/poly(alkyl thiophene) LB films have a highly ordered layer structure with 50
A repeating unit. LB films of octadecylpyrrole, On the other hand, are more disordered along
the stacking direction. Both films have little in-plane structure in contrast to highly ordered pure
cadmium stearate films. These in-plane scans were done on a conventional four circle Huber
diffractometer with a fixed incidence angle scattering geometry at or near the critical angle.

15

Figure 1. X-ray diffraction for a 30 layer LB
film of a cadmium stearate/poly(alkyl thiophene)
with 1:1 ratio mixture.

15

Figure 2. X-ray diffraction for a 30 layer
LB film of octadecylpyrrole monomers.

Work supported by the U.S. Department of Energy Division of Materials Science under
Contract No. DE-AC02-76CH00016.
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Beamline X18-A

X-Ray Diffuse Scattering from Cd0 ̂ 5Mn0<275Te using Anomalous Dispersion

J. P. Quintana and 0. B. Cohen (Northwestern)

EXAFS studies on several pseudobinary zinc-blende semiconductors (A,.XBXC)
shows that the nearest neighbor cation-anion distances for the A-C and B-C
pairs are not equal. The measured distances are significantly different from
the distances calculated from the average lattice parameter [1,2]. These
results have been confirmed using standing-wave analysis for a Cd,.xMnxTe (x =
0.275)[3]. However, EXAFS results suggest that the completely filled anion
sublattice accommodates the strain leaving the cation lattice rigid, whereas
the standing-wave results suggest that the strain is accommodated by
displacements on the cation sublattice. Since these two results are
contradictory, we have measured the diffuse x-ray scattering in a volume of
reciprocal space from the Cdt_xMnxTe (x = 0.275) used in the standing wave
study in an attempt to resolve the conflict.

The elastic diffuse scattering from alloys contain contributions due to the
local chemical structure as well as moments and correlations of the
interatomic displacement distribution [4,5]. The number of interaction terms
for a pseudobinary zinc-blende system is too large to solve for with one
measurement. Consequently, we performed two measurements below the Mn K-edge,
using anomalous dispersion to change the contrast of Mn relative to Cd and
Te. We collected one data set 10 ev and the second set 100 ev below the edge.
The energy for the near edge experiment was selected so that resonant Raman
scattering did not dominate the signal from the elastic scattering. The
difference between these two sets will only contain contributions from Mn-Mn,
Cd-Hn, and Te-Hn interactions.

References

(1) O.fi. Mikkelsen and J.B. Boyce, Phys. Rev. B.,28(12), 7130 (1983)
(2) A. Balzarotti, N. Motta, A. Kisiel, H. Zimnal-Starnawska, M.I. Czyzyk, and
M. Podgorny, Phys. Rev. B., 31(12), 7526 (1985)
(3) S.M. Ourbin, J. Appl. Phys., 64(5), 2312 (1988)
(4) M. Hayakawa and O.B. Cohen, Acta Cryst., A31, 635 (1975)
(5) P. Georgopoulos and J.B. Cohen, J. de Physique C7, 191 (1977)

This research was supported by NSF under Grant No, DMR-8417961
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X-ray Studies of Charge Density Waves in Blue Bronze KQ.3MO0 3 . X18A

Q. Zhao,° S. N. Ehrlich,6, L. D. Chapman,6 and R. Colella".

A detailed study of Charge Density Waves (CDW's) satellites in blue
bronze K0,3Mo03 has been performed at several temperatures between 10
and 90 K. It has been proven elsewhere1 that in this temperature range the
CDW wavevectors are essentially constant, which lead us to believe that
most likely the CDW amplitudes are also constant. If this is the case, from
the data collected, currently under analysis, it will be possible to check the
temperature dependence of CDW satellites and confirm, or disprove, the
theory and the results of Debye-Waller factors of CDW satellites obtained
from data on TaS2.2 In particular, we will be able to decide whether or not the
current data support the model of a "Phason Temperature Factor" e~w"7, in
which the exponential factor W is independent on the scattering wavevector
k. We also hope to obtain an accurate description of CDW amplitudes in
this modulated structure.

It is apparent from the data that, while most CDW satellites have the
same width as the Bragg reflections, which is determined by the mosaic
structure of the crystal, some CDW rocking curves are definitely broader.
This broadening will provide values for the CDW correlation lengths along
certain directions.

a) Purdue University, Physics Department.

b) Brookhaven National Laboratory, NSLS.

XJ. P. Puget, C. Noguera, A. H. Moudden and R. Moret, J. Physique 46, 1731 (1985).
3L. D. Chapman and R. Colclia, Phys. Rev. Letters 52, 652 (1984); R. ColelJa, Phys.

Rev. B 39, 1501 (1989-11).
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Beam Line X-18 B
In-Situ XANES and EXAFS Studies of C11O/AI2O3 Sorbent during SO2
removal from flue gases*

Yuqun Cao (Brooklyn College of CUNY) and P. A. Montano (Brooklyn College of
CUNY and West Virginia University)

We have studied using EXAFS and XANES the structure of a CuO /AI2O3 sorbent .
This sorbent is used for the removal of sulfur dioxide from coal combustion
flue gases . The structure of the sorbent and its chemical behavior under
reaction conditions is of considerable importance for the electric power
industry. In our studies, we choose a commercial CUO/AI2O3 sample as the
sorbent to react with the the flu^ gases originating from the combustion of a
West Virginia coal (Blacksville #2 ) . The temperature of the sorbent was
varied between room temperature and 400 C . All the measurements were
performed in situ . Measurements were also carried out in the presence of
nitrogen instead of flue gases to determine the stability of the sample in
this temperature range . CuO and Cu2O were also studied as a function of
temperature and in the presence of flue gases.The pure oxides were used as
standard samples. We are interested in determining the Cu local environment at
different temperatures. Our objective is to obtain a more clear insight into
the chemical processes taking place during SO2 removal. The XANES and EXAFS
data for the sorbent in nitrogen gas at the same temperatures did not show any
significant changes in either the EXAFS or XANES spectra . By contrast , we
observed the appearance of a new near edge feature in the XANES spectra of the
sorbent . A strong peak appears at an energy characteristic of Cu+ , see
figure. This peak reaches a maximum at about 200 C and then decreases at
higher temperatures. It is noted that the EXAFS spectra do not show any
significant change during the reactions. We are inclined to believe that this
modification in the electronic structure around 200 C has important
implications concerning the behavior of the sorbent during reaction with flue
gases. No change in the near edge structure was observed for the pure oxides .
*Work supported by the US DOE
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BEAMLINE X18B

Characterization of Boron Modified Co/Al203 Catalysts by EXAFS
Spectroscopy

M.J. Fay, A. Proctor, D.P. Hoffmann, M. Houalla, D.M. Hercules (U. of
Pittsburgh)

The local structure of Co on oxidic Co/B/Al203 catalysts was
examined using EXAFS spectroscopy. Figure 1 shows the PRDFs (Pseudo-
Radial Distribution Function) for 3.0 wt.% Co catalysts modified with
various loadings of boron. The catalysts with lower boron loadings
exhibit PRDFs similar to the PRDF of Co30v indicating that a significant
fraction of Co is present as Co30,,. At the higher loadings of boron the
second and third shell peaks, attributable to COjO,,, decrease and
eventually disappear. This indicates that boron modification suppresses
Co30H formation and leads to the formation of a disordered Co phase
(based on the absence of higher order coordination shells). The amount
of COjO,, present on the catalysts was determined quantitatively from the
second shell coordination number which is due to Co-Co coordination
shell in Co30H, N=6. The curve fitting Co-Co coordination numbers from
the catalysts were divided by the known coordination for bulk Co30,, to
obtain the percent of Co present as Co30,,, $Co30H - N(Co-Co) + 6 x 100.
Ir. Figure 2 the % Co30,, determined by EXAFS is plotted versus boron
loading together with similar results determined by ESCA and gravimetric
measurements (1). Good agreement is found between the EXAFS data and
the ESCA/gravimetric results.

1. Stranick, M.S., Houalla, M., Hercules, D.M., J. Catal. 104, 396-412
(1987)
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Figurt 1. Co PRDFs of Co/B/Al203
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This work was supported by the NSF, Grant CHE-8411835.
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BEAMLINE X18B

EXAFS of Mo/Ti02 Catalysts

M.J. Fay, A. Proctor, D.P. Hoffmann, M. Houalla, D.M. Hercules (U. of
Pittsburgh)

Based primarily on IR and Raman results, it has been proposed that
the tetrahedral and octahedral Mo interaction species are present on
oxidic Mo/Ti02 catalysts (1-3). Since these results are inferred from
various spectroscopic techniques there remains some question concerning
the actual structure of the Mo interaction species. In an effort to
obtain direct structural information on the Mo environment, the Mo K-
edge EXAFS of oxidic Mo/TiOj catalysts have been measured. To date,
only a preliminary analysis of the Mo EXAFS results has been carried
out. The figure below shows the Pseudo-Radial Distributions Functions
(PRDF) of the oxidic Mo/Ti02 catalysts. All of the lower loading
catalysts show evidence of a second shell interaction whose origin is
currently unknown. At the highest loading there is clear evidence of
Mo03. It is hoped that further analysis (curve fitting) will provide
specific information on the coordination of the interaction species
observed at the lower loadings and the type of scatterer(s) responsible
for the second shell interactions observed in the PRDF's of the lower
loading catalysts.
1) Ng, K.Y.S. ; Gulari, E., J. Catal. 9g_, 340 (1985).
2) Liu, Y.C.; Griffin, G.L.; Chan, S.S.; Wachs, I.E., J. Catal. 94, 108

(1985).
3) Quincy, R.B. ; Houalla, M.; Hercules, D.M., J. Catal. J06_, 85 (1987).

1 / .

0.5 Mo

Figure 1. Mo PRDFs of Mo/Ti02 catalysts (Mo loadings expressed as wt.$
M0O3).

This work was supported by the NSF, Grant CHE-8411835.
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Beam Line X-18B

EXAFS INVESTIGATION OF THE STRUCTURE OF PT-CARBONYL ANION CRYSTALS

H.J. Robota (Allied-Signal EMRC), A.Z. Ringwelski (UOP), R.W. Leyerle (UOP). L.
Dahl (U. Wisconsin), G. Lewis (U. Wisconsin)
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structures are known from single
crystal diffraction analysis:
Pt 1 9(C0) 2 2"\ Pt2A(CO)30;

2,
Pt 2 6(CO) 3 2

- 2, Pt3B(CO)A4 .
Measurements were made on small
amounts of fine powders using
fluorescence detection.
Experimental and simulated EXAFS
are given in the figure. Note
the considerable variation in
amplitude despite the fact that
the average coordination numbers
vary only between 6.2 and 6.6.
Attempts to fit these data using
conventional methods gives
barely acceptable results for
all but Pt19 which can not be
fit at all. To assure ourselves
that our results are indeed
reasonable, we have simulated
the EXAFS based on the exact
crystal structures using curved
wave theoretical amplitudes and
phases. The qualitative
features of the experimental
results are well reproduced,
particularly the strong beat in
the Pt19 spectrum around lOA"

1.
These results indicate that
greater care must be taken in
interpreting EXAFS of supported
catalysts.
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X19A

CRITICAL COMPARISON OF SOFT X-RAY FLUORESCENCE DETECTORS FOR XAFS STUDIES
IN THE 2 TO 4 KeV REGION

Daniel Fischer (Exxon PRT) and Charlie Yang (U. of Michigan)

We report a performance comparison of fluorescence detectors for XAFS
in the soft x-ray region.1 In particular this comparison was made under the
practical constraints of an existing hard x-ray beamline (X19A NSLS) double
Si(lll) crystal monochromator with a 10 mil beryllium exit window. A
critical comparison of an energy dispersive proportional counter and an
ionization chamber was performed above the sulfur K edge for a very dilute
sample and a mixed element system as shown below. Third harmonic
contributions and signal to background considerations produced the
conclusion that an energy dispersive proportional counter provides superior
results under our beamline constraints.
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1 D. A. Fischer and C. Yang, Proceedings SRI-89.

Funding acknowledgement: Acknowledge the support of the office of the Vice
President for Research, University of Michigan, and Department of Energy
under contract No. DE-AC02-76CH00016.
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X-19A
NSLS X- 19A Beamline Characterization And Future Improvements

C. Y. Yang (U. of Michigan), J. E. Penner-Hahn (U. of Michigan), P. M. Stefan (NSLS),
and S. P.Cramer (NSLS)

The X- 19A beamline was designed for high resolution XAS measurements over a
wide energy range. The monochromator has two presettable Bragg angle ranges: 8° to
15.5° and 14.97° to 69.14°. With Si (111) crystals, these angular ranges correspond to
two energy ranges of 2.12 < E < 7.93 KeV and 7.4 < E < 13.53 KeV respectively. The
energy range can be extended to 22.10 KeV with Si (220) crystals. The soft x-ray
capability of this beamline could be extended by using large d-spacing crystals such as
InSb (111), YB66> a°d Beryl. Available photon fluxes were calculated using a ray tracing
program for Si (111) crystals in an unfocused mode with a 4 x 40 mm 2 beam size at a ring
current of 100 mA. The calculated photon fluxes of 10*° photons/sec, 5 x 10 11
photons/sec, and 10* 1 photons/sec are predicted for photon energies at 2.5 KeV, 5 KeV,
and 10 KeV respectively. The actual photon fluxes were estimated using an ion chamber
with N2 gas over the energy range 2.5 to 7.9 KeV. The observed photon fluxes are found
to be an order of magnitude smaller than the predicated fluxes. A more careful
investigation of this is currently underway, and a further optimization of the various
beamline components will be conducted. However, the current fluxes of about 10^ - 101°
photons/sec are still adequate to obtain XAS experimental data with good signal-to-noise in
many cases. The energy resolution of Si (111) crystals with a proper slit are well matched
to the intrinsic lifetime broadening of absorption edges up to 5 KeV. In order to improve
the monochromator resolution for energies above 5 KeV, one can use Si (220) crystals.
The degree of polarization of the beam was calculated by the same ray tracing procedure.
We found that the beam was 98% polarized in the horizontal direction and 2% in the
vertical at 10 KeV. The calculation indicated that the degree of polarization should not vary
significantly as a function of energy. In general, the harmonic contamination can be
reduced by detuning the monochromator. At lower energies, the 10 mil Be window
functions as a high-pass filter, i.e., to absorb most of the fundamental and to transmit most
of the higher order. Thus, in lower energy operation, the photon intensity is usually
reduced by about 80% to 90% by the detuning procedure. In the future, the Be window
will be either removed (for UHV compatible samples) or replaced with a thin diamond
window to permit even lower energy studies. This will open a new spectroscopic window
for studies of samples of biological, chemical, and materials science interest in an energy
range (1-3 KeV).

Acknowledge the support of the Office of the Vice President for Research, University of
Michigan, and the U.S. Department of Energy under contract NO. DE-AC02-76CH0016.
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X-RAY TOPOGRAPHIC INVESTIGATION OF ELECTROMAGNETIC
DUCED IN P-N JUNCTIONS ON SILICON.

X-19C
DAMAGE IN-

M. Dudley, G.-D. Yao, J. Wu and C.C. Lin (SUNY at Stony Brook), D. Gordon-Smith (University of
Warwick, UK), and C. Fazi (Harry Diamond Lab.).

The crystallographic damage accompanying the breakdown of diodes on silicon single crystals has been
studied using white beam synchrotron topography in both transmission and grazing Bragg-Laue geome-
tries. Figure 1 shows a transmission white beam topograph (g=311), A=0.6A) showing arrays of diodes of
different shapes and sizes. Only selected circular diodes were studies. Prior to breakdown, the diodes are
visible through the contrast associated with the strain induced by the metallization present on the diode
surface, see for example diode P on figure 1. The modification of this strain contrast, following diode
breakdown induced by microsecond pulses in forward bias, is shown in the image of diode F in figure 1,
and the case for reverse bias is shown in the image of diode R. The same diodes are shown in the grazing
Bragg-Laue image presented in figure 2, (g=(022), A=0.7A). The distribution of damage as a function of
depth is currently under investigation.

I mm

Figure 1.

Figure 2.

Acknowledgements: Work performed in part on the Synchrotron Topography Project Beamline, X-19C,
which is supported by the U.S. Department of Energy under Grant No. DE- FG02-84ER45098. Materials
furnished by Harry Diamond Lab.
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X-19C
SYNCHROTRON TOPOGRAPHIC STUDIES OF THE EFFECTS OF ELASTIC STRESS
ON MAGNETIC DOMAIN CONFIGURATIONS IN Fe 3.5 wt SI SINGLE CRYSTALS.

C. C. Lin, M. Dudley (SUNY Stony Brook), and J. Miltat (Universite Paris-Sud, France)

It is well known that X-ray topography is a technique which can be used to visualize magnetic domain
configurations in ferromagnetic materials. This becomes possible through the interaction of the propa-
gating X-ray wavefields with the magnetostrictive distortions present inside crystals which have nonzero
magnetostriction. Unfortunately, exposure times in conventional topographic techniques always tend to
be very long, and thus limit the feasibility of dynamic studies of domain walls in motion. However, this
restriction has largely been lifted by the advent of synchrotron radiation sources with their enhanced
brightness and subsequently short exposure times.

In the work reported here, white beam synchrotron topography has been used to conduct in situ studies of
the influence of applied elastic tensile stress on magnetic domain configurations in Fe 3.5 wt [Oil] tensile
axis with (Oil) surface orientations were utilized. Tensile stress was applied using a specially designed
miniature tensile stage.

In the unstressed state, the domain configuration consists mainly of domains magnetized along [100] and
[100] (i.e., the only easy directions lying in the specimen surface). As soon as stress is applied, the Dijkstra
and Martius type I structure1 is produced as shown in Figure 1, the relationship between the stress and
domain spacing is shown in Figure 2. Good agreement between measured (dots) and calculated (line)
spacings is evident. As the stress is further increased, type I structure is gradually replaced by the type
II structure. In the original paper Dijkstra and Martius observed the surface domain configuration in the
type II structure to consist of wavy boundaries approximately parallel to [100], with a very fine subdivision
within these main domains. However, at present, the detailed domain configuration in the type II structure
is not fully understood and is the subject of an ongoing study.

. . 3 • • • 2 .
!6 '

9=(2II)

Figure 1. Figure 2.

References: 1. L.J. Dijkstra and U.M. Martius, Rev. Mod. Phys., 25, 146, (1953).

Acknowledgements: Work performed in part on the Synchrotron Topography Project Beamline X19-C,
which is supported by the U.S. Department of Energy under Grant No. DE- FG02-84ER45098.
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X-19C
WHITE BEAM SYNCHROTRON TOPOGRAPHIC STUDIES OF THE DEFECT STRUC-
TURES OF AS GROWN SINGLE CRYSTALS OF Zn(H2O)4(HC=CCOO)2.

S. Y. Hou, M. Dudley (SUNY Stony Brook) and B. M. Foxman (Brandeis U.)

Single crystals of Zn(H2O)4(HC=CCOO)2 single crystals have been characterized using filtered white
beam synchrotron radiation topography. In addition to using crystals grown via spontaneous nucleation,
large single crystals grown via slow cooling of seeded, saturated aqueous solutions were employed. Since
the crystals are extremely sensitive to X-rays, selective filtering is essential to prevent X-ray induced poly-
merization during the synchrotron topographic characterization. 5 mm of aluminum foil has been attested
to be an optimum filter which not only attenuates most of the longer wavelengths, that normally make
no contribution to the topographic images, but also preserves sufficient intensity at shorter wavelengths
to record X-ray topographs. Figure 1 shows a white beam topograph (g=101, A=0.86 A) recorded from
a single crystal (4x6x21 mm3) grown by slow cooling. Groups of nearly parallel growth dislocations
emanate from the seed crystal to the (101), and (101) growth faces. Figure 2 shows a similar topograph
(g=103, A=0.41 A) recorded from a large single crystal grown from aqueous solution by solvent evapo-
ration. Growth sector boundaries are visible here as diagonal lines. Growth dislocations again emanate
from the central nucleus to the (101) and (101) growth faces. The results provide a good demonstration
of the applicability of white beam synchrotron topographic technique to the studies of defect structures
of X-ray sensitive organic materials for which examination by TEM may be completely excluded due to
beam sensitivity.

2 mm

Figure 1

2mm

Figure 2

Acknowledgements: Work performed in part on the Synchrotron Topography Project Beamline X19-C,
which is supported by the U.S. Department of Energy under Grant No. DE-FG02-84ER45098.
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X-19C
WHITE BEAM SYNCHROTRON TOPOGRAPHIC STUDIES OF p-TERPHENYL SIN-
GLE CRYSTALS.

M. Dudley and S. Y. Hou (SUNY Stony Brook), W. Jones (Cambridge U.).

Preliminary results obtained from white beam topographic studies of p-terphenyl single crystals indicate
that they are ideally suited for X-ray Topographic Study. The sample crystals were prepared by solvent
evaporation from xylene solutions, and were in the form of thin plates of parallel to the (001) basal plane.
This natural morphology is ideal since it avoids the need for cutting, which is difficult for this class of
materials due to their fragility. Figures 1 and 2 show transmission white beam topographic images taken
from a same p-terphenyl single crystal. Contrast characteristic of a microcrack extending through the
crystal is observed on Figure 1 (g=322, A=0.67 A), denoted by C. This was confirmed under subsequent
optical microscopic examination. Long straight growth dislocations are observed on both figures denoted
by G, as well as twin boundaries denoted by T. The contrast observed in the upper right corner of both
figures is due to the presence of a small crystal which has been trapped in the parent crystal during
growth. In Figure 1 this small crystal is seen to diffract so that its (322) planes are parallel to that of
the parent crystal, whereas in Figure 2 (g=110, A=1.13 A) the image of the small crystal is absent since
its (110) planes are misoriented with repsect to those of the parent crystal. Misfit dislocations, denoted
by M, formed to relax the strain induced by the inclusion of this small crystal in the parent, are readily
observed on both figures. Wavy dislocations, denoted by W, parallel to the lower edge of Figure 2, identify
themselves as "non-grown-in" and were probably generated during handling of the crystal. It is concluded
that p-terphenyl single crystals are (1) readily grown from solution in a morphology ideally suited for
X-ray topographic study, (2) they are not damaged by X-rays, and (3) they are plastic, demonstrating
ease of dislocation generation. Further studies and analysis are in progress, in particular to compare defect
analysis with that performed via TEM.1

1mm
Figure 1 I I Figure 2

References: 1. W. Jones, J. N. Thomas, J. O. Williams and L. W. Hobbs, J. Chem. Soc. Faraday. Trans.
II, 71, 138, (1975).
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X-10C
CHARACTERIZATION OF HIGH Tc SUPERCONDUCTOR EPILAYERS ON LANTHA-
NUM GALLATE SUBSTRATES USING WHITE BEAM SYNCHROTRON TOPOGRAP-
HIC IMAGING IN GRAZING BRAGG-LAUE GEOMETRIES.

M. Dudley and G.-D. Yao (SUNY Stony Brook).

Thin epilayers of YBa2Cu307 on LaGaO3 have been characterized by white beam synchrotron topographic
imaging in grazing Bragg-Laue geometries. The thickness of these epilayers was only around 1000A, so
that no contribution from the epilayer was observed on white beam topographs recorded in transmission
Laue geometries or in conventional Bragg geometries, with the substrate contribution dominating. Figure
1 (g=(004) for substrate, A=1.0A), recorded in the conventional Bragg geometry from the epilayer side,
illustrates this, with images of the twin structure in the LaGaO3 substrate being revealed as well as the
near surface dislocation structure, but no features from the epilayer being visible. However, by employing
grazing Bragg-Laue geometries, and tuning the diffraction wavelength so that the substrate contribution
is attenuated in the epilayer, topographs could, in fact, be recorded from the epilayers. Figure 2 shows a
series of grazing Bragg-Laue topographs (g=(204) for substrate, A=0.6A) recorded with decreasing glancing
angle showing how the contribution from the substrate, with its chracteristic twin structure, is gradually
replaced by that from the epilayer. Calculated kinematical penetration depths in the superconductor are,
a, 1.03 fim, b, 0.14 pm, and c, 140 A, respectively. Defects resembling inclusions are observed, although
the quality of the epilayer was genrally found to be poor.
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Figure 1.

4 mm
Figure 2.
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which is supported by the U.S. Department of Energy under Grant No. DE-FG02- 84ER45098, and funded
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X-19C

ANALYSIS OF STRAIN FIELDS ASSOCIATED WITH ION-ETCHED GRATINGS ON
SILICON SURFACES USING WHITE BEAM SYNCHROTRON RADIATION TOPOG-
RAPHY IN GRAZING BRAGG-LAUE GEOMETRIES.

A.P. Jardine, M. Dudley, G.Tolis and G.-D. Yao, SUNY at Stony Brook.

Reactive-ion etching is a conventional method of removing semiconductor material to form lithographic
patterns. Circular gratings composed of 10 etched lines each, with repeat spacings from 2.5 to 20fim,
were etched ~ 0.3/iin deep into a Si(100) crystal using 95%CF4 and 5%O2 gas in a plasma excited to
5KV. No further processing of the Si was performed. Preliminary white beam X-ray topographs taken
at Cornell High Energy Synchotron Source demonstrated that some reflections displayed strain contrast
associated with the grating. Further monochromatic X-ray topography studies found that {111} and {440}
reflections displayed strain contrast consistent with a radial strain field. {400} reflections were found to
be featureless.

At the NSLS, we have undertaken observations to further qualify the nature of the strain field. In both
white beam transmission X-ray topography and reflection Bragg topography, no strain contrast associated
with the gratings was observed. Only in grazing incidence Bragg-Laue geometry was similar contrast
observed, as shown in Figure 1 (g=(313), A=0.83A). By varying the incidence angle, greater contrast was
observed with decreasing incidence angle, suggesting that strain is confined close to the surface. It seems
likely that the strain has predominantly an in-plane radial component. The origin of the strain field is
interesting, and may be due to implantation damage from the reactive ion-etching or associated with the
presence of an oxide layer. These results may have some significance in semiconductor processing, where
strain affects electronic properties, surface and volume diffusion md so epitaxial growth properties. A
quantitative analysis of the strain field and its origin is in progress.

%-r :*:r*:v:yr.: I mm

Figure 1.

Acknowledgements: The topographic work was performed on the Sychrotron Topography Project beam-
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X-19C
DETERMINATION OF DISLOCATION LINE DIRECTIONS FROM ANALYSIS OF THE
PROJECTED DIRECTIONS OF THEIR IMAGES ON WHITE BEAM SYNCHROTRON
TOPOGRAPHS.

M. Dudley and D. Yuan (SUNY Stony Brook).

The determination of dislocation line directions from the projected angles of their images on X-ray to-
pographs has, to date, been attempted using two methodologies; (1) using the algorithm of Miltat and
Dudley1, which enables determination of the projected angles of known line directions on the topographs
and then correlates these with observations, and (2) stereographic projection techniques, which can de-
termine unknown dislocation line directions from the projected angles of their images. The first of these
approaches is not capable of determining unknown line directions, but simply comparing the projected
directions of postulated line directions to observed projected directions in an iterative manner. The sec-
ond of these approaches enables the unknown dislocation line directions to be plotted on a stereographic
projection of the specimen through a simple graphical technique. However, the stereograpic projection
technique is both tedious and inaccurate.

In the work presented here, we describe an analytical approach to the determination of unknown dislocation
line directions from the projected directions of their "Direct" or kinematical images on synchrotron white
beai. transmission Laue topographs. The technique simply requires measurement of the angle of projection
of the image of a given dislocation, with respect to a predefined direction on the film, on a minimum of
two white beam topographic images. This data is then input into the algorithm which yields the line
direction in the crystal. The algorithm works for any relative orientation between detector and crystal,
and for any crystal system.

The crystal chosen for study was a pyrene platelet cut, parallel to the (001) face, from a larger crystal
grown by slow cooling of a seeded, saturated toluene solution. This crystal has characteristic long, straight
growth dislocations propagating towards the (110) growth face. These dislocations are mixed in character.
Figure 1 (g=(220), A=0.8A) and Figure 2 (g=(220), A=0.8A) show filtered white beam synchrotron
topographs recorded from the pyrene crystal, showing the dislocation structure. The line directions of the
three types of dislocation observed on each image are labelled, LI, L2 and L3, respectively. Calculation
shows that Ll«[454], L2s»[351] and L3«[341] (actual calculated directions are non-integral).

L 3

L S

Figure 1. Figure 2.

References: 1. j . Miltat and M. Dudley, J. Appl. Cryst. 13, 555, (1980).
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X-19C
WHITE BEAM SYNCHROTRON TOPOGRAPHIC STUDIES OF UV INDUCED RAPID
THERMAL PROCESSING DAMAGE IN SILICON.

M. Dudley, F.F.Y. Wang, and G. Tolis (SUNY Stony Brook).

UV induced rapid thermal processing is a technique which has aroused much interest in the semiconductor
industry. The main advantage over conventional annealing techniques is the short processing time, de-
creasing the possibility of the occurrence of unwanted interdiffusion etc. To date, no clear understanding
has been achieved of the nature of and distribution of crystalline damage which accompanies the process.
This work describes some preliminary results obtained which reveal the nature of this damage in a non
destructive way.

To this end, single crystal waferr of silicon Si, with {100} surface orientation, were individually placed
in a Varian, RTP-800, rapid thermal processer. The RTP-800 unit has 18 tungsten lamp tubes, rated
at 2 KW each. The heating started on the top surface of the Si wafer, which was finely polished and
chemically etched to achieve a flat and smooth surface. The backside of each wafer was mechanically
polished, and its surface was rougher than the front-side. The temperature cycle of the experiment was
as follows: After the reaction chamber of the RTP unit was evacuated and flushed, the unit was heated
from room temperature to 1410°C in 10 seconds, after which the power wais turned off. The top-side
of the Si wafer experienced localized surface melting. The Si wafer was left inside the reaction chamber
until the thermocouple beneath the wafer registered room temperature, at which time it was taken out of
the chamber. Visual observations of the wafer top-side surface showed that clusters of thermally etched
pits appeared, with the four fold symmetry characteristic of the the crystal wafer orientation, as shown
in the optical micrograph presented in Figure 1. Slip lines emanating from the wafer periphery towards
the interior regions were also commonly observed. The specimens were then examined using white beam
synchrotron radiation topography in transmission Laue geometry. A typical topograph is shown in Figure
2 (g=(133), X=0jA). Note the contrast resulting from the elastic strain associated with the pitted region,
and the dislocations which emanate from the region. Attempts to correlate sites for pit formation with
the pre-processed defect structure are underway. Feedback of such information to the process engineer
will enable manipulation of processing conditions to minimize the extent of this damage. A systematic
study of the variation of the induced damage with processing conditions is currently in progress.

2 m"> • • • • ^ • • ^ ^ K 2 mm
Figure 1. Figure 2

Acknowledgements: This work was performed on the Synchrotron Topography Beamline, X-19C, which is
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BEAM LINE X-19C

A STUDY OF CREEP DAMAGE USING MICRORADIOGRAPHY AND
CONTINUUM DAMAGE MECHANICS

J.E. Benci and DP. Pope, Department of Materials Science and Engineering, University of Pennsylvania.

Metals often undergo very little plastic deformation before failure when deformed at elevated temperatures and
at relatively slow strain rates (or low stress levels) even though the metal may be very ductile at lower temperatures
or higher strain rates. This high temperature brittle fracture is usually due to the growth of an intergranular crack
by the nucleaiion, growth and coalescence of cavities on grain boundaries. Many ceramics also fail in an
intergranular mode at elevated temperatures by the same mechanism.

There has been a great deal of work done in the last several years using constitutive equations and continuum
mechanics to model the development of damage and fracture of materials under slow strain rate, high temperature
service conditions. Unfortunately, there has been very little related experimental work in the area. In this study the
development of intergranular creep damage was investigated in several alloys using synchrotron X-ray
microradiography, an X-ray imaging technique utilizing the transmitted beam. This technique has many advantages
over surface imaging techniques such as SEM and optical microscopy in that it can detect creep damage throughout
the volume of a relatively thick (l-2mm) sample. Statistically significant results on the size and spatial
distribution of creep damage can therefore be obtained from one sample. The well collimated, high intensity beam
produced by a synchrotron source leads to excellent spatial resolution and relatively short exposure times for the
microradiography. Features on the order of microns were routinely observed in mm thick copper and iron samples.

Notched tensile samples of copper, iron and a low alloy steel were subjected to slow strain rate tensile testing
at 500°C or 700°C. The tests were interrupted at various fractions of the creep life. Longitudinal sections about
l.S mm thick were then removed from the center of each sample. The creep damage in these sections was recorded
using microradiography (fig. l(a)); the density and distribution of creep damage was measured from the
microradiographs with an image analysis system; and the results from the image analysis were compared to damage
predictions from a continuum damage mechanics model of the damage process (fig. l(b)).

Creep damage in the copper alloy was concentrated in a narrow band around the plane of minimum cross-
section in the samples. This is in stark contrast to the results from iron and the low alloy steel. The creep damage
in these materials developed at fairly sharp angles to the plane of the notch or crack plane. The results show that
the damage processes in iron and this steel are controlled by the equivalent stress, consistent with a plasticity
mechanism of cavity growth. The formation of damage in copper is controlled by the maximum principal or
hydrostatic stress, confirming a diffusive creep damage process.

ACKNOWLEDGEMENTS
This work was funded through the Synchrotron Topography Project Beam'ine of the National Synchrotron Light
Source, BNL, which is supported by the Department of Energy under grant DE-FG02-84ER45098.
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Figure 1. (a) Radiograph of an axisymmctric notched copper sample subjected to slow strain rate tensile testing at
500°C and interrupted before failure, (b) Contours of creep damage predicted from a CDM model for a test time
corresponding to that of the sample whose radiograph is shown in fig. l(a) assuming a maximum principal stress
controlled damage process. Both rigs, show a damage maximum 3-400 tun in from the notch tip.
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X-19C
ANALYSIS OF THE LINE DIRECTIONS OF DISLOCATIONS IN GALLIUM ARSENIDE
EPILAYERS ON SILICON USING WHITE BEAM SYNCHROTRON RADIATION TO-
POGRAPHY.

M. Dudley and G.-D. Yao and J. Wu (SUNY Stony Brook). H.-Y. Liu and Y.C. Kao, Texas Instruments,
Dallas, Texas.

The line directions of dislocations in (100) GaAs epilayers on Si have been determined via analysis of the
projective properties of their images on synchrotron white beam transmission Laue topographs, using the
algorithm of Miltat and Dudley.1 The white beam synchrotron transmission Laue topographs, shown in
figures 1 and 2 (A=0.6A, g=(133) and (133), respectively, each recorded with the substrate as the exit
surface), show three types of dislocation, labelled A, B and C (the large features labelled S are contrast
features due to the strain field associated with the specimen number scribed on the silicon surface, and
as such are just artifact). For dislocations A and B the calculated projected directions of likely possible
line directions are shown as dark lines on each of these figures. Good agreement between calculation and
experiment is evident for the [110] and [101] directions. The magnification ratios along these line directions
the figures are 0.521 for [110] and 0.989 for [101] on the (133) reflection, and 0.989 for [110] and 0.521
for [101] on the (133) reflection. Since the thickness of the silicon substrate is around 690 /xm, and that
of the GaAs epilayer only 3 /zm, this means that segments A and B are substrate threading dislocations.
Contrast variations on different reflections suggest a Burgers vector of |[011], so that dislocations A and B
are 60° dislocations. Close examination of Figures 1 and 2 reveals that some of these threading dislocations
are continuously connected with long straight segments of dislocation type C. The line direction of these
segments is calculated to be [011]. These configurations, which compare well with previous observations,2

are characteristic of classic Matthews, Mader and Light3 structures. The continuity between substrate
threading dislocations and interfacial dislocations is further demonstrated in Figure 3 (g=(l 13), A=0.9A,
recorded, in transmission, with the substrate again as the exit surface).

[110] [107] \CI10J [I0T]

2 mm
Figure 1. Figure 2. Figure 3.

References: 1. J. Miltat and M. Dudley, J. Appl. Cryst., 13, 555, (1980). 2. J.F. PetrofTand M. Sauvage,
J. Cryst. Growth, 43, 628, (1978). 3. J.W. Matthews, S. Mader and T.B. Light, J. Appl. Phys., 41, 3800,
(1970).
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X19C
MODE SHAPE ANALYSIS OF PRECISION QUARTZ RESONATORS USING SYNCHROTRON
X-RAY TOPOGRAPHY

William Hanson and Robert E. Green, Jr., The Johns Hopkins University,
Materials Science and Engineering Department, Baltimore, Maryland 21218

Precision quartz resonators are used in communications and navigation
systems. These applications require low aging rates, low phase noise,
and low acceleration sensitivity. Typical aging rates of 10"^ per day
and acceleration sensitivities of 10~^/g are required. Small changes
in mounting strain or in dislocation position within the crystal may
generate noise or shift the operating frequency of the resonator beyond
acceptable limits. Synchrotron x-ray topography is an ideal method for
characterizing dislocation density, strain, and mode shape within the
resonator.

The oscillating portion of quartz crystal resonators have mode shapes
which vary from resonator to resonator. The effect of these variations
on the properties of the resonator has not been determined. The current
research is directed at characterizing these properties in a statisti-
cally large sample and determining the effect of mode shape on
acceleration sensitivity and phase noise.

Topograph of oscillating lOmhz, 3rd overtone AC cut resonator.

Work suDDorted in part by DOE, Grant No. DE-FG02-84ER45098.

479



BEAM LINE X-19C

MICRORADIOGRAPHY OF CREEP DAMAGE IN COPPER

J.E. Benci and D.P. Pope, Dept. of Materials Science and Engineering, U. of Pennsylvania.

There has been a great deal of work done in the last several years using constitutive equations and continuum
mechanics to model the development of damage and fracture of materials under slow strain rate, high temperature
service conditions. Unfortunately, [here has been no good experimental check on the accuracy of these models. A
technique which can reveal information on the size and spatial distribution of creep damage in a bulk sample would
be an excellent test for the damage models. Microradiography is such a technique.

A high purity copper alloy which had been heavily doped with oxygen was chosen as
This material exhibited a ductility minimum at about 500°C. The fracture at 500°C was
cavity coalescence. Axisymmetric notched tensile samples were machined from this
specimens were tested at 500°C at a constant displacement rate of 2.1 lxlO"5 mm/sec,
interrupted at various fractions of the samples' lifetime. Longitudinal cuts were made
to remove the center sections of each specimen. These 1.5 mm thick slices were then
microradiographic analysis by polishing both faces.

the material for this study,
totally intergranular due to
material. Nearly identical
Different specimens were

in the samples using EDM
mounted and prepared for

The development of creep damage as a function of time was observed as well as the spatial distribution of the
Jamage in this material. Fig. 1 is a radiograph from a sample which was interrupted relatively early in its creep
life. The thin black features about 150 p.m long are microcracks, failed grain boundary facets. Finite element
modeling was performed to determine the stress distributions in the samples during testing. The calculated stresses
were then used as input for a continuum damage mechanics (CDM) model which predicts the concentration and
distribution of creep damage as a function of test lime. The results from the CDM modeling are shown in fig. 2 as
contours of creep damage in one quadrant of the sample geometry at roughly the test time corresponding to the
radiograph in fig. 1. Both the analytically predicted and experimentally observed creep damage maxima occur in the
plane of the notch approximately 0.5 mm in from the surface of the notch.

ACKNOWLEDGEMENTS
This work was funded through the Synchrotron Topography Project of the National Synchrotron Light Source,
Brookhaven National Laboratory, which is supported by the Department of Energy under grant DE-FG02-
84ER45098. Part of this work was performed at SSRL which is supported by the Department of Energy, Office of
Basic Energy Sciences.

250jun

Figure 1. Radiograph of an axisymmetric notched
copper sample tested at 500°C and interrupted at
0.75 x (max. stress) while the stress was still
increasing.

Figure 2. Contojrs of creep damage predicted from
a CDM modei for a test time corresponding to lhat
of the sample whose radiograph is shown in fig. 1.
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X-19C

CHARACTERIZATION OF DEFECT STRUCTURES IN THIN EPITAXIAL FILMS USING WHITE
BEAN TOPOGRAPHIC IMAGING IN GRAZING BRAGG-LAUE GEOMETRIES.

M.Dudley, J. Wu, and G.-D. Yao (SUNY SB), and H.Y, Liu (Texas Instruments).

The grazing Bragg-Laue (GBL) white beam imaging technique developed on
beamline X-19C^ has been utilized to non-destructively determine the defect
structure, as a function of depth, in a 3 micron thick epitaxial film of
GaAs on Si, grown by Texas Instruments using MBE. This technique enables
topographs with penetration depths ranging from hundreds of Angstroms to
hundreds of microns to be recorded simultaneously, yielding an instan-
taneous depth profile of the defect structure in both the epilayer and the
substrate. The contribution from the epilayer can be separated from that of
the substrate by making use of the slight differences in lattice parameter
and absorption between epilayer and substrate. Results obtained clearly in-
dicate that defects in these films, consisting mainly of dislocations,
were mostly located near the interface region, with the near surface
region, down to a thickness of around 0.5 microns, being nearly defect
free. This is in agreement with cross-sectional TEM observations, conducted
at Texas Instruments. This work clearly demonstrates the applicability of
the GBL white beam imaging technique in determining, in a non-destructive
way, three-dimensional defect structures in thin epitaxial films.

Figure 1. White_ beam grazing incidence epilayer/substrate Reflection
Topograph, (g=602. X G a A s = 0.354A, X ^ = 0.34A; GaAs kinematical penetra-
tion depth, tjj = 25 urn (i.e. greater than epilayer thickness), GaAs
dynamical penetration depth, td

GaAs= 3.54 urn, tk
Sl = 410 Mm. t d

S i = 8.77M
m, showing interfacial dislocation network (10X).

Figure 2. Epilayer GBL White Beam Topograph (g=133,
tjj = 0.52 urn) of same area, showing absence of

g

X=1.0A, tk
GaAs=0.53 Mm,

dislocations (25X).
References.
1. M. Dudley, J. Wu and G.-D. Yao, Nucl. Inst. & Meth, B40/41, (1989).
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X20

X-RAY REFLECTIVITY OF AG(110): A STUDY OF THE ROUGHENING TRANSITION

D. T. KEANE*. J. L JORDAN-SWEET, G. A. HELD, (IBM Watson Research Center, Yorktown
Heights, NY,) A. MAK, R. J. BIRGENEAU (MIT). We have measured the x-ray reflectivity of
an Ag (110) surface as a function of temperature between 25°C and 500°C. In a previous
experiment performed on this beamline1, it was demonstrated that Ag (110) undergoes a
surface roughening transition at 450"C ± 25°C. In the current experiment, we study both
the surface (1TO) (bulk forbidden) peak and the specular reflectivity profile
(f£0) for 0 < / < 2.25. We measure the transverse cross-section of the specular rod as
a function of temperature and € in both the (001) and (110) directions. Ag (110) is a corru-
gated surface, and we see a marked difference in the behavior of the cross-sections along
these two directions. Our specular and in-plane data are consistent with our earlier ob-
servation of surface roughening. Additionally for low Qz we observe a systematic change
in the orientation of the specular reflectivity with respect to the crystalline axes as a func-
tion of temperature. This is shown in the figure below. The surface is slightly miscut from
the (110) orientation, and we attribute the observed rotation to a transition between multi-
atomic miscut steps at lower temperatures and meandering single atomic steps at higher
temperatures2. As the roughening trasilion occurs at the temperature where the free-
energy of a single atomic step becomes zero, the above transition should coincide with the
onset of surface roughening. Further analysis of the specular data is in progress.
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*Also at Physics Dept., Princeton University, Princeton, NJ

1. G. A. Held et. al., Phys. Rev. Lett. 59, 2075 (1987).
2. B. M. Ocko and S. G. J. Mochrie, Phys. Rev. B 38, 7378 (1988).
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X20
ELECTROCHEMICALLY DEPOSITED METAL MONOLAYERS: STRUCTURE,
COMPRESSIBILITY AND GROWTH

M.F. Toney, J.G. Gordon, G.L. Borges, OR. Melroy, G. Kau, M.G. Samant, D.G. Wiesler (IBM
Almaden), D. Yee and L. Sorensen (U Washington)

We have determined the two-dimensional (2D) structure and compressibility of electrochemically adsorbed
thallium and lead monolayers on Ag(111) and Au(111). Measurements are made in-situ (in contact with
solution) and under potential control using grazing incidence x-ray scattering on beamline X-20A with the
x-ray energy selected to lOkeV. The electrochemical deposition of Tl and Pb monolayers on Ag(l 11) and
Au(l 1!) occurs at potentials well positive that of bulk deposition, and thus, there is a potential range where
the monolayer is stable. On both substrates, the 11 and Pb monolayers form 2D, incommensurate
hexagonal solids that are compressed relative to bulk and rotated away from the substrate (211) direction
by about 4-5°. As the applied potential decreases, the in-plane atomic spacing also decreases. Since the
Fermi level of the metal substrate is lowered as the potential decreases, there is a thermodynamic driving
force to pack more atoms on the substrate surface. The observed decrease in spacing or compression of the
monolayer is a result of this increased packing density. Since the monolayer is in chemical equilibrium with
the ions in solution, the measurements of atomic spacing allow us to calculate the 2D compressibility K 2 O

of the monolayer. We find that for Tl K2D
 iS n o t v e r v dependent on substrate (e.g. a difference of 15%),

while for Pb on Au KW is twice as large as for Pb on Ag. This remarkable difference awaits explanation.

For the Tl monolayer on Ag(lll), scattering intensities along the silver crystal truncation rods (CTRs)'
were also measured. Upon adsorption of Tl, the CTR intensity is decreased at small perpendicular scat-
tering vectors, but increased slightly at large scattering vectors. This change resrlts from the substrate in-
duced spatial modulation of the atomic positions in 1he incommensurate Tl layer. When an
incommensurate layer is adsorbed onto a substrate, the local positions of the atoms in the layer are shifted
slightly as the adatoms move toward their lowest energy positions on the substrate. Since this modulation
has wavevectors with the substrate periodicity, it causes changes in the CTRs. Our analysis of the data
shows the first Fourier component of this modulation is 0.03A. Using a theory describing this
modulation2 and estimates of the elastic response of the Tl monolayer, we estimate the first Fourier com-
ponent of the energy change of an adatom as a function of position along the substrate surface as 3meV,
compared to an adsorption energy of 250meV. We have also determined that the potential minima are on
the substrate 3-fold hollow sites and the average spacing between the adlayer and substrate is 3.05A.

A second layer (bilayer) of Tl forms on Ag, but not on Au. To understand this difference, it is important
to determine the structure of the bilayer. Thus, we measured the intensities along the (10) and (11) Bragg
rods of the bilayer and monolayer. We find that the second Tl layer is commensurate with the layer beneath
it and the second layer atoms are positioned in the three-fold hollow sites. The spacing between the layers
is about 2.85A, 0.1 A larger than for bulk Tl, and there is more disorder in the bilayer than in the monolayer.
In the region of applied potential where the bilayer exists, we observe diffraction peaks from both the bilayer
and a phase with a more compressed structure. The peak from the compressed phase has a spacing con-
sistent with what the monolayer should have at this potential. Its intensity seems to decrease with time,
which suggests that in this potential region there is coexistence between a metastable monolayer phase and
the bilayer, and the changes with time, are due to the kinetics of a monolayer-to-bilayer phase transforma-
tion. This hypothesis will be tested at our next run and the kinetic behavior quantified.

1. S. Andrews and R. Cowley, J. Phys. CI8, 6427 (1985); IK. Robinson, Phys. Rev. B33, 3830 (1986).
2. J.P. McTague and A.D. Novaco, Phys. Rev. BI9, 5299 (1^79).
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X20
STRUCTURE OF ANODICALLY GROWN PASSIVE OXIDES ON TKU20)

D.G. Wiesler, M.F. Toney, M.S. Samant, O.R. Melroy (IBM Almaden Research Center), W.H. Smyrl, and
C. McMillan (Univ. of Minnesota)

Understanding the passivity of metals is of crucial technological importance, since most metals are
not thermodynamicaliy stable in the environments in which they are used. However, little structural data
exists, particularly in-situ studies in aqueous solutions where these oxides are commonly used and/or
formed. We have performed x-ray scatteringstudies at grazing and near-grazing incidence to investigate the
structure of TiO2 grown anodically on Ti(l 120) surfaces. This study, which was done ex-situ, is a first step
in exploring the structure and epitaxy of these oxides; in-situ experiments are planned to begin shortly.

The titanium sample used for this experiment measured 2mm thick by 8mm in diameter and was
oriented along (1120), miscut by 2° in the (TlOO) direction. The sample was first electropolished 5 minutes
in a solution of methanol, perchloric acid, and ethylene glycol monobutyl ether at -25°C, then chemically
etched in HF and HNO3 to remove the residual oxide. The oxide was grown slowly in 0.05 M H2SO4 by
ramping the potential at 0.1 mV/sec to 10 V, where it was held for an additional three hours. Nominal
oxide thickness was estimated to be 300 A.

TiO2 exists in three forms, rutile (tetragonal), anatase (tetragonal), and brookitc (orthorhombic).
Slow oxidation is believed to favor growth of rutile, the most thcrmodynamically stable polymorph. We
find that both anatase and rutile are present in our film. Rutile grows preferentially with its c-axis normal
to the surface and is textured within the plane such that its average a- and b-axes grow approximately in the
Ti (F100) and (0002) directions. The mosaic spread in the plane is about 7.8°, and perpendicular to the
plane it is 12°. This is to be compared against Ti, which has in- and out-of-plane mosaic spreads of 0.5°
and 1.5°, respectively. The peak positions indicate that the rutile is expanded slightly from its bulk lattice
parameter a = 4.5933 A by 0.5%. Peak profiles are Gaussian, but very broad, corresponding to domain
sizes of 40 to 50 A in the (110) direction and 30 A along (310). This difference suggests that the rutile co-
herence length is longer along the Ti(0002) than along Ti(l 100). We have also checked for evidence of a
strain gradient by comparing the widths of the (110), (220), and (330) reflections. These are found to be
essentially the same, indicating an absence of such a gradient.

The anatase is less ordered orientationally than the rutile. There appears to be some preference for
the growth of anatase (101) about the Ti(0002) direction, although several other domains exist as well. The
in-plane mosaic spread ranges from 7° to 15° in the plane, with somewhat larger values perpendicular to it.
Surprisingly, the domain sb.es associated with the anatase are found to be twice as large as those of rutile.

In addition to the anatase and rutile, there are a number of smaller peaks that cannot be indexed to
any TiO2 structure. These generally appear close to the rutili: reflections, suggesting that they may be as-
sociated with strained regions of rutile. We believe the anatase as well as these extra reflections may arise
from insufficient chemical etching, which would leave a damaged oxide layer from the electropolishing. If
true, this would suggest the rutile grows beneath the damaged layer. This stratification wruld be readily
resolved either by x-ray reflectivity or by varying the grazing angle from zero, where only the topmost layer
would contribute to the scattering, to higher values, where lower layers would be seen. Preparation of
suitable samples for these measurements is in progress.

This research is supported by US Department of Energy, Office of Basic Rnergy Sciences.
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X-ray Study of Crystalline Smectic J phase of Liquid Crystal Films X20A

D. Y. Noh, J. D. Brock, J. O. Fossum, J.P. Hill, K. Blum, and R. J. Birgeneau
Department of Physics, Massachusetts Institute of Technology

Cambridge, Massachusetts 02139

Due to the large thermal fluctuations,
two-dimensional solids have an algebraically
decaying correlation function whereas in the
case of three-dimensional solids, the
correlation function has a non-zero constant
value at large distance The dimensionality of a
given system is determined by the relative
magnitude of the correlation length compared
with physical size. Two-dimensional behavior is
expected when the physical size of a system is
much smaller than the correlation length in a
particular direction.

The positional ordering of a system can be
studied experimentally by measuring the x-ray
scattering profile, S(cf) = Jdr*G(r*)ei^i\ where
G(?) is the real space positional correlation
function.

We have performed high-resolution
synchrotron x-ray scattering measurements of
freely suspended thin films of liquid crystal
8OSI (racemic 4-2(*methylbutyl)phenyl 4'-
(octy loxy)-(l ,1 *)-biphenyl-4-carboxylate) The
physical thickness of the samples can be varied
from as small as two molecular lengths to tens
of thousands molecular lengths, which makes a
dimensional crossover study possible. This
experiment has been performed at the X-20A
beam line at the National Synchrotron Light
Source (NSLS).

The white x-ray beam is focused by a
platinum coated S i ( l l l ) mirror. A pair of
asymmetrically cut G e ( l l l ) crystals were used
as monochromators and a flat G e ( l l l ) crystal
served as an analyzer for the scattered radiation.

The instrumental resolution was carefully
measured with S i ( l l l ) and Gr(002) crystals
placed at the sample position. Since detailed
line-shape analysis is required to see the change
of the fluctuation spectrum as one approaches
the two-dimensional limit, the resolution
function must be measured a.; precisely as
possible.

The scattering profile of a thick sample
(~lum thick) is as sharp as that from S i ( l l l )
crystal. The central part of the peak is
resolution limited in all directions, which
indicates that our sample is a single domain
sample. The longitudinal scan from the thick
film is compared with those from S i ( l l l ) and
Gr(002) in Figure 1. Thin samples show
significantly more thermal diffuse scattering,
which is consistent with the fact that fluctuations
are very important in the two dimensional
regime. Figure 2 shows the longitudinal scans
from the thin samples.
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X20A

SOLID TO HEXATIC TRANSITION IN THICK AND THIN FILMS OF TIFF. LIQUID

CRYSTAL 8OSI

D.Y. Noh, J.D. Brock, J.O. Fossum, J.P. Hill, and K.I. Blum

Center for Materials Science and Rngineering, MIT

In bulk samples of the liquid crystal
8osi, we have studied the scattered intensity
near a Bragg peak over 8 decades. We
find both the Bragg component and the g
squared dependence indicative of TDS.
In very thin samples (approximately 30
smectic layers), we were able to study
the scattered intensity over nearly 4
decades. We find both that the Bragg
component of the scattering is reduced
and that the q dependence of the TDS
is slower than in the bulk sample.

The figure shows logarithmic intensity
contours around the Bragg peak in
the thin film. /«•*• \ «.

(OKL) Plane

1.384 1.386 1.388 1.390 1.392
K
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X20A

ORDERING KINETICS IN MBE FILMS OF CugAu.

R.F. Shannon, Jr., C.R. Harkless, M.A. Singh, and S.E. Nagler (U. Florida); J.A.

Dura and C.P. Flynn, (U. Illinois); G.B. Stephenson and J.J. Sweet (IBM).

Time-resolved x—ray scattering has been used to study ordering kinetics in single

crystal films of Cu Au. Films of differing thickness were studied, from 5000 A down to

40 A. The samples were quenched in—situ from a high temperature T. to a fixed annealing

temperature T < T , where the order-disorder transition temperature Tc » 390 * C.

Scattering in the vicinity of the superlattice peaks was measured as a function of time

after the quench. Figure 1 shows typical results for a 260 A film. The symbols are raw

data and the solid lines fits to a Lorentzian-squared lineshape. The results should provide

important information about non-equilibrium scaling in growth kinetics.
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This research has been supported by the U.S. Department of Energy, Division of Basic

Energy Sciences, under award # DE-FG05-86ER45280.
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X20C

KINETICS OF MICROPHASE SEPARATION AND ORDERING IN BLOCK

CO-POLYMERS.

C.R. Harkless, M.A. Singh, and S.E. Nagler (U. Florida); G.B. Stephenson and J.J.

Sweet (IBM).
Time—rrr jived x—ray scattering has been used to study kinetics of microphase

separation a :a ordering in polystyrene-polybutadiene (SB) block co-polymers. The
polymers are mixed with the selective solvent n-tetradecane and quenched in—situ. Small
angle scattering is measured using a reticon—diode array based PSD. Studies are
performed as a function of temperature and weight % polymer. Figure 1 shows typical
raw profiles for a quench from Ti = 102 "C to Tf = 94 "C. Two distinct processes are
seen: The growth of a broad peak at early times and the appearance of sharp Bragg peaks
at later times. The principal peak is a consequence of microphase separation, the Bragg
peaks arise from ordering of the microdomains onto a lattice. Figure 2 shows the raw peak
height of the main peak as a function of time, also exhibiting the two processes.

25%SBDi-BCPinC14

D
O
U

f \ r ^ T — , . . . . { • • •

25% SB in C14

7500

0.15 0.30 0.45 0.60 0.75 0.90 28.0 56.0 84.0 112.0 140.0
2G (deg.) Time ( sec.)

Figure 1 Figure 2

This research has been supported by the U.S. Department of Energy, Division of Basic
Energy Sciences under award # DE-FG05-86ER45280.
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X20C

MELTING OF MONOLAYER XE ON TIS2

R. Hainsey, J. Shindler and R. M. Suter, Department of Physics,
Carnegie-Mellon U., Pittsburgh, PA 15213

The figure below shows the first observation of surface diffraction from an
ordered film of xenon adsorbed on a single crystal of TiS2. The sample
temperature is T = 84 K and the vapor-pressure is slightly less than sat-
uration. The peak at 22.0° corresponds to momentum transfer q = 1.64 A"L

which is consistent with scattering from high density xenon films on other
substrates. In the transverse direction, the scattering consists of a pair
of peaks rotated by +/- 3° relative to the (100) TiS2 reciprocal lattice
direction. This scattering indicates that the film is incommensurate with
the substrate lattice with no nearby close-packed commensurate structures.
The radial width of the scattering is Sq = 5 x 10"3 S"1 (FWHM) correspond-
ing to a coherence length scale of 2 Tr(6q/2)"1 = 2400 A. However, the
broadening on the high angle side of the radial peak indicates a substrate
mosaic contribution to the lineshape; thus, 2400 A is a lower bound on the
actual coherence length. In addition, ve do not believe that our surface
was particularly clean so further improvements in film ordering can be
expected. Due to x-ray ring hardware problems at the end of our run, we
were not able to watch the film melt or to determine the number of adsorbed
layers in our film. Future work with carefully selected low mosaic sub-
strates is planned.
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X20C

X-RAY SCATTERING STUDIES OF GRAIN BOUNDARIES IN METALS

I. Majid, Q. Ma, R. W. Balluffi, P. D. Bristowe, MIT

Preliminary experiments were performed to determine the structure of

specially fabricated grain boundaries (in bicrystals*- ') in Au. In
particular, [001] twist boundaries and mixed (twist/tilt) boundaries, of
the layered configuration type, were examined in transmission geometry.
Strong interface peaks were found for low misorientation angle boundaries,
with strengths diminishing systematically with increasing misorientation

(2)
anglev '. Different regions of reciprocal space were explored and the
strongest interface peaks were found on the reciprocal 0-lattice, as

(3)suggested by simple modelsv '. The interface peak profiles in the
aperiodic (normal) direction were also studied, to determine the structure
of the interface normal to the boundary. Finally, experiments were
performed to measure diffuse scattering (identified as grain boundary

(4)diffuse scattering1 J) in the Brillouin zones around the strong interface
peaks. Preliminary measurements and calculations indicate that these slow
modulations of intensity have an origin different from the grain boundary

(or any static defect structure), thus possibly dispelling the above
claims to this effect.

1. T. Schober and R. W. Balluffi, Phil. Mag. 20, 511 (1969).
2. I. Majid, P. D. Bristowe and R. W. Balluffi, preprint.
3. A. Brokman and R. W. Balluffi. Acta Metal 1., 31., 1639 (1983).
4. M. R. Fitzsimmon and S. L. Sass, Reprint #65S9, Materials Science

Center, Cornel 1 University, 1988.

Work supported under DOE Grant No. DE-FG02-E7ER-45310.
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WORK CONDUCTED ON BEAM LINE X20-C

IN-S1TU X-RAY REFLECTIVITY INVESTIGATIONS OF SOLID/LIQUID
INTERFACES

Carol Thompson, Jean Jordan-Sweet, G. Slade Cargill (IBM)

Conventional surface analysis techniques which employ electrons are unable to probe
buried interfaces between condensed phases. We are using the X-ray reflectivity tech-
nique to overcome the challenges associated with the in-situ study of solid/liquid inter-
faces and processes. We are currently examining the interface between an
electrode/aqueous electrolyte to determine the feasibility of probing the ionic density
distribution in the electrolyte at the charged electrode surface using the x-ray reflectivity
technique.

We performed preliminary reflectivity experiments on two systems. The first system
consisted of a mica surface in aqueous CsCl solution. It is expected that as the con-
centration of CsCl is increased, hydrated Cs ions adsorb onto the mica surface (1). A
mica surface was air-cleaved and immersed in triply distilled water, and the reflectivity
curves of the surface in clean water and in a .01 Molar solution of CsCl were measured
and compared. Reproducible differences in the reflectivity have been observed.

The second system consisted of a electrochemical cell under potential control. The
substrate is (111) silver, which is prepared by evaporation onto a cleaved mica substrate.
The cell solution was a solution of 0.01 M perchloric acid and 0.0001 M lead perchlorate.
Electrochemical potential control allows the deposition of a monolayer of lead on the
silver, or bulk deposition of lead on lead. The potential control of the electrode will also
allow the diffuse part of the double layer, i.e. the distribution of ions in the electrolyte,
to be varied. Reflectivity experiments were also performed on this system. However, the
sample was unstable over the time scales necessary for the reflectivity measurments. We
are currently correcting this problem.

1.) R.M. Pashley, J. of Colloid and Interface Science, 83 , 531, (1981).
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X20C

X-RAY REFLECTIVI'IY STUDIES OF ADSORBED XENON AND WATER FILMS ON AU AND QUARTZ

J. Krim and R. Chiarello (Northeastern U.), M.F. Toney and D. Weisler (IBM),
C.Thonpson (Brooklyn Polytechnic Inst.)

Measurements of the specular reflectivity of x-rays have been used to
investigate the wetting and growth of molecularly thin films of xenon
adsorbed on quartz and Au, and water adsorbed on Au. For the case of
xenon on quartz, we find that incomplete wetting occurs: only two liquid
layers adsorb on the surface before the onset of bulk condensation.(Figure)
The roughness of the xenon liquid-vapor interface is less than or comparable
to that of the quartz itself (10 Angstroms). The presence of small (about
50 Angtron thick) droplets is clearly seen in the reflectivity data.
Incomplete wetting is also observed for liquid water adsorption on Au, with
a thicker wetting layer present before the onset of bulk condensation.
This latter result is suprising in light of the fact that comparison of
the relative adsorption strengths of xenon/quartz and water/Au would favor
wetting in the xenon/quartz system. These results demonstrate that
x-ray reflectivity will be a very powerful technique for understanding
the wetting behavior of solid and liquid adsorbed films.
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Figure: Density profile of liquid xenon adsorbed on
quartz as determined by x-ray reflectivity-
Solid line: quartz without adsorbed film.
Dotted line: quartz with adsorbed xenon film.

Work supported by N.S.F. Grant No. DMR-86-57211 (J.K. and R.C.)
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X22B.C

STRUCTURAL PHASE TRANSFORMATIONS IN La2-xBaxCu0u

J.D. Axe, H. Moudden, D. Hohlwein*, D.E. Cox, K.M. Mohanty, A. Moodenbaugh,

and Youwen Xu (BNL**)

Compared to La2_xSrxCu0u, the La2_xBaxCu04 system is known to exhibit
a unique anomalous dependence of the superconducting transition temperature
upon the Ba concentration. Around the composition x=0.12, A. Moodenbaugh has
first shown the existence of a dip in the Tc(x) which is now reproduced by
many other groups. In the normal phase, other studies have reported anoma-
lies occuring, at low temperature, in the thermal, optical and transport pro-
perties suggesting a possible structural transformation. In an attempt to
establish the nature of the interplay between these different phenomena, we
performed a systematic research of the structural transformations using high
resolution powder x-ray diffraction and various Ba compositions.

In the figure we show for the composition x=0.125, a series of 29 scans
through the (1 1 0) reflection referring to the high temperature tetragonal
(HTT) 14/mmm phase. These scans were performed while averaging over small
oscillations of the powder sample to avoid possible single grain effects.
From room temperature down to about 210K the scattering profile shows a
single peak well accounted for by a lorentzian lineshape with Aq*0.0036A
for the full width at half maximum, reflecting the instrumental resolution
obtained by the use of Ge(lll) crystals as monochromator and analyser.

As the temperature was lowered down to about 90K
the (1 1 0) reflection split into two peaks with a
similar lineshape and a resolution limited width,
indicating a continuous transformation from the
HTT to the low temperature orthorhombic phase
(LTO). Below about 80K, a central peak was
detected between the two orthorhombic split ted
peaks. The three-peaks-structure coexisted down
to about 10K with a progressive increase of the
central component, suggesting the occurrence of
a discontinuous transition to a new low tempera-
ture tetragonal phase (LTT). Moreover because of
the good instrumental resolution, we could estab-
lish that the LTT ( 1 1 0 ) reflection as well as
the residual orthorhombic bic peaks, show a
significant broadening, presumably related to
domain walls formation and their local stains.
Further studies are planned to get a more detailed
temperature-composition phase diagram and clarify
the eventual role of the domain walls.

x=0.125

*Perraanent address: Hahn Meitner Inst., Berlin
**Work supported by U.S. DOE contract DE-AC02-76CH00016.
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X22B

POLARIZED X-RAY SCATTERING STUDY OF GdB6
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R.M. Galera (L. Neel Lab.); C. Vettier (Inst. Laue-Langevin); G. Grtlbel and
J.D. Axe (BNL*); S. Kunii (Tohoku U.)

Gadolinium hexaboride is thought to have at least two magnetic phases in zero
magnetic field. The structure of these phases, however, is still unknown.
Due to the high neutron absorption of both Gd and B, studies by neutron
scattering are not easily performed. In earlier experiments using CuKct
radiation, we found two sets of superlattice reflections of the form
(h/2,k,l) and (h/2,k/2,l), which appeared at temperatures which coincided
with the presumed magnetic phases,
[j. Appl. Phys. j>3, 3580 (1988)].
We believed at the time that the
scattering was most likely mag-
netic in origin, although it was
about 100 times stronger than
naive estimates would indicate.
This fact, coupled with the un-
expected nature of the magnetic
unit cell that the scattering
implied, led us to re-examine
the nature of the low tempera-
ture scattering using a configur-
ation capable of detecting the
polarization of the scattered
x-ray. (We are grateful to D.
McWhan for the use of his x-ray
polarizer). If the scattering
was magnetic in origin we would
have expected to observe a rota-
tion of the polarization of the
scattered x-rays. In fact, we
observed that the superlattice
reflections retained the polari-
zation of the incident beam.
The scattering also did not show
the resonance enhancement at the
LIII Gd absorption edge expected
for magnetic scattering. The
tentative conclusion is that we
may be observing a magneto-
elastic effect, and that the
fundamental magnetic scattering
has not as yet been detected.
Further experiments are planned.
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*Work supported by U.S. DOE contract DE-AC02-76CH00016.
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X22B

X-RAY DIFFRACTION STUDIES OF Au(lll) SURFACES

K.G. Huang, B.M. Ocko, D. Gibbs (BNL*); A. Sandy, S.G.J. Mochrie (MIT); and
D.M. Zehner (ORNL)

We have performed high resolution glancing angle x-ray diffraction studies of
the clean Au(lll) surfaces. It is found that at room temperature, the hexa-
gonal diffraction pattern of Au(lll) surface is decorated with four surface
reconstruction peaks, as shown in figure 1 for one of the hexagonal spots,
which suggests a two-domain surface structure with a 4% contraction along the
perpendicular in-plane (1 11) direction relative to the bulk. At high tem-
peratures, we observed a change of diffraction pattern (see, for example,
figure 2) demonstrating that there is a surface phase transformation aroung
800K. More detailed studies of the Au(lll) surface are still underway.
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*Work supported by U.S. DOE contract DE-AC02-76CH00016.
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X22B

STRAIN AND INTERFACE STRUCTURE OF EPITAXIAL CaF2 on Si(lll)

K.G. Huang, M.B. Ocko (BNL*), J. Zegenhagen, J.R. Patel and J.M. Phillips
(AT&T Bell Labs**)

CaF2/Si(lll) is a promising epitaxial insulator/semiconductor system which
has potential applications in 3-D integrated circuits, owing to its small
lattice mismatch between the two materials (0.6% at RT). The knowledge of
the epilayer and interface structures is important to understand the elec-
tronic properties of the heteroepitaxial system. In the present studies, an
x-ray interference method and glancing incidence x-ray diffraction has been
used to study epitaxial CaF2 thin films on Si(lll). These techniques measure
the perpendicular lattice mismatch of thin films with respect to the sub-
strate, the structure of interface and in-plane strain between the CaF2 over-
layers and the Si substrate.

In the interference method, based on the theory of truncation rods, the
scattering from all the atomic layers of the substrate and the over.Layers
contribute to the intensity profile of the specular truncation rod. This
profile is very sensitive to the number of overlayers, the perpendicular
lattice mismatch and the interface spacing between the thin films and the
substrate. In the figure we show that the measured integrated intensity of
the diffr- .tion along the specular rod near the (111) Bragg peaks of a
50A-CaF2 c (111) interface. The data is fit to a simple model which incor-
porates the interface distance, the overlayer lattice spacing and the number
of the overlayers. Two samples with different film thicknesses were mea-
sured. The lattice spacings of the CaF2 layers in (111) direction are deter-
mined to be 3.13A and 3.17A for 50A and 80A samples, respectively, while the
corresponding interface spacings are 1.66A and 1.73A.

From the glancing incidence x-ray
diffraction measurements, we found
that the in-plane lattice mismatch
between the CaF2 and Si substrate
was 1.6% for the 50A sample while
there was no evidence of in-plane
strain for the 80A sample. This
finding suggested that the strain
fields at the interface and through-
out the thin film strongly depend
on the film thickness and the sample
preparation procedures.

Reference
1. I .K. Robinson et a l . , Phys. Rev.

B38, 3632 (1988) .

*Work suported by US DOE contract Q_ 95 0, QO 0.95 1.00 1.05 1.10
No. DE-AC02-76CH00016. MOMENTUM TRANSFER (qa/2n)
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X22B,C

X-RAY REFLECTIVITY STUDIES OF SOLID/LIQUID CRYSTAL INTERFACES

Ben Ocko (Brookhaven National Laboratory, Upton, New York)

Liquid crystals exhibit diverse wetting phenomena since both orientational as
well as positional order can be induced by an interface at temperatures where
the bulk phase is disordered. In order to probe the structural properties of
the liquid crystal solid interface we have carried out x-ray reflectivity
measurements. The development of the liquid/solid reflectivity technique is
technologically important since traditional surface science techniques are
inappropriate at a liquid/solid interface. Reflectivity measurements, to
1 0 , have been carried out in the isotropic phase of the cyanobiphenl liquid
crystal compounds (10CB, 11CB, 12CB) at alkylsiloxane (CIO, C12, C18) coated
silicon surfaces. Within several degrees of the bulk smectic phase, well
defined smectic layers form at the solid/alkyl interface. For 12CB the
number of surface layers increases in a discontinuous manner with decreasing
temperature1. At an air interface similar behavior has been reported, how-
ever, the layering transition temperatures are significantly reduced at the
solid interface. This shift in transition temperature can be understood in
term of a Landau theory where the decrease in the layering transition temper-
atures is a direct consequence of a dimished surface anchoring term. The
effect of the solid surface termination on the layering transitions will be
explored in future experiments.

1. B.M. Ocko, A. Braslau, P.S. Pershan, J. Als-Nielsen, and M. Deutsch,
Phys. Rev. Lett, _57, p. 94 (1986).
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X22B

X-RAY SCATTERING STUDY OF THE Pt(lll) ELECTRODES

B.M. Ocko, J.D. Axe, A. Davenport, and H. Isaacs (BNL*); Mark Bommarito,
David Acevedo and Hector Abruna (Cornell Univ.).

Well formed layers of CN, SCN, HS, I, and Br have been reported on platinum
single crystal surfaces. The halogen ad-lattice structure can be electro-
cheraically modified by varying the deposition potential. The surface struc-
tures have been studied ̂ x situ in a vacuum chamber with LEED and Auger
electron analysis. For iodine on the (lllj^ surface of_ pla_tinum, the iodine
ad-lattice can be transformed between a (/7 x /7), (/3 x /3) and (3 x 3)
ad-layer structures by varying the electrode potential. There are also
subsequent changes in the surface density with these structural changes. It
is not known whether these studies accurately reflect the in situ structures.

In order to determine the actual
in situ structures, the group has
begun surface x-ray diffraction
experiments _in situ under potential
control. No iodine ad-layer was
observed with the present platinum
crystal. Future studies will
require crystals with better
in-plane mosaic. Measurements of
the surface sensitive "truncation
rods" were carried out on the
present crystal. _Ex _si_tu measure-
ments and _in situ measurements with
an iodine ad-layer and with the
ad-layer electrocheraically stripped
appeared nearly identical. By
raising the potential to 0.9 volts
for 15 minutes the surface was elec-
trocheraically oxidized. This pro-
duced a dramatic reduction in the
intensity of the the ( 1 1 1 ) trunca-
tion rod, consistent with a roughened
platinum surface. Analysis of this
data is continuing.
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Au(lOO) SURFACE AND SUBSURFACE ORDERING
X22B

Ben Ocko, D. Gibbs, K. Huang (BNL*), S.G.J. Mochrie (MIT), D.M. Zehner (ORNL)

The surface of Au(100) exhibits a hexagonal structure between room tempera-
ture and 1170K which nearly corresponds to a (5x1) raconsti.-".ction. Above
1170K there is a dramatic change in the specular reflectivity profile and the
hexagonal surface peaks vanish. The present experiments were performed to
measure the depth dependence of the reconstruction below 1170K and to deter-
mine how the disorder at the surface penetrates the bulk above 1170K.

The behavior of the specular reflectivity
data (0,0,L) provides direct information on
surface relaxation, surface roughness, and
surface occupancy. From (0,0,L) data alone
the precise in-plane structure can not be
inferred. By combining specular reflectivi-
ty along with non-specular scans (1,1,L) and
(2,0,L) we have been able to infer the aver-
age occupation of atoms in registry with the
bulk within each layer. At 1200K (see figure
1) the atoms appear to melt over a region
which is several layers thick whereas at 300K
and HOOK the transition between the bulk and
the surface occurs within one atomic layer.
In the hexagonal phase (<1170K) the surface
rods exhibit dramatic dependence on L as
shown in figure 2. The data has been fit to
a simple real space models (solid lines)
which incorporate sub-surface buckling. The
depth dependence of the buckling agrees with
elasticity theory.

(IJOJh
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Fig. 1
*Work performed by US DOE contract No. DE-AC02-76CH00016.
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X22B

X-RAY REFLECTIVITY STUDIES OF POLYELECTROLYTE ADSORPTION AT
THE SOLUTION-VAPOR INTERFACE
M. L. Schlossman, E. H. Kawamoto, D. K Schwartz, P. S. Pershan(Dept. of Phys.
& Div of Appl. Sci., Harvard Univ.) and M.W. Kim (EXXON Corporate Research
Laboratory).

Studies were carried out of the intensity of specularly reflected X-rays (X=1.5167A)
from the surfaces of dilute solutions of co-poly(styrene/rubidium sulfonated
styrene [8.4 % random substitution]) in dimethyl sulfoxide (Rb-SPS), and co-
poly(vinyl pyridine/brominated vinyl pyridine [65.8 % random substitution]) in
water (Br-PVP). Molecular weights were 100 K and 143 K, respectively. X-rays
were reflected from stable flat surfaces created by delivering a few mm of solution
to the surface of a clean glass disc; reflectivity was measured from the critical
angle to Qz=0.5A-1. Data were obtained for 1 and 2 wt % Rb-SPS solutions, and for
0.5, 1 and 5 wt. % Br-PVP solutions. The data is normalized to the theoretical
Fresnel reflectivity from an sharp, flat interface between vapor and an idealized
homogeneous phase having the same density as the bulk solution. Whereas the
the Br-PVP system exhibits an enhancement of reflectivity over the Fresnel
reflectivity, the Rb-SPS shows a depletion. The attached figure contains Patterson
functions (i.e. Fourier transformations of the Fresnel-normalized reflectivity)
obtained from the 1 and 5 wt. % Br-PVP solutions. The Patterson function
calculated this way is the autocorrelation function of the normal derivative of the

100 rr——i—•—i—•—i—•—i——r-i electron density profile. Further
analysis of these Patterson functions
indicates that for both samples the
electron density ~10A from the surface
is enhanced by approximately 20% over
that of the bulk.

91

Work supported by the National Science Foundation under grants NSF-DMR-88-
12855 and NSF-DMR-DMR-86-14003.
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X22B

X-RAY REFLECTIVITY OF A POLYMER MONOLAYER AT THE
WATER/VAPOR INTERFACE
M. Schlossman, D. Schwartz, E. Kawamoto, G. Kellogg, P.S. Pershan (Dept. of
Phys. & Div of Appl. Sci., Harvard Univ.) and M.W. Kim (EXXON Corporate
Research Laboratory).

X-ray reflectivity of a co-poly 1,2-butadiene/butyl alcohol (50 % random substitu-
tion) monolayer at the water/vapor interface was measured at beamline X-22B.
The monolayer was prepared in a clean vapor controlled environment on a
Langmuir trough equipped with a Wilhelmy plate to measure the surface pres-
sure. Water from a Millipore Milli-Q system was used as a substrate. Reflectivity
over 8 orders of magnitude was measured from the critical angle to Qz = 0.6A'1

(where Qz is the transferred wavevector normal to the interface). The monolayer
was prepared at three different surface pressures, all in the highpressure satu-
rated region. Preliminary analysis allows us to determine the width of the va-
por/monolayer interface, the maximum electron density of the monolayer, and
the position of the maximum relative to the vapor/monolayer interface. The width
of the vapor/monolayer interface for the two lower pressures can be predicted
from the theoretical form for thermal capillary waves using in situ measure-
ments of the surface tension; for the highest pressure monolayer the width of the
interface is larger than predicted by capillary wave theory. The position of the
maximum in the electron density moves further from interface, away from the
vapor, as the pressure increases. The figure illustrates the electron density for
two surface pressures. Perhaps the most
surprising result is that the maximum
observed value of the monolayer electron
density is approximately 10% larger than
that of the bulk polymer. Further
experiments will be done to confirm this
preliminary data and analysis.

—n=21.3 dyne/cm
-~n*28.6

-10 -5 10 L5

Work supported by the National Science Foundation under grants NSF-DMR-88-
12855 and NSF-DMR-DMR-86-14003.
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X22B

X-RAY REFLECTIVITY OF CONCENTRATED SALT SOLUTIONS

M. Schlossman, E. Kawamoto, D. Schwartz, P.S. Pershan (Dept. of Phys. & Div of
Appl. Sci., Harvard Univ.) and B. Ocko (BNL)*

X-ray reflectivity off the liquid/vapor interface was measured for concentrated
aqueous solutions of CsCl (l-»7.25 M), CsBr(4.1 M) and LiBr(13 M) at beamline
X-22B. The reflectivity was measured from below the critical angle to values of Qz

= 0.5A"1 (where Qz is the transferred momentum vector in the direction normal to
the interface). For the LiBr interface, the reflectivity R(QZ) was consistent with an
average electron density p(z) of the form poo'

13<p>/3z = (2jia2)1/2exp(-Qz2c2) where
z is along the normal and a=3.7A. The two Cs salt solutions showed an
anomalous layer at the interface with a thickness of 10 - 20 A. When the surface
of the 4.8 M CsCl solution was aspirated (as is often done with Langmuir troughs,
although for this measurement we were not using a trough) the layer had a
reduced thickness. The layer thickness then recovered its former value in a few
hours. This indicated that we were measuring a surface active impurity that had
been salted out by the very concentrated salt solution. This is particularly
interesting since in previous studies of the bulk solution there was no evidence for
any impurity. In particular the same water was used for all salts. Further work
will explore this effect.

Work supported by the National Science Foundation under grants NSF-DMR-88-
12855 and NSF-DMR-86-14003
*Work at Brookhaven supported by U.S. DOE contract No. DE-AC02-76CH00016.
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X-RAY REFLECTIVITY OF A LONG CHAIN FATTY ACID MONOLAYER
AT THE WATER/VAPOR INTERFACE.
M.L. Schlossman, D.K. Schwartz, E. Kawamoto, G. Kellogg, and P.S. Pershan
(Department of Physics and Division of Applied Sciences, Harvard University)

X-ray reflectivity R(QZ) of Lignoceric acid (CH3(CH2)22CC>2H) at the vapor/water
(pH = 2 using HC1) interface was measured at room temperature from the
critical angle to Qz = 0.6 A-1 (where Qz is the transferred momentum normal to
the interface) as a function of surface pressure. The figure on the left shows the
measured ratio R(QZ)/RF(QZ) (progressively scaled x 1/10), where RF is the
theoretical Fresnel reflectivity, for 5 pressures together with the best fit of one
theoretical model. Analysis allows a determination of the electron density in
the tail-region, the overall thickness of the mqnolayer, and the electron density
in the head group region. The figure on the right shows details of the electron
density in the head region relative to the position of the alkane vapor interface
at z=0. With increasing pressure the overall thickness of the monolayer
increases and the head group region gets thicker, indicating that the head
groups rearrange normal to the interface.

Hail grixp region detail)

Ti [dynes /cm]
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Work supported by the National Science Foundation under grants NSF-DMR-
88-12855 and NSF-DMR-86-14003.
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X22B

X-RAY SPECULAR REFLECTION STUDIES OF LIQUID SURFACES

D. Schwartz, M. Schlossman, E. Kawamoto, G. Kellogg, P. S. Pershan (Dept. of
Phys. & Div of Appl. Sci., Harvard Univ.) and B. Ocko (BNL)*

We had previously used specular x-ray reflectivity to demonstrate the RMS width
of the H2O surface is O-3.3A.1 To test both the effects of surface purity and the in-
terpretation that most of this width is due to thermal capillary waves we have
constructed a Langmuir trough in which we can simultaneously measure the re-
flectivity and the surface tension y. In addition we have also installed a water sys-
tem to insure high purity H2O. We measured the surface roughness a of H2O as a
function of spectrometer resolution. The theoretical prediction for the contribution
of capillary waves ac

2 = (kBT/2jrY)loge(qmax/Aq), where qmax is an upper cutoff of
the order of Ji/(molecular radius) and Aq is determined by the spectrometer. For a
given incident angle and spectrometer resolution, c c corresponds to the RMS
amplitude of surface fluctuations averaged over in-plane distances ~7t/Aq. The
theoretical reflectivity R(QZ) - exp(-Qz

2ac
2)« exp[(kBTQz2/2jry)]ln(Aq)) = (Aq)P

where (5 = kBTQz
2/27cy. The attached figure compares this prediction with the most

recent data at Qz=0.5A"1 for detector slits 0.8, 3.0
2.0 and 5.0 mm high. The agreement between
the slope of the data (filled circles) and the solid
line confirms the above value for p. The vertical
position of the solid line is determined by the
only free parameter in the theory
n/qmax=l-45A, By comparison, the radius of
the H2O molecule is 1.93A.

Slit Si
*Work a t Brookhaven suppor ted by U.S. DOE c o n t r a c t No. DE-AC02-76CH00016.

Work supported by the National Science Foundation under grants NSF-DMR-88-
12855 and NSF-DMR-DMR-86-14003.

iBraslau, A., M. Deutsch, P.S. Pershan, A.H. Weiss, J. Ala-Nielsen , and J. Bohr, Phys. Rev.
Lett., vol. 54 , p. 114 ,1985.
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THERMAL DIFFUSE SCATTERING STUDIES OF THE WATER-VAPOR
INTERFACE.
D.K. Schwartz, M.L. Schlossman, E. Kawamoto, G. Kellogg, P.S. Pershan
(Department of Physics and Division of Applied Sciences, Harvard University)
and B. M. Ocko, (BNL)

In the previous report period we demonstrated agreement between the
measured Debye-Waller factor of the H2O/vapor interface and the theoretical
prediction for the mean square amplitude of thermally excited capillary waves
o2- (kBT/27cy)ln(qmax/Aq); where qmax is an upper cutoff of the order of
jr/(molecular radius), Aq is determined by the spectrometer resolution, and y is
the surface tension.1 Surface tension and water cleanliness were measured in
situ on a Langmuir trough in a vapor-controlled environment. According to
theory the same thermally excited capillary waves that give rise to the
Debye-Waller effect induce surface diffuse scattering. The attached figure
illustrates data, measured in the present report period, for thermal diffuse
scattering induced by these capillary waves. The solid lines represent the
theoretical prediction with no adjustable parameters.1'2 The data is plotted
as a function of the angle that the
scattered radiation makes with the
surface, for incident angles cc=0.64°
and 0.96°. The peans when p = a
correspond to the specular reflection.
The peaks when (5=0.15° for H2O are
due to the Fresnel factor when (5=0C.
The solid lines are calculated using
only the measured intensity of the
direct beam, the surface tension and
electron density of H2O and the known
spectrometer parameters. Deviations
between data and theory near p=0 are
due to small angle scattering from
the windows of the chamber.

1A. Braslau, P. S. Pershan, G. Swislow, B. M. Ocko, J. Als-Nielsen, Phys.
Rev. A, 38, 2457(1988).

2S. K. Sinha, E. B. Sirota, S. Garoff, and H. B. Stanley, Phys. Rev B. 38,
2297(1988)
Work supported by the National Science Foundation under grants NSF-
DMR-88-12855 and NSF-DMR-86-14003.

0.1

QOI

«=0.64 cc=0.9&

0.0 0.2 0.4 0.6

(degrees)
0.9

505



Beam Line X22B

X-RAY REFLECTIVITY STUDIES OF THE Si(001)/SiOI INTERFACE.
T.A. Rabedeau, I.M. Tidswell, P.S. Pershan (Harvard U.), J. Bevk, B.S. Freer and A.
Ourmazd (ATT Bell Labs).
X-ray reflectivity has been employed in a study of the Si(001)/SiOa; interface. Semicon-
ductor/oxide interfaces were prepared by MBE growth of approximately 2000A of Si on
precisely oriented (.03° maximum miscut) Si(001) wafers followed by (a) dry oxidation for
two weeks in a pyrex free vacuum system or (b) wet oxidation for twelve hours in humid
air. Throughout sample transport from the MBE growth chamber (ATT Bell Labs) to
NSLS and the x-ray measurements the dry oxidized wafer was maintained in vacuum
(5 x 10~9 torr base pressure). Specular reflectivity data through the bulk (004) diffrac-
tion peak and off specular data along the (llq) truncation rod were collected. Specular
data for the dry oxidized wafer are displayed below along with a preliminary fit to the
data. The fit represents the calculated reflectivity of a 4.6A thick oxide layer with the
oxide-vapor interface described by an error function electron density profile with a 1.06A
sigma. The decay of order at the semiconductor-oxide interface is represented by four
ordered layers with a j t h layer occupancy of .52J relative to bulk Si. The lattice spacing
of the two outermost layers differs from that of bulk Si by -.12A (3rd layer) and +.08A
(4th layer). These data are inconsistent with the recently proposed epitaxial Si(>2 model
of A. Ourmazd, et al1. Analysis of the remaining data is in progress.
Work supported by the Joint Services Electronics Program of the Department of Defense
under grant N0014-84-K-0465 and by ATT Bell Laboratories.
1 A. Ourmazd, D.W. Taylor, J.A. Rentschler and J. Bevk, Phys. Rev. Lett. 59, 213
(1987).

Specular reflectivity of a
dry oxidized Si(001) wafer.
The line represents the cal-
culated reflectivity of the
model described above.

10,-1
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X-22B

X-RAY REFLECTIVITY FROM SULFUR CONTAINING ALKYLSILOXANE MONO-
LAYERS ON SILICON
Ian M. Tidswell, Thomas A. Rabedeau, Peter S. Pershan, Murray V. Baker and George M. Whitesides
(Harvard U.)

We have used x-ray specular reflectivity to probe the surface structure of silicon wafers coated with
alkylsiloxane derivative monolayers of the form Si-(CH2)n-S-(CH2)m-CH3l where n + m = 16 and n varies
from 5 to 16. Typical data from a Si-(CH2)5-S-(CH2)ii-CH3 sample are shown in Fig. 1. Fitting the data
gave the solid line shown in Fig. 1, which corresponds to the real space surface electron density shown in
Fig. 2.

In comparison to the simple hydrocarbon chains,1'2 there is a local enhancement in the real space
electron density profile due to the presence of sulfur atoms distributed o» er about 10 Angstroms full width
(Gaussian r.m.s. width about 3.2 Angstroms). While some of this distribution can be associated with the
inherent roughness of the uncoated silicon surface, the additional width is due to packing induced disorder.
The hydrocarbon/air interface has a roughness of 3.8A, as compared to 2.4A for the simple 18 carbon
alkylsiloxane monolayers. Patterson function analysis of the data confirms the above results.
1 S. R. Wasserman, G. M. Whitesides, I. M. Tidswell, B. M. Ocko, P. S. Pershan and J. D. Axe, J. Am.
Chem. Soc. I l l , 5852 (1989).
2 I. M. Tidswell, B. M. Ocko, P. S. Pershan, S. R. Wasserman, G. M. Whitesides and J. D. Axe, Phy. Rev.
B Submitted (1989).

This work was supported by the National Science Foundation through grant No. NSF DMR-86-14003.
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Fig. 1. X-ray reflectivity data normalized to Fit. 2. The real space electron density pro-
the direct beam. The solid line is a least squares file represented by the fit in Fig. 1. The electron
fit to the data described in the text. density is normalized to that for silicon.
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X22B

POWDER X-RAY DIFFRACTION STUDIES OF YBa2Cu307-x and
(Ba,K)BiO3 SUPERCONDUCTORS.

Hoydoo You, Shiyou Pei, J.D. Jorgensen (ANL), and J.D.
Axe (BNL)

One of the most important aspects in material synthesis
is understanding the phase separation during sample
preparations. Depending on thermodynamics and preparation
procedures, the samples from a nominal starting composition
mixture can have two or more coexisting phases as a
resulting compound. Therefore, iteration of sample
preparation and x-ray or neutron diffraction of the samples
until the most satisfactory samples are synthesized is a
typical procedure to find the best preparation technique for
a given compound of interest and to understand the
thermodynamics of the procedure. However, in many cases
detectability of coexisting phases with closely related
structures is limited by instrumental resolutions in
conventional x-ray or neutron powder diffraction techniques,
therefore such coexistence has been unnoticed in many cases.
In our previous measurements [1] using high-resolution x-ray
diffraction technique, it was shown that multi-phases with
very clopely related lattice constants can coexist even
within a carefully annealed powder or single crystal sample.

In this high-resolution powder diffraction measurement
two series of samples, YBa2Cu307—x and Bal—xKxBiO3, as a
function of composition x were studied. Powder patterns for
several compositions of x were obtained and the analyses are
in progress. Some of the patterns with multi-phase
characteristics are to be repeated in near future with an
improved powder averaging technique such as oscillation of
the samples during data collection to improve the data
statistics.

1. Moss et al., Phys. Rev. B35 7195 (1987); You et al.
Phys. Rev. B38, 9213 (1988); You et al., B37, 2301

(1988).

Work supported by the U.S. Department of Energy,
BES-Materials Sciences, under Contract W-31-109-ENG-38.
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X22B

ABSOLUTE X-RAY REFLECTIVITY MEASUREMENTS OF IMPERFECT CRYSTALS:
NATURAL AND PYROLYTIC GRAPHITE

T.M. Zhang, J.O. Cross, L.B. Sorensen, B.D. Swanson, D.J. Tweet (Univ. of Washington)
B. Ocko (BNL)

We have measured the specular and non-specular reflectivity of natural and pyrolytic graphite. Our
motivation for these measurements was both to see how well conventional x-ray reflectivity measurement
techniques could be applied to imperfect crystals with large mosaic spreads, and to characterize the two
most common forms of graphite for future x-ray reflectivity studies of adsorbed rare gas and liquid crystal
monolayers and multilayers. We found reliable reflectivity measurements could be obtained both for pyrolytic
graphite with a mosaic spread of 0.4° FWHM and for small natural graphite single crystals with a mosaic
spread of 0.07° FWHM. The preliminary results are shown below on an absolute log (reflectivity) scale. For
the specular measurements, the absolute reflectivities were calculated from the integrated reflectivities of the
specular rods divided by the corresponding integrated intensities of the incident beams. For the non-specular
measurements, the same ratio was calculated; the non-specular pyrolytic graphite reflectivities shown are
much lower than the natural graphite values because they were not integrated around the pyrolytic graphite
non-specular cylinder of scattering. The legend for the plot labels is: a) specular natural graphite, b) specular
pyrolytic graphite, c) non-specular natural graphite, and d) non-specular pyrolytic graphite.
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This research was suppported by NSF Grant DMR 86-12286 and by the NSLS Faculty-Student Support
Program.
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X22C
POLARIZATION AND RESONANCE STUDIES OF X-RAY MAGNETIC SCATTERING IN HOLMIUM

Doon Gibbs and Gerhard Gritbel (BNL*), E. Isaacs and D.B. McWhan (AT&T Bell
Laboratories); C. Vettier (ILL)

We have performed extensive measurements of the polarization and resonance
properties of the x-ray magnetic scattering in holmium (1,2). Signal rates
as large as 90,000/sec (at 200 ma ring current) were observed at the (002)+

magnetic satellite for incident x-ray energies near the holmium L(III)
absorption edge. Lineshapes of the sigma- and pi-polarized components and of
the total integrated magnetic intensity (see figure, lower left) versus x-ray
energy were obtained using a newly developed linear polarization analyzer
(3). By simple lineshape analysis, it should be possible to extract the
induced polarization and exchange splitting of d-band conduction electrons in
holmium (2). Detailed measurements of the temperature dependence show that
the integrated resonant and non-resonant magnetic intensities scale with
increasing temperature up to the Neel point of 135K (see figure, lower
right). No critical magnetic scattering was observed.

1. D. Gibbs, D.R. Harshman, E. Isaacs, D.B. McWhan, D. Mills, C. Vettier,
Phys. Rev. Lett. 6]_, 1241 (1988).
2. J.P. Hannon, G.T. Trammell, M. Blume, and D. Gibbs, Phys. Rev. Lett. bl_,
1245 (1988).
3. D. Gibbs, M. Blume, D.R. Harshman, and D.B. McWhan, Rev. Sci. Instr. j>0,
1655 (1989).
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*Work supported by US DOE contract No. DE-AC02-76CH00016.
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Magnetic X-ray Scattering from Uranium Dioxide.* X22C

D. Gibbs (BNL, Physics), W. Herzog (BNL; William & Mary), G.H. Lander
(European Institute for Tranuranium Research), and W.G. Stirling (BNL,
NSLS; University of Keele, U.K.)

Uranium dioxide is a f.c.c. structure insulator with a transition to an
antiferromagnetic phase at 3IK1; the ordered magnetic moment is 1.74/i 2. The
magnetic structure is essentially of type I, consisting of ferromagnetic
planes stacked in an alternating "up-down" sequence. This material is par-
ticularly interesting as the oxygen ions are significantly (0.014A) displaced
from ideal fluorite positions2; this internal distortion has important im-
plications for spin-lattice interactions and for the magnetic structure.

As part of a programme of x-ray magnetic scattering studies, U02 has been
investigated on the X22C beamline at the NSLS. In unpolarised measurements,
very large enhancements of the magnetic signal at (0,0,1), were obtained at
the uranium M I V and M^ edges, as have been also observed for (semi-metallic)
UAs3 and UN4. The integrated magnetic intensity is presented in the Figure
where a clear "anti-resonance" minimum is seen between the M T U and
M̂ . resonances; similar behaviour has been observed in UAs3 and is currently
being investigated theoretically. As expected, the magnetic intensity
decreased rapidly with increasing temperature up to the first order transi-
tion at 31K.

Polarisation analysis of the scattered beam was performed using an
Al(lll) analyser crystal. Although this part of the experiment is incomplete
there are indications that both the (unrotated) o-*o and (rotated) o->it com-
ponents at (magnetic) positions (0,0,1) and (1,0,2) exhibit resonant
behaviour. This result is not expected on the basis of simple calculations
of the cross-section. A future experiment will investigate the polarisation
behaviour in detail.

U02 CO. 0.U 10K M4. M5 Qdges
10°

References:
1) Frazer et al., P.R. 140.

A1448 (1965)
2) Faber and Lander, P.R. B14.

1151 (1976)
3) Isaacs et al., P.R.L. 62,

1671 (1989)
4) Me Whan et al., to be published.
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Acknowledgements: One of us (WGS) is very grateful to the NSLS for the award
of a summer visitorship during which this work was carried out; the financial
support of the Royal Society (U.K.) and of the S.E.R.C. (U.K.) is gratefully
acknowledged.

*Work supported U.S. DOE under contract DE-AC02-76CH00016.
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X22C

RESONANT X-RAY MAGNETIC SCATTERING STUDIES OF RARE EARTH METALS AND
MULTILAYERS

D. Gibbs and K. Huang (BNL*); J. Bohr (Riso); C. F. Majkrzak (NIST); and
G. H. Lander (EITU).

Systematic investigations of the polarization and resonance properties of
magnetic x-ray scattering have been undertaken near the L edges of a variety
of rare earth materials, including Tm, Er, CeBi, and Ho-Y multilayers. To
illustrate, in the c-axis modulated phase of thulium, we have observed that
linearly polarized incident radiation is completely rotated upon magnetic
scattering (o-Il) near the L(III) edge (see figure, lower right). This
behaviour is distinct from that observed in the spiral antiferromagnet
holmium, but consistent with calculations. As a second example, we have
successfully observed magnetic scattering (cr-n) in a Hol5-Y13 superlattice
near the holmium L(III) edge. In the diffraction pattern (see figure, lower
left) the solid line shows the magnetic scattering; the arrows show harmonics
of the charge scattering, arising from the superlattice chemical structure.
Resonant techniques offer species-sensitive determinations of the magnetic
structure of multilayers and may permit studies of magnetic surface layers.
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X22C
STRUCTURE AND PHASES OF THE AU(OOl) SURFACE I.

Doon Gibbs and B. Ocko (BNL)1, D.M. Zehner (ORNL)2; and S.G.J. Mochrie (MIT)3

We have performed extensive x-ray scattering studies of the structure and
phase transitions of the Au(OOl) surface between room temperature and the
bulk melting temperature of 1337K. These experiments were performed in the
glancing incidence geometry using a newly completed UHV apparatus for x-ray
surface scattering. Three distinct surface structural phases have been
identified (see figure, lower left). In the high temperature phase (1170K <
T < 1337K), the x-ray diffraction pattern has the (lxl) symmetry of the bulk
consistent with a distorted-hexagonal structure, which is modulated by the
underlying bulk substrate. Below T=970K, the surface has a rotated,
distorted-hexagonal structure in which both the incommensurability and the
average rotation angle are independent of temperature (see figure, lower
right). In this phase the lineshapes of the near-hexagonal diffraction peaks
show hysteresis, and the length scale over which there exists inplane order
is reduced. ...
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performed by US DOE contract No. DE-AC02-76CH00016.
Work performed by US DOE contract No. DE-AC02-840R21400.
3Work performed under NSF DMR-8719217 and NSF DMR-8806591.
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X22C
ORIENTATIONAL EPITAXY AND SURFACE DISORDERING IN PT(OOl)

Gerhard Grtlbel and Doon GIbbs (BNL)1, D. Abernathy and S.G.J. Mochrie (MIT)2;
and D.M. Zehner (ORNL)

We have begun x-ray scattering studies of the structure and phase transforma-
tions exhibited by the Pt(OOl) surface between room temperature and the bulk
melting temperature near 2000K. Similar to Au(OOl), Pt(OOl) surface layers
apparently disorder at high temperatures about 200K below the bulk melting
point. Below 1750K, the surface orders in an incommensurate hexagonal struc-
ture, which is aligned to the bulk [110]-direction. In contrast to the case
for Au(OOl), no modulation peaks have been observed. At 1700K, there is a
rotational transition in which the rotation angle increases continuously to
about 0.6 degrees near 1500K (see figure). Remarkably, the incommensurabili-
ty 6 remains constant (see figure). At 1500K, we observed an abrupt change
in rotation angle to about 1.6 deg, and an accompanying change in the surface
incommensurability (see figure). Detailed analysis and further experiments
are ongoing.

Pt(001) Hexooonal Overlayer

500 750 1000 1250 1500
TEMPERATURE (K)

1750 2000

*Work performed by US DOE contract No. DE-AC02-76CH00016.
2Work performed under NSF DMR-8719217 and NSF DMR-8806591.
^ performed by US DOE contract No. DE-AC02-840R21400.
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HIGH-RESOLUTION X-RAY SCATTERING STUDY OF THE CDW IN a-URANIUM

G. Grtfbel, D. Gibbs, J.D. Axe (BNL*); G. H. Lander (EITU); H.G. Smith (ORNL)

a-uraniura develops two charge-density-wave (CDW) states below 47K (1). The
strongest satellite peaks with q=(±0.500a*. ±0.176b*. +0.182c*) at 10K are
observed for the incommensurate CDW (2), whose qx component is predicted
(3) to become also incommensurate at higher temperatures. We have used
X-rays (\=1.45A) from beamlina X22C to examine the CDW states. The new, high
resolution results are in agreement with the predictions of Walker (3) and
show that the qx modulation is incommensurate (qx<0.5) below 47K and
locks in to a value of 0.5 near 38K. In addition, it was observed that the
qz component decreases with decreasing temperature until 22K. Below this
temperature it is constant, possibly indicating a lock-in transition of the
qz component. The second, "nearly commensurate" CDW state (4),
characterized by q=(h+l/2)(l-6), k,l) with 5=0.0037(10K) gives rise to
satellite peaks which are about 40 times less intense. With help of the high
q-resolution it was shown, that the "nearly commensurate" peaks are
asymmetric, skewed away from the commensurate value.
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Fig. 1
Temperature dependence
of the qx component of
the incommensurate CDW.
The lock-in transition
is observed at 38K.
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(1) H.G. Smith, G.H. Lander, Phys. Rev. B30, 5407 (1984).
(2) J.C. Marmeggi, A. Delapalme, Physica 120B, 309 (1980).
(3) M.B. Walker, Phys. Rev. B34_, 6830 (1986).
(4) H.G. Smith et al., Phys. Rev. Lett. 44_, 1612 (1980).
*Work supported by U.S. DOE contract DE-AC02-76CH00016.
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X22C
LATTICE RELAXATION IN HYDROGEN PASSIVATED SILICON

G. Grifbel, W. Herzog, and D. Gibbs (BNL)

Hydrogen influences the reconstruction behaviour of silicon surfaces and is
responsible for the electrical passivation of shallow acceptors (B, Ga, In,
Tl) in the near surface region (<2um). Dopant passivation is due to the
formation of acceptor-H pairs whose geometrical arrangement (bondcentered or
antibonding H site) is still under discussion. Microscopic methods /I/
indicate a site change of the H atoms from the antibonding site at ambient
temperature to the bondcentered site at low temperature (<100K). The
substitutional B acceptor causes a contraction of the surrounding Si lattice
because of the smaller covalent radius of B compared to Si. For a B
concentration of 0.22 at % a contraction of Aa/a = -.0013 is found. The
formation of B-H pairs leads to a lattice dilatation in the H passivated
surface layer relative to the B doped unpassivated substrate. This lattice
dilation manifests itself in a second small diffraction peak in a respective
X-ray rocking curve. This is shown in the figure for a H-loaded <100> Si:B
wafer (5.9el9B/cm3). After annealing the sample at 473K (25 min.) the small
peak on the low angle side vanishes. This is due to H desorption which is
known to occur above 453K. Further experiments to investigate a proposed
site change of the H-atoms at low temperatures and reflectivity measurements
to study the passivation depth are in progress.

Si: B (5.9Ql9/cm3) H-loadQd
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Work performed by US DOE contract No. DE-AC02-76CH00016.
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X22C

MAGNETIC X-RAY SCATTERING FROM CeBi

G.H. Lander* (EITU, Karlsruhe, FRG), J. Bohr (Ris* Nat. Lab., Denmark),
D. Gibbs** (Physics, BNL)

Following the successful measurement of magnetic scattering of x-rays from
the heavy rare-earths (e.g. Ho1) and the first verification of the individual
orbital (L) and spin (S) components,1 we have tried to apply this technique
to a cerium compound. CeBi orders antiferromagnetically at 25K and exhibits
a tetragonal distortion2 below TN with (c-a)/a- -10"3. The ordered moment
is 2yB/Ce atom3. Our present understanding of this material is that it xs
almost a localized 4f system, but that hybridization occurs between the 4f
and conduction-band states*. Single crystals were supplied by 0. Vogt of
ETH, Ziirich, and enclosed in Be containers in a displex refrigerator.

Initial experiments were performed at 7.8 keV. The crystal quality was
excellent and below TN we readily detected the tetragonal distortion .
However, magnetic scattering (off resonance) could not be detected. In the
second part of the experiment we have worked at the three L absorption
edges. Li(6.55keV is 2s+6p), Ln(6.16keV is 2Pl/2+5d3/2) and L m(5.72keV is
2oo/r»-5d5/2). Magnetic scattering was seen only at L n . The result of an
4-lcln over the position (401/2) is shown in the figure. Note that this has
been obtained in a+U rotation . The maximum count rate was 20 cts/min. We
note two final points:

(1) No extra charge modulations were seen
in CeBi, suggesting all the magneto-
elastic energy is absorbed in the
tetragonal strain.

(2) The fact that the intensity at L 1 X is
greater that LIXi can be ascribed to it
being an E2 quadrupole resonance involving
4f5/2 electrons and this subshell is
partially occupied. For the heavy rare
earths the intensity at the L X I I edge is
the greatest. w

 O i W o S oS,5

1. D. Gibbs et al., Phys. Rev. Lett. 61., 1241 (1988) and references therein
2. F. Hulliger et al., J. Low Temp. Physics ̂ 0 , 269 (1975)
3! J.W. Cable and W.C. Koehler, AIP Conf. Proc. _5, 1381 (1972)
4. P. Thayamballi and B.R. Cooper, Phys. Rev. B3J., 5911 (1985)
5! J.P. Hannon et al., Phys. Rev. Lett. 6JU 1245 (1988)

* Work supported by the Commission of the European Communities.
** Work supported by US DOE contract No. DE-AC02-76CH00016.
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X22C

ON THE ql-CHARGE-DENSITY-WAVE OF NbSe3

A.H. Moudden, D. Gibbs, J.D. Axe, P. Monceau (CRTBT), and F. Levy (1PAEPF)

Since the early electron and x-ray direction studies of NbSe3, this system is
known as a quasi-one-dimensional conductor which exhibits two phase transi-
tions into two different charge density wave (CDW) states, at Ti=150K with
the ordering vector q^O,0.243, 0) and at T2=59K with q2=(0.5, 0.263, 0.5).
In a number of experimental studies the occurrence of the q̂  CDW seems to
have no effect on the q̂  CDW. The two CDW1 s seem to coexist independently
down to the lowest temperatures. However, the fact that qj and q2 satisfy
the approximate relation qj+q2 "(I,1,1) leads to the speculation that the two
waves must interact via a phase coupling which might be reflected in small
change of qj at T2.

Using high resolution synchrotron x-ray scattering on the X22C beamline at
the NSLS, we were able to perform a complete study of the temperature evolu-
tion of the qi CDW from 10K up to T^. In figure 1 we show the profile of the
superlattice reflection b*+qi at 150 120 and 80K. Clearly the variation of
the peak position is significantly larger when compared to the width of the
satellite profile that reflects the instrumental resolution. The temperature
variation of qj extracted from these scans is shown on figure 2. The incom-
mensurate component continuously decreases from 0.2445(1) at T2 to 0.2411(1)
at about 80K below at which it remains constant down to 10K. No anomaly in
either the amplitude or the phase of the q̂  CDW is observed at the emergence
of the q2 CDW.

Above T2 we were able to study the fluctuation associated with the q̂  CDW up
to 220K by relaxing the high momentum resolution and taking advantage of the
high brilliance of the X22C beamline. The results are under active analysis.
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*Work performed by US DOE contract No. DE-AC02-76CH00016.
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X23

REFLECTION EXAFS STUDY OF BURIED INTERFACES: DETECTORS FOR

STUDIES OF SINGLE CRYSTALS AND EPITAXIAL FILMS

Pathikrit Bandyopadhyay, Anne Tabor, and Bruce A. Bunker, Notre Dame.

As part of a program to study interfaces between semiconductors and metals or insulating

overlayers, we have used evanescent-wave EXAFS with fluorescence detection. A fundamental

problem with this work is that the single-crystal substrates give rise to diffraction peaks that con-

taminate the data. Earlier work1 has shown that spinning a sample during data acquisition suc-

cessfully averages out most diffraction peaks; however, sample "wobble" precludes this for the

grazing-incidence interface work. We have successfully fabricated and tested a 16-channel PIN

diode array detector and the associated electronics. Initial results show this detector capable of

spatially discriminating diffraction peaks, so that individual contaminated channels may be rejected.

During this period, measurements have been obtained with this detector for a variety of different

overlayers on GaAs. These data are currently being analyzed.

1. B. A. Bunker, J. Vac. Sci. Tech., A ! 3QQ2 (1987).

Supported by Office of Naval Research under contract N00014-89-J-1108.
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X23

LATTICE DISTORTION IN THE DILUTED MAGNETIC SEMICONDUCTORS

ZN,. X MN X SE AND ZN,.XMNXS

Way-Faung Pong, Robert Mayanovic, and Bruce A. Bunker, Notre Dame.

Bond lengths, Debye-Waller factors, and site occupancy in the diluted magnetic semicon-
ductors Zn^Mn^S and Zn^Mn.Se have been measured using extended x-ray absorption fine
structure (EXAFS). The nearest-neighbor bond lengths at both room temperature and low
temperature (77K) are found to be constant as a function of alloy composition within the exper-
imental uncertainties of O.OlA. We have also determined the second-shell Zn-Zn, Zn-Mn, and
Mn-Mn distances, as well as the second-shell Se-Se distances. By combining these results, we may
detennine the deviation in bond angles away from a perfect tetrahedron. These results are shown
in Fig. 1.

Second-shell distances and Debye-Waller factors have also been studied, showing that while
the anion sublattice suffers the largest distortion, the cation sublattice also exhibits some relaxation.
As shown in Fig. 2, the Zn-edge second-shell results show larger Mn coordination and smaller Zn
coordination compared with a random distribution, which indicates a tendency towards local
ordering. These results impact not only electronic structure and transport, but also magnetic
properties due to the superexchange mechanism occurring between the Mn+2 ions and mediated by
the intervening anion in Zn,.xMnxSe.

3

I '
I o
5
«
•a -i

I ^
— 3

Zn-Se-Zn

\

J
I

: i

i
-f

\ - i

- • ;

. 109.6"

\ :
Mn-Se-Mn

• ' K .

'. y

f Zn-Zn Coordination

f Zn-Mn Coordination

N y

/ • • •

/

• . ,

• • • • . . .

0.0 0.2 0.4 0.6 0.6

Mn Concentration, x

1.0

Fig. 1 Deviation in bondangles from 109.6°
in Zn,.KMnxSe, as determined by
EXAFS bond-length measurements,
as a function of alloy composition x.

0.0 0.2 04 0.8 0.6 1.0

Mn Concentration, x
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expected if the distribution were random,
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Supported by Office of Naval Research under contract N00014-89-J-1108.
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X23

EXAFS STUDY OF FERROELECTRIC IV-VI SEMICONDUCTORS

Z. Wang and B. A. Bunker, Notre Dame.

EXAFS has been used to study the local structure of the disordered alloy PbS^Tei.n. These alloys

undergo a ferroelectric phase transition from a high-temperature cubic phase to the low-temperature

trigonal phase. The transition temperature is a strong, nonlinear function of alloy concentration,

suggesting that the Sulfur atoms play an important role in the transition. EXAFS studies on the Pb

site in these alloys have been performed above and below the transition temperatures. The pre-

liminary EXAFS results imply that S atoms are displaced about 0.3 A from the cell center at all

temperatures and concentrations in both the low- and high-temperature phases. These findings imply

that the S atoms may undergo an order-disorder transition as observed in Pbi.xGexTe \ In addition

to the order-disorder character of the transition, there is also a displacive character: EXAFS mea-

surements of the Pb site clearly show that the entire anion sublattice shifts relative to the cation

sublattice below the transition temperature.

Fig. 1 The difference in first-shell EXAFS
Debye-Waller factors Ao2 associated
with the Pb edge in PbS018Te0.82> rela-
tive to PbTe measured at the same
temperature, as a function of
temperature T. The Debye-Waller
factor increases as temperature is
lowered because the Pb atoms move
off site center. ODOOO
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1. Q. T. Islam and B. A. Bunker, Phys. Rev. Lett. 59_, 2701 (1987).

Supported by Office of Naval Research under contract NO0014-89-J-l 108.
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Beam Line X23A2

X-Ray Absorption Studies of Doping in YBa2CusO7 Superconductors *

J. I. Budnick, Z. Tan, D. Brewe (U. of Connecticut); L. Lynds, B. R. Weinberger
(United Technologies Research Center); C. E. Bouldin and J. C. Woicik (N. 1. S. T.)

X-ray absorption measurements have been carried out on V and Pd doped YBa2Cu3C>7
high-Tc superconductors to study the dopant local environment and the effect of doping on
the electronic and atomic structures. Although a complete V EXAFS (extended x-ray absorp-
tion fine structure) spectrum cannot be obtained due to the overlap with the Ba L-edges in
energy, the XANES (x-ray absorption near-edge fine structure) spectrum is obtained and is
informative. Identical V K-XANES spectra are observed for samples with V nominally sub-
stituting Y, Ba and Cu respectively (Fig. 1). This suggests that the V atom enters a unique
local environment. The observed prominent pre-edge peak, stronger than that in V2O5, indi-
cates that V is likely to be coordinated with four oxygen atoms. However, the combined Cu
and Y EXAFS results are incompatible with an exclusive substitution of V for the four-
oxygen-coordinated Cu(l) chain site. Both Cu and Y EXAFS spectra are significantly affected
by V doping.

In the case of Pd doping, samples with Pd nominally substituting Cu and with Pd added to
stoichiometric YBa2Cu3OJr have been studied. The Pd EXAFS can be used to determine the
Pd local environment in these materials. The absorption spectra at the Cu and Y AT-edges are
also obtained to assess the effect of Pd doping.

* The University of Connecticut group acknowledges the support from US Department of
Energy under Contract No. DE-AS05-80-ER10742 and partial support from the Department
of Higher Education of the State of Connecticut.
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X-23A2

EXAFS FOR HEAVILY DOPED SEMICONDUCTORS

G. S. Cargill III, M. Matsuura, and R. F. Boehme (IBM Research, Yorktown Hts.)

We have made total-electron-yield EXAFS measurements for Ga, Ge, and As in Si to
determine the lattice strain produced by these elements as substitutional impurities in
crystalline silicon. Ga-in-Si samples were prepared by lOOkV ion implantation and
pulsed laser annealing (3xlO15 Ga/cm2 implant, 2.9 x 1020 Ga/cm3 maximum
concentration), by lOOkV ion implantation and rapid thermal annealing (3 x 1015

Ga/cm2 implant, 2.5 x 1020 Ga/cm3 maximum concentration), and by liquid phase
epitaxy (1 x 1020 Ga/cm3 concentration). The Ge-in-Si samples were prepared by CVD
with 5 x 102' Ge/cm3 and I x 1022 Ge/cm3. The As-in-Si samples were prepared by
lOOkV ion implantation and pulsed laser annealing with implants of 6, 4, 3, 2 and 0.6
x 10'6 As/cm2. The environment of As in amorphous Si was investigated by EXAFS
measurements on ion implanted, unannealed As-in-Si samples. Also, ion implanted,
laser annealed As-in-Si samples (6 x I015 As/cm2) were studied before and after 30min
furnace anneals of 300C to 800C to determine the atomic scale rearrangements
responsible for the onset of deactivation of donor As. EXAFS data for these samples
are shown below. To obtain phase shifts and backscattering amplitudes we made
EXAFS measurements for Ga, Ge, and As K-edges in crystalline GaAs, GaP, Ge, and
SiAs.

0.4 fcl* !»-•*-«

-0.1
10 12

EXAFS x(k) functions for As-in-Si samples, 6x 1015 As/cm2 lOOkV implanted, pulse
laser annealed, without further annealing (bottom), and after iOmin furnace annealing
at 300C, 4Q0C, 500C, 600C, 700C, and800C (bottom to top).
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BE AM LINE &

X-RAY ABSORPTION STUDIES OF Nda.mA,CuOt.l{A= Ce,Th)
AND NdjCvOt—F. SUPERCONDUCTORS

J.Chen, G.Liang, Y.Jeon, M.Croft
Department of Physics, Rutgers University, Piscataway, NJ 08855

We have measured the X-ray absorption spectra at the Cu— K edge of cationic substituted superconducors
Nd^-,A,CiiO^i{A = Ce,Th) and anionic substituted superconductors Nd%CvO\-mFm to investigate the
VP nation of Cu valence. We observe the increase of intensity of 1< —» 4p, [1] transition accompanied with
the decrease of intensity of 1« -+ 4pff [1] transition as x increases in each of these series. We believe that
the doped elections introduced by either cationic substitution or anionic substitution will mainly go to the
Cu3d band and hence the increased Cul+ admixture is observed to increase with dopant concentration.
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Reference

[1]. J.M.Tranquada, S.M.Heald, A.R.Moodenbaugh, Phys.Rev.B 36,5263(1987)

524



X-23A2
X-Ray Absorption Studies of Disordered Systems

E.D. Crozier and D. Jiang
Physics Department, Simon Fraser University, Burnaby, B.C., Canada V5A 1S6

R.Ingalls, J. Freund and B. Houser
Physics Department, University of Washington, Seattle, WA, 98195

C. Bouldin
National Institute of Standards and Technology, Gaithersburg, MD, 20899

We continued our high pressure study of high Tc superconductors. X-
ray diffraction suggests that pressure causes a monotonic compression of the
unit cells of both La, gsSr 15Cu04 and YBa2Cu307.j. However, the limited
number of Bragg reflections'observed prevented definitive comment on changes
within the unit cell. Our earlier XAS results for La1 85Sr 1sCu04 showed
that at room temperature compression causes the Cu-0 octahedra to rotate. At
the same time our analysis of YBa2Cu307.g indicated that the Cu-O-Cu bonds
begin to bend at about 10 kbar. In this case, the analysis is complicated
due to focussed multiple scattering and we were unable to distinguish whether
the bending occurs in the linear chains, the puckered sheets, or both. In an
attempt to clarify the multiple scattering analysis, pressure-dependent
measurements were made at room temperature on two samples of YBa2Cu30x one
with x- 6.95 containing the linear chains and the other with x-6.10 which
does not contain the linear chains. Analysis is in progress.

We also initiated an XAS study of the intercalation of Li into MnO2.
Li intercalated MnO2 is used in the manufacture of light-weight, high energy
density batteries. MnO2 exists in a number of crystal structures, all
characterized as "tunnel" compounds. In the intercalation process, which
occurs when the electrochemical cell discharges, Li atoms are inserted
reversibly into the tunnels, producing LixMn02 . It is presumed that insertion
of the Li causes a decrease in the valence of Mn from Mn4+ to Mn3+.
Conduction then occurs via electrons hopping from one site to another in the
ionic LixMn02 which would explain the small dc electrical conductivity. From
a practical viewpoint it is important to understand the conduction mechanism
in detail, since this may lead to methods of increasing the conductivity, the
low value of which is one of the limiting factors in battery performance.

XANES spectra were obtained to study the change of Mn valence in an
initial set of four oxides: pyrolusite ( pure f} -MnO2), Li3/7MnO2,
unheated electrolytic manganese oxide (EMD or y- MnO2) and heated EMD.
EXAFS spectra of the same oxides are being analyzed to determine how
heating and intercalation affect the linkage of adjacent Mn oxygen
octahedra through their corner oxygens and through their common edges.

This work was partially supported be the U. S. Department of Energy Grant
No. DE-FGO6-84ER45163 and by the Natural Sciences and Engineering Research
Council of Canada.
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X23A2
SEARCH FOR FAST, HEAVY-ATOM SCINTILLATORS

S. Derenzo (LBL), W. Moses (LBL), R. Perera (LBL), and J. Cahoon (LBL)

The objective of this work is the discovery of fast, heavy-atom scintillators for the detection of 511 keV
annihilation photons in positron emission tomography (PET), and the measurement of their fluores-
cence decay lifetimes and emission spectra. PET is a medical imaging method that uses positron emit-
ting tracers and arrays of detectors to measure dynamically and non-invasively biochemical processes in
the human body. It is used in the study of heart and brain diseases. Of the scintillators used in PET,
BGO has the best stopping power but poor speed, and BaF2 has excellent speed but relatively low
stopping power.

A total of 86 compounds in sealed quartz vials were irradiated with 15 keV synchrotron radiation X-
rays. Of these, 8 were previously known scintillators and 78 were not. Four methods were used to
measure their fluorescence properties, as described below:

1) The total fluorescent light output was measured using a phototube with a fused silica window. Of
the 78 test compounds, 39 exhibited measurable fluorescence. Of these 39, 18 showed a fluores-
cence decay time faster than 1 us and their oscilloscope tracings were photographed.

2) The fluorescence decay time distributions were measured for 6 known scintillators and the 6
most luminous test compounds using the delayed single photon method. A time-to-amplitude
converter was started with a single photoelectron signal from the test compound and stopped with a
Pilot U scintillator that was in a portion of the X-ray beam. The timing resolution was approximately 1 ns.

3) Fluorescence spectra were measured for the same 12 compounds using a monochrometer
placed between the test compounds and a phototube with a fused silica window.

4) Wavelength resolved decay time distributions were measured for the 12 compounds. The
monochrometer was set to various fluorescent emission wavelength bands and the delayed single
photon method was used to measure the fluorescent decay time of each.

From these experiments we were able to identify and characterize six new and potentially useful
scintillators, and also make measurements that will help us unravel their scintillation mechanisms.
Measurements 1), 2), and 4) were performed during five shifts of single bunch mode running and would
have been impossible in normal multi-bunch mode.
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Figure 1. Fluorescence decay of BaF2 powder excited by single-bunch 15 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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Beamline X23A2
EXAFS of Nanocrystalline Pd Compacts

W. T. Elam (NRL), J. A. Eastman (Argonne), K. H. Kim (NRL/NRC),
E. F. Skelton (NRL)

The production of solid materials with crystallite size less
than about 10 nm has been developed and is under considerable
study (1,2). However, the details of the compaction process and
the structure of the resulting material is not yet fully
understood. EXAFS has yielded useful information about these
materials (3) , and a structural model has been proposed which
suggests a "gas-like" intergrain component based upon an observed
reduction in the EXAFS amplitude.

In order to verify these results and extend them, we have
made EXAFS measurements on nanocrystalline samples made by
compaction of ultrafine Pd powder produced by inert gas
condensation. To learn more about the process, measurements were
also made on the powder removed from the chamber without
compaction. The raw data are shoivn in the figure below. The
bottom spectrum is from a Pd foil, the middle spectrum from the
nanocrystalline compact, and the bottom spectrum from the powder.
The foil and powder spectra were collected in the transmission
mode, while the spectrum on the compact was collected using
electron detection in a He gas detector.

The reduction in amplitude is apparent in the raw spectra of
both the compact and the powder. Detailed analysis of the data
are proceeding, with the goal of distinguishing among the
different models which would account for the reduction in
amplitude. These include oxidation, particle size, vacancies,
and pores. Further experiments, including in-situ EXAFS during
the various stages of the production of the compacts, are
planned.
1. R. Birringer, H. Gleiter, H-P. Klein, and P. Marquardt, Phys.

Lett. A 1Q2, 365 (1984).
2. L. E. Brus, R. W.
Siegel, et. al., J.

Res.l, 7 04
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3 . T. Haubold, R.
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(1988).
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X23A

THE STRUCTURE OF ELECTROCHEMICAL ADSORBATES

.1. G. Gordon (IBM) and L. Blum (U. of Puerto Rico)

We attempted to obtain the x-ray absorption spectrum at the bromine edge of a submonolayer
of bromide ion adsorbed electrochemically on an Ag(l 11) surface. During the experiment, the
silver electrode was immersed in solution and held at controlled electrochemical potential.
We employed grazing incidence excitation with fluorescence detection. A clear edge jump was
observed, but with the available collection time, the resulting spectra did not have a good
enough signal-to-noise to be useable. Good transmission EXAFS spectra of model com-
pounds MgBr2.6H2O, AgBr and NaBrO,) were obtained. In addition, x-ray absorption spectra
of a series of copper containing model compounds (anhydrous CuSO4, CuSO4.5H2O, Cu2O,
CuO and Cu metal) were measured. The amplitude and phase parameters of the absorber-
backscatterer pairs, Cu-O, Cu-S and Cu-Cu, have been extracted and will be used to analyze
the EXAFS spectrum of a half monolayer of Cu deposited on a Au(ll l) single crystal
substrate, which was obtained earlier.

This work was partially supported by the Office of Naval Research.

528



TITLE OF EXPERIMENT: EXAFS Studies of Structural Relaxation in Metallic Glasses

BEAM LINE: X23B, X2^A2 DATE OF EXPERIMENT: from: 6-Apr-89to: 9-Apr-89

EXPERIMENTER(S): AFFILIATION:

Adam P. Hitchcock. IMR. McMaster University. Hamilton. Canada L8S 4M1

Tniolf Tvliszczak. Frank Espoato "

Ralf Bruning Physics. McGill University. Montral, Canada H3A 2T8

WORK SPONSORED BY: Ont. Centre. Mat. Res. (OCMR): NSERC (can, federal govt)

file: wp4\reports\nsls-mg.rep date: May 18, 1989

Metallic glasses are in metastable equilibrium and thermal annealing causes
changes in their structure. These changes, known collectively as structural relaxation,
affect to a greater or lesser extent all physical properties. Structural relaxation can
be divided into irreversible relaxation - changes which occur when as-prepared glasses
are annealed for the first time, and reversible relaxation - the cycling of the system
between states with different properties (and presumably different bulk structures) by
annealing at different temperatures. We have used EXAFS to study relaxation in amorphous
PdijNi.gPjij and FeCuZr,.

Transmission mode EXAFS spectra at all metal edges (Ni-K, Pd-K; Fe-K, Cu-K, Zr-
K) were carried out at 77 and 300 K on as-made and various annealed samples (i.e. with
different extent of reversible and irreversible relaxations) as well as appropriate
polycrystalline alloy models. Focused line X23B was used for the Ni-K and Cu-K studies.
Electron yield measurements were also carried out at the Cu edge on the FeCuZrj samples
allowing comparison of the near surface (ca. 2000 A) and bulk structures. The Pd-K and
Zr-K spectra were obtained using X23-A2, while the Fe-K spectra were recorded on X-11A.
All three beam lines performed well. The Io signal on X23B was very unstable compared
to the other two lines (but normalisation worked well) ; monochromator tuning on X23-
A2 was found to be possible but delicate; the computer system on X-11A gave some
problems and seems to be the weakest part of an otherwise exceptional line.

Analysis to date indicates that the spectra for all stages of relaxation of the
amorphous metals are very similar. The FTs are dominated by a first-shell which consists
of more than one type of backseatterer. Careful curve-fit analysis probably involving
non-gaussian RDFs and models constrained on the basis of other studies of the system,
will be required to extract information about the structural changes occurring during
irreversible and reversible relaxation. We are just beginning this and are optimistic
that it will ultimately be successful since the data are of very high quality.
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X-23A2

X-Ray Absorption Studies at High Pressure

R.Ingalls, J. Freund and B. Houser
Physics Department, University of Washington, Seattle, WA, 98195

E.D. Crozier and D. Jiang
Physics Department, Simon Fraser University, Burnaby, B.C., Canada V5A 1S6

A series of XAFS experiments were performed on samples subjected to
static pressures in the range 0 to 20 gPa. The work focussed on pressure
induced atomic disorder and structural phase changes.

A study of rubidium bromide was undertaken. Like most of the other
alkali halides, RbBr undergoes a B1-B2 transition under pressure which
is clearly visible in the XAFS. Data analysis shows that the second and
third cumulants, i.e. quantities related to the second and third moments
of the bond lengths, depend on pressure. We are working on a lattice
model to explain these dependences and expect to relate them to the
first and second perturbations of the pair potentials between the atoms.

Measurements were performed on niobium impurities in KTaOj. The
niobium atoms substitute for tantalum and are known to be displaced in
the [111] directions at a pressure of 1 bar. It has been inferred
through susceptibility measurements that pressure induces the niobium to
move on-center. When fully analyzed, our absorption spectra will tell
whether movement of the niobium is indeed occuring, or whether there is
some other structural transition responsible for the changes in
susceptibility.

We also examined the compound TlReO4. According to Jayaraman this
compound has the scheelite structure at 1 bar but undergoes subtle
structural transitions at approximately 0.5, 1.9 and 9.7 gPa. The
latter has been speculated to have a simultaneous valence change of the
Re ion from 7+ to 5+. The present experiment reached 16 gPa, and
focussed on the Re-Ljjj XANES, with full EXAFS spectra only taken at
selected pressures. The 9.7 gPa transition primarily manifested itself
as a pronounced narrowing and slight shift of the "white line" of the
Re-Lj , j edge. Analysis of the XAFS is in progress. Further work must
involve careful comparison with other Re compounds in its various
valence states, as well as the Tl L-edges, which should also indicate a
valence change from 1+ to 3+.

This work was partially supported be the U. S. Department of Energy
Grant No. DE-FG06-84ER45163 and by the Natural Sciences and Engineering
Research Council of Canada.
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X23A2

X-RAY INDUCTION OF CHARGE TRAPPING DEFECTS IN AMORPHOUS SiO
2

D. Kerwin and F. Galeener (Colorado State U.)
D. McKeown (NIST)

The structural origins of the primary point defects in x-irradiated,
amorphous silicon dioxide have been well characterized(1); however, the
formation mechanisms of these defects are not as well known. Knotek and
Feibelman have shown that the formation of oxygen vacancies in titanium
dioxide is due to a core-hole Auger decay process(2). It was thought that
a similar process might be responsible for the formation of paramagnetic
oxygen vacancies in bulk, amorphous silicon dioxide (E? centers). Previous
experiments at the Stanford Synchrotron Radiation Laboratory(3) have
indicated that this was not the case, i.e. that the number of E' centers
produced was not related to the number of photo-ionized silicon atoms
produced. This experiment extends previous work to higher x»-ray energies.
Preliminary results indicate that the cross section for E' center production
(per absorbed photon) increases with photon energy. Further work is
necessary to quantify this cross section as a function of energy.

1. D.L. Griscom, Electron Spin Resonance in Glasses, J. Non-Crystall. Solids
40, 211 (1980).

2. M.L. Knotek and P.J. Feibelman, Surf. Sci. jK), 78 (1979).

3. D.B. Kerwin and F.L. Galeener, unpublished work.
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X23A2

EXAFS OF POTASSIUM NIOBATE AT VARIOUS TEMPERATURES

K. H. Kim* W. T. Elam and E. F. Skelton (NRL)

The crystal structure of potassium niobate (KNbOo) changes from cubic
through tetragonal and orhtorhombic to rhombohedral as the temperature is
lowered. The transition temperatures are 435 C, 225 C and -10 C, respectively.

The nature of its transition has been of interest in the past. There
are two basic models for the transition : displacive and order-disorder.
One neutron diffraction study [1] concludes the transition as displacive.

As the two models imply different local structure around a niobium
atom, EXAFS is a good candidate to study the structure. Specifically, the
order-disorder model implies two Nb-0 distances in the cubic phase while
displacive model implies only one Nb-0 distance.

tXAFS of potassium niobate was measured at the Nb K edge using
transmission detection method. Measurements were done at temperatures
including all phases of the material. For high temperature measurements,
a furnace was designed and used. Temperature was maintained within 10
degrees and the highest temperature measured was 500 C. The sample for high
temperature measurement was prepared by mixing potassium niobate with high
temperature cement so that the sample is free standing after dried. No Nb
edge was detected from the cement itself and its absorption is smaller than
that of potassium niobate.

The absorption spectra, at three temperatures, are shown in the figure.
Pre-edge background has been removed and each has been normalized by its
edge step. The measurement temperatures are, from to to bottom, 490 C, 25 C
(room temperature) and -100 C.

The raw data do not show any distinctive differences for specta taken
at different temperatures, except the amplitude reduction due to thermal

disorder. Detailed analysis is in
progress to determine the structure
at various temperatures.

[1] A. W. Hewat, J. Phys. C 6,
1074 (1973) and C 6, 2559
(1973)
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X23A

VERTICAL X-RAY CONFINEMENT APPLICABLE TO A TIME-JIESOLVED XAFS METHOD

P. Livins (U. of Washington), D.J. Thiel (Cornell U.), E.A. Stern (U. of
Washington) and A. Lewis (Cornell U.)

New and different methods for focusing x-rays are always finding use in
many synchrotron experiments. In particular, a broad band pass focusing
element suitable for certain types of x-ray spectroscopies has been proposed,
utilizing tapered glass capillaries. In the tapered capillary, well-colli-
mated x-rays reflect from the inner capillary walls with smaller angles than
the critical angle for total external reflection. The taper of the capillary
confines the reflected radiation to smaller and smaller cross area along the
length of the capillary. One advantage over conventional optical focusing
mirrors is that this approach relies simply on confining the radiation and
not on directing rays with such accuracy that the surfaces require precise
figuring. The figuring requirements are less severe and therefore less
expensive since reflections simply are required to remain within the critical
angle.

A simpler approach focuses x-rays only in the vertical direction,
through the use of a pair of nearly parallel flat glass plates bent so that
the inner surfaces follow the shape of a highly elongated parabola, minimiz-
ing the number of reflections that a synchrotron beam with little divergence
would incur. The glass surfaces employed here were 156.2 cm long, 6 cm wide
and 3 nm thick. These, dimensions were chosen to provide a vertical entrance
size of 0.5 nm and a vertical exit size of 10 microns. Spacers and springs
are used to bend the glass in the correct shape.

Measurements in which this type of focusing element was tested were
carried through at NSLS beamline X23A. A horizontal line focus was obtained
with a vertical extent of 14 microns and an intensity gain of 9. Our focus-
ing element was conceived for the purpose of doing time-resolved XAFS. The
approach uses a flowing solution of the molecule of study, which is excited
with a laser some distance d before encountering the x-ray beam. With a
given flow velocity v, the x-rays probe at time *= d/v. The focused line
provides the spatial resolution needed to obtain microsecond resolution. We
performed a test of the flow system with the focused x-rays and obtained
fluorescence XAFS spectra for a solution of zinc sulfate in glycerin at the
zinc K-edge. The spectra were found to be unchanged between the flowing
solution and a static solution. Furthermore, the flowing system didn't in-
troduce any additional noise since the noise levels were consistent with
counting statistics. These results demonstrate the feasibility of broad
band x-ray focusing by confinement of multiple reflections over lengths of
more than a meter.
References: 1. E.A. Stern, Z. Kalman, A. Lewis, K. Lieberman, Appl. Optics 27
5135 (1988). D.J. Thiel, E.A. Stern, D.H. Bilderback, A. Lewis,Physica B 158
Acknowledgements: 314 (1989).

We gratefully acknowledge C. Bouldin for providing use of beamline X23A
at NSLS, and useful discussion with Y. Yacoby. This research was funded by
the National Institute of Health under grant number 5 RO1 GM 89803 02.
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X23-A2
EXAFS STUDIES OF SOME Mn OXIDES

David A. McKeown (N.I.S.T., Building 225, Room A305, Gaithersburg, MD 20899)

Mn EXAFS has been used to characterize the polymerization environment of
poorly crystalline Mn oxide minerals (1). Mn octahedra in well crystallized oxides
link with each other by corners and edges to form three dimensional structures that
may contain channels. Mn EXAFS RDF's can show peaks for 2nd and 3rd nearest
neighbors (Mn-Mn contributions). The Mn-Mn peak near 2.5A is attributed to edge
sharing octahedra, and the 3.1 A Mn-Mn peak is attributed to corner sharing
octahedra (Fig.2).

EXAFS data were gathered for two known compounds: pyrolusite (MnC>2),
which has Mn octahedra sharing corners and edges, and lithiophorite
((Al0.68L 'O.32)MnO2(OH)2) which has Mn octahedra sharing edges only. Spectra were
collected for four poorly crystalline unknowns: coronadite (PbMngOjg), cesarolite
(similar to coronadite), Mg-birnessite (Mgo,3Mn204(1.7(H20))), and Na-birnessite
(Nao.6Mn204(1.6(H20))). The EQ for the Mn K-edge spectra is 6539eV.

Initial fitting results for the Mn-0 nearest neighbors show r=1.92A, and n=6
for the unknowns, except for Mg-birnessite where r=1.86A. Initial results on the
second and third shells indicate that the coronadite structure (2nd shell: r=2.92A,
n=3; 3rd shell: r=3.45A, n=6) is similar to hollandite which contains channels within
the octahedral framework (1) . Results for cesarolite (2nd shell: r=2.89, n=2; 3rd shell:
r=3.45A, n=3) indicate its structure is similar to romanichite, which contains larger
channels than hollandite (1). These results are in agreement with Reitveid
refinements of coronadite (2) and cesarolite. Both birnessites have similar RDF
features (Fig.2) and fitting results to that of lithiophorite which is a layered
structure.

X
vw

w
2 4 6

k

"\*

V

8

(A-

• ^ 7 — ^

10 12

M

MnO2

Coronadile

Cesarolite

Mg-Birnessite

Na-Birnessite

Lithiophorite

to

1 2 3
R

Coronadltc—*~*
Ce^sarolite

Mg-Bir.

4 5 6 7 8

(A)
Fig.l. X-data for the oxides. Fig.2. Fourier transforms of the X-data.

(1) A. Manceau, J.Combes, Phys. Chem. Min., v.15, p.283 (1988).
(2) J. Post, D. Bish, Am. Min., v.74, p.913 (1989).
This work was done with the cooperation of Dr. J. Post, National Museum of Natural
History, Smithsonian Institution.
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X23-A2
Pb EXAFS STUDIES OF TWO Mn OXIDES

David A. McKeown (N.I.S.T., Building 225, Room A305, Gaithersburg, MD 20899)

The polymerization environment of poorly crystalline Mn oxide minerals
was discussed briefly in the previous paper. In this study, some details of the Pb
environment in two of the Mn oxides will be addressed. It is observed that Pb can be
found in the channels within the Mn octahedral framework of some of these
minerals (1).

Pb EXAFS data were gathered for a known compound: coronadite
(PbMngOig) , and the unknown material: cesaroiite. EQ for the Pb Lj-edge spectra is
15863eV. The data are considerably noisier than the Mn data collected in the
previous work. Data for cesaroiite have lower noise levels than that of coronadite
(the standard); because of this, the cesaroiite data were added together and are
presented here (Fig.l), while the best individual data set for coronadite was used for
the analysis (see larger noise levels for coronadite, Figure 1).

The Fourier transform of the best coronadite data clearly shows 2 shells
around Pb. Rietveld refinement of the coronadite structure (1) indicates Pb is
surrounded by one shell containing 4 oxygens at a Pb-0 distance of 2.61 A, and
another shell that has 4 oxygens at a Pb-0 distance of 3.19A. Initial fitting results for
the Pb-0 nearest neighbors in cesaroiite indicate r=2.58A and n=3 for a first shell,
and r=3.12 and n=l for a second shell. Pb EXAFS data for both materials indicate
significantly more disorder for Pb than for Mn. The results show that Pb may be
located slightly closer to tRe walls of the channels in cesaroiite, than in coronadite.
Due to probable structural disorder, the EXAFS data may not include some atomic
contributions from the second shell around Pb in cesaroiite (i.e. small n value).
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Fig.2. Fourier transforms of the X-data.

(1) J. Post, D. Bish, Am. Min.. v.74, p.913 (1989).
This work was done with the cooperation of Dr. J. Post (National Museum of Natural
History, Smithsonian Institution). The data were gathered by Dr. J. Woicik (N.I.S.T).
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Beam Line X23A2

EXAFS Study of Silidde Formation in Transition-Metal Implanted Si(100)
Crystals *

Z. Tan, J. I. Budnick, F. Namavar (U. of Connecticut); C. E. Bouldin and J. C. Woicik
(N. I. S. T.)

Metal silicides have a wide range of applications in very large scale integrated circuit (VLSI)
technology. There is growing interest in producing silicides using ion implantation. In order
to study the silicide formation process in the implanted systems, x-ray absorption fine struc-
ture spectra at the metal £-edge have been measured on samples of Si(lOO) crystal implanted
with transition metals including V, Fe, Co and Ni. Polished Si(100) crystals were implanted
at 350 °C with a scanning beam of 150 keV ions to doses up to 1 x 1018ion/cm2. The EXAFS
spectra were measured in fluorescence mode using a silicon photo-diode detector [ 13 without
filters. Efforts to reduce the effect of Bragg diffraction peaks from the Si substrate have been
partly successful and EXAFS data with good signal to noise ratio have been generally ob-
tained for samples with implant doses above 1 x 1017 ion/cm2. An example of EXAFS spectra
is given in Fig. 1. In particular, a reasonable spectra is obtained for a 1 x 1016 Co/cm2 sample
(Fig. 1).

Previous studies of the cobalt-implanted system with high doses [ 2 ] has been extended to a
lower dose of 1 x 1016 Co/cm2. Even at a dose of 1 x 1016 Co/cm2, corresponding to a bulk
atomic concentration less than 2%, the Co is found to be similarly coordinated with silicon
as in C0S12, i. e. eight Si near neighbors at equal distances of about 2.3 A. 1 his is a direct
observation of the previously proposed (CoSis) core that acts as a nucleation center for early
cobalt silicide formation in the implanted system C2] . As the dosage increases, the number
of metal-metal bonds in the Fe and Ni implanted samples are found to increase in a way sim-
ilar to the cobalt-implanted samples C2T. This implies that the compound formation process
in the Fe, Co and Ni systems is similar. The analysis of vanadium data is in progress.

* The University of Connecticut group acknowledges the support from US Department of
Energy under Contract No. DE-ASO5-8O-ER10742.

Reference
[ 1 ] C. E. Bouldin, R. A. Forman, and M. I. Bell, Rev. Sci. Instrum., 58, 1891 (1987).
[ 2 ] Z. Tan, J. 1. Budnick, F. Sanchez, G. Touriilon, F. Namavar, and H. C. Hayden, Phys.
Rev. B, September 15 issue J989.
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X23A2
EXAFS and X-ray Diffraction Characterization of the Strain

in Germanium-Silicon Transistors

J. Woicik and C.E. Bouldin
National Institute of Standards and Technology

and
J.O. Cross, L.B. Sorensen, B.D. Swanson, D.J. Tweet, and T.M. Zhang

Univ. of Washington

We have combined EXAFS and x-ray diffraction measurements to characterize the strain in the Ge-Si
base layers of heterojunction transistors. Heterojunction bipolar transistors in Ali_xGaxAs and GaAs have
achieved very high frequency performance. Similar HBT's fabricated from strained layer Ge-Si alloys offer
the possibility of high speeds compatible with existing silicon process technology. Our motivation for using
EXAFS and x-ray diffraction was to obtain the local order, i.e., the Ge-Si near neighbor bond lengths and
near neighbor types, using EXAFS and to determine the lateral registry, perpendicular strain and layer
thickness using x-ray diffraction.

The Ge K-edge EXAFS x data (with ifc2 weighting) is shown below with a fit assuming first shell Ge and
Si neighbors overplotted. EXAFS determines the first shell bond lengths as Gc - Ge = 2.44 ± 0.02A and
Ge - Si = 2.39 ± 0.02A. Near neighbor atoms are determined to be 0.33 ± 0.05 for Ge-Ge and 0.69 ± 0.05
for Ge-Si, in good agreement with the Ge fraction of 31% determined by Rutherford backscattering (RBS).

The specular and non-specular x-ray diffraction scans are shown in the next two figures. The very sharp,
strong features are the Si(004) and Si(113) reflections from the silicon substrate. The scattering from the
Ge-Si base layer consists of a central primary maximum and subsidiary maxima. From the position of the
of the two primary maxima the d-spacings of the alloy layer in the perpendicular direction was determined
to be aperp = 5.552±0.002A, which corresponds to a strain of 1.02% relative to bulk Ge-Si of the same
composition. From the spacing of the subsidiary minima the thickness of the Ge-Si layer was determined to
be t - 345 ± 6A. This agrees well with the thickness of 340A determined by RBS.

We also measured the position of the non-specular Ge-Si rod relative to the position of the substrate Si
rod to determine the epitaxy of the Ge-Si with the substrate. We found the Ge-Si to be epitaxial to within
our measurement error: Aapar/apar = 5 x 10~4 ± 6 x 10~4.
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X-23A2
Probing the Axial Oxygens of Copper in the 1-2-3 Compounds

K. Zhang1, G. Bunker1 and C. Bouldin2

1. ISFS, 3401 Market St. Philadelphia, PA 19104
2. National Bureau of Standards

XAFS has been used to measure the superconductor YBa.2Cv.3O7 and the non-
superconductor YBa<iCuzO§ partially oriented in magnetic field. The samples were
prepared by grounding the (123) compounds to fine powder and mixed with 5-min
epoxy. The mixture was then put in a magnetic field of 11 T immediately for 15
min at the room temperature. The X-ray diffraction measurement of the oriented
sample indicates the samples are partially oriented along the c axis between 80 to
90 percent.

The "splice method"* was used to generate the Radial Distribution Func-
tion (RDF) for the first coordination shell of copper. The RDF generated for
YBa.2Cv.3O6 is shown in Figure 1. The oxygens that are about 2.4 A from the
Cu(2) can be separated from the rest of the oxygens. The coordination number ra-
tio determined for the short and long distribution is about 2.4, indicating the partial
orientation is incomplete. The average distances are 1.89 A and 2.44 A, respectively,
which are consistent with the structure determined by X-ray diffraction.
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* E. A. Stern et al. submitted to Phys. Rev.; E. D. Crozier et al. X-ray absorp-
tion: Principles, Applications, Techniques of EXAFS, SEXAFS, and XANES,
chap. 8, 321, edit D. C. Koningsberger and R. Prins (Wiley, 1988); C. Bouldin,
Ph. D thesis, Univ. of Washington, (1984).
This work is supported by NIH grant No. 01G33.
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X23A

XAFS STUDIES OF DILUTE ALLOYS AND LOCAL PREMELTIN3

Zhe Zhang, P. Livins and E.A. Stern (Dept. of Physics, U. of Washington)

Recent studies of dilute concentrations ("̂%) of mercury in lead have
been studied with XAFS and suggest a local premelting about the impurity
200 degrees K below the bulk melting temperature of 600 degreesK. Also,
studies of lead with dilute concentrations of tin using the IVBssbauer effect
have shown evidence of the same phenomenon at 150 degrees K. In the case of
tin, it was suggested that two possible local types of disorder were possi-
ble. One involved an excited state that allowed circular motion about the
tin site, the other a local correlated diffusion. To further clarify the
nature of the tin motion, we measured K edge XAFS data for this case of
dilute tin lead (1% and 2%) at 80, 150, 210, 300, 400 and 550 degrees Kelvin.
The XAFS data do not show any abrupt change in the Debye-Waller factor in the
vicinity of 150K, ruling out the local circular motion. A more detailed
analysis of this tin data is in progress.

In a similar direction, a study of the local environments of several
elemental impurities in silver, as a function of temperature, was initiated.
XAFS data of Ga, Pd and Au impurities as a function of temperature were ob-
tained and are being analyzed.

Acknowledgements:

We gratefully acknowledge C. Bouldin for providing use of beamline X23A
at NSLS. This research was funded by DOE under grant number DE-FG05-
89ER45384. We also thank the NSLS, supported under DOE contract number
DE-AC0276CH00016.

References:

. Stern and Ke Zhang, Phys. Rev. Lett. 60, 1872 (1988); 27, 5135 (1988).
. Shechter, E.A. Stern, R. Brener, Zhe Zhang and Y. Yacoby, Phys. Rev. Lett.

63, 1400 (1989).
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X23A3
PARTICLE SIZE AND TEXTURE IN POLYCRYSTALLINE MATERIALS

D. R. Black, H. E. Burdette and M. Kuriyama, (NIST)

Production of industrial materials often requires information about the size,
shape and orientation of the individual component particles before and after
processing. Diffraction from these materials of monochromatic highly
parallel synchrotron radiation causes the usual Debye-Scherer line to
decompose into a collection of well defined single particle images. These
images can be analyzed to obtain information about the size and shape of the
crystallites and the distribution of crystallographic orientations (texture)
without ad hoc models. A sample was prepared by mixing standard powders of
80 and 280 grit silicon carbide. The size and shape distribution of the
diffraction images from this sample, recorded on nuclear emulsion plates,
were analyzed using an Omnicon 5000 image analyzer. The powders themselves
were also analyzed on this system. Figure 1 shows a comparison between the
particle sizes measured by diffraction and those measured optically. The
spread to smaller sizes for the 80 grit particles as measured by diffraction
is due to the fact that the diffracted intensity is related to the thickness
of the particle. The edge regions where the particles tend to be thin are
less exposed and therefore the measured particle size is smaller. The shift
of the 280 grit diffraction measurement to larger sizes is a result of
blooming in overexposed images. Another sample for the determination of
texture was produced by annealing a plate of OFHC copper. Part of the
annealed plate was then reduced in thickness by 95% by rolling. Figure 2
shows the diffraction intensity as a function of angle measured with respect
to the sample surface for the (220) diffraction from the annealed plate and
the rolled sample, indicating a preferred orientation after rolling.

Particle Size (|im)

Figure 1. Particle sizes measured by
a) diffraction and b) optically.

Angle (deg)

Figure 2. Intensity of the (220)
diffraction from a) annealed copper
and b) 95% rolled copper.
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DIFFRACTION IMAGING OF POLYCRYSTALLINE MATERIALS
X23A3

D.R.Black, H.E. Burdette, and M. Kuriyama (National Institute of Standards
and Technology)

The shape, size, crystallographic orientation and relative perfection of
individual crystallites in a polycrystalline sample have been obtained by
diffraction imaging and spectroscopic techniques. The highly parallel and
monchromatic incident beam allows only a small number of crystallites to
diffract for a given sample orientation. A particular crystallographic
orientation is selected by positioning an aperature so that only one Bragg
angle is seen. Direct images of the shapes of these particles are obtained
with a real time x-ray imaging detector as well as with high resolution
film. The relative orientation, with respect to each other, of the
diffracting particles is measured by rotating the sample with respect to
the incident beam. By coupling the film to the sample rotation a map of
the sample surface is created as seen in figure 1. The perfection of an
individual particle can be monitored by measuring its rocking curve width
and by examining the quality of the diffracted image. The rocking curve of
an individual particle is obtained by reducing the incident beam dimensions
so that only the particle of interest is illuminated. The sample is
rotated and a plot of diffracted intensity versus sample angle is obtained,
see figure 2. The diffracted image can reveal imperfections such as
inclusions, subgrain boundaries and the spatial distribution of
inhomogeneous strain.

n
5

18.70 18.75

Sample Rotation Angle (degrees)

18.80

(100) diffracted image map, 3x
magnification, from a SiC sample.
The sample was rotated 45°.

Rocking curve of a single SiC
particle. The diffracted image,
is also shown, 109x.

541



X23A3
DEVELOPMENT OF q SCAN IMAGING

D. R. Black, H. E. Burdette and M. Kuriyama, (NIST)

When parallel monochromatic radiation diffracts from a material, either
single crystal or polycrystalline, the Bragg equation, d=hc/2Esin0, shows
that there is a unique scattering angle, and hence diffraction vector qd, for
each lattice spacing. In the case of a strained sample there is a
distribution of lattice spacings (inhomogeneous strain) about an average
value determined by the homogeneous strain. Since the difference in lattice
spacing may be very small to measure the strain we require a detection system
that is very sensitive to angular differences, different q's, in the
diffracted beam. We have employed an additional single crystal diffraction
after the sample to function as a q analyzer. The analyzer crystal is
mounted to a custom rotation stage so that it rotates about the Bragg axis of
the sample and about its own Bragg axis. The intensity as a function of q, a
q scan, is a representation of the lattice spacing distribution. To test
this system a partially de-twinned YBaCuO single crystal was examined. A
polarized light micrograph of the crystal is shown in figure 1. A small
section of the crystal, the cross hatched corner, is twinned. The sample was
oriented to diffract from the (200) planes. A q scan was then performed as
the sample Bragg angle was rocked through an angle sufficient to cover the
(200) and (020) diffractions. The result of the q scan is shown in figure 2.
There is evidently a small fraction, ~10%, of (020) orientation resulting
from the residual twins. Replacement of the pulse counting detector with an
imaging detector will provide information about the spatial distribution of
intensity for a given q, q imaging. This imaging technique can be used to
obtain the spatial distribution of lattice spacing (e.g. twins or strain
contours), grain boundaries etc.
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Figure i. Optical micrograph of
YBaCuO single crystal. Bottom
left corner shows twins.
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Figure 2. Intensity from the analyzer
as a function of scattering angle. For
1) (020) and 2) (200) orientations.
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X23A3
ENERGY-DISPERSIVE X-RAY DIFFRACTION AT HIGH PRESSURE ON CELLULOSE NITRATE

D. R. Black (NIST), J. Chen (Colorado St. Univ.), Y. Carignan (SNCAR-AEE-
BR.Picatinny Arsenal) and I. L. Spain (Colorado St. Univ.)

Energy-dispersive X-Ray diffraction experiments have been carried out on
samples of cellulose nitrate with nitrogen content in the range 1-7 wt %.
The purpose of these measurements was to obtain the unit-cell parameters of
the normal rhombohedral phase as a function of pressure, and to ascertain
whether new phases are present at high pressure. These data were obtained to
corroborate our Raman and FTIR measurements on these materials, which
indicate that the structures are surprisingly stable to at least 20 GPa.

All measurements were carried out in a diamond anvil cell with 0.5 mm culets.
Radiation was detected at a typical Bragg angle of 4 degrees by a Ge solid
state detector. Pressure was monitored using the shift of diffraction peaks
of a gold wire included with the sample. No pressure-transmitting medium was
used. (It was found that NaCl pressure markers and typical media such as
alcohol mixtures reacted with the samples).

Typical diffraction spectra were obtained, with the exception that the lines
from the nitrate samples were broadened, similar to those obtained in angle-
resolved patterns. The intensity of these peaks decreased strongly with
pressure. This was presumably due partly to preferential alignment of the
samples as they plastically flowed in the gasket, and partially to a
bleaching effect from the intense white radiation from the synchrotron beam.
This limited the pressure range in which measurements could be made to about
6 GPa.

All of the diffraction lines shifted at the same rate within experimental
error. It is not possible to obtain precise values for the bulk modulus, Bo,
and its pressure derivative, Bo', from the data owing to the limited pressure
range and the breadth of the diffraction lines. The data can be fitted
reasonably well with the Murnaghan equation with Bo in the range 6-8 GPa, and
Bo ' ~ 2-5. At low pressure two new lines appeared at "0.185 nm. No other
phase transitions were observed within this pressure range.

(This work was supported by a grant from Picatinny Arsenal, administered by
Battelle Laboratories, Research Triangle Park, NC.)
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X23A3
REAL TIME, IN-SITU IMAGING OF DEFECTS AT TEMPERATURE

Ronald C. Dobbyn, Masao Kuriyama, and Harold Burdette
(National Institute of Standards and Technology) Carl Johnson, Joseph
Sepich, and Suzanne McDevitt, II-VI, Inc.*

To establish a capability for detecting the effects of post-growth thermo-
mechanical processing on the defect microstructure of the family of II-VI
and III-V compounds, a furnace was constructed and operated, using single-
crystal defect-free silicon as a sample.

The symmetric (220) transmission diffraction image was continuously
followed in real time with a video camera, from room temperature to 900°C,
held there for approximately one hour (Figure 1), and then allowed to cool.
Just below 800°C in the cool-down, the image changed abruptly with the
appearance of defect images (Figure 2) . The defects scatter x-rays
kinematically over a much larger acceptance angle. The experiment was
repeated using another sample of silicon from the same defect-free wafer
and the same phenomenon obtained (Figure 3).

After cooling, diffraction images of the (400) surface reflection (Figure
4) confirmed that the defects are small particles coherent with the perfect
crystal matrix (same Bragg angle), unlike the normal "grown-in" defects in
most semiconductor materials.

Figure 3 Figure 4
'supported, in part, by U.S. Army contract no. DAAB07-88-C-F417.
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X23A3

APPLICATION OF MICRON-RESOLUTION, TWO DIMENSIONAL X-RAY IMAGING FOR STUDIES
OF INTERFACES

Ronald C. Dobbyn, Richard D. Spal, H. E. Bardette and M. Kuriyama (NIST),and
H. Kuwamoto and A. Applebaum (Rockwell International)

The ability to isolate important microstructural features and keep them under
optical control is constantly challenged as materials designers push linear
dimensions below one micron. This requires new techniques possessing the
response time and dynamic range necessary to control images with high
precision in x-ray angles and sample positioning.

Highly absorbing materials used in fabricating electronic and photonic
devices are nearly perfect single crystals. X-rays can go through more than
one half millimeter thick samples, almost regardless of x-ray energy, when
the samples are under Bragg diffraction conditions. Device structures,
created by OMVPE, LPE and subsequent doping, are required to be highly
lattice coherent among themselves and with their substrates. In order to
image individual features of these highly coherent, multilayer devices, a
zooming capability of image detection is required in addition to a delicate
control of incident angle, specimen position and analyzing x-ray optics. We
have met these challenges using synchrotron radiation in combination with two
dimensional x-ray image magnification and a high-resolution CCD area
detector. Figure 1 shows a 220 diffraction image in transmission, precisely
tuned to the near surface region of an In(GaAs)P laser diode, V-shaped groove
features (A), with 16 X magnifiers at 12 keV. These grooves were designed to
have a 1.5 fim width. However, the observed images are much wider, indicating
that a diffusion layer must have created strain fields. Figure 2 shows a
transverse cross sectional image of 2-3 /im thick multilayer interfaces in
this device. Using 16 X magnifiers at 12 keV, the 220 diffraction in
transmission was tuned precisely to the multilayer region B.

Figure 1. The groove region. Figure 2. The OMVPE layer region.
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2-D X-RAY IMAGE MAGNIFICATION: CREEP CAVITIES IN COPPER BICRYSTALS
X23A3

Ronald C. Dobbyn, Richard D. Spal, Richard Fields, Masao Kuriyama, (Nation-
al Institute of Standards and Technology)

Earlier microradiographic work* on the imaging of creep cavities produced
along the high-angle grain boundaries in copper bicrystals failed to show,
conclusively, the absence of cavities. With the aid of a 2-D x-ray image
magnifier having a magnification of 20 X at 8.85 keV, microradiographic
images of the same two specimens were again recorded, first on nuclear
emulsion plates (spatial resolution < 0.5 pm) and then using a 516 X 516
CCD imaging detector after the 20 X image magnifier. The CCD detector sys-
tem produces digital data which may be stored and manipulated by computer.

The results, presented below, clearly show the existence of cavities in one
specimen and the absence of cavities in the other. The CCD images were
acquired in 1/400 of the time required to expose the nuclear plates.

Figure 1. Figure 2.
High resolution nuclear plates

Figure 3.
CCD Digital images

lR. C. Dobbyn, et al., Scripta Met. 23 (5) 1989.

Figure 4.
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X23A3

MICRORADIOGRAPHIC IMAGING VS DIFFRACTION IMAGING

Ronald C. Dobbyn, Richard D. Spal and M. Kuriyama (NIST)

Industrial research and development scientists have been creating new,
advanced materials for electronic and photonic applications by controlling
their structure and physical properties on an atomic scale. New composite
materials and the packaging and interconnection of dissimmilar materials are
now designed by bonding micron-size fibers or micron-size electronic
connections in order to meet new performance demands. The success of these
new materials ultimately depends on the accurate control of these micron and
submicron features during processing and fabrication.

Highly parallel monochromatic synchrotron radiation in combination with x-ray
image magnifiers and an x-ray sensitive CCD area detector can reveal not only
the outlines of these structures (by microradiography) but also sensitive
details of their microstructure before, during and after processing (by
diffraction imaging) with adequate spatial resolution and on a real time
basis.

The examples shown are images of a Pd pattern deposited on a (100) Si
substrate taken at 8.3 keV with 22 X magnifiers. Figure 1 is a 220 0-
diffracted image and Figure 2 is a 220 H-diffracted image in transmission.
These pictures are to be compared with the microradiographic image of these
features shown in a previous abstract. Black-white images and their reversal
in the 0 and H images are obvious, indicating the presence of strains at the
interfaces between the substrate and the Pd films. Since images are stored
digitally, quantitative analysis of strain fields can now be accomplished.

Figure 1. (220) 0-beam image of
the Pd deposit pattern.

Figure 2. (220) H-beam image of
the same pattern.
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X23A3

HIGH RESOLUTION SMALL-ANGLE X-RAY SCATTERING CAMERA FOR ANOMALOUS SCATTERING

G. G. Long (NIST), P. R. Jemian and J. R. Weertman (Northwestern U.) and D.
R. Black, H. A. Burdette and R. Spal (NIST)

For the three major classes of SAXS experiments -- static, real time, and
differential contrast -- the experimental requirements are markedly
different. Optimal utilization of the x-ray source depends on the
scientific question that is being asked. In particular, the highest
priority may be resolution, or high x-ray flux at the sample, or wavelength
bandpass. For measurements of general interest in metallurgy and ceramics,
angular resolution is often of major importance. If good wavelength
resolution is also achieved then anomalous SAXS (or differential contrast
SAXS) can be used to offer the additional possibility of separating the
scattering caused by a particular scattering entity from the total
scattering in a complex material.

The SAXS camera for anomalous diffraction described in this work offers
photon fluxes between 1010 and 1011 ph s": at the sample position, a
wavelength resolution of AA/A = 4.5 x 10"* and the required minimum
wavevector h,,̂ ,, — 5 x 10"' run"1 over the energy range of incident photons
from 5 to 11 keV. The camera was optimized to make the best use of the most
important optical element — the x-ray source. The instrument is a modified
Bonse-Hart type of double crystal diffractometer (DCD) temporarily installed
on the X23A3 Materials Science beamline. The DCD offers better angular
resolution than pinhole-type cameras, especially at the smallest scattering
vectors where the scattering from large particles is to be found. X-rays
from a bending magnet in the storage ring are incident on an asymmetric
(7.02°) Ge (111) crystal oriented so as to: 1. increase the crystal's
angular acceptance to a value comparable to the Light Source opening angle,
2. decrease the angular divergence of the x-ray beam emitted by the crystal,
and 3. spatially enlarge the beam. The second Ge (111) crystal in the
separated function monochromator is symmetrically cut and passes the x-rays
out at a constant vertical offset. The incident intensity is monitored by a
combination ionizaton chamber/helium-transport tube before the sample
position. The scattered intensity is analyzed by means of a pair of
symmetric Ge (111) crystals, mounted so that they rotate as a monolyth about
the center of the surface of the first crystal, and is detected by a 5 mm
diameter photodiode detector. This detector and its custom-design
electronics are linear over nine decades up to a maximum counting rate of 2
x 1012 ph s'1. This system has been successfully applied to differential
scattering by chromium-carbide species in steels.

Acknowledgements
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X23A3

SMALL-ANGLE X-RAY SCATTERING DETERMINATION OF THE MICROSTRUCTURE MORPHOLOGY
OF POROUS SILICA PRECURSOR BODIES

G. G. Long and S. Krueger (NIST), P. R. Jemian (Northwestern U.), D. R.
Black, H. A. Burdette and J. P. Cline (NIST) and R. A. Gerhardt (Rutgers U.)

Small angle x-ray scattering measurements were carried out on a series of
porous silica precursor (unsintered) bodies with different starting
chemistries. The samples were prepared from mixtures containing 10-30 wt.%
colloidal silica sol and 90-70 wt.% potassium silicate. It had earlier been
demonstrated1• that the pore size distribution is very sensitive to the
starting chemistry, where the amount and character of porosity bear a strong
influence on the dielectric and other physical properties of the product
material. For this reason the present research was indertaken to determined
the particle sizes and size distributions in the precursor body, as a
function of the starting chemistry.

The SAXS measurements were made by means of a modified Bonse-Hart type
double crystal diffractometer. The raw data were desmeared using the
techniques of Lake2 and put on an absolute scale by a primary calibration
technique. When the desmeared absolute intensities, I(h), are plotted
versus wavevector h, the scattering by the 10:90 sample (10% colloidal
silica and 90% potassium silicate) shows the most curvature and that from
the 30:70 the least. This curvature is characteristic of samples which
contain a distribution of sizes of scatterers. Since the 10:90 sample
exhibits the most curvature, it contains scatterers with the broadest
distribution of radii. Further analysis of this data by maximum entropy
techniques3 revealed in detail the populations of scatterers in these
polydisperse samples.

1. Cao, W., Gerhardt, R., and Wachtman, J. B., Jr., (1988) J. Am. Cer. Soc.
71 1108-1113.

2. Lake, J. A. (1967) J. Appl. Cryst. 23, 191-194.

3. Potten, J. A., Daniell, G. J. and Rainford, B. D. (1988) J. Appl. Cryst.
2X, 663-668.
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X23A
SILICON PHOTODIODE DETECTOR FOR SMALL-ANGLE X-RAY SCATTERING 3

P. R. Jemian (Northwestern U.) and G. G. Long (NIST)

A p-i-n photodiode detector and its associated electronics, which are linear
over nine decades of x-ray intensity, have been used in a double-crystal
small-angle scattering instrument temporarily installed on Beamline X23A3.
The custom design of the detector circuit enabled us to take advanted of the
inherent linearity and low-noise capabilities of the detector to perform
SAXS measurements efficiently and to carry out primary calibration of the
absolute scattered intensity without the experimental uncertainties
introduced through the use of attenuating foils.

The dynamic range of the detection system is linear between 2000 and 2 x
10lz ph. s"1, and there are no voltage or gas requirements. Other
advantages include: low cost, low pass filter capability, and high quantum
efficiency. The sample transmission is measured directly from a comparison
of the scattering curve and the empty-beam curve, and the scattering vector
h = 0 position is determined with excellent precision. Details of the
circuit design are included in a forthcoming publication1.

Figure 1 offers a comparison between SAXS intensity curves from 460 run
polystyrene spheres measured by means of the double-crystal diffractometer
and a) a scintillation detector and b) the photodiode detector.

<L>
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Fig. 1. SAXS curves measured from <+ou nm polystyrene spheres taken by means
of a. a scintillation detector and b. the photodiode detector. The
spectrum shown in (a) required 8 hours to accumulate, while that shown in
(b) required 30 minutes.

1
P. R. Jemian and G. G. Long, to be published.
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M23C6 PRECIPITATES IN Fe9CrlMoVNb STEEL OBSERVED USING ASAXS X23A3

P.R. Jemian, and J.R. Weertman (Northwestern U.), G.G. Long, and R.D. Spal (NIST)

Anomalous small-angle X ray scattering (ASAXS) from an engineering ferritic steel (Fe9CrlMoVNb) was
measured near the chromium K edge using a double-crystal SAXS camera. Significant interest has
developed, both within the US and abroad, to use Fe9CrlMoVNb for reactor steam generator tubing and
potentially as the first wall of a fusion reactor. For such applications, the microstructure must show long-
term stability at the operating temperatures. In this study we observed the M23C6 by means of the
ASAXS technique as a function of the 5000-hour (ca. half year) aging temperature. Prior to aging, the
material was in the standard condition (normalized and tempered). Analytical electron microscopy has found
that vanadium-rich MC, niobium-rich MC, and chromium-rich M23C6 are the predominant precipitates and
that the diameter of the M23C6 is 0.1 to 0.S \im while the MC is somewhat smaller.

The size distribution of M23C6 was determined from the small-angle scattering data by means of a
maximum entropy analysis (MAXE) and was isolated from the distributions of the other precipitates by
utilizing the ASAXS technique near the Cr K edge to significantly alter the scattering contrast, lApl2, of the
chromium-rich M23C6 while leaving that of the other precipitates relatively constant.

Figure 1 shows ASAXS data from scattering by one sample at photon energies a = 5974, b = 5949, and c =
5789 eV. The change in intensity with photon energy is consistent with ASAXS from a distribution of
M23C6 . Conversion of each SAXS curve was done using MAXE (Figure 2). The main peak in each
distribution is in roughly the same place indicating good internal consistency. By fitting the three
distributions against the contrast of M23C6 , the distribution of M23C6 was isolated. The mean diameter
of M23C6 was observed to be 110 ± 2 nm in samples aged at room temperature or at 482° C and then
increased monotonically to 160 ± 5 nm for the sample aged at 649° C.

2.0e+5

0.04 0.08

= 4 7cEsin(6/2),nm-1
3.1'/

12x10

C 8

a
55
*

Q 4

250 500

diameter, nm
750

Fig. 1. X ray intensity, in absolute units, for a
steel sample aged 5000 hours at 482° C at three
photon energies below the Cr K edge to
accentuate the scattering from chromium-rich
M23C6 precipitates. The photon energies are a =
5974, b = 5949, and c = 5789 eV.

Fig. 2. Scattering contrast- and particle volume-
weighted size distributions calculated from the
SAXS data of Fig. 1. The inset shows how the
contrast varies with photon energy for each
precipitate. The change in the height of the
distribution peak is directly attributable to the
change in contrast of the 110 nm M23C6.

Research funded, in part, by the United States Department of Energy under contract DE-FG02-86ER45229.
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X23A3
SURVEY OF THE MESOSCOPIC STRUCTURE OF 1-ARGININE PHOSPHATE AS OBSERVED IN
HIGH RESOLUTION MONOCHROMATIC DIFFRACTION

Masao Kuriyaraa, Bruce Steiner, Ronald C. Dobbyn (National Institute of
Standards and Technology), and Ravi Lai (Alabama Agricultural and Mechani-
cal University)

A slice of solution grown 1-arginine phosphate has been found to be of such
high crystal perfection that high resolution 10 keV monochromatic diffrac-
tion from the entire crystal is observed in Laue geometry (Figures 1 and
2). This is thus an organic crystal of remarkable regularity.

Four distinct regions differing in mesoscopic structure are observed. A
triangular-shaped region intruding from the bottom of the images appears to
be the seed, characterized by indistinct structure without prominent fea-
tures. Projecting from this in directions orthogonal to one another are
two regions characterized by oriented filamentary structure. The other
half of the crystal is characterized by what appears to be cellular struc-
ture. Other connecting regions have intermediate character. The formation
of these different features is closely related to the way that faceted
interfaces grow in different regions.

The present observations demonstrate not only the high level of solution
growth of LAP crystals now possible but also the contribution that high
resolution diffraction imaging can play in the achievement of still higher
degrees of perfection.

Figure 1. Figure 2.
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X23A3

SURVEY OF THE MESOSCOPIC STRUCTURE OF TRIGLYCINE SULFATE AS OBSERVED IN
HIGH RESOLUTION MONOCHROMATIC DIFFRACTION

Masao Kuriyama, Bruce Steiner, Ronald C. Dobbyn (National Institute of
Standards and Technology), and Ravi Lai (Alabama Agricultural and Mechani-
cal University)

A slice of solution grown triglycine sulfate has been found to be of suffi-
ciently high crystal perfection that high resolution 10 keV monochromatic
diffraction is observed in Laue geometry (Figures 1 and 2). However,
diffraction occurs at slightly different Bragg angles in different regions
of the crystal. This is thus an organic crystal of remarkable regularity,
although not so great as the 1-arginine phosphate also observed under
similar conditions.

Thus, the orientation of the lattice over the entire crystal is observed to
be planar to within an arc second overall, although local regions differ
from planarity by several adjacent regions by several arc seconds. Two
structural features are clear: 1) many linear very low angle grain bounda-
ries and a cellular structure in the regions that are most highly planar.

Figure 1. Figure 2.
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X23A3
DEVELOPMENT OF HIGH RESOLUTION X-RAY IMAGING

Richard D. Spal, Ronald C. Dobbyn, and M. Kuriyama (NIST)

High resolution x-ray imaging for real time topography, microradiography, and
microtomography is being developed on NIST beamline X23A3 at NSLS. The
sample is illuminated by nearly parallel radiation from a double flat crystal
monochromator using asymmetrically cut crystals. The sample image, which may
be radiographic or topographic, is magnified in two dimensions by extremely
asymmetric diffraction from two flat crystals (Rev. Sci. Inst. 50. 26, 1979).
The magnification factor may be varied continuously by changing energy,
without changing crystals. The magnified image is detected by an x-ray
sensitive CCD area detector, with 20 micron square pixels and a 1 cm square
field of view.

Figure 1 contains two radiographic images of a 1000 A micron thick Pd pattern
deposited on a 15 mil thick Si wafer. In Fig. la, the magnification was set
at 22 by using 8.30 keV radiation, while in Fig. lb it was set at 82 by using
8.89 keV. The 11 short horizontal lines are 1 micron wide and 50 microns
long, with a center to center spacing of 5 microns.

Calculations, using the actual source size measured on X23A3, show that the
observed resolution is source size limited, rather than diffraction limited.
It is expected that improvements of the x-ray optics will yield higher,
diffraction limited resolution.

(a) (b)
Figure 1. Radiographic images of 1 micron wide lines, at 22X using 8.30 keV
(a), and at 82X using 8.89 keV (b).
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X23A3
A CCD AREA DETECTOR REPLACES X-RAY FILM

Richard D. Spal, Ronald C. Dobbyn, and M. Kuriyama (NIST)

A CCD area detector is now used on beamline X23A3 for monochromatic beam
topography and radiography with 5 to 20 keV radiation, replacing x-ray film
for many applications. It eliminates film development, and provides digital
data without densitometry. It has single photon sensitivity, linear
photometric response, and a spatial resolution of 25 lp/mm. The high
sensitivity reduces exposure time compared to x-ray film. The linear
photometric response gives higher contrast images than film which has a
logarithmic response. While the spatial resolution is nearly 100 times worse
than high resolution film, the CCD detector may be preceded by an x-ray image
magnifier to achieve comparable resolution.

Figure 1 contains two forward diffracted beam transmission topographs of a
high quality GaAs crystal, using 220 diffracting planes and 13.5 keV
radiation. Figure la shows a 100 second exposure of the CCD detector
(without any magnifier), while Figure lb shows a 150 second exposure of a
nuclear plate (25 /jm-thick emulsion). The same dislocations appear in both
figures.

The CCD detector is a 516 X 516 array of 20 micron square pixels, with a
1.032 cm square field of view. It is thermoelectrically cooled to -40 C to
make the dark current negligible for typical exposures lasting up to several
minutes. After exposure, the charge accumulated in each pixel is read out,
digitized to 14 bits, and stored in computer memory. This process takes
about 4 seconds for the full 516 X 516 array. Images may be displayed on TV,
and recorded on a VCR or film recorder. They also may be digitally
processed, and archived on 9 track magnetic tape.

Figure 1
(b).

(a) (b)
Transmission topographs of GaAs using CCD (a) and nuclear plate
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X23A3
THE MESOSCOPIC STRUCTURE OF HIGH GRADIENT HORIZONTAL BRIDGMAN CADMIUM
TELLURIDE OBSERVED IN HIGH RESOLUTION MONOCHROMATIC DIFFRACTION

Bruce Steiner, Masao Kuriyama, Ronald C. Dobbyn (National Institute of
Standards and Technology), and Gary Bostrup (Rockwell International Science
Center)

Cadmium telluride has been grown by high gradient horizontal Bridgman tech-
niques in a furnace designed for space flight. The steep gradient achieves
close control of the solidification interface. However, high resolution
monochromatic diffraction images of this material show a high degree of
strain, evident in Figures 1 and 2 as diffraction over only a small region
of the crystal. These figures are composed of the superimposed images at
ten different crystal angular settings, separated from one another by 2 1/2
arc minutes. Whether the strain was produced during growth or not has not
been determined.

Evident also in these images are very low angle <110> boundaries, charac-
terized by sharp contrast. These boundaries are grouped in a repetitive
series in one part of the crystal. Cells are also evident, particularly on
the edge of areas in diffraction. However, these cells are not so pro-
nounced as in other material that diffracts over a wider angular range.

Figure 1. (444) diffraction in
Bragg geometry at 8 kev with angular
divergence of 0.7 ire seconds.

Figure 2. (444) diffraction in
Bragg geometry at 13.5 kev with
angular divergence of 0.05 arc
seconds. Beam direction is ortho-
gonal to that for Figure 1.
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X23A3
THE MESOSCOPIC STRUCTURE OF ULTRA LOW DEFECT DENSITY SILICON DOPED GALLIUM
ARSENIDE OBSERVED IN HIGH RESOLUTION MONOCHROMATIC DIFFRACTION

Bruce Steiner, Masao Kuriyama, Ronald C. Dobbyn (National Institute of
Standards and Technology), Margaret Brown (Grumman Corporate Research
Center, and A. Grant Elliot (Hewlett Packard Corporation)

The mesoscopic structure of ultra low defect density silicon doped, low
pressure, low gradient, liquid encapsulated Czochralski [001] grown gallium
arsenide (001) wafers has been found to differ markedly from that of
gallium arsenide grown under high pressure conditions, either doped or
undoped.

One type of principal features is distinct sets of edge dislocations
intersected by the top and bottom surfaces of the wafer. The set visible
in the (220) diffraction (Figure 1) disappears in the (022) diffraction
(Figure 2), and vice versa, A second set of much longer dislocations
visible in the (022) diffraction is clearly orthogonal, both in orientation
and in strain direction, to the set visible in the (220) diffraction but is
located in the same linear regions of the crystal.

The cellular structure and linear very low angle grain boundaries due to
antiphase boundaries, characteristic of high pressure undoped material, are
completely absent, as are the growth striations found in indium doped
material widely believed to result from anomalous segregation effects.

010

100

1 cm

Figure 1. (220) symmetrical diffraction in Laue geometry (transmission) at
10 keV.

010

cm

Figure 2. (022) asymmetrical diffraction in Laue geometry (transmission)
at 10 keV.
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BEAM LINE X23B

RARE EARTH VALENCE VARIATIONS IN MIXED VALENT SYSTEMS

J. Chen, G. Liang, Y. Jeon, M. Croft, Rutgers University, Piscataway, NJ 08855
A. S. Edelstein, Naval Research Laboratory, Washington, D.C. 20375

The rare earth valence state constitutes the most important microscopic variable in mixed valent
(MV) compounds, and £3 x-ray absorption edge provides perhaps the most direct means of probing
it. The £3-edge of a MV material consists of replicate edge features whose spectral weights are
related to the weights of the integral valent states admixed in the MV state. The alloy and
temperature dependence of the valence state in a wide range of Ce, Eu and Yb compounds were
studied via this £3 method. These results were correlated with bulk properties within Anderson
model calculations.

In the prototypic heavy fermion compound CeAl3, Gd substitution was seen: to compress the
lattice (see the shift in the multiple scattering feature, M, figure 1); to increase the Ce-valence (see
increased intensity of the Ce<+ feature in figure l); and to increase the temperature dependence
of the valence state (see the increase in the Ce*+ feature in figure 1 at low temperature). The
behavior of the Ce-valence in this system is in good agreement with specific heat measurements
within the Anderson model framework.

A second example of our studies is the Ce(Cui_xNiB)jSij system which evolves from heavy fermion
behavior at z = 0.0 to MV behavior at z = 1.0. From figure 2 below the transfer of intensity to the
Ce4+ (higher energy) feature and the thermal variation of this feature can be seen to be strongly
enhanced with increasing z. Detailed correlation with magnetic, thermal and structural results
were also made.
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X-23B

X-RAY FLUORESCENCE ANALYSIS OF TREE RINGS

J.V. Gilfrich (NRL/SFA), N.L. Gilfrich (Colorado State U.), E.F. Skelton
(NRL), J.P. Kirkland (NRL/SFA), and D.J. Nagel (NRL)

Information concerning the trace-element concentration present in
individual annual tree rings can give an indication of the ground water
pollution to which those trees have been exposed, and/or how such concentration
can effect the growth processes. Experiments to determine said trace-element
concentrations have been conducted for more than a decade. X-ray techniques
have included PIXE, EPMA and XRF, virtually all requiring either destructive
sample preparation to obtain sufficient spatial resolution, or, in the case of
PIXE and EPMA, the probability of loss of those components having significant
volatility, and the necessity to coat the samples to prevent charging.

Preliminary EDXRF measurements at Colorado State University, using a
special analyzer having a sub-millimeter primary x-ray beam, on samples
obtained from the U.S. Geological Survey, indicated that the trace elements
were present at concentrations readily observable in the x-ray spectrum. Since
it is desirable to obtain sub-annual resolution, it is necessary to confine
the analytical volume to a small part of an individual ring. The high intensity
monochromatic beam available from X-23B can be apertured to sufficiently small
size to be commensurate with that requirement.

With the monochromator set to deliver lOkeV photons, and an aperture of
0.05 X 1.5 mm, the sample was positioned on an x-y stage at 45° to the primary
beam. A Si(Li) detector, located at 90° to the primary beam, in the plane of
the electron orbit, processed the emitted x-rays to a multichannel analyzer to
record the spectrum. Primary standards were individual elements in cellulose
compacts at concentrations of 1000 and 5000 ppm. As secondary standards, NIST
SRM's 610, 612 and 614 (Trace Elements in Glass at 1, 50 and 500 ppm) were
measured. Figure 1 shows a typical spectrum from the bark of a cross-section
of a 27 year old sassafras tree. Figure 2 shows the variation in the
concentration of Fe and Zn from the center of the sample to the outside (the
bark is at 36 mm).

We wish to thank Gene Ice of ORNL for the loan of a Si(Li) detector, and
Tom Yanosky and Dick Phipps of the USGS for providing the samples.
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X23B

STRUCTURE OF ELECTROCIIEMICALI.Y DEPOSITED COPPER ON GOLD(lIl)

J. G. Gordon, L.-S. Kau , M. G. Samant (IBM) and L. Blum (U. Puerto Rico)

We measured the X-ray absorption spectrum from a half monolayer (as determined from the
the deposition charge) of Cu deposited on Au(111) in a sulfuric acid solution. The measure-
ments were performed in s<tu, with the gold electrode immersed in solution, and at controlled
potential. The exciting x-rays were incident at graving angle and the spectrum was detected
by measuring the fluorescence from the monolayer with an energy dispersive IIPGe detector.
Spectra were obtained with the electric vector of the x-rays both perpendicular and parallel to
the sample surface.

The local structure around the Cu site is complex, as can be seen from the figure. There
are four shells in the Fourier transform of the EXAFS for the horizontal orientation, and three
shells for the vertical one, and we have not been able to define a unique geometry based on
this data. The X-ray absorption pre-edge feature around 8984-8986 eV region suggests the
adsorbed Cu is not Cu(0), but is more likely Cu(l). Furthermore, a quantitative comparison
of the edge jump of the fluorescence intensity from the submonolaycr with that from the
complete monolaycr suggests that we have deposited not .5 Cu (as the electrochemical charge
indicates) for every Au atom in the surface, but .7 Cu for every An atom. These two obser-
vations are at. variance with the electrochemical data nnd probably mean that there is extensive
anion co-adsorption.

FOURIER TRANSFORM - HORIZONTAL(UNE) AND VERTfCAL(DOT)

Radial structure function ofhalf monolnycr of Cu on Au(l II).
Solid line - parallel polarization. Dotted line - perpendicular polarization.

This work was partially supported by the Office of Naval Research.
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EXAFS Study of Beat Treated Sputtered
Aaorphous Fe-Based Alloy Pi las

X23B

v.G. Harris'1", S.A. Oliver"1, S. Bushnell"1, M. El Rayes'",
W.B. Nowak"11 and C. Vittoria"1

'"Department of Electrical and Computer Engineering
'"Department of Mechanical Engineering
'"Center for Electromagnetics Research
Notheastern University, Boston, MA 02215

w.T. Elam, J. Kirkland and R. Neiser
Naval Research Laboratory, condensed Matter Physics Branch,

Washington, DC 20375-5000

Extended x-ray absorption fine-structure (EXAFS) spectra of ion beam
sputtered Fe-based amorphous films have been collected using electron yield
detection in a He gas environment. Films of Fe,l>Ni.0B1,Sis, Fe,0Co<0Bt9Sis and
Fe,Co,.Bl5Si,, approximately 1000 angstroms in thickness, were analysed in the
as-deposited (AD) state and at various degrees of magnetic field annealing
(FA) to investigate local order-disorder characteristics. An attempt will be
made to correlate the static and microwave magnetic properties of these
alloys to the structural flucuations detected in EXAFS as a result of heat
treatment. Presented in Fig. 1 are iron k. spectra of Fe,Co7,B15Si, films which
have undergone background subtractions and k-space conversion. Preliminary
results suggest effective field annealing conditions to be those which
relieve intrinsic stresses in the film without significantly promoting local
order. The film which has undergone 30 minutes of field annealing at 300°C
displayed the most desirable soft magnetic properties of the films examined
as determined by static magnetic measurements.

I.Sr

0.5

i o 0.0

-0.5

-1.0

Composition: Fe,CoT(B19Si,
PA: t=l hr,T=450°C,H=500 Oe
FA: t=l hr,T=300°C,H=3OO Oe

-- FA: t-0.5 hr,T=300oC,H«300 Oe
AD

a. s.
k (A'1)

Fig. 1

10. 18.
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X23B

IDENTIFICATION OF BODY-CENTERED-TETRAGONAL STRUCTURE OF Mn/Ag(001)

Y.U. Idzerda, W.T. Elam, B.T. Jonker, and G.A. Prinz. (Naval Research Lab.)

We have examined the structure of single crystal Mn films and coherent ultrathin film
(Mn/Ag) superlattices (SL) of various thickness grown on Ag(OOl) by application of conversion
electron extended x-ray absorption fine structure (CEEXAFS). Conversion electron EXAFS is
an ex-situ technique which is intermediate in surface sensitivity (-300 A) between SEXAFS and
traditional EXAFS [1 ], it is therefore ideal for use with thin films. The initial Ag(001) surfaces
are manufactured by Ag(001) growth on ZnSe(001) epilayers grown in turn on bulk GaAs(OOl)
substrates. To promote the single crystal Ag epitaxial growth, an ultrathin buffer layer of 5ML
of Fe is first deposited on the ZnSe to prevent Ag/ZnSe interfacial intermixing. In this way the
resulting Ag films are extremely flat and superior in quality to bulk single crystals as
demonstrated by x-ray double crystal rocking curve measurements. Subsequent epitaxial
growth of the coherent, single crystal Mn/Ag SLs follows, capping with a -100 A layer of Ag.
For increased signal, superlattices of 20-45 periods of Mn/Ag were used. The superlattices are

abrupt and well defined as measured by TEM and x-ray 9-20 scans.
Exploiting the single crystal nature of our films and the polarization properties of

synchrotron radiation, we have found the Mn structure for superlattices with Mn thickness of 3
ML, corresponding to one complete unit cell, to be nearly fee with a c/a ratio of 1.4 (for fee,
c/a=J?). For a slightly thicker superlattice of 5 ML, corresponding to two complete unit cells,
the out-of-plane lattice spacing is decreased by 19% to give a body-centered-tetragonal (bet)
structure with a c/a ratio of 1.13 (for bec, c/a=l). Fourier transforms for in-plane and out-of-
plane polarization measurements on the 5ML SL are shown below. Additional Mn thickness up
to 14 ML results in no measurable change in in-plane or out-of-plane lattice spacing. Above 14
ML, the films cannotmaintain the single crystal phase and lose long-range order. These values

were determined by application
of the ratio method to the
CEEXAFS data. For single
crystal ultrathin films the ratio
method is particularly useful
because the in-plane lattice
constant can be independently
measured (by RHEED). Out-
of-plane spacings and the
complete structure can then be
easily determined using these
in-plane spacings without the
additional use of standards.
In-depth analysis of the
C E E X A F S shows a
continuous increase of the
disorder (static or dynamic)
with film thickness.

c
3

2.5 -

2 -

1.5 -

1 -

0.5 -

2 3 4 5 6
Radial Co-ordinate (A)

[1] W.T. Elam, J.P. Kirkland, R.A. Neiser, and P.D. Wolf, Phys. Rev. B 38, 26 (1988).

Work supported by the Office of Naval Research.
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BEAM LINE X23B

SIGNAL ENHANCEMENT OF PHOTOACOUSTIC EXAFS

S. J. Isak, B. A. Garland and E. M. Eyring (U. of Utah); J. Kirkland (NSLS)

Photoacoustic EXAFS of solids using synchrotron X-rays was first reported

by Masujima. The X-ray induced photoacoustic signal that is detected
microphonlcally is weak thus requiring long signal averaging times. An
enhancement of photoacoustic signals at visible wavelengths by the
introduction of volatile liquids into the sample compartment of a microphonic

2
cell has been explained theoretically. In experiments at the NSLS in April,

1989 it was found"' that volatile liquids also enhance the microphonic
photoacoustic signal when metal coupon samples are illuminated with the
synchrotron X-ray beam. A schematic diagram of the experiment is shown below.
X-ray induced photoacoustic signals are enhanced up to 14 times by the
introduction of a few microliters of diethylether into the sample cell that

3
has a volume of "0.5 cm . The most important observation made was that the
sample cell required prolonged venting between experiments involving different
volatile liquids if quantitatively reproducible enhancements were to be

4
obtained. Visible wavelength enhancement studies previously reported
apparently did not take the need for prolonged venting into consideration.
Recently completed photoacoustic experiments at Utah using an argon-ion laser
as well as further synchrotron experiments with X-rays at the NSLS are

designed to test a theory for the enhancement effect against the X-ray
photoacoustic data.

1.

2.
3-

T. Masujima in Synchrotron Radiation in Chemistry and Biology II, Topics
in Current Chemistry, Vol. 147, E. Mandelkow, Editor, Springer-Verlag,
Berlin, 1988, pp. 145-157.
J. Srinivasan et al., Applied Physics B 4j, 35 (1987).
S.J. Isak, B.A. Garland, J. Kirkland and E.M. Eyring, in preparation.
P. Ganguly and T. Somasundaram, Applied Physics B 4j$, 43 (1987).

p| 1.if (DIM (if r*prrimrnisl neiup for
in inn) I'lintuacuuMfi: I'XAf-S measurement!.

Supported by the Department of Energy, Office of Basic Energy Sciences.
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X23B

NEAREST NEIGHBOR DISTANCES IN Zn, Fe Se
1-x x

K. H. Kim (NRL/NRC), S. B. Qadri (NRL) and J. K. Furdyna (Notre Dame U)

dilute magnetic semiconductors (DMS) Zn. Fe S
at the K edges of Fe and Zn, using transmissic

Extended x-ray absorption fine structure (EXAFS) was measured for
Fe Se (x=O.O35, 0.113 and 0.193)
Lssion and fluorescence detection

method. FeSe and ZnSe were also measured to be used as standard materials.
The samples were prepared using iodine based chemical vapor transport

method and sample compositions were determined by energy dispersive x-ray
fluorescence method. X-ray diffraction measurements show that the samples
have zincblende structure and the average nearest neighbor distance obtained
from lattice parameter is increased by 0.008 A for x=0.193 sample from ZnSe
nearest distance.

Ratio method was used to determine the changes in nearest neighbor
distances. Zn edge data give the changes in Zn-Se distance in DMS samples
from ZnSe. The results are: -0.002 + 0.002 A (x=O.O35), 0.0 + 0.003 A
(x=0.113) and -0.001 + 0.002 A (x=0.193). Fe edge data give the changes in
Fe-Se distance. However, FeSe has a mixed nearest neighbor environment and
the data were not suitable to be used as a standard for Fe-Se distance. It
was not possible to determine the Fe-Se distances in DMS, but the changes
among DMS samples were determined. The results are: -0.002 _+ 0.005 A
(between x=0.113 and x=0.193) and -0.00b +_ 0.020 A (between x=O.O35 and
x=0.193)- The big uncertainties in Fe edge results are due to the fact that
Fe is the minority element in the samples and the data have much bigger
statistical noise.

The change in Zn-Se distance is clearly smaller than the change in the
average distance and is at most about 30%. The result can be compared with
the change in solid solutions of isostructural compounds, ' such as
Ga. In As, where the change is about 25-30? of the average. But there is a
difference between solid solutions and DMS samples. The structure of FeSe
is different from that of ZnSe and the resulting structure. However, the
uncertainties in the results are too big to tell whether the Zn-Se distance
changes much less than the average distance, or it changes by a similar
amount observed in solid solutions of isostructural compounds. The
uncertainties in Fe-Se distance are too big to make any conclusion.

1 J. C. Mikkelsen, Jr. and J. B. Boyce, Phys. Rev. B29, 7130 (1983)
2 J. L. Martins and A. Zunger, Phys. Rev. BJO, 6217 (1984)
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X23B

CONVERSION ELECTRON EXAFS STUDY OF FE/NI MULTILAYERS

K. H. Kim*, S. B. Qadri, C. Kim, B. Maruyama*and A. S. Edelstein (NRL)

While bulk Fe has BCC structure, Fe having FCC structure can be prepared
in some cases. One example is epitaxially grown Fe on Cu (100) substrate!.
Fe/Ni multilayer samples were deposited on Si and glass substrates using ion
beam sputtering method, with wavelengths ranging from 20 A to 120 A.

To determine the local structure of these multilayers, EXAFS measurements
were made at the K edges of Fe and Ni, using conversion electron detection

method.2

At bothe edges, samples on Si substrates and glass substrates showed no
significant differences. Raw data at the Ni edge showed similar spectra for
samples of all wavelengths. Fe edge spectra, however, showed differences
among samples with different wavelengths. The Fe edge spectrum of sample
with wavelength of 28 A (top) is shown in the figure, together with that of
bulk Ni (middle) and bulk Fe (bottom). All spectra are shown relative to
the edge energy, with pre-edge background removed and normalized to its edge
step. The raw data suggests that Fe in this sample has structure closer to
bulk Ni, which has FCC structure, than bulk Fe.

Further analysis is being done to determine : (1) whether Fe in Fe/Ni
multilayers have BCC or FCC structure (or a mixture of the two) (2) the
interatomic distances around Fe and Ni (3) the disorder in the interatomic
distances.

1. D. A. Steigerwald and W. F. Egelhoff, Jr., Phys Rev. Lett 60, 2558 (1988)

2. W. T. Elam, J. P. Kirkland, R. A. Neiser and P. D. Wolf, Phys. Rev. B $8,
26 (1988)

-33J3 50J0 1SD.0 25a 0
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X23B
X-ray Absorption Spectroscopy of Ln2_xCexCu04

E. Lederman, S. Horn, (NYU), M. denBoer (Hunter)

Recently a class of cuprate high temperature superconductors with the formula Nd2.
Ce CuO4 were discovered. In these materials, in contrast to previous HTS, electrons, not holes,

are "the charge carriers. The conclusion of initial x-ray absorption spectra of these materials was
that Ce doping formed Cu1+ ions. Measuring on Beamline X-23 in April we intended to reproduce
these results and to make the same type of spectroscopic measurements on the hole-doped HTS
compounds so so as to interpret the data with the benefit of comparison.

Due to monochromator problems, our available resolution was poor, but the measured
spectra were otherwise similar to previous results. In Fig. la, we show the absorption at the Cu K
edge for a series of Ce concentrations in the Nd - based compounds. Fig. lb the difference between
the spectrum of the pure compound and the doped samples is plotted.

These data may be interpreted to mean that the electrons added to the system by doping
localize to a Cu site thereby inducing a valence change in copper ions from 2+ to 1 + . In the
figures we identify the features associated in this interpretation with the increase in Cu 1 +
population and corresponding decrease in Cu 2 +. However, this is not the only possible conclusion
to be drawn from these measurements. An equally plausible interpretation of the data is that a
small downward energy shift of the edge position (our results indicate as little as 0.2 eV suffices)
as Ce is introduced to the system in the indicated amounts. Which of these effects occurs has
important implications for theories of high temperature superconductivity. In particular, the edge
shift interpretation is more consistent with the view that added electrons are distributed uniformly
in a band, while the valence-change picture suggests the added electrons are localized to individual
copper sites with a hopping probability.

The x-ray data as discussed above is clearly ambiguous. We have also performed
photoemission on beamline U-14 with the goal of resolving the issue of where the added electrons
go. The photoemission results gave no evidence for a systematic increase in the ratio of Cu 1+ to
Cu 2+ as Ce is doped into the system.
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TITLE OF EXPERIMENT:

BEAM LINE: X23B

EXAFS of Ni-P E l e c t r o p l a t e d Coatings
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EXPERIMENTER(S): AFFILIATION:
Richard Neiser Naval Research Lab, Washington, DC

Heinrich Kreye Universitat der Bundeswehr, Hamburg, FRG

Heinz Schenzel Universitat der Bundeswehr, Hamburg, FRG

WORK SPONSORED BY:
Ni-P coatings with more than 8.5 w/o P are considered to

be amorphous, but may exhibit different degrees of short
range order or fluctuations in the local phosphorus
concentration. Coatings with less than 8.5 w/o P may consist
of either a mixture of Ni and Ni3P crystals, of a mixture of
Ni crystals and amorphous P-rich areas, or of a
supersaturated Ni-P solid solution.

Figure 1 is a Fourier transform of the Ni-edge of a
40 Urn thick coating of Ni-11.8 w/o P annealed for 150 hours
to produce almost pure Ni3P. Figure 2 is a transform of the
Ni-edge taken from an as-deposited coating of the same
composition. The data was taken using photo-electron EXAFS.
The transform is weighted by k3 and was taken over the range
from k=3 to 12 A"1.

X-ray diffraction from the as-deposited coating showed
only the broad maximum typical of an amorphous material. No
crystallographic reflections of Ni3P were observed. Note
that the shoulder at 1.5 A, and the higher order shells at
3.9 and 4.5 A in Figure 1 also appear in the Figure 2
transform, but at lower intensity. While the as-deposited
material appears to be almost entirely amorphous (only one
strong peak in the transform) it seems as though there is a
tendency for bonding to extend beyond the first shell.

Figure 1 Figure 2

567



X23B

SEXAFS Studies of Cs, Cu and Mn Overlayers on Ru(OOl) Surface

T. K. Sham (UWO), J. Hrbek (BNL), M. L. Shek (Hunter, CUNY)

Using total electron yield techniques, we have performed several
preliminary X-ray absorption experiments of (a) Cu multilayer on Ru(OOl),
(b) Mn multilayer on Ru(OOl), and (c) Cs multilayer and monolayer on Ru(OOl)
at the Cu and Mn K-edge, and the Cs L2j3-edges respectively. In experiments
(a) and (b), we have observed EXAFS oscillations of Cu and Mn multilayers on
Ru(OOl). It is found that while Cu multilayer on Ru(OOl) exhibits bulk-like
EXAFS, Mn multilayer on Ru(OOl) exhibits EXAFS noticeably different from
those of bulk Mn. Both experiments suffered to some extent from substrate
diffraction. The emphasis of this run was placed on Cs L2)3-edge XANES and
L3-edge EXAFS. All Cs L 2 j 3 edges of Cs/Ru(001) varying from thick multi-
layer to monolayer coverages exhibit a whiteline indicating high density of
Cs 5d states at the Fermi level (collapsing of Cs 5d orbitals). Upon
oxidation, the Cs L2 3-edge
XANES of Cs multilayer on Cs L^-Edge, Cs/Ru(001)
Ru(OOl) exhibited distinct
changes as can be seen in
Fig. 1. Measurable changes
of the Cs L2)3-edge XANES
were also observed as the
Cs coverage and oxygen
exposure changes. Cs
L3-edge whitlirses were also
observed for a Cs 2x2
structure. Data analysis >
is now in progress. ^

-10. m.
ENERGY

£0. 32.

Fig. 1 Cs L3-edge XANES of Cs multilayer
on Ru(OOl).
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X-24A

BACKREFLECTION X-RAY STANDING WAVE STUDY OF CaxSr(!_x,F2 EPI-LAYERS ON
GaAs(lll) SUBSTRATES

P.L. Cowan (NIST), H. Hashizume and 0. Sakata (Tokyo Institute of
Technology), A. Shih and L. Fotiadis (NRL), and B.A. Karlin (NSLS)

There is a great deal of technical interest in the possibility of growing
insulating overlayers with fluorite (CaF2) structure on semiconductor
substrates. The close lattice match between fluorite and silicon*for
instance suggests the possibility that high quality overlayers might be
grown. X-ray standing wave studies (1] of CaF2/Si, however, have found
that while the overlayers are well ordered perpendicularly to the
interface, there is very poor lateral registry between the overlayer and
substrate. This lack of registry may be due to the slight lattice
mismatch.

We have studied a related system, CaxSr(1.x)F2/FaAs(lll). The larger
lattice constant of GaAs relative to Si tends to make the mismatch with
fluorite worse. However, by growing a CaISril.xiF2 overlayer with the
correct stoichlometric ratio of Ca to Sr a better lattice match between
overlayer and substrate may be obtained. To test this possibility we have
applied the Backreflection X-ray Standing Wave (BXSW) technique.

The BXSV technique has been independently developed at X-24A [2,3) and
elsewhere [4,5], but the high resolving power of the X-24A optics (2] make
it an uniquely advantageous facility for conducting BXSW measurements. In
these measurements we have refined the BXSW technique further by using a
Si(Li) detector to resolve the Ga, As, Sr, and Ca x-ray fluorescence, and
by separately measuring the (333), (113), (220), and (004) reflections. By
making a series of measurements using different Bragg reflection it was
possible to determine the lateral registry of the overlayer as well as the
order perpendicular to the interface.

The BXSW results from the off-normal Bragg reflections clearly show that
the CaISr(1.x)F2 overlayers are well ordered laterally as well as
perpendicular to the interface (see the figure) when x=0.39. For example
the (220) reflection indicate a coherent position of the Sr of 0.95 with a
coherent fraction of 0.4 (see figure).

1. J. Zeganhagen, Private communication.
2. P.L. Cowan, et al.. Rev. Sci. Instrum. 60, 1603 (1989).
3. J.R. Patel, et al., Phys. Rev. B 40, 1330 (1989); see also the X-24A

contributions to the 1987 NSLS Annual Report.
4. D.P. Woodruff, et al., Phys. Rev. Lett. 58, 1460 (1987).
5. H. Hashizume, et al., Japan. J. Appl. Phys. 21. L1568 (1988).
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X-24A

STATUS REPORT ON BEAMLINE X-24A

P.L. Cowan, D.W. Llndle, S.H. Southworth (NIST), and B.A. Karlin (NSLS)

The past year witnessed the resolution of a long-standing bean occlusion
problem at the X-24 port. Historically, the X-24A and X-24C beams had been
subject to abrupt losses due to clipping by apertures in the NSLS front end
serving these beamlines. Comprehensive beam bump studies by NSLS, NRL, and
NIST workers during the summer and fall of 1988 showed that the effective
aperture at X-24 was slightly more than 3 mm vertically, rather than the
design value of 6 mm. Furthermore, the established standard orbit at that
time was precipitously close (<0.5 mm) to one edge of this 3 nua clear
aperture. After careful consideration, the dipole magnet which produces
radiation for port X-24 was adjusted vertically (11/88), allowing the
dipole chamber, and thus the offending aperture, to be moved. Beam
measurements following this vertical adjustment suggest that the effective
clear aperture is now close to the design value, and most importantly, no
further beam occlusion problems have been encountered to date (9/89).

Once the aperture problem was solved, serious effort began to recommission
and characterize beamline X-24A. Rapid achievement of the excellent
performance conditions prevalent before the Phase II shutdown (i.e., 2/87)
was attained. One improvement over these earlier conditions came from
repolishing and recoating the post-roonochromator focussing mirror. This
mirror had exhibited poor focal properties, almost certainly due to figure
errors and surface roughness (measured to be 70-lOOA by P. Takacs of the
NSLS). Follow-up roughness measurements after both repolishing and
recoating of this mirror indicated values of <10A rms. Considerable
improvement was visible using a phosphor-coated target to view the focussed
beam, and beam-profile measurements indicated achievement of a 1 mm
diameter (FWHM) focal spot using perfect Si(lll) crystals in the beamline
monochromator.

New hardware added to the beamline includes a pre-monochromator slit/foil
assembly on a water-cooled linear-motion feedthrough. This apparatus was
designed for three purposes: to provide a relatively large vertical
collimating slit to prevent blow-by, scattered, and low-energy photons from
reaching the monochromator, to permit inclusion of thin carbon or metallic
foils to act as low or high-pass energy filters, and to provide a barrier
for direct gas diffusion towards the x-ray ring. All the slits have 5 mm
vertical height to fully transmit the available x-rays. Each slit is
presently covered by a thin (0.5-5.0 microns thick) carbon foil.

Finally, in a continuing effort to expand the useful photon-energy range of
beamline X-24A, different diffracting elements have been tested in the
double-crystal monochromator. We have used natural Ge(lll) and quartz

(lOlO) crystals to reach energies below the range of Si(lll). The Ge(lll)
crystals gave results as expected, with more intensity and somewhat poorer
resolution compared to Si(lll). An attempt to use quartz was, however,
unsatisfactory primarily because the first crystal degraded rapidly from x-
ray damage. We have also used sputtered W/C multilayers with a 2d spacing
of ~40A to obtain 400-1260 eV photons. The flux and resolution
characteristics (i.e., alO11 photons/s with E/AE » 100) were very good, and
no beam damage to the multilayers was evident at 120 mA ring current (see
accompanying report).
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X-24A

USE OF SPUTTERED MULTILAYERS IN A DOUBLE CRYSTAL MONOCHROMATOR

P. L. Cowan, D. W. Lindle, S. H. Southworth (NIST), B. A. Karlin (NSLS),
and R. C. C. Perera (LBL)

The use of multilayer structures as diffracting elements offers a potential
alternative to gratings and natural crystals. Particularly interesting is
the application of multilayers as primary diffracting elements for the
XUV/soft x-ray region. The scarcity of suitable, large 2d-spacing natural
crystals has limited the usable lower energy range of crystal
monochromators, especially under the high power loads of current (and
future) generation beamlines. We report here on the use of synthetic
multilayers as diffracting elements in the double-crystal monochromator of
beamline X-24A to obtain focusssd, monochromatized synchrotron radiation
below 1260 eV.

The multilayers consist of 150 layer-pairs of tungsten and carbon with a
2d-spacing of approximately 40A deposited on a thin silicon substrate by
maguetron sputtering. A single multilayer was cut in half to provide two
matched diffracting elements. The mirror-like surfaces of the multilayers
allowed them to be pre-aligned using an autocollimator. Because the
rocking-curve angular width of the multilayers is large (e.g., 21
arcminutes at 700 eV), an alignment accuracy of a few arcminutes was
sufficient to ensure high throughput. Since the rocking curves are much
larger than the mechanical errors of the X-24A monochromator,1 no dynamic
feedback was necessary.

The diffracted beam was focussed at the end of the beamline where it was
analyzed for focal quality and spectral properties. The multilayers gave a
fairly good focal spot of approximately 2.5 mm diameter at the fluorine K-
edge (approximately 690 eV) as judged by eye using an x-ray phosphor.
Somewhat poorer focusing (3 mm horizontal x 5 mm vertical) was obtained at
the copper L-edge (approximately 930 eV). For comparison, the beamline
optics produce a focal spot of 1 mm diameter when perfect silicon crystals
are used in the monochromator.

Reflectivity measurements obtained using a laboratory Cu La (931 eV) x-ray
source indicated each multilayer had a 6% efficiency. In the beamline, a
photodiode was used to monitor the intensity of the monochromatized beam
over the range 400 - 1260 eV. Near the Cu L edge, the total monochromatic
flux was estimated to be approximately 1011 photons/sec using 100 mA ring
current. Thin absorbing films of teflon and copper were inserted in the
monochromatized beam in order to observe the fluorine K edge and the copper
2̂ 3 edges. The observed widths of the edge jumps indicated a resolving
power >100 (E/AE).

1 P.L. Cowan, J.B. Hastings, T. Jach, and J.P. Kirkland, Nucl. Instrum.
Meth. 108. 349 (1983).
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X-24A

CHARACTERIZATION OF AN X-RAY EMISSION POLARIMETER

D.W. Lindle, S.H. Southworth, P.L. Cowan (NIST), and B.A. Karlin (NSLS)

With the realization1 that x-ray emission from molecules can be highly
polarized following selective excitation using x-ray synchrotron radiation,
it has become important to provide a quick, accurate and efficient method to
measure different linear polarizations of the emitted x-rays. This
capability has been achieved by the inclusion of a rotary vacuum seal into
our x-ray emission apparatus.

A schematic illustration of the experiment (elevation) is shown in the
figure. The primary monochromator is beamline X-24A, which provides tunable
x-rays to the target chamber. The sanple. usually a gas, resides in the
central of three cells. The other two gas cells are used as intensity
monitors to obtain relative absorption cross sections. After x-ray
absorption by the sample, secondary x-rays emitted vertically are dispersed
and focussed by the secondary curved-crystal spectrometer onto a position-
sensitive proportional counter (PSFC). Polarization sensitivity of the
secondary spectrometer is very high for crystal Bragg angles 0B near 45°.
For example,1 for Cl K-V x-ray emission dispersed by Si(lll) crystals, 6B is
44.6°, as depicted in the figure.

Initially, polarization selectivity required venting the apparatus, breaking
the vacuum seal between the target chamber and the secondary spectrometer,
and rotating the spectrometer by 90" before resealing the vacuum. Now, a
vacuum-tight 360° rotary seal has been included at this connection, allowing
the secondary spectrometer to rotate freely in the horizontal plane. This
addition allows rapid changes in the measured x-ray polarization, as well as
continuous variation (accuracy =0.5*) of the polarization angle with respect
to the incident polarization.

Two measures of the precision of the rotary seal motion have been made.
First, the position of a given emission peak as determined by the PSPC
varies negligibly (-50 microns along the 1 ID distance to the detector).
Second, the efficiency of the secondary spectrometer remains constant to
<5% as the spectrometer is rotated from +90* to -90*, when the apparatus
is properly aligned. This latter result is very encouraging, because it
suggests that our polarized x-ray emission measurements can be sensitive to
small degrees of x-ray polarization. Experimental results with this
improved x-ray polarimeter are described in Accompanying reports.

1 D.W. Lindle, P.L. Cowan, R.E. LaVilla, T. Jach, R.D. Deslattes, B. Karlin,
J.A. Sheehy, T.J. Gil, and P.W. Langhoff, Phys. Rev. Lett. £0., 1010
(1988).
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X-24A

POLARIZATION OF Cl Ka X-RAY EMISSION FROM MOLECULAR CORE-TO-CORE TRANSITIONS

D.W. Liridle, S.H. Southworth, and P.L. Cowan (NIST)

We report the first observation of polarization of Ka characteristic x-
rays. The sample used was the molecular gas chlorotrifluoromethane
(CF3Cl), which was selectively excited with x-ray synchrotron radiation at
a molecular resonance lying below the Cl Is threshold at 2830 eV. This
result is novel and interesting for two reasons: (1) the sample is randomly
oriented, and (2) the polarized Ka x-ray transition is between two core
orbitals (i.e., Cl 2p-»Cl Is) in the molecule.

Commonly, the 2p-»ls x-ray transition is considered atomic-like, and the
measured intensity ratio of the 2p3/2:2p1/2 doublet is essentially the
statistical value of 2. Indeed, tuning the incident x-rays to above the
Cl K threshold produces Ka x-ray emission that is unpolarized and has the
statistical ratio. However, tuning to the CF3C1 la^llaj resonance below
threshold produces Ka ratios significantly less than 2 and which vary with
the detected polarization. As an example, the figure illustrates the Cl Ka
emission after resonant excitation of CF3C1, under conditions of monitoring
the x-ray emission polarization parallel to the incident polarization. The
Ka ratio for the spectrum shown is 1.4.

It is important to note that identical measurements near the Ar K edge
(both above and below threshold) do not show strong polarization or Ka-
ratio effects. This illustrates that the results for CF3C1 must be due
both to spatial alignment of the molecular symmetry axis along the incident
polarization vector following resonant excitation, and to some degree of
molecular symmetry character possessed by the 2p (or Is) core orbitals.
The details of how this alignment couples to subsequent core-to-core x-ray
transitions are not yet understood.
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X-24A

POLARIZED X-RAY EMISSION SPECTROSCOPY OF MOLECULES

D.W. Lindle, P.L. Cowan, and S.H. Southworth (NIST)

Following the initial demonstration1 of polarized Cl K-edge valence x-ray
emission from selectively excited gas-phase CH3C1 molecules (1987 NSLS
Annual Report), additional studies of similar systems have been made.
Focus has been on the chlorofluoromethanes, CF3C1, CF2Cl2, and CFC13, using
x-ray excitation near the Cl K edge, while monitoring the polarization
dependence of the Cl K-V (valence -» Cl Is) x-ray emission.

These new measurements were performed with the X-24A x-ray polarimeter (see
accompanying report), with which polarization angles other than 0° and 90°
were feasible. The results exhibit polarization-angle dependent
intensities of the valence emission peaks following subthreshold excitation
which agree with the theoretical shape of this distribution (for our chosen
geometry, I=A+Bcos2a, where a is the emission polarization angle with
respect to the incident polarization). Another technical enhancement with
these new measurements is the improved accuracy in comparing emission
spectra at different polarizations; good enough to permit determination of
degrees of linear polarization as small as 5%. With this improvement,
incident photon energies other than on the major subthreshold resonance
have been studied, with some small but definite polarization effects
observable.

1 D.W. Lindle, P.L. Cowan, R.E. LaVilla, T. Jach, R.D. Deslattes, B.
Karlin, J.A. Sheehy, T.J. Gil., and P.W. Langhoff, Phys. Rev. Lett. 60,
1010 (1988).
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X-24A

RESONANT POLARIZED X-RAY EMISSION FROM Cl2 and C2CLF3

T.A. Ferrett (American U.), P.L. Cowan, R. Mayer, D.W. Lindle, and S.H.
Southworth (NIST)

Polarized x-ray emission has been previously observed for several gases
(CH3CI, CF3Cl, CF2C12, and CFC13) when excited resonantly below the Cl Is
edge with synchrotron radiation from beamline X-24A at NSLS.1 These
earlier studies found a relationship between the symmetry (a or n type
orbital) of the neutral excited state and the subsequent polarization of
the emitted photon for K-V emission of various symmetries. The molecules
studied had point group symmetries of C2v or C3^ only. In an e-ffort to
extend this work to molecules with both simpler and more complex structures
and symmetries, we performed preliminary experiments on the gases Cl2 (T)mh )
and C2C1F3(Cs).

For Cl2, we have obtained the first "pure" Cl K-edge absorption spectrum
free of the contamination (probably by HC1) seen in all previously
published spectra.2 In addition, we have observed especially pronounced
polarization effects on the below-threshold excitation Cl 1S-+5CJU*, where an
antibonding (*) orbital is occupied by a Cl Is core electron. The K-V
valence x-ray emission spectrum contains three well-resolved peaks assigned
to the valence levels 2jrg*, 2TTU , and 5<7g (the 2wg* is the highest occupied
molecular orbital in Cl2). Emission spectra taken on resonance for
emission polarization at a=0° and 90° relative to the incident polarization
have substantially different relative intensities when scaled to the most
intense 27rg* emission peak. The nu peak is relatively more intense at
a=90°, while the a% peak is relatively more intense at a=0°. For the
ethylene derivative C2C1F3, the K-V emission spectrum is not as well-
resolved or clearly assignable as in Clz, though distinct polarization
effects were observed on the resonance below the Cl Is threshold. Further
analysis and experiments should help to elucidate effects on the
fluorescence polarization due to the nature (bonding vs. antibonding) and
symmetry (gerade vs. ungerade) of the valence orbitals involved in the x-
ray emission process.

1 See preceding report.
2 S.T. Stephenson, R. Krogstad, and W. Nelson, Phys. Rev. 84. 806 (1951);
A.P. Sadovskii, V.M. Bertenev, and S.M. Blokhin, Theor. Exp. Chem. 4, 342
(1968); A.P. Sadovskii, L.N. Mazalov, V.M. Bertenev, and V.V.
Murakhtanov, Theor. Exp. Chem. 6, 409 (1970).
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X-24A

RESONANT DEPOLARIZATION OF ELASTICALLY SCATTERED X-RAYS BY ATOMS AND
MOLECULES

P. L. Cowan, S. H. Southworth, and D. W. Lindle (NIST)

The differential cross section for the elastic scattering of x-rays
contains polarization dependent matrix elements of the photon-electron
interaction between the initial and intermediate states of the atomic or
molecular target.1 Thus, polarization dependent variations in the
scattering cross section are expected when the x-ray energy coincides with
resonantly excited intermediate states near the K-edge of the sample gas.

Synchrotron radiation provides a highly polarized continuum source which is
ideal for experimental studies of polarization dependent elastic
scattering. At beamline X-24A, the inherently high degree of linear
polarization of the synchrotron radiation source is further enhanced by
reflections from the double crystal monochromator. In particular, with use
of silicon or germanium crystals in the monochromator, the Bragg angles are
near 45 deg. in the energy regions of the K-edges of Cl and Ar. Thus, the
incident x-ray beam is essentially completely linearly polarized near the
Cl and Ar K-edges.

We have used a polarization-selective x-ray emission spectrometer to
measure the polarization of elastically scattered x-rays from Ar and CFC13.
The spectrometer was mounted vertically to detect x-rays scattered at 90
deg. with respect to both the propagation direction and the polarization
vector of the incident beam. In the spectrometer, scattered and emitted x-
rays are diffracted from a bent silicon analyzing crystal which serves to
both disperse the x-rays and to select x-rays polarized perpendicular to
the diffraction plane. The dispersed x-rays are then detected with a
position sensitive proportional counter. Thus, polarization-selected
scattered x-rays are resolved from the K/9 emission, which is energetically
nearby when the incident x-rays are tuned through the near edge region.

The spectrometer was rotated to detect elastically scattered x-rays which
are polarized either parallel or perpendicular to the polarization vector
of the incident beam. We observe the scattered x-rays to be resonantly
depolarized as the energy is tuned through the region of resonant
intermediate states near the Ar and Cl K-edges, as expected from the
theoretical model.1

1) J. Bremer, J. Phys. B 12, 2797 (1979).
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X-24A

ANISOTROPIC ANGULAR DISTRIBUTIONS OF MOLECULAR X-RAY EMISSION

S. H. Southworth, D. W. LIndle, P. L. Cowan, R. Mayer (NIST), and B. A. Karlin
(NSLS)

In previous studies1 we have shown that it is possible to create an
ensemble of aligned, core-excited molecules within a gas-phase target via
energy and polarization selective excitation with x-rays. This effect presents
an unprecedented opportunity for observing the x-radiation field pattern from
free molecules. We report the first results of such a measurement, which
demonstrates the anisotropy of x-ray emission (fluorescence).

Alignment of x-ray excited molecules occurs when the incident x-rays are
polarized and tuned in energy to a resonance involving an unoccupied state with
well defined symmetry. In such cases, the matrix elements for photoexcitation
will be largest for those molecules which are momentarily in a given
orientation (determined by the relative orientation of the incident
polarization vector and the unoccuped orbital). After the excitation occurs,
x-ray emission can follow within a time period too short for the molecule to
change orientation significantly. The theoretical basis for this effect has
been discussed in connection with VUV processes2, however reorientation effects
in the VUV case are non-negligible.

In order to study angular distribution effects, an x-ray emission
spectrometer3 was mounted on a rotation platform to record spectra at different
emission angles with respect to the polarization vector of the incident x-ray
beam. As shown in the figures, we observed strong variations with angle of the
branching ratios for the various Cl K^ peaks of CF3C1 when excited on the
strong subthreshold resonance. The relative intensities of the individual Cl
K.fi peaks also vary strongly with angle. Corresponding measurements of Cl Ka

emission from CF3C1 and Ar Ka emission showed isotropic angular distributions
(to within experimental uncertainty), as expected for closed-shell, core-to-
core transitions with unresolved multiplet structure. Thus, the delocalized
valence molecular orbitals, observed via Cl K^ emission, give rise to
significant angular anisotropies in addition to the polarization effects
observed previously.1

CFjCl. Cl K,
0' emission

CFjCl, Cl K,
90* emission

1) D. W. Lindle, P. L. Cowan, R. E. LaViila, T. Jach, R. D. Deslattes, B.
Karlin, J. A. Sheehy, T. J. Gil, and P. W. Langhoff, Phys. Rev. Lett. 60,
1010 (1988).

2) C. H. Greene and R. N. Zare, Ann. Rev. Phys. Chem. 22, 119 (1982).
3) S. Brennan, P. L. Cowan, R. D. Deslattes, A. Henins, D. W. Lindle, and B. A.

Karlin, Rev. Sci. Instrum. 60, 2243 (1989).
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X24-C
PHOTOEMISSION STUDY OF THE ADSORPTION OF NITRIC OXIDE ON GALLIUM ARSENIDE

(110) AT LOW TEMPERATURE
V.M. Bermudez (NRL), R.T. Williams (NRL & Wake Forest U.), G.P. Williams Jr.,

M.W. Rowe, H. Liu, A. Wu (WFU), H.R. Sadeghi, and J.C. Rife (NRL)
Photoemission has been used to study the reactions at the interface between
GaAs(llO) and adsorbed NO under a variety of conditions involving different
substrate temperature and/or far ultraviolet (hi/ - 92 eV) irradiation.' We have
seen effects that were reported previously for NO/GaAs and other materials at
T > 80 K. However, our measurements at 40 K < T < 80 K have enabled us to
follow the gradual transition from physisorption to reaction to dissociation
and desorption, processes which occur simultaneously on GaAs at 80-90 K. We
have also clearly separated the thermal and photochemical effects in the
adsorbed layer by "freezing out" the former.

Below -60 K NO physisorbs. Irradiation by the PES excitation source leads
to concurrent desorption and dissociation of the NO, the latter process
yielding adsorbed 0. Annealing the physisorbed layer (or dosing the clean
surface) at 70-90 K leads to formation of a molecular species, identified as
N20, accompanied by 0 adsorption. Both effects are thought to result from the
reaction 2 NO —• N20 + 0 in the adsorbed layer. The clean GaAs surface
participates in the reaction since pre-adsorbed 0 appears to inhibit N20
formation. The 0 adsorbed in the 70-90 K range arises from the atomic 0
released in the above reaction, N20 being relatively ineffective in oxidizing
GaAs below 90 K. The narrow temperature range within which the bimolecular
reaction occurs may result from simultaneous requirements for both finite
mobility within the NO layer and a reasonably high steady-state NO coverage.

Annealing above -100 K leads to desorption of the N20, along with some
possible dissociation. Dosing with NO above -100 K leads directly to 0
adsorption, with no stable intermediate present at a detectable concentration.
This latter process appears to occur by a mechanism not involving N20
formation since it continues1 beyond the initial accumulation of adsorbed 0.
It may involve the NO" intermediate suggested previously,1 but no
spectroscopic evidence for such a species has yet been obtained for NO/GaAs.

V.M. Bermudez, R.T. Williams, J.P. Long, J.C. Rife, R.M. Wilson, A.E.
Tuttle, and G.P. Uilliams Jr., J. Vac. Sci. Technol. A5, 541 (1987)

to ?4 n u tt K
ELECTRON KINETIC E N E M Y »V>

Figure: Spectra obtained (a) following successive NO doses at 70 K, (b) at
the temperatures indicated after NO saturation at 70 K, and (c) at 60 or 100 K
following NO dosing at these temperatures. Insets show selected As 3d scans.
Spectra in (a) and (b) were obtained for the same area of the sample under
conditions of minimum radiation dose (and are on the same scale).

578



X24C
LUMINESCENT RESPONSE OF PHOSPHORS TO SOFT-X-RAY EXCITATION
D.E. Husk and S.E. Schnatterly (U of Virginia)

At present, the most efficient detectors of soft x rays use
phosphors for the conversion of x rays to visible light.1

However, the conversion process has some nonlinear features
which must be measured' in order to attain accurate calibration
of the phosphor response. Experiments were performed on a
particular phosphor, Y202S:Eu, in the spectral range from
ultraviolet to 700 eV. Samples were attached to glass cover
slips with water glass and baked. Calibrated diodes were used
for the intensity measurements.

Strong nonlinearity was observed in the dependence of
photon yield (red photons from Eu per x-ray photon absorbed) on
exciting photon energy h^. The data can be interpreted in terms
of a surface dead layer which causes loss of carriers within a
diffusion length of the surface. The expected correlation with
the optical absorption spectrum of the phosphor is observed.
Note that the phosphor response with x-ray intensity is linear
over several orders of magnitude.

1. S.E. Schnatterly and David Husk, Nucl. Instr. & Meth. A246,
517(1986)
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X24C

LASER PUMP-SYNCHROTRON PROBE PHOTOEMISSION STUDIES OF SEMICONDUCTORS

J.P. Long, S.S. Goldenberg, H.R. Sadeghi, and M.N. Kabler (NRL)

Photoemission from laser excited electronic states in solids has proved
to be a powerful technique for locating normally unoccupied electronic levels
and probing their dynamics upon transient occupation.1 These experiments have
been limited to photoemission sources derived from lasers. The tunability,
range, and pulsed nature of synchrotron radiation make it an attractive
alternative source for such experiments. Using the x-ray ring in single-bunch
mode, we have undertaken a series of experiments to study cleaved, laser-
excited Si, GaAs, and GaP. The ring must be operated in single-bunch mode in
order to improve the duty factor mismatch between the synchrotron pulses and
the 6-kHz repetition rate of the copper-vapor laser. The experiments described
here extend to larger laser intensity the successful measurements of surface
photovoltage performed previously on X24C2, wherein excited electron-hole
populations are observed indirectly through the surface photovoltage. The
larger laser excitation employed here is in the range expected to allow the
observation of excited states directly.

In p-type GaAs we have successfully observed photoemission from excited
states in the band gap extending up to 0.7 eV above the valence band maximum.
These excited surface states decay within 60-ns after the 10-ns laser pulse.
These states are extrinsic since GaAs has no intrinsic states within the gap.
They may result from imperfect cleaves or laser damage or a combination of
both. The density of extrinsic surface states was demonstrated to increase
with laser dosage by noting increased surface band bending, measured as a shift
in the Ga and As 3d core levels, with laser exposure; at higher dosage, new
states in the gap below the Fermi level could be observed directly.
Eventually, a low-binding-energy satellite was seen on the Ga 3d core, at an
energy consistent with metallic gallium. It must be emphasized that laser
fluences were maintained well below those expected to produce thermal damage,
implicating a nonthermal damage process, which evidently can be sensitively
probed with photoemission using synchrotron radiation.

1. For reviews, see: J. Bokor and R. Haight in Angle Resolved Photoemission.
S. Kevan, ed. (Elsevier Science Publ.), to be published, and R.T. Williams,
J.P. Long, and M.N. Kabler, Opt. Engr. 28 (1989), to be published.

2. J.P. Long, Nucl. Instr. & Meth. A266, 673 (1988).
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X24C
MEASUREMENT OF LASER-INDUCED SURFACE PHOTOVOLTAGE ON
THE Si fill) SURFACE TREATED WITH HYDROFLUORIC ACID
J.P. Long and M.N. Kabler (NRL)

Past measurements on beam line X24C of surface photovoltage
(SPV) decays from a variety of Si(ill) surfaces induced by pulsed
copper-vapor laser excitation have indicated very large surface
recombination velocities. The measurement technique relies on
following the transient shifts in the photoemission spectra
during and following the 20 ns copper laser pulse with ns
resolution.l

The surfaces examined in the past included atomically clean
7x7 (cleaned by thermal decomposition of the oxide, as well as
sputtering with subsequent annealing), hydrogen dosed, and
surfaces sputtered without annealing. It was considered
desirable to examine passivated surfaces on which the surface
recombination is believed to be small. Surface recombination has
been found to be nearly absent on Si held in dilute hydrofluoric
acid (HF).2 We therefore dipped a Si p-type wafer sample in
electronics grade HF diluted 10:1 with 15 MQ deionized water for
5 minutes. The surface was clearly hydrophobic. The sample was
transported in air to the previously baked out, dry nitrogen
backfilled vacuum chamber. No bake out was performed before the
measurement, but a pressure in the mid nines was achieved. The
Si 2p core level spectra taken at hi/ = 13 0 eV for surface
sensitivity showed no evidence for SiO2, but there was evidence
for chemically shifted species at submonolayer coverage.

Comparison of the Si 2p core level after desorbing the
hydrogen to the hydrogen terminated surface indicated the band
bending for the HF dipped sample was several tenths of a volt
larger than the 7x7 surface. This gave rise to a much larger SPV
signal, as expected. Contrary to expectations, the decay of SPV
indicates a large surface recombination velocity, comparable to
the value of 2xlO5 cm/s found for the clean surface. It may turn
out that exposure to air or the vacuum environment defeats the
passivation observed for samples in liquid. It should be noted
that the interpretation of the decays is hampered by evidence for
surface state charging on the HF dipped surface. Surface state
charging was not observed for the clean surfaces.

1. J.M. Long, Nucl. Instr. & Meth. A266. 673(1988)
2. E. Yablonovitch, D.L. Allara, C.C. Chang, T. Gmitter, and

T.B. Bright, Phys. Rev. Lett. 57, 249(1986)
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X24C

XUV PERFORMANCE OF MULTILAYER-COATED GRATINGS

J.C. Rife (NRL), W.R. Hunter (Sachs/Freeman), R.G. Cruddace (NRL), and
T.W. Barbee, Jr. (LLNL)

We have examined the optical performance of multilayer coated diffraction
gratings. They potentially extend the advantages of normal incidence
spectrometer designs to the XUV, a spectral region now constrained to grazing
incidence. Advantages include stigmatic imaging, higher resolving powers, and
robust replacements for large 2D spacing crystals. We have measured the
efficiency of two types. The first is a Mo/Si multilayer-coated laminar
grating optimized for imaging astronomical spectrographs around 200 A. The
second is a W/C multilayer-coated blazed grating intended to operate with high
efficiency and resolving power over a wavelength region from 100 A to 7 A (120
eV to 1800 eV). We have obtained very encouraging efficiencies for the blazed
grating, for example 0.4% in 8th order at A - 61 A and a grazing angle of 44
degrees on the grating surface.1 A 20 scan of reflectance is shown in the
figure. Coating design improvements should take this to 1% to 5%, an
efficiency range satisfactory for the design of new instruments. In May 1989
we installed this kind of grating in the grating/crystal monochromator on beam
line X24C.2 With a 0.006 mm thick aluminum filter to remove first order, we
observed significant monochromatic flux from 800 to 1500 eV peaking at 107

photons/sec/lOOmA. Resolving power was also about 500, consistent with
monochromator alignment and better than any plane multilayer resolution
attained. With a full size grating and mirror (60 x 60 mm rather than 20 x 20
mm) and better coatings we expect 6 x 109 photons/sec/lOOmA, close to fluxes
obtained with beryl crystals. In March 1989, we measured a 2000 g/mm laminar
grating coated with a Mo/Si multilayer with 176 A 2D spacing. We found
efficiencies of 5 to 6% in plus and minus first order at 176 A while the
coating on a flat had a reflectivity of 30% at 176 A. Our measurements suggest
significant possibilities for multilayer-coated gratings in a wide variety of
XUV spectrometers.

1. J.C. Rife, W.R. Hunter, T.W. Barbee, Jr., and R. G. Cruddace, Applied Opt.
28, 2984 (1989) .

2. J.C. Rife, H.R. Sadeghi, and W.R. Hunter, Rev. Sci. Instr. 60, 2064 (1989).

Figure: 20 detector scan
of diffracted monochromatic
(6O.57A) radiation with
grating at a grazing angle
of 43.8° and 0 = 47.6°.
Maximum reflectance occurs
in eighth order.
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X24C

CARBON K-EDGE ABSORPTION AND REFLECTANCE MEASUREMENTS OF DIAMOND AND DIAMOND
THIN FILMS

J.C. Nithianandam and J.C. Rife (NRL)

We have made carbon K-edge absorption measurements on a variety of diamond
thin films and natural diamond. Diamond thin films are a burgeoning industry,
with applications such as soft x-ray windows, detectors, transistors,
electronic materials, and hard machine tool or optic coatings under
development. The nature of the coatings as well as ways to optimize the
various deposition process are still under question. In particular, hydrogen
content, amorphous fraction, and ratio of sp2 to sp3 bonding are not
sufficiently characterized. We are addressing these questions with a
combination of techniques to probe absorption, reflectance, and fluorescence
near the carbon K-edge.1 Initial measurements have included the absorption of
methane DC glow discharge deposited diamond thin film from 280 to 600 eV and
the reflectance of a natural diamond over the same range. Representative data
are shown in Figs. 1 and 2 below. From analyses of data such as these we have
concluded, among other things, that sp2 carbon sites are distributed randomly
in the films.
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Figure 1. Transmittance
of Crystallume diamond
thin film window.
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Figure 2. XUV reflectance
of type lib diamond crystal
at 10° grazing angle.

1. J.C. Nithianandam, J.C. Rife, F.P. Doty, W.A. Jesser, and S.E.Schnatterly,
Proceedings of MRS Symposium on Diamond, San Diego, April 1989.
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X26A

TRACE-ELEMENT ANALYSIS AND LOCALIZATION USING X-RAY MICROSCOPY

R. Bockman, M. Repo, R. Warrell, B. Levine (Hospital for Special Surgery, NY);
J. Pounds, G. Schidlovsky, K. Jones (BNL)

The detection and quantification of high-Z, naturally-occurring as well
as therapeutic trace elements in biological tissues have recently become
feasible. We have utilized x-ray-induced fluorescence microscopy to localize
trace elements in 12-/*m thick bone slices from the proximal tibia of fetal and
adult rats. The excitation beam consisted of a high flux of collimated x rays
generated by the X-26 beam line. The K-alpha emissions for calcium, iron,
zinc, copper, strontium, and gallium were measured. Iron and zinc were the
most abundant trace elements found in metaphyseal bone; copper was least
abundant (0.79, 0.84, and 0.02 given as the gram-weight ratio normalized to
calcium). Lower levels of iron, zinc, and copper were present in the
diaphyseal cortex. There was essentially no change in th-2 strontium-to-calcium
ratios when the metaphyseal and diaphyseal bone sections were compared (0.2 vs.
0.26). Maps of trace-element distribution within the bone compartments showed
subtle but significant differences between iron and zinc compared to copper.
Trace-element levels were at least an order lower in the fetal rat bones
compared to those from the adult. We conclude that trace-element accumulation
in bone is modulated by the metabolic activity of the specific bone region, the
physical properties of the element, and the age of the animal. The use of this
powerful new technology permits one to determine trace-element composition in
biologically-inaccessible tissues with micron-level resolution.

Supported in part through PHS Grants CA38645, CA42445, CA29502, and NIH
Biotechnology Research Resource Grant P41RR01838. Development of the
analytical instrumentation was supported by US Department of Energy, Division
of Chemical Sciences, Contract No. DE-AC02-76CH00016.
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X26A

TRACE ELEMENT DETERMINATIONS USING X-RAY FLUORESCENCE

A. Campbell (MIT); A. L. Thompson (LBL); A. S. Krieger (Radiation Science,
Inc.); M. L. Rivers, S. R. Sutton (U. of Chicago, BNL); P. Bartholomew (SUNY,
Stony Brook); J. Delaney (Rutgers U.); J- G. Pounds, A. L. Hanson, K. W. Jones,
G. Schidlovsky, A. Kolker (BNL); P. Spanne (BNL, U. of Linkflping); G. Flynn
(SUNY, Plattsburgh); R. Bockman (Hosp. for Special Surgery); J. R. Chen (SUNY,
Geneseo); E. C. T. Chao (USGS)

The X26 x-ray microscope was used for a variety of experiments.
Measurements of the trace element contents of many different samples were made.
The measurements were relevant to applications in many scientific fields:
analytical techniques, biomedical, geochemistry, materials, etc. Experiments
were also done in using tomographic techniques to determine differences in the
densities of objects with spatial resolutions of about 10 fim. Extension of the
tomographic method to the use of the fluorescent radiation as a marker for
specific elements is also in progress.

Research supported by Division of Chemical Sciences, Office of Basic Energy
Sciences, US Department of Energy, Contract No. DE-AC02-76CH00016; National
Institutes of Health Research Resource Grant No. P41RR01838; Fogarty
International Fellowship Grant NO. F05-TW03735-01S1; NSF Grant No. EAR-8618346;
NASA Grant No. NAG 9-106.
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ELEMENTAL ANALYSIS OF 1850 YEAR OLD ROMAN GLASS SAMPLES X26A

N.F. Gmiir (NSLS), S. Sutton, M. Rivers (U. of Chicago), N. Gmiir-Brianza (U. of Basel, Switzerland)

Two samples of Roman glass were analyzed on the X26A microprobe beamline. The samples ori-
ginated from two archaeological sites in the Roman village of Augusta Raurica located on the Rhine
River east of Basel, Switzerland. The glass samples are thought to have come from windows installed
during thermal bath construction around 140 A.D. It is hoped that x-ray fluorescence analyses of the
glass will yield information about elemental composition and therefore clues about the method used and
the location of the glass manufacture.

Each sample was cut on a wafering saw to yield 1.6 mm thick slices with clean surfaces for
analysis. After cutting, samples were washed in an ultrasonic cleaner with methanol, dried in air and
mounted on a slide holder.

Analyses were done using a white synchrotron radiation beam (x-ray ring energy = 2.528 GeV;
current = 100 mA) with a tungsten collimator and a 40 Jim x 15 Jim beam size. A description of the
X26A microprobe apparatus is given in Ref. 1. Both glass samples were analyzed in three locations
along the centers of their clean cut surfaces as well as at their weathered edges. Each sample location
was analyzed for five minutes live time. Spectral deconvolution was obtained using SPCALC and com-
positions were computed using NRLXRF (Ref. 2).

Plots of x-ray counts vs. x-ray energy (keV) for all sample locations are remarkably similar (sec
Figure below) indicating within and between sample homogeneity. The mean elemental compositions
in weight percent (assuming glass = 90% SiO • interpretation accuracy ±20%) from S to Zr were S =
0.8%, Cl = 1.0%. K = 0.6%, Ca = 6.9%, Ti = 0.05%, Cr = 0.001%, Mn = 1.2%, Fe = 0.50%, Cu =
0.0015%, Zn = 0.0013%, Br = 0.0007%, Rb = 0.0013%, Sr = 0.072%, Y = 0.0004% and Zr = 0.0030%.
These results suggest that perhaps the two glass samples were manufactured using the same technique
and were made in the same lot.

1. K.W. Jones, B.M. Gordon, A.L. Hanson, J.G. Pounds, M.L. Rivers and G. Schidlovsky, EMS A
Bulletin 15(1): 28 (1985).

2. F.-Q. Lu, J.V. Smith, S.R. Sutton, M.L. Rivers, and A.M. Davis, Chemical Geology 75(1-2): 123
(1989).
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Figure 1. Synchrotron x-ray fluorescence spectrum of Roman glass sample (x-ray energy vs. counts).

Research supported by the Division of Chemical Sciences, Office of Basic Energy Sciences, U.S.
Department of Energy and the National Science Foundation.
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X-26A

SYNCHROTRON MICROPROBE STUDY OF RARE EARTH ELEMENTS IN BAYAN OBO ORE
DEPOSIT

James R. Chen (SUNY), Edward C.T. Chao (USGS), Jean A. Minkin (USGS), Judith M. Back
(USGS), Keith W. Jones (BNL), Mark L. Rivers (BNL), and Stephen R. Sutton (BNL)

A study of Bayan Obo minerals rich in rare earth elements (REEs) has been started at the
National Synchrotron Light Source using synchrotron x-ray fluorescence (SXRF) microprobe analysis.
Site-specific data on single mineral grains are needed to address questions of the REE sources, their
epigenetic hydrothermal-metasomatic versus igneous or metamorphic origin, and their possible
remobilization.

The Bayan Obo ore deposit is located in Inner Mongolia, China and is recognized as the
world's largest REE deposit with an estimated reserve of 1,000,000 metric tons of REE oxide. It has
only recently become accessible for study by U.S. scientists. REEs are now recognized as strategic
resources; it is important to understand the origin and mode of occurrence of this deposit in order
to explore for possible similar deposits in the U.S.

Table 1 shows our results on the REE concentrations in several Bayan Obo minerals and
standards. The samples were specially prepared in grain mounts and doubly polished thin sections.
Ta absorbers were used to attenuate the low energy (less than about 30 keV) synchrotron photons,
which were incapable of exciting the K x-rays of the REEs. The agreement between the SXRF
determination and NIST nominal values for the SRM 612 standard is excellent except for Gd. The
agreement between SXRF and electron probe microanalysis (EPMA) data for the monazite in sample
7B31-9 is also very good. Additional data for a larger number of samples would be of significant
value in understanding the geochemistry of the Bayan Obo deposit

Table 1 Rare earth element concentrations (in ppm) in Bayan Obo samples and standards

Sample La Ce Pr Nd Sm Eu Gd

S254 9200 9100 8400 7800 9600 8500 8500
standard

SXRF
NIST

SRM 612
standard

7B25-1
Amphibole

Apatite

Dolomite

7B31-9
Martite

Hematite

Monazite

Bastnaesite

Aegirine

Apatite

8B38-1
Aeschynite 11200 123800 41000 176600 29400 6600 9600

Research supported in part by SUNY, USGS and NSLS user program funded by DOE.

SXRF
EPMA

41
36

<60

1400

<60

4000

12100

201400
197000

245100

3500

3000

40
39

<70

3100

<70

5300

16800

289300
296000

359500

5800

5500

42

<90

400

<90

400

1200

21900
25000

26800

700

400

32
36

<100

1300

<100

1300

3500

66100
81000

84400

2500

2200

10
39

<140

200

<140

300

400

6600

8500

700

600

29
36

<160

<160

<160

<36O

<160

1500

2500

<x60

<160

12
39

<170

500

<170

<170

<170

2600

4200

600

500
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X26A

VAPOR; MELT PARTITIONING OF TRACE METALS
Jacob B. Lowenstern and Gail A. Mahood (Stanford U.)

During the ascent of magmas through the earth's crust, decompression and
crystallization increase the activity of volatile components in the melt and eventually lead
to exsolution of a separate volatile phase. This vapor phase consists dominantly of H2O,
CO2, SO2, H2S, HC1 and HF, but also contains trace metals such as Cu, Zn, Pb, Cd, Ag, Au,
Hg, Se, As, Sb, Sn, In and W. The extent to which a specific metal enters the vapor will
depend on parameters such as melt and vapor composition and, presumably, eruptive rate.
The tendency for a metal to enter the vapor phase may be quantified by a vapor/melt
partition coefficient, which is the ratio of the concentration of a component in the vapor to its
concentration in the coexisting melt. Knowledge of these coefficients is vital to several
fields of interest, including ore petrology, atmospheric science, and comparative
planetology. For example, they permit quantification of the mass of trace metal that a vapor
can extract from a magma, and are thereby useful in modeling the effect of vapor exsolution
on the genesis of porphyry ore deposits. Partition coefficients also provide information on
the amount of trace metals that can be added to the atmosphere during volcanic eruptions,
data necessary for establishing a baseline against which anthropogenic contributions can
be compared.

In this project, we intend to calculate vapor/melt partition coefficients by comparing the
trace element concentrations in outgassed pumiceous glass to those in glass inclusions
found enclosed within coexisting phenocrysts, on the assumption that these inclusions
preserve pre-emptive magma compositions and have not degassed during eruption. The
mass of trace elements lost to the vapor can be calculated by mass balance, and vapor/melt
partition coefficients can be derived. This innovative project is made possible by the unique
capability of the Synchrotron XRF at Brookhaven National Laboratory, which can perform
in situ analyses of a 50-um spot for trace constituents at the ppm level. Major element, Cl,
and S contents have been analyzed via the electron microprobe, and H2O and CO2
concentrations have been determined with infrared spectroscopy. We are working on two
volcanic systems: the rhyolites through andesites of the Valley of Ten Thousand Smokes,
Alaska, and the pantellerites and trachytes (with high Cl and F) of Pantelleria, Italy.
These systems will permit the evaluation of the effects of varying melt and vapor
composition on trace metal partitioning.

Preliminary investigations at NSLS beam line X26 have shown that the synchrotron
XRF can be used successfully to detect differences in pre- and post-eruptive trace metal
concentrations. Reproducible trace metal analyses have been obtained for pantellerite
inclusions and matrix glass and indicate that base metals are strongly partitioned into the
halogen-rich vapors that exsolve from pantellerite melts.

This work has been sponsored by the McGee fund of Stanford University and National
Science Foundation Grant EAR 8805074.
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X26C

TRACE ELEMENT COMPOSITION OF DIAGENETIC CARBONATES BY
SYNCHROTRON X-RAY FLUORESCENCE MICROPROBE.

Paul R. Bartholomew (SUNY at Stony Brook), Mark L. Rivers and
Stephen R. Sutton (both at BNL)

The trace element composition of diagenetic carbonates in
carbonate rocks is used as an indicator of the origin of the
pore waters which precipitated these diagenetic phases. Of
particular interest is gaining information about the diagenetic
environment which precipitates dolomite since dolomitization is
still a poorly understood process. Previous studies, including
those by W.J. Meyers and his students at SUNY Stony Brook, have
employed either bulk analysis methods (requiring laborious high
purity separation of phases) or microanalysis by electron
microprobe. The electron microprobe has proved capeable of
detection limits down to 20 to 50 ppm and has been employed to
measure trace levels of Mg, Mn, Fe, and, Sr. The X-ray
fluorescence microprobe is being tested for its potential to
measure these elements to a greater precision and to measure
concentrations of elements at too low a concentration to be
detected by the electron microprobe.

Analyses were conducted employing the following conditions
and instrumental configuration: energy - continuum, primary
filter - lOmil Al, spot size - 20 to 30um, detector distance -
50mm, detector - Si(Li), detector filter - 9mil kapton, detector
aperature - 3mm(Ag), collection time - 300 seconds. The primary
and detector filters were selected in order to subdue the major
CaKa peak; of calcites and dolomites. Concentrations were
obtained initially via comparison with theoretical x-ray yields
(NRLXRF program) and normalizing to known Ca concentrations.
Analyses of working standards made it possible to correct these
concentrations for theoretical inaccuracies and day-to-day
drift.

The analyzed trace elements included Mn, Fe, Ni, Cu, Zn,
Pb, Sr, and Y. Typical estimated detection limits were found to
range from 5ppm for Mn and Fe, to 2ppm for Zn, and back up to
4ppm for Pb, Sf, and Y. Pb, and Y vere not generally detectable
in the diagenetic carbonates analyzed to date. Detectable levels
of Ni have been found only in the dolomites. Cu has been found
to be consistently very close to its detection limit and is
therefore of little use. Zn is the only consistently detectable
element (2 to 20ppm) which could not be detected via electron
microprobe. The resolution of measureable variations in the
concentrations Mn, Fe, and Sr is an order of magnitude better
than that of the electron microprobe.

Research supported by DOE grant to W.Meyers and G.Hanson.
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WORK CONDUCTED ON BEAM LINE: X-26C

TRACE ELEMENT COMPOSITION OF HYDROTHERMAL PLUME PARTICLES BY SYNCHROTRON
X-RAY FLUORESCENCE MICROPROBE

Andrew C. Campbell (Mass. Inst. of Tech.), Mark L. Rivers and Stephen R.
Sutton (both at BNL)

The trace and minor element composition of seafloor hot spring precipitates
has been determined by synchrotron X-Ray fluorescence (SXRF) spectroscopy
on the X-26 beamline microprobe. One of the most extraordinary features
of marine hydrothermal vents is the formation of dense, billowing plumes of
"black smoke" (mostly Fe, Cu and Zn sulfides) that form as hot (350°C),
acidic, metal rich fluids turbulently mix with cold, alkaline seawater.
Hydrothermal plume particles (which range in size from -lOOfim to <1 /im)
were collected from the research submersible ALVIN at sites on the East
Pacific Rise and Mid-Atlantic Ridge.

The analyses were carried out with two different configurations of the
X-26 microprobe. An initial survey was done under the following
conditions: energy — continuum, collection time — 300sec, slits — 30/j.m,
detector - Si(Li), distance - 50mm, detector aperature - 3mm (Ag), primary
filter - none, and detector filter - 125/im Kapton. The beam footprint on
the filter was -30/jm X 70/jm and the particles analyzed were similar in
scale or smaller. A second survey of selected particles was conducted in
the 6-30KeV region. An 180/im Al filter was placed over the detector which
was moved to 25mm distance and the aperature was opened to 6mm. These
conditions reduced the deadtime and Fe pileup peaks and permited lower
detection limits.

The SXRF analyses show that Chalcopyrite (CuFeS^) phases have
non-stoichiometric Fe:Cu ratios and variable amounts of Se (100-1500ppm),
As (40-100ppm), and Zn (N.D.-5000ppm). The rapid precipitation and
quenching of the particles apparently allows the retention of a wide range
of solid solutions in these phases. Only the chalcopyrite particles have
detectable amounts of Se which suggests that the precipitation of this Cu
phase occurs early in the mixing processs. The Fe-sulfides [pyrrhotite
(FeS) and pyrite (FeS )] contain 1000-5000ppm Cu, ~4000ppm Zn and
200-1000ppm of As. Sphalerite particles (ZnS) contain high Fe (Zn:Fe -2:1)
and ~800ppm As, but like the Fe-sulfides no Se. Filamentous Fe-silicate
particles from "white smoke" (which precipitates from lower temperature
fluids [20O-3O0°C]) contain variable amounts of Cu (400-900ppm), Zn
(0.62-1.1%), As (750-9000ppm), V (-lOOppm) and Cr (~30Qppm). Hydrous
Fe-oxide phases (that apparently form in the water column 100-200 meters
above the hot springs) contain variable amounts of Cu (0.8-1.4%), Zn
(0.05-1.2%), As (1600-2400ppm), V (500-1000ppm) and Cr (~500ppm). The
minor constituents are probably adsorbed from seawater since many of the
sulfides appear to settle out of the plume relatively close to the vents.
These preliminary results suggest that the formation of metalliferous
sediments from hydrothermal plume particles not only reflects the intensity
and temperature of venting but also the proximity to the source.

Research supported in part by NSLS new user support program funded by DOE.
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X26C

LOW-ENERGY MULTI- CHARGED ION COLLISIONS AND SPECTROSCOPY

D. Church, S. Kravis (Texas A&MU.); B. Johnson, M. Meron, K. Jones (BNL);
J. Levin, R. Short, I. Sellin (U. Tennessee and ORNL); Y. Azuma, G. Berry
(ANL); M. Druetta (U. St. Etienne, France).

Multi-charged argon ions produced by a vacancy cascade subsequent to K-
shell photoionization were stored at sub-eV energy in a Penning ion trap. The
synchrotron radiation was filtered only by Be windows and was focussed near the
trap center using a grazing incidence platinum-coated cylindrical mirror with
5-m focal length. The trap was centered on the x-ray beam by optimizing
collected photoelectrons in a Faraday cup mounted behind a small aperture above
the beam. The stored ions were formed at target gas pressures = 10 Torr,
using a UHV pulsed gas source with time constants near 0.1 s. Due to its low
reaction rate near thermal energies, Ar was the dominant accumulated ion
charge, but Ar to Ar were observed and studied. Experiments designed to
optimize and observe the photoionization of stored target multi-charged ions
were carried out.

Using a static target gas mixture of Ar and H2, the rate coefficients for
electron transfer between these individual gases and multi-charged argon ions
were measured. With a Xe gas target, observed charge states to Xe were
produced by L-shell photoionization.

This research was supported by the National Science Foundation (DC.IS), the US
Department of Energy (BJ,MM,KJ,YA,GB), and a joint NSF-CNRS U.S.A.-France
Cooperative Research Grant (DC,KD).
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WORK CONDUCTED ON BEAM LINE: X-26C

TRACE ELEMENT ANALYSES OF CLAY MINERALS IN ANTHRACITE, USING THE
SYNCHROTRON X-RAY FLUORESCENCE MICROPROBE

Eric J. Daniels (U. of Illinois at Champaign-Urbana), Stephen R. Sutton
(BNL) and Nathan Astrof (U. of Chicago)

The trace and minor element compositions of authigenic clay minerals in
joints within anthracite-rank coal from eastern Pennsylvania were
determined by synchrotron X-ray fluorescence (SXRF) spectroscopy on the X-
2 6 beamline microprobe at the National Synchrotron Light Source at
Brookhaven National Laboratory, Upton, NY. Trace element analyses of these
minerals were done to help constrain the composition and origin of the
fluids in which the clay minerals formed. In coal from the Anthracite
region, mutually perpendicular joint sets contain chemically and
structurally different clay mineral assemblages that formed during
anthracitization (T>200°C) . Some of the minerals in one joint set have not
been previously identified in the central Appalachian sedimentary sequence
and are similar to mineral assemblages that are usually restricted to
hydrothermal veins and hydrothermal sulfide deposits. Thus, hydrothermal
circulation appears to have influenced late-stage diagenesis in the
Anthracite region. The origin of the hydrothermal fluids will help
determine the potential significance of convection on coalification
processes and coal rank distributions in this region.

SXRF analyses of twenty four samples (clay flakes and organic matter)
were performed both with and without a 170nm Al filter. Filterless
analyses -are used to detect a broad range of elements (atomic no.>13),
while tlr Al filter allowed better detection of relatively heavier element
(e.g., Rb and Sr) and removed Fe pile-up peaks. Spectra were collected
from small areas (30jim~100|im in diameter) for 5 minutes (live time), with
an average count rate of 3000-5000 cps.

A wide variety of elements were detected in these samples, including K,
Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Ga, Ge, As, Se, Br, Rb, Sr, Y, Zr and
Ba. Chlorites are relatively enriched in chalcophilic elements (e.g., Ni
and Zn), whereas pyrite contains essentially no chalcophiles except for Fe,
and only small quantities of Ge. NH/j-illite and rectorite
(illite/smectite) are enriched in Ba and Sr, respectively. Pyrophyllite is
enriched in Ge, and kaolinite is enriched in Ti and Ga. Organic material
appears to be the source of As, Se, Ti and Br detected in some samples.

This research was funded in part by a grant from NSF (NSF EAR 87-07319)
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X26C

TRAPPING OF ARGON IONS

B.M. Johnson, M. Meron (BNL); D.A. Church, S. Kravis (Texas A&M); J. C. Levin
(U. Tennessee); Y. Azuma (ANL)

A further investigation of the trapping of low-energy multiply-ionized
argon ions produced by K-shell photoionization was carried out. The equipment
was improved over previous versions by the reduction of noise in the ion-
detection system. Rate coefficients for the neutralization of the various
charge states produced in collisions with neutral argon atoms were deduced
from the rate of decay of the populations of the states.

Research supported by the Division of Chemical Sciences, Office of Basic Energy
Sciences, US Department of Energy and the National Science Foundation.
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X26C

X-RAY MICROPROBE (XRMP) ANALYSIS OF IMPREGNATED POROUS AMORPHOUS SILICA

D. Sunil, M. Rafailovich, E. Wolkow, E. Mendoza (Depts. of Physics and
Chemistry, Queens College)

The sample consists of two types of porous supports in the form of
plates: (1) porous vycor glass (PVG) and (2) base catalyzed silica-gels. Both
are vapor phase impregnated with SnfCl^Brcj or Fe(CO)g, then photolyzed and
heat-treated to 650°C, to drive out the photochemically unreacted material.
These photolyzing and heat treating steps form SuO or FeO, which are both
encased in a porous amorphous matrix. Some of the samples are then heated to
1250°C, the annealing temperature of quartz glass, closing the pores and
forming a 3-D continuous vitreous framework of O-Su-0 and O-Si-0. The sides
of the plates are then scanned with the x-ray microprobe (XRMP) for Sn or Fe
and depth profiles are obtained. This is useful for understanding the nature
of the porosity of the support, in terms of interconnectivity of pore spaces,
as well as photolytic activity in terms of depth of deposition of absorbate.
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High-Energy Bonse-Hart small-anele scattering spectrometer* X27A

D. P. Siddons (BNL.NSLS) C.J. Riekel (ESRF, Grenoble, France), J.B. Hastings
(BNL, NSLS)

A version of the multiple-crystal small angle scattering technique was
adapted for use at high photon energies (50 keV). Using a pair of 3-
reflection silicon (220) crystals, enough flux was available to allow trial
experiments. Good quality data was collected for scattering by 0.9/im
diameter polystyrene latex spheres. This result is reproduced below to
demonstrate that no resolution is lost by choosing this high energy.
Significant gains can be realized in studies of high-Z materials, for example
metals and alloys. Initial data was taken for scattering from lithium
precipitates in an aluminum matrix, and it was demonstrated that the experi-
ment was feasible, but would be greatly enhanced by the availability of the
superconducting wiggler line, X17.

References: U. Bonse and M. Hart, Z. Phys. 181 (1966) 151
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High-Energy SAS from Fluxoid Lattices in Superconductors* X27A

E. Isaacs (AT&T), D.P. Siddons, J.B. Hastings, (BNL, NSLS), R. Kleiman, D.J.
Bishop (AT&T)

The recently-designed high-energy small-angle scattering spectrometer
was applied to the study of fluxoid lattices in superconductors. A single-
crystal sample of V3Si was used. It could be cooled while in a fewkilogauss
in order to generate fluxoid lattices of periods of a few thousand Angstroms.
The figure below shows scattering patterns above and below the superconduct-
ing transition. The differences which are evident are not inconsistent with
the expected scattering from fluxiods, but more work is necessary to
eliminate the possibility that this weak signal arises from other mechanisms.
This initial study permitted many difficulties to be assessed, and future ex-
periments will build upon this experience.

Small Angle Scattering in V3Si
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*Work s u p p o r t e d U.S . DOE under c o n t r a c t DE-AC02-76CH00016.
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Optical Activity and the Faraday effect at X-ray Wavelengths* X27A

D.P. Siddons (BNL, NSLS), M. Hart (Univ. of Manchester, U.K.), Y. Amemiya
(Photon Factory, KEK, Japan), J.B. Hastings, (BNL, NSLS)

A sensitive x-ray polarimeter has been developed. The instrument has an
extinction ratio of better than 106, and can detect optical rotations of only
70/jrad, and changes in the degree of linear polarization of around 10 4. It
is tunable over the range 7 to 9 keV, whilst maintaining an extinction ratio
of >104.

This instrument has been used to observe Faraday rotation in the
near-edge region of cobalt and some cobalt-containing alloys and compounds.
The result for Cobalt-10% Iron are shown below.
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*Work supported U.S. DOE under contract DE-AC02-76CH00016.
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BEAM LINE X27A

X-RAY STANDING WAVE STUDIES OF STRONTIUM TITANRTE

L.E. Berman (NSLS)

Exploratory tests were undertaken to determine the practicality of x-ray
standing wave measurements on SrTiO,. Rocking curves and fluorescence yields
from a polished wafer of (100) orientation were measured as functions of
x-ray beam size and position, with the incident monochromatic beam provided
by a four-bounce Si(220) channel-cut crystal with an elastic-weak link. By
reducing the beam footprint on the sample to less than 1 mm. , the (200)
reflectivity curve shown in the figure below was measured at 10 keV. The
theoretical fit to these data, shown as a solid line, is the calculated
Darwin-Prins perfect crystal reflectivity curve convoluted with the
monochromator angular resolution (set to half the Si(220) Darwin width) and a
mosaic profile modelled as a Gaussian with a 2a of 3 arcsec. Also shown
in the figure is the Ti K fluorescence, which was measured simultaneously
with the reflectivity using a Nal detector. The solid line is the expected
variation of fluorescence from the Ti atoms in a perfect SrTiCs crystal
scanned through a (200) reflection, convoluted with the same contributions to
the resolution function determined for the reflectivity data, using a
fluorescence takeoff angle of 18°. The quality of the data and theoretical
fits shows that x-ray standing wave studies of SrTiO, are feasible. Future
experiments to study surface ferroelectric relaxations in and epitaxial
high-Tc film quality on SrTiO, are planned, taking advantage of the excellent
position resolution and chemical specificity of the x-ray standing wave
technique. This measurement also shows that even imperfect crystals can be
studied with x-ray standing waves without resorting to normal incidence
geometries (which have inherent wavelength restrictions), using a finely
apertured synchrotron beam to probe locally perfect regions of the sample.
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This work was supported by the DOE under Contract No. DE-AC02-76CH00016.
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