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ABOUT THE STANFORD SYNCHROTRON RADIATION LABORATORY

SSRL is a national facility supported primarily by the Department of Energy for the
utilization of synchrotron radiation for basic and applied research in the natural
sciences and engineering. It is a user-oriented facility which welcomes proposals for
experiments from all researchers.

The synchrotron radiation is produced by the 3.5 GeV storage ring, SPEAR, and the
15 GeV storage ring, PEP, operated by the Stanford Linear Accelerator Center
(SLAC). SPEAR is dedicated to the production of synchrotron radiation during 50%
of its operations time or about 4 months per year. Operation on PEP is generally
parasitic with the high energy physics program. Starting in the fall 1990 SPEAR will
be fully dedicated to synchrotron radiation operation, and is expected to operate 6 - 9
months each year.

SSRL currently has 25 experimental stations on the SPEAR and PEP storage rings.
There are 166 active proposals for experimental work from 126 institutions involving
approximately 519 scientists. There is normally no charge for use of beam time by
experimenters.

Additional information for prospective users is contained in the booklet "SSRL User
Guide”. Further information about the facility may be obtained by writing or
telephoning Katherine Cantwell at SSRL, SLAC Bin 69, P.O. Box 4349, Stanford,
CA 94309 -0210 - telephone (415) 926-3191.

This report summarizes the activity at SSRL for the period January 1, 1989 to
December 31, 1989.

SSRL is operated by the Department of Energy, Office of Basic Energy Sciences,
Division of Chemical Sciences. Support for research by SSRL staff is provided by
tht Office’s Division of Material Science. The SSRL Biotechnology Program is
supported by the NIH, Biomedical Resource Technology Program, Division of
Research Resources.
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Overview of SSRL

-Photo by Joe Faust

The SPEAR ring is shown on the left side of the picture. SSRL has 23 stations housed in the two building
(131,120) adjacent to the north and south arcs of the ring. The large white building in the center is the shelter

for the new 3 GeV injector. The building (LOS) on the far right houses the scientific, administrative and
engineering staffs.
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INTRODUCTION

The April, 1990 SPEAR synchrotron radiation run was one of the two or three best in SSRL’s history.

High currents (100 milliamps) were accumulated, ramping went easily, lifetimes were long (averaging

23 hours), beam dumps were infrequent and the average current was 42.9 milliamps. In the-one month of
operation, 63 different experiments involving 208 scientists from 50 institutions received beam. The
end-of-run summary forms completed by the experimenters indicated high levels of user satisfaction with
the beam quality and with the outstanding support received from the SSRL technical and scientific staffs.

These fine experimental conditions resuit largely from the SPEAR repairs and improvements performed
during the past year and described in Section 1. Also quite signficant was Max Cornacchia’s Ieaderéhip
of the SLAC stafi.

SPEAR'’s performance this past April stands in marked contrast to that of the January-March, 1989 run
which is also described in Section 1. It is, we hope, a harbinger of the operation which will be provided
in FY '91, when the SPEAR injector project is completed (Section 11) and SPEAR is fully dedicated to

synchrotron radiation research.

Over the coming years, SSRL intends to give highest priority to increasing the effectiveness of SPEAR
and its various beam lines. The beam line and facility improvements performed during 1989 are described
in Section IIl.

In order to concentrate effort on SSRL's three highest priorities prior to the March-April run: (1) to have a
successful run, (2) to complete and commission the injector, and (3) to prepare to operate, maintain and
improve the SPEAR/injector system, SSRL was reorganized. In the new organization, all the technical
staff is contained in three groups: Accelerator Research and Operations Division, Injector Project and
Photon Research and Operations Division, as described in Section 1V. Responsibility for safety and
quality assurance, as well as scheduling and proposal review, resides in the Director’s office.

In spite of the limited effectiveness of the January-March, 1989 run, SSRL's users made significant
scientific progress, as described in Section V of this report.

Arthur Bienenstock
Director
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Laboratory Operations




I. LABORATORY OPERATIONS

Two factors had very strong influences on SSRL's
operations in 1989. These were: the concurrent
operation of the SLAC Linear Collider for Z, produc-
tion, which placed severe limits on SPEAR injection
and maintenance and the expectation that the
SPEAR storage ring, with a new independent injec-
tor, will become completely dedicated to synchrotron
radiation research in 1980. Thus, if it receives
sufficient funding, SSRL will be able to operate
SPEAR for a very large portion of 1991. SSRL shouid
be in a position, at last, to provide its users with a
steady stream of photons for research. Hence,
emphasis was placed on converting SPEAR into a
ring which can run reliably and effectively through
maintenance, improvements and modifications. Only
one experimental run was provided.

SPEAR OPERATIONS

January 23 - March 17 Run - This run, which was
plagued by operational and weather-related prob-
lems, was scheduled for 145 shifts. Only 63 shifts, or
43%, were delivered to users. Only slightly over half
of these shifts were at initial currents above 25 mA.
The electron energy was 3.3 GeV in order to en-
hance studies of human patients being conducted
under the angiography program. in the final hours of
the run, with the cooperation of SLAC and all of the
SSRL users on site, these studies were successfully
completed and significant progress was made. (See
Experimental Progress Report No. 1046B).

During the run problems were experienced with
several ring components including the beam position
monitoring system, RF system, power supplies and
beam line control systems. The failure of a ceramic
window in one of the RF cavities caused the ring to
be vented and resulted in 13 days of down time.

These difficulties were exacerbated by limited
injection. Due to the demands of the SLAC Linear
Collider {SLC) program, as discussed in the 1887
Activity Report, injection to SPEAR was available
only at 12 hour intervals. This made it very difficuit to
diagnose and cure the various component problems.

Immediately after the run, B. Richter, Director of
SLAC, chaired a series of meetings to identify and
correct the most serious problems in anticipation of a
scheduled summer run. In particular, it was clear that
an RF transformer must be repaired and that align-

ment of the beam lines and storage ring should
occur. This work was started.

The Cornacchia Report - Max Cornacchia, the
newly appointed Head of Storage Rings at SLAC,
then led a more detailed study of SPEAR which
produced recommendations, costs, and time esti-
mates for the work involved to make SPEAR a
reliably operating synchrotron radiation facility. This
study involved technical, engineering and scientific
staff from SLAC and SSRL.

In summary, the report stated: “The priorities given to
major SPEAR improvement projects described in this
report came from a consideration of the operational
problems caused by the subsystems, their projected
lifetime, safety implications and the estimated impact
on SSRL running resulting from the work necessary
to replace the subsystems. These items are, in order
of priority: replacement of the ion pump cable plant,
addition of RF isolators, fabrication of a spare
kiystron, miscellaneous RF improvements, upgrading
of the low conductivity water (LCW) system, upgrad-
ing of the general cable plant, replacement/upgrade
of the magnet power supplies and improvement of
the instrumentation and control (1&C) system.”

The report also cited a high priority need for accel-
erator physics studies once the machine was opera-
tional and the need for a self-consistent alignment of
the storage ring and beam lines to reduce orbit
deviations.

Canceliation of the Summer Run - After receipt of
the Cornacchia Report the decision was made to
cancel the summer run for three reasons. The run

| was not expected to be significantly more successful

than the January-March run with the limited injection
to be provided by SLAC and SPEAR’s performance
status. The run would interfere significantly with a
critical SLAC Linear Collider (SLC) run. SSRL had to
assure that it had sufficient funding to initiate the
major SPEAR up-grade program required for effec-
tive and full-time operation.

SPEAR Improvement Projects - Starting in the iate
spring several improvement projects were under-
taken by the SSRL and SLAC staffs. These included
work on the RF system, a power supply upgrade, a
rebalancing of the low conductivity water (LCW)
system, orbit control improvements, new vacuum
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control systems for Beam Lines 1 and 2, a new high
voltage ion pump distribution system, and alignment
of the beam lines relative to the storage ring, as well
as a number of smaller maintenance and improve-
ment tasks. Highlights of the major projects are
described below.

RF System: There were three significant RF prob-
lems during the winter run: a cavity window failure,
frequent reflected power trips, and intermittent RF
transformer difficulties. The window failure was
attributed to accidentally overpowering a klystron, a
condition which is now prevented by software con-
trols. Renewing the nitride coating of both cavities
and rebuilding the cavity tuners addressed the
second problem. The problematic RF transformer
was completely rebuilt. A transtormer shelter is
being erected by SSRL to help prevent future
weather-related problems.

Power Supplies: There were two areas of power
supply problems. The power supplies which drive the
beam steering system were giving spurious outputs
causing beam dumps. When this system was
thoroughly tested, a manufacturing error was discov-
ered and repaired. The power supplies which drive
the bend magnets and quadrupoles were found to
have problems tracking with each other during the
ramp. Software, which will be tested with beam in
March 1990, has been refined to correct this prob-
lem.

Low Conductivity Water (L.CW); A substantial number
of trips caused by inadequate flow in parts of the
vacuum and the magnet LCW systems occurred
during the run. The entire system has been exten-
sively reexamined by SLAC and SSRL personnel. It
was determined that the total flow was actually
sufficient, but a flow balancing problem existed. The
vacuum LCW has now been completely rebalanced
and stabilized.

For some time SLAC has been concerned that
SPEAR LCW transients caused problems in the SLC
system. These problems were traced to four
switches in the SLC arcs. Delays have been put on
these switches which should eliminate this problem.
These improvements should reduce the perturbations
of the SLAC site LCW system caused by SPEAR,
and provide stable and adequate LCW flow for
SPEAR and SSRL components during dedicated
running.

Delays have also been put on all the flow circuits as
to make them less sensitive to power dips or minor
perturbations in the LCW system.

In addition to rebalancing the system, the booster
pump control system was improved. This system,
which controls the return water pressure, was
discovered to be insufficiently sensitive to regulate
the flow. The resulting variations in supply pressure
were causing trips.

The magnet LCW system is a larger problem, and
will be tackled after the spring 1990 run. The problem
is basically one of plumbing. Hose connections to
the magnet busses fail frequently and will be re-
placed with new connecting hardware.

Alignment: A large effort has been invested in
evaluating and correcting mechanical misalignments
of both the beam lines and the storage ring. The
process began during the winter run with the discov-
ery that the upstream apertures of Beam Line 2 were
6 mm below the plane of the storage ring. This
motivated a program to align all of the beam lines,
which was accomplished during the summer of 1989.
The beam lines in the South Arc had maintained their
position quite well, but those in the North Arc had
dropped with respect to SPEAR. The amount of the
displacement appears to increase with time, leading
to problems with new beam lines located near older
ones. Before October 17 all beam lines had been
completely aligned.

The Richter magnitude 7.1 earthquake of October 17
was not kind to SSRL. At first glance it appeared
that, on a local scale, the relative motion of beam line
components was less than one millimeter. When,
however, the storage ring realignment process began
in late November, it was apparent that there had
been substantial motion on a more global scale,
requiring another full realignment of the beam lines
as well as the storage ring. The earthquake caused
the storage ring to tilt as a plane, with an elevation
difference from one side to the other of 5 mm. When
the insertion devices were surveyed, some were
found to have undergone larger motions than would
have been expected when compared with adjacent
magnets. The plane of the storage ring was redefined
to the mean quadrupole elevation and aligned with
respect to this new plane [Figure 1]. This had the
advantage of minimizing the amount of motion
necessary to correct the vertical position of the beam
line components.

Page 2
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FIGURE 1 O Dec 89 Survey
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The October earthquake caused significant misalignment of the SPEAR storage ring as
shown in the December 1989 survey. The ring has now been realigned to a new plane (solid line).

Unfortunately, the nature of the horizontal alignment
of the magnets precludes a quantitative assessment
of potential problems caused by the earthquake. ltis
difficult to separate the movement of the individual
magnets from the movement of the references. All
that can be determined is that there has not been a
significant motion of one magnet girder with respect
to another. The recalibration of the horizontal
references would best be done during a long shut-
down after the High Energy Physics Mark |l Detector
has been removed. In the meantime, the beam lines
will be realigned to the iocal magnet geometry of their
sources.

Electron Beam Position Monitors (BPM's): The lack

of a complete set of beam position monitors severely
hampered the machine operators in establishing
orbits. Newly designed electron beam position
monitors have been installed to replace defective
units on each end of the insertion devices on Beam
Lines 6 and 10. As a result, SSRL now has the
means of locating the SPEAR electron beam position
as it enters and leaves the insertion devices on these
beam lines. This more complete distribution of BPM’s
around the machine should greatly improve closed
orbit distortions and facilitate reproducing orbits and
photon beam steering.

Beam Line 1 and 2 Control Systems: SSRL’s original
Beam Line 1 and 2 control systems, now 15 years
old, have been replaced to eliminate faults which
have shut down the SPEAR beam. Starting in the
summer of 1989 a new vacuum control system was
designed, fabricated, installed and tested. The new
system utilizes modular construction and plug-in P.C.
cards to allow ease of maintenance and trouble-
shooting, expedite repairs and provide flexibility for
modifications as required. This new system should
serve as a prototype for future SSRL beam lines.

lon Pump High Voltage Distribution System: The
SPEAR ion pump high voltage distribution system
was recabled. The motivations for this were safety,
(the distributed ion pumps in the ring dipoles had to
be started by vacuum technicians present in the ring
housing while the magnets were powered) and
improved operation (individual ion pumps could not
be monitored while beam was stored or while the ring
magnets were powered). Now each individual pump
has its own cable running from the ring through a
high voltage terminal cabinet to the SPEAR power
supply building. From the power supply building
vacuum technicians have electrical access to all
vacuum pumps in the storage ring.

SSRL ACTIVITY REPORT 1989
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A major goal of the March 1990 run is to test and
commission the improvements described above.

Scheduling of SSRL Users at Other Facilities: In
response to the shortage of beam time at SSRL,
three other U.S. synchrotron radiation laboratories
(NSLS, CHESS and the SRC) offered to accommo-
date SSRL users on the basis of their existing SSRL
proposals. SSRL and it users are extremely grateful
for this cooperation. The NSLS accommodated 41
SSRL experiments this fall. Four groups ran at the
SRC and another 8 are being accommodated at
CHESS.

PEP OPERATIONS

SSRL has two synchrotron radiation beam lines on
the 15 GeV storage ring PEP. These lines operate
parasitically when PEP is run for high energy physics
(see 1988 Activity Report). After the successful Decem-
ber 1988 run, when four synchrotron radiation user
groups took data, a planned down time until the fall
was scheduled, to allow work on the SLAC Linear
Collider. A high energy physics run on PEP was
expected to start in October 1989 and continue until
the end of the year.

Cancellation of Fall PEP Run: This planned fall
PEP run was another casualty of the October 17
earthquake, which caused an 8 mm peak-to-peak
variation in the machine elevation. The present
schedule calls for a PEP start-up in May 1890. The
storage ring will be realigned by that time.

BEAM AND SPEAR USAGE TABLES

The following tables and graphs contain statistics on
SPEAR running, experimental use and characteris-
tics of SSRL stations. For earlier information, previ-
ous Activity Reports should be consuited.

Table 1 and the accompanying graph show the
number of SPEAR shifts scheduled and delivered
since dedicated running commenced in 1978.

Table 2 and the accompanying graph illustrate the
use of beam at SSRL for experimental purposes.

Table 3 lists the characteristics of the 25 SSRL
SPEAR and PEP experimental stations and Table 4
shows the number of shifts requested versus the
number of shifts actually scheduled for dedicated
time.

SSRL ACTIVITY REPORT 1989




TABLE 1

BEAM TIME STATISTICS/DEDICATED TIME

DEDICATED RUN SCHEDULED DELIVERED  %DELIVERED
HOURS HOURS
10/20-11/05/79 152 95.3 62
12/03-12/21/79 352 299.4 85
02/08-03/05/80 472 366.3 77
04/16-05/19/80 764 588.2 76
06/30-07/30/80 728 320.4 44
09/29-10/14/80 336 194.9 58
12/02-12/22/80 440 309 70
01/26-03/03/81 792 600.9 76
05/16-06/30/81 088 727 73
11/18-12/21/81 548 363.6 66
01/08/-02/22/82 748 612.5 81
03/09-04/26/82 995 830.9 83
10/15-11/05/82 473 316 66
12/27-02/22/83 1050 825.6 78
05/09-06/30/83 1195 960.3 80
11/07-12/23/83 857 662.8 77
03/21-04/30/84 835 674.3 80
01/10-02/21/85 905 606.6 67
03/15-07/22/85 1502 1056.5 70
10/14-11/11/85 416 203.7 48
04/11-06/30/86 1550 1106.5 71
11/17-12/24/86 752 527 70
01/02-02/07/87 696 522 75
03/18-05/02/87 1112 769 69
10/26-12/24/87 1360 801 59
01/23-03/17/89 1160 504 43

The history of dedicated time at SSRL/SPEAR since its inception in 1979 is shown.

Until 1986 SSRL received one-half of the SPEAR operating time in a mode dedicated

to synchrotron radiation while the other half was used for colliding beam physics. There
has been no colliding beam physics on SPEAR in the last few years. Dedicated shifts
have been limited by SSRL budgetary considerations, construction and the SLC schedule.
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Scheduled and Delivered Shifts
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USER SHIFTS BY EXPERIMENTAL STATION

Calendar 1989

Experimental
Station

Beam Line 1
1-1
1-2
1-4
1-5

Beam Line 2
2-1
2-2
2-3

Beam Line 3
3-1
3-2
33
3-4

Beam Line 4
41
4-2
4-3

Beam Line 5
5-2

Beam Line 6
6-1
6-2

Beam Line 7
7-1
7-2
7-3
Beam Line 8
8-1
8-2

Beam Line 10
10-2

TOTAL Shifts Used
Proposals Run

*( ) = facility characterization time

1/23/89 -
3/17/89

57

42 (15)*

40
4 (33)

57
48 (7)
47

57
46
48
54

1 YR

0 (30)

0 (30)

55
45
48

52
52

50 (8)

964 (123)
88

TABLE 2

In 1989, 964 8-hour shifts were used by experimenters for data acquisition on SSRL's 23 operating
SPEAR stations. Additional shifts were used for beam line check out between experimenters. A fotal of
123 shifts were used by SSRL staff, PRT members and collaborators for characterization, upgrading
and commissioning time. In 1989 both the new soft x-ray line on 6-1 and the multi-undulator on Beam

Line 5 were being commissioned.
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TABLE 3

CHARACTERISTICS OF SSRL EXPERIMENTAL STATIONS

SSRL presently has 25 experimental stations 23 of which are located on SPEAR and two on PEP. 12 of these stations
are based on insertion devices while the remainder use bending magnet radiation.

Horizontal Mirror Monochromator
Angular Cut Off
Acceptance (keV)
(Mrad)
INSERTION DEVICES STATIONS
WIGGLER LINES - X-RAY
End Stations
4-2 (8-Pole)
Focused 4.6 10.2 Double Crystal
Unfocused 1.0 Double Crystal
6-2 (54-Pole)
Focused 2.3 22 Double Crystal
Unfocused 1.0 Double Crystal
7-2 (8-Pole)
Focused 4.6 10.2 Double Crystal
Unfocused 1.0 Double Crystal
10-2 (31-Pole)
Focused 2.3 22 Double Crystal
Unfocused 1.0 Double Crystal
Side Stations
4-1 1.0 Double Crystal
4-3
Focused 1.0 Variable Double Crystal
UnFocused 1.0 Double Crystal
71 1.0 Curved Crystal
7-3 1.0 Double Crystal
Undulator Lines - VUV/Soft X-Ray
5 multiple 1.5 Rowland Circle-
undulators Multiple Grating
6-1 6m SGM
Undulator Lines - X-Ray
PEP 1B
Focused 1.7 22  Double Crystal
Unfocused FULL Double Crystal
PEP 5B
Focused 1.7 22 Double Crystal
Unfocused FULL Double Crystal

Energy
Range
(eV)

2800-10200
2800-45000

2800-21000
2800-45000

2800-10200
2800-45000

2800-21000
2800-45000
2800-45000
2800-20000
2800-45000

6000-13000
2800-45000

10-1200

200-1000

12000-22000
12000-50000

12000-22000
12000-50000

Resolution

AEE

~5x104
~1 0-4

~5x104
~10

~5x10-4
~1 0-4

~5x104
~10-¢

~5x10+
~10-%
~1 0-4

~8x10*
~10-4

AL =.013-.13A

~2x104

2x10°%°
~10%

2x10%
~10

Approximate

Spot Size
HgtxWdth
(mm)

20x8.0
2.0x20.0

20x6.0
2.0x20.0

2.0x6.0
2.0 x 20.0

2.0x6.0
2.0x20.0
2.0x20.0
0.3x20
2.0x20.0

06x3.0
2.0x20.0

6.0x 8.0

“1mm?

05x3
0.6x6.0

05x3
0.6 x6.0

Dedicated
Instrumentation

8-circle Diffractometer

2-circle Diffractometer

Rotation Camera

Commissioning

6-circle Diffractometer

Page 8
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Horizontal Mirror  Monochromator
Angular Cut Off Range
Acceptance (keV) (eV)
(Mrad)
BENDING MAGNET STATIONS
X-Ray
1-4 2.0 Curved Crystal  6700-10800
1-5 1.0 Double Crystal  2800-30000
2-1(Foc) 4.8 8.9 Double Crystal 2800-8900
22 1.0-6.1 None 3200-30000
2-3 1.0 Double Crystal 2800-30000
VUV/Soft X-Ray
141 2.0 Grasshopper 64-1000
1-2 40 6m TGM 8-90
3-1 2.0 Grasshopper 25-1000
3-2 4.0 Seya-Namioka 5-40
3-3 8-10 45 UHV Double 800-4500
Crystal (Jumbo)
3-4 0.6 Muttilayer 0-3000
8-1 12 6m TGM 8-180
8-2 5.0 6m SGM 150-1000

Energy Resolution

AE/E

0.3x 10°
~10
~5x 104

~5x 104

AL =.1-2A
~2x 102
AA= 052 A
Ah= 2-6A
~5x104

White or
AMA = .6%
~9x 103

~3x 10

Approximate Dedicated

Spot Size Instrumentation
HgtxWdth

(mm)

0.25x 0.5 SAS Detector

3x20 Area Detector/CAD-4

1x4

4x22-4x134

3x20

1.0x1.0

1.0x2.0

1.0x 1.0

2x7

15x25

2x8 Vaccum Diffractometer/
Litho. Expo.Station

<imm? Angle Resolved e-
Spectrometer

<tmm? Angle Resolved e-
Spectrometer
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TABLE 4
DEDICATED DEMAND vs. ACCOMMODATION
ON SSRL EXPERIMENTAL STATIONS
January 1989-March 1989
Station Shifts Shifts Over- Proposals Proposals %Assigned
Requested Assigned Subscription Requesting Assigned
Wigglers Lines
End Stations
4-2 503 126 466% 13 4 31%
6-2* 191 42 455% 4 3 75%
7-2 Diffractometer 242 126 200% 14 7 50%
10-2* 66 42 151% 4 2 50%
Side Stations
4-3 Diffractometer 125 108 116% 7 5 71%
7-3,4-1 570 242 226% 45 14 31%
7-1 Rotation Camera 110 126 115% 10 10 100%
Bending Magnet X-ray Line
1-4 SAS 91 126 72% 4 4 100%
1-5 Area Detector 119 126 94% 11 4 36%
2-1 Focused 114 72 158% 14 6 43%
2-2 White 240 108 222% 11 6 55%
2-3 EXAFS 12 108 11% 2 8™ 400%
VUV/Soft X-ray Lines
Grasshoppers
(1-1, 3-1) 246 198 124% 8 5 63%
Double Crystal
(8-3) 119 126 94% 4 3 75%
TGM’s
(1-2, 8-1%) 124 132 94% 8 6 75%
SGM
(8-2%) 107 42 255% 3 1 33%
Lithography
(3-4) 85 126 67% 4 4 100%
Seya »
(3-2) 70 126 56% 3 3 100%
*PRT line - general user time only shown
** 2-3 was run in white-radiation mode part of the time to
accommodate overdemand from 2-2.
Demand for experimental time on the SSRL branch lines varies considerably. The percentage of proposals receiving
beam time is often higher than the percentage of shifts accommodated since most experimenters do not receive the full
allotment of shifts requested. Demand is also limited by perceived availability of beam time. Experimenters have
indicated that they could use much more time if it were available. In addition, many new groups have been discouraged
from starting programs based on synchrotron radiation at SSRL since the time available is so limited. This situation
should improve once SPEAR becomes dedicated to synchrotron use.
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Section 11

The 3 GeV Injector & Accelerator Research




Il THE 3 GEV INJECTOR & ACCELERATOR RESEARCH

THE 3 GEV INJECTOR

SSRL s in the final stages of constructing a 3 GeV
booster synchrotron as an injector for SPEAR This
injector will make the SPEAR storage ring independ-
ent from the SLAC Linear Accelerator. After authori-
zation of the project by the DOE in February of 1988,
most of the first year's effort was spent on detailed
technical designs, fabrication of prototype compo-
nents and construction of conventional facilities.
During 1989 activities concentrated on the procure-
ment, fabrication, and assembly of injector sub-
systems. Many components were designed or
specified by injector personnel, while fabrication
occurred in industry, or SLAC shops, but primarily in-
house within specially formed project groups. Assem-
bly and test of sub-systems was also performed by
the injector group. By year's end most of the main
components were fabricated and installed. In
particular, the main magnets with their supports, the
vacuum chamber, the first linac modulator and all
linac DLWG sections had been installed. Completion
of the installation phase is projected for the first
quarter of 1990 followed by a six month commission-
ing phase. ‘

LINAC System

Microwave Gun - in collaboration with Varian Associ-
ates, a microwave gun has been developed to
produce a high intensity electron beam as the first
step of the accelerator chain comprising the injector
project. The main feature of this type of electron

source is its small beam emittance and high intensity.

First tests show a beam current which exceeds, by at
least a factor of two, the required intensity for the in-
jector project. The electron source for the gun
consists of a cathode immersed in the field of an RF
cavity. Electrons emerging from the cathode through
thermionic emission become accelerated immedi-
ately by a high RF field of the order of 50 MV/m and
the repelling electrostatic forces within an intense
electron beam are compensated very quickly. As a
consequence the electron beam from a microwave
gun has a much higher brightness than from ordinary
sources. Three linac modulators have been con-
structed at SSRL, each driving one klystron con-

nected to a ten foot long S-band accelerating section.

The accelerator sections were manufactured at the
High Energy Physics Laboratory in Beijing. One of
the sections has now been powered up to 30 MW or
an accelerating field of 18 Mev/m.

Microwave Gun

Booster System

Booster Ring Magnet System - The ring magnets for

the booster were designed and assembled at SSRL.
In order to allow cycling the booster at 10 Hz all ring
magnets are constructed from laminations of mag-
netic steel. The final choice of material was based on
prototype tests performed with a variety of materials
under realistic operating conditions. All magnet cores
have been stacked, assembled with coils delivered
by industry and tested by the injector magnet group.
To allow efficient installation and alignment all
magnets are preassembled and prealigned resting on
precision locators on rigid girders. This preassembly
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was done in the magnet assembly area and included
the installation of the vacuum chamber and bussing.
The completed girders were then transported to the
ring tunnel for final installation.

Main Magnet Power Supply - To minimize the
interference of the cycling operation of the booster
with other sensitive facilities at the SLAC site a White
circuit was chosen to power the main magnets. In
such a circuit the magnets are connected in parailel
with capacitor banks to form a resonant circuit tuned
to the operating frequency of the booster. The losses
of this circuit are then compensated by energy pulses
via magnetic chokes. All the magnets are designed
for cycling up to 3.5 GeV at 10 or 15 Hz and the
White circuit can also be configured to oscillate at 10
or 15 Hz.

Vacuum System - Due to the cyclical magnetic fields
in synchrotrons, special vacuum chamber designs

are needed to avoid eddy current losses. In some
machines cermanic chambers have been used. For
this injector the technique pioneered by DESY, con-
structing the vacuum chambers of 0.3 mm thin
stainless steel tubes strengthened by external
metallic ribs, was used. This construction method
proved very successful and has been incorporated
into the injector design. Ali the magnet chambers
have been fabricated, installed and pumped down.

Booster Accelerating System - In order to minimize

the maintenance complexity it was decided to
duplicate the SPEAR RF system for the booster. One
of the original four accelerating cavities of SPEAR
has been recommissioned for the booster ring.

Beam Transport System

Injection/Extraction System - The injection and ex-
traction transport systems are designed, and fabrica-
tion complete. The magnets which transport elec-
trons from the booster to SPEAR have been meas-
ured and are installed. Installation of the transport
components from the injector LINAC to the booster
synchrotron has begun. The kicker magnets for
injecting electrons into the booster and for extracting
them out of the booster are ferrite picture frame
magnets mounted inside the booster vacuum. They
are built up from standard modules: 2 units for
injection, 4 units for extraction. Construction of the
kicker pulsers is underway. The injection septum is a
DC horizontal deflecting magnet. The extraction
septum will be a pulsed Lambertson type magnet.

Design work is underway to allow SPEAR to inject at
full energy. This requires modification of the SPEAR
injection components, including the septum magnet.

Project Schedule

It is expected that all injector components will be
installed by the spring of 1990, and after a six month
commissioning period, a dedicated, full energy
injector for SPEAR should be available in October
1990.

Bending Magnet Engineering Model with
Coil (Top Half Removed)
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385 MHz RF Cavity
in Ring Tunnel

‘Beam Transport Line from Booster to SPEAR
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ACCELERATOR RESEARCH PROJECTS

SPEAR Studies

Accelerator research projects have been pursued in
connection with the training of graduate students.
Specific emphasis is given in combining theoretical
studies with practical hands-on experience with
accelerator systems and the design, fabrication and
testing of new accelerator components.

Major accelerator research efforts concentrated on
the design of the ring lattice and stability studies for
the new 3 GeV injector, and the beam transport lines
between the pre-injector linac and the booster as well
as between the booster and SPEAR.

A low emittance configuration for SPEAR has been
developed to reach a factor of 3 smaller beam
emittance. This requires a third injection kicker in
SPEAR which is part of the injector project. Injection
studies and stability simulations have been per-
formed and experimental verification is expected to
occur during the injector commissioning.

With the transition of SPEAR to a dedicated synchro-
tron radiation source, consideration is now being
given to hardware modifications to the long interac-
tion region straight sections to enable them to
accommodate long undulators. Preliminary studies
indicate that it should be possible to revise the
present straight sections so that the free straight
section length is increased from the present 2.5
meters to 10 meters or more. Emphasis is placed on
developing an optics for a 5 meter long undulator
which will be the source for a proposed 1-4 keV
beam line.

PEP Studies

Accelerator physics research on PEP has diminshed
due 1o the higher priority of SPEAR and the injector,
the limited operation time of PEP and the uncertainty
of PEP’s future as SLAC develops a proposal for
modifying PEP to function as a B-meson factory.

3 GeV Booster Ring
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Some work continues on the development of a
longitudinal feedback system for PEP.

Feedback systems have been found necessary to
reach high currents with stable beams in many light
sources. SSRL is presently developing a system to
combat longitudinal instabilities in PEP. Such
systems are likely to be needed also on SPEAR,
particularly when the low emittance mode is imple-
mented.

The work that has been done includes detailed
characterization of the frequency response of the
cavity, comparison of phase detection with energy
detection, the design of a stripline monitor and the
choice of a suitable location for it in the PEP ring, the
exploration of different placements of the cavity in the
ring, the possible impact of the cavity on PEP opera-
tions and the development of the feedback electron-
ics.

The detailed plan for the system was developed in
consultation with many laboratories (SSRL, SLAC,
LBL, NSLS, Argonne, DESY and Hiroshima Univer-
isty). The cavity is scheduled for installation into the
PEP ring in March 1990. The first tests for the
longitudinal feedback systems are anticipated for
summer 190.

Also, reports have been completed on the use of the
PEP emittance control wigglers as sources of circular
polarized hard x-rays and on the modifica-
tionsneeded to PEP if it were to become a dedicated
light source. These reports are available from SSRL.
The work on PEP as a source of circular polarized x-
rays will be published in the proceedings of SRI-89.

General Accelerator Physics Studies

Detailed theoretical studies of optimum microwave
gun designs have been undertaken leading to the
construction of such electron sources for the injector
project. Systematic measurements of beam parame-
ters and comparison with theory will follow in the
coming year.

Fundamental limits of beam optical aberrations have
been studied. As a consequence the feasibility of a
storage ring with a beam emittance of 0.04 nanome-
ters has been established. This emittance is a factor
of one hundred smaller than that for the APS or ALS
and would produce fully spatially coherent radiation
down to wavelengths of 3A.

The simulation programs, PATRICIA and PATPET,
have been further developed. These programs,
which allow the simulation of particle motion in the
presence of a variety of perturbations, are now being
used in a number of laboratories throughout the
world.
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it EXPERIMENTAL FACILITIES

Experimeéntal facilities at SSRL are of two types:
general facility stations and participating research
team (PRT) stations. General facility stations have
been funded by various government agencies,
principally the DOE, NIH and NSF and are open to
the user community on a competitive basis for 100%
of their operating time.

SSRL has three operational PRT's with a fourth in
the process of developing a branch line. All present
PRT's are three party collaborations with SSRL as
one of the parties. The two outside institutions
receive 2/3rds of the available beam time while the
last third is reserved for the SSRL general users.

The PRT arrangements are for a 3 year period.
Renewal is based on review by an ad hoc committee,
appointed by the Stanford University Dean of Re-
search, which considers scientific merit, contributions
to graduate student education and to the SSRL user
community.

X-RAY FACILITIES

There are 13 x-ray stations located on six beam lines
at SSRL. Two of these are PRT lines (wiggler lines 6
and 10). The other 11 are SSRL facility stations. Of
the facility lines, two (Beam Lines 4 and 7) have
wigglers as sources for six stations and the other two
(Beam Lines 1 and 2), serving five stations, have
bending magnet sources. There are also two x-ray
beam lines on the PEP storage ring, each serving a
single experimental station.

Improvements to Existing Experimental
Stations

B_Qam_Lm The two x-ray branch lines on Beam
Line 1 are a Small Angle Scattering line (1-4) and an
EXAFS line (1-5), which can also be runin a mode

dedicated to a Protein Crystallography Area Detector.

A major upgrade to Station 1-4 was started in 1988
and has continued this year. During 1989 a commer-
cial version of the original photodiode array detector
was purchased. This detector has been customized
for low temperature operation and beam stops were
added. IBM donated a PC which is used to operate
the detector. A valve to allow changing the sample-
to-detector distance without exposing the cold array
to ambient air has been added. Finally, the mono-
chromator has been fitted with absolute encoders to
better monitor its configuration.

On the EXAFS line the older racks were replaced
with taller versions in order to consolidate the con-
trols and free more area for setup space.

Beam Line 2: Several upgrades were made to the
three branch lines on Beam Line 2. During the last
run it was determined that the 2-1 mirror had finally
reached the end of its useful life; a new mirror has
been ordered. An additional driver chassis has been
constructed for remote operation of the diffractome-
ters on the white light line (2-2), thus alleviating the
need for connector changes when switching from one
diffractometer to the other. A spectrum analyzer to
moenitor the Fourier components of the photon beam
noise has been installed as part of the dedicated
diagnostics port on this beam line.

Branch Line 4-3: The hutch table was modified to
increase the tilt range of the diffractometer to match
the larger range of angles allowed by the new 4-3
mirror.

Branch Line 7-2: In 1989 this branch line moved into
the microVax era. During the winter run the new
version of SUPER had its baptism, and after some
initial frantic debugging, proved to be a very success-
ful control package. It is expected that SUPER will
become the standard program to control all diffrac-
tometers at SSRL and is also being used with ithe x-
ray generator. The on-line HELP file is available as
an ASCI! file and can be transmitted to interested
users.

General X-ray Facility Improvements

Although much of the efforts of the x-ray staff were
directed to the SPEAR improvement projects de-
scribed in Section1, several other tasks were com-
pleted during the long 1989 shutdown. An extensive
survey of all of the electrical outlets in both experi-
mental halls was undertaken, and all wiring brought
up to current safety standards. A bar-code inventory
control system for x-ray equipment was implemented.

The first crystals to be completely cut and polished
in-house were finished. The ¢ orientation of these
three sets of Si(220) crystals was chosen to comple-
ment the already existing crystals.
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Two new sample positioners and their support
chassis were constructed.

In addition, a number of x-ray staff members went to
the NSLS to provide support for SSRL users running
on NSLS Beam Line X19A. Standard SSRL sample
positioners were also sent to Brookhaven for use by
SSRL users.

Crystal Cooling Project : Recent research at several
synchrotron radiation laboratories has shown that the
performance of a typical double-crystal silicon
monochromator suffers when the power density on
the first crystal reaches a few watts per square
millimeter. Thermal gradients in the crystal cause its
surface to pillow slightly, and the consequent warping
of the crystal planes reduces the transmitted flux.
Since the power density at SSRL’s wiggler lines 6-2
and 10-2 can reach this level, and since significantly
higher values will be achieved on future beam lines,
SSRL has been studying methods for more efficient
cooling of monochromator crystals.

In 1989 we began studying a technique developed at
LLNL for the cooling of integrated circuits. This
technique uses numerous tiny water cooling chan-
nels cut directly into the crystal. During the past year,
in collaboration with scientists from Livermore,
methods for cutting the cooling channels and attach-
ing the associated plumbing without introducing
strain have been developed. Several prototype
crystal assemblies are now ready for testing at a
synchrotron beam line, which should occur during the
spring of 1990.

VUV FACILITIES

There are currently ten VUV or soft x-ray branch lines
at SSRL. Four of these facilities were built by PRT's
and the general user community has access to 33%
of the time on these lines. The facilities being
scheduled for users are: two TGM's (1-2 and 8-1),
two grasshopper monochromators (1-1 and 3-1), a
Seya-Namioka monochromator (3-2), an in-vacuum
double crystal monochromator (3-3), a SGM (8-2)
and the lithography/optics line (3-4). Two PRT
branch lines, 6-1 and 5, are in the final stages of
commissioning.

Improvements to Existing Experimental
Stations

Branch Line 1-1: The old grasshopper was operated
with the new elliptical M1 mirror installed in late 1988.
The new mirror reduced the spot size from 90 p to

40 p , with a resulting factor of three increase in flux
through the entrance slit. With the small spot size,
and the cantilever design of the new mirror holder,
vibration of the mirror caused intensity fluctuations
that did not damp out until one second after the
monochromator stopped scanning. A modification to
the mirror holder was made to hold the end of the M1
mirror and to make fine in situ adjustments of the
focus at the entrance slit. Also, the scanning motor
was changed to a smoother operating 5 phase
stepper. It is now expected that the dead time due to
mirror vibrations should be negligible, and the spot
size at the entrance slit should be reduced to an
estimated 25 p, with a further increase in flux.

Branch Line {-2: The new TGM on Branch Line 1-2
was opened to users in the 1989 run. The first VUV
beam line with a microVAX workstation for mono-
chromator control and data acquisition, it operated
with the EXP and AUTO data acquisition and analy-
sis packages. During the run, it was confirmed that
the 2400 Vmm grating is of poor quality, and will have
to be replaced. Thus, the range of the monochroma-
tor is limited from 7 to 90 eV. The roll motion on the
MO0 was reassembled to ease the alignment of the
beam into the monochromator. This adjustment,
however, cannot completely remove the cant built
into the 15 year old copper MO mirror. To correct this
a SiC mirror has been ordered (with the assistance
of LANL) which will greatly increase the flux through
the monochromator. A permanent |, section and
pneumatic exit valve have been added after the
refocusing mirror. The section has a metal pneumatic
exit valve.

Branch Line 3-1: A microVAX workstation is being
installed on the new grasshopper. It will be operating
with the EXP and AUTO data acquisition and analy-
sis packages.

Branch Line 3-2: The main bearing for the grating
rotation galled during the last run. It was rebuilt and
modified to prevent reoccurence of the problem.

Branch Line 3-3: A new fused silica mirror was been
received to replace the one that has beenin use on
Jumbo since 1979.
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BIOTECHNOLOGY FACILITIES

The research and user support in the Biotechnology
area at SSRL are funded jointly by the NIH Division
of Research Resources and the core SSRL DOE
operations budget. Two specialized branch lines for
protein crystallography (1-5 Area Detector and 7-1
Rotation Camera) exist as well as a variety of sup-
porting equipment and instrumentation.

The current NIH grant is in its last budget year. A 5-
year renewal proposal was submitted in May 1989.
As part of the proposal review process, the SSRL
Biotechnology Resource had a site visit in November.
The Special Study Section gave a very favorable
review and rating of the proposal, and it is now clear
from NIH that the SSRL Biotechnology Resource will
receive continued funding at the present level or
higher. Major projects/instrumentation included in
the proposal are an imaging plate detector system for
use in crystallography and small angle scattering, an
additional area detector for the system on Branch
Line 1-5, acquisition of a Ge detector array system
for XAS studies, implementation of a harmonic
rejection/focusing mirror for Branch Line 7-3 (XAS),
and a low-energy enhancement to Branch Line 6-2
including an in-vacuum monochromator and a Ni-
coated mirror with an energy cutoff at about 6 keV.

Eacilities for X-ray Absorption Speciroscopy : Contin-
ued progress in the development of Hgl, detector
arrays was achieved through careful characterization
of a 5-element array under realistic operation condi-
tions at SSRL. With an improved front end design
the detectors maintained nearly ideal spectrometric
behavior to input count rates in excess of 100 kHz.

The “rapid turnaround” station for XAS measure-
ments was put in use for the first time. Due to the
limited amount of beam time, only two such users
were accommodated. After the successful use
during the winter run of the new motorized alignment
rails for XAS measurements, an additional rail was
manufactured and assembled. Two rails are now
dedicated to Branch Line 7-3 and to the rapid turn-
around EXAFS station, respectively, while a third rail
is available on request for the remaining XAS beam
lines. A design effort has been successfully com-
pleted in the construction and assembly of a single
crystal XAS alignment system to be used with the
motorized rail system. It consists of a x arc (rotation
0-100° and a ¢ rotation stage (full rotation). The
system includes a movabile laser-based beamy/crystal

alignment module attached to the rail through a
standard slide.

Eacilities for Protein Crystallography: During the past
year a permanent radiation enclosure for the area
detector data acquisition system on Branch Line 1-5
has been built. This new enclosure, which is the size
of a small room, replaces the portable hutch that has
been in use since the area detector system was first
buiit. The enclosure is large enough to permit the
future addition of a liquid nitrogen cryostat for low
temperature crystallographic data collection. It will
also provide enough space to accommodate an
additional area detector at a future data which would
greatly enhance the efficiency of multi-wavelength
anomalous scattering data collection. Furthermore,
the diffractometer has now been mounted directly
onto the concrete floor slab for additional mechanical
stability, and there is now adequate space for users
to walk around the instrument for alignment pur-
poses. This will make the system far more conven-
ient to use.

The liquid nitrogen cryostat, that was built last year
for the rotation camera system on Beam Line 7-1,
has been further refined and tested on protein
samples. This cryostat is now available to visiting
user groups as part of the rotation camera system. A
translation stage has been added to the rotation
camera crystal monochromator so that a different
region of the monochromator crystal can be used
without opening the monochromator tank should the
crystal become damaged by the x-ray beam.

A computer-controlled single-crystal goniometer for
white beam Laue diffraction, incorporating a very fast
x-ray shutter system, is under construction. When
complete, this instrument will be used to perform
time-resolved studies in protein crystallography using
an Imaging Plate Detector system.

Eacilities for Small Angle Scattering: A major im-
provement to the SAXS camera has been completed
with the integration of a new detector into the system.
This detector, a quadrant detector (obtained from Dr.
A. Gabriel, EMBL, Grenoble), is of gas chamber type
with spatial resolution in one dimension, but with a
sensitive area covering a 60 degree quadrant.
Integration of signals along 60 degree arcs provides
a very significant improvement in signal-to-noise ratio
at higher Q values when compared with single-wire
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linear detectors. The new detector is most applicable
to isotropic scattering experiments, but can also be
used with oriented samples if some degree of mosaic
spread is present. A fully motorized X-Z translation
stage has been constructed to allow remote center-
ing of the detector in the x-ray beam. As a sepa-
rately moving component of the camera, the detector
allows the existing alignment rail, motorized stages,
and defining slits to be used for positioning samples
and controlling the beam size. A sample-to-detector
helium path has been manufactured to eliminate air
scattering. | (transmitted intensity) measurement is
achieved using a design in which |, photons hit a
flourescent screen mounted on the beam stop and
the emitted light collected by a fiber optic cable and
transmitted to a photomultiplier tube for measure-
ment.

PRT EXPERIMENTAL FACILITIES

Improvements to Existing Experimental
Stations

Beam Line 5 (Xerox/Stanford University/SSRL) -
During the early shifts of SPEAR storage ring opera-
tion in 1989, the new monochromator on the muilti-
undulator Beam Line 5 took its first spectra. Perform-

-ance during initial commissioning confirmed that the

design and fabrication goals have been met. This is
illustrated in Figure 2 which shows the observed
transmitted flux compared to the calculated values.

FIGURE 2

Beam Line 5 Monochromator Transmission
Undulator Fundamental at 400 eV
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Observed Transmission vs. Calculated Values, Beam Line 5. The functional form of the observed transmitted flux of the
beam line at a fixed undulator setting is compared to calculated values. The transmission of both the 2° and 4° gratings,
as well as both the end station and side station are shown. The total electron yield from gold was used as a measure of
the transmitted flux. The calculated transmitted flux includes the calculated spectral distribution of the source and the
reflectivity of the mirrors, and assumes a grating efficiency function based on measurements of previous gratings pur-
chased from Astron The peak in transmitted flux at about 120 eV is due to a peak in reflectivity of the optics, while the
400 and 800 eV peaks are due to the undulator fundamental and 2nd harmonic. The qualitative agreement and overall
function form of the transmitted flux confirms that scattered light is not a serious problem. In addition, the side deflecting
mirrors demonstrate predicted reflectivity performance, which results in usable side station flux up to 800 eV.
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FIGURE 3

" T \ ! T T
BIL.5 Endstation

600

C 1s

= from Diamond

Beam Current
23.4 mA

Emission Intensity (counts per second)

i

hv = 385 eV

CMA detection
AES slits
25 eV Pass Energy

Undulator fundamental
set to 400 eV

]

"

!
102

3 !
104 106

Kinetic Energy (V)

The Carbon 1s Photoemissio

n Spectra at 385 eV on Beam Line 5

Operation of the beam line was limited to fixed
undulator gaps for this initial run. Early in the run it
was discovered that the exit slit had jammed open.
Ironically, the monochromator resolution was limited
by this stuck slit to that of the grasshoppers at SSRL.
Shown in Figure 3 is the carbon 1s photoemission
spectrum from diamond at an excitation photon
energy of about 385 eV. The peak width is almost
entirely due to the monochromator, as the natural
linewidth of the C 1s is much less than 1 eV. The
apparent monochromator resolution confirms that the
slit opening is stuck at an opening of roughly 50 p. In
comparison to carbon 1s photoemission measure-
ments made on the new grasshopper, Branch Line 3-
1, (March 1982) at similar photon energies (and
operating at the same photon resolution) it is esti-
mated that the Beam Line 5 photon flux at 400 eV is
about a factor of 20 more intense (normalized to
beam current). Final optimization of the beam line
during April, 1990 may alter (i.e., improve} this figure.

After the run the 1 and 2 meter gratings of the
monochromator were replaced with new specifically
figured Astron gratings. These gratings were opti-
cally aligned for optimum instrument resolution using
a mercury lamp technique. Extensive characteriza-

tion of the instrument’s optical performance was
made, particularly, flux measurements as a function
of slit width, determination of zero order positions for
the various optical elements, determination of the slit
position as a function of encoder position, and
extensive exercise of the mechanical motions and
repeatability of position. Various improvements were
also made to the electronics systems and monochro-
mator software. Undulator control capability from the
beam line has also been implemented, utilizing direct
communciation with the SPEAR control computer.

Beam Line 8 (University of California/National
Laboratories/SSRL) - Very good spectral resolutions
have been measured for TGM Beam Line 8-1 using
an electron time-of-flight spectrometer. For the G2
grating (822 gr/mm), FWHM linewidths of 39 meV
and 85 meV were obtained for the Kr 4s™ line at
27.52 eV and the Xe (4d,,,-6p) line at 65.11 eV,
respectively. A FWHM linewidth of 41 meV was
obtained at 65.11 eV using the G1 grating (2400
gr/mm). These results were derived by subtracting
in quadrature an instrumental spreading of 20 meV.
The electron spectrometer data yielded negligible
higher-order light for G1 above 110 eV. Thisis
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consistent with an estimated factor of five suppres-
sion of higher orders in this energy range by prefo-
cusing mirror roll off. Below 100 eV, higher-order
contributions to the G1 output did not exceed 20%.
Very little higher-order contributions were observed
for G2 above 35 eV. In contrast, very significant
higher-order contributions were observed for G2
below 35 eV and for G3 (288 gr/mm) through its
entire range. A suitable mirror roll-off device, such as
SiC at 20° with a sharp roll off above 90 eV, is
recommended for TGM operation below 35 eV.
Prefilters now installed on the branch line include In,
Sn, Al, Si, Be/C, B, and C.

A new multipurpose sample chamber was installed
on SGM Branch Line 8-2 and tested during the spring
1889 run. It includes a 150-nm Al vacuum barrier for
operation at 10 Torr, a well-shielded flux monitor

mounted near a pair of Huber adjustable entrance
slits, a translatable filter holder, a calibrated NBS-
style diode featuring a Au cathode that can be
inserted into the beam near the chamber exit, and
computer-coupled rotation stages for multilayer
reflectivity measurements. A large (1 x 1 cm) GaAsP
detector was mounted on the detector arm which,
despite its size, had adequately low dark current. A
nearly ideal focus was obtained at the chamber
center (less than 1 x 3 mm), thus verifying excellent
exit mirror performance. Two new |, monitors both
performed very well. A new channeltron-amplified 1
monitor located upstream of the window section gave
similar results to a gold mesh | monitor located in the
scattering chamber near the entrance slits. The
unamplified gold mesh is very well shielded yielding
dark currents that were a factor of 5 or 10 lower than
previous designs.

FIGURE 4 2 — T T
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Calculated SGM Throughput Compared to Au Diode Results, Branch Line 8-2. The calculated results are based ona 3
GeV, 100-mA SPEAR bending magnet spectrum, ideal grating efficiency, and ideal Pt reflectivity at 2.5° and 2° (first and
exit mirrors); measured results were corrected for transmission through the 150-nm Al window. Increases in measured
flux for the 500-gr/mm case below 300 eV and above 550 eV are due to sacond-order and zero-order contributions,
respectively. The second order component is preferentially transmitted through the Al window and has not been sub-
tracted. These results are in satisfactory agreement considering the corrections required and the preliminary status of the

grating efficiency calculations.
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Second Order Results from the 1100 gr/mm Grating. The second-order results obtained for the SGM 1100-gr/mm grating
based on Fe, Ni, Cu, and Mg edges are shown. Each value has been corrected for the moderate detector sensitivity
difference at the two edges. Corrections for third and higher orders are negligible. Note the evidence for rather weak
third-order at 434 eV (311 eV) for Mg (Cu). These results suggest that above 600 eV this grating range is relatively free
from second- or higher-order contributions and that the second-order fraction is somewhat reduced if the vacuum barrier
is not required.
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Good data on prefilter transmission and monochro-
mator plus window output was obtained using an
NBS style goid x-ray diode. Absolute calibration of
the detectors was done at LLNL using proton-
induced K and L lines in the range of interest, Figure
4 shows calculated SGM throughput compared to
results obtained using the Au diode. These results
are in satisfactory agreement considering the correc-
tions required and the preliminary status of the
grating efficiency calculations.

Prefilters installed in SGM Branch Line 8-2 include C,
Ag, V, Fe, Ni, Cu, and Mg. Figure 5 shows meas-
ured transmission results for typical filters. Note that
higher orders are exaggerated in Figure 5 because
the first-order amplitude has been reduced by the
vacuum barrier. Filter transmission data has been
used to determine absolute second-order contribu-
tions. Figure 6 shows second-order results obtained
for the SGM 1100-gr/mm grating based on Fe, Ni,
Cu, and Mg edges. These results suggest that
above 600 eV this grating range is relatively free from
second- or higher-order contributions and that the
second-order fraction is somewhat reduced if the
vacuum barrier is not required.

Beam Line 10 (University of California/National
Laboratories/SSRL) - During the spring 1989 run the
flux of Branch Line 10-2 in the focused mode was
determined. With SPEAR operating at 3.3 GeV and
59 mA ring current, the measured flux at 10 keV
photon energy was 3.4 x 10'2 photons/sec for a
wiggler field of 1.0 Tesla.

In 1989 a new tandem diffraction hutch was installed
on Branch Line 10-2. This hutch is shielded to
handle white light and can accommodate a 1.5 m
radius swing. A large (48" x 72") optical table top is
being installed in the front hutch for EXAFS, imaging,
and other experiments.

The beam movement and energy drift problems
encountered during the 1989 run have been diag-
nosed and solved - the energy drift by eliminating
false pulses sent to the monochromator motor drive
during scanning and the horizontal beam movement
by correcting the off-parallel alignment of the plates
housing the monochromator crystals and crystal
holders. As aresult of the earthquake, Branch Line
10-2 dropped ~.1" with respect to the SPEAR plane.
Realignment has been completed.

To obtain photons in the 1-3 keV region, modifica-
tions were made to allow operation without the Be
window module. This included installation of a
differential pump section to serve as a transition
region from UHV to HV and modifications of the
monochromator to enable operation at high vacuum
(107 Torr). Rh-C multilayers (2d =80 Aand 2d =

40 A) and a beryl crystal will be used as dispersive
elements. A HV experimental chamber is also
available. A schematic drawing of the modified beam
line is shown in Figure 7. A protocol for the change-
over from hard to soft x-rays has been developed.
Tests and characterization of the modifications will be
conducted during the spring 1980 run. Because the
present monochromator cooling is probably insuffi-
cient for operation at the full wiggler field, the initial
measurements will be made with operation in undula-
tor mode.

We are also implementing a quick scan EXAFS
capability. R. Frahm (HASYLAB) is collaborating
with LLNL to install this new capability and to perform
time-resolved EXAFS measurements of thin film
growth processes and interface formation in the time
domain of seconds.

PRT Facilities Under Development

Branch Line 6-1 (1 BI /SSRL/EXXON) - During the
last dedicated SPEAR run a new Spherical Grating
Monochromator (SGM) saw its first synchrotron light
at the LBL/EXXON/SSRL 54-pole wiggler Station 6-1.
This monochromator and two premirrors, designed
and fabricated by LBL for high resolution and high
flux requirements, had been installed at SSRL in
1988.

The monochromator is based on a Rowland Circle
geometry with a large radius (R=55 m) and movable
slits. The first optical component, a movable and
water-cooled plane mirror, horizontally reflects a part
of the wiggler beam onto a second mirror, a toroid.
This focuses vertically on the entrance and horizon-
tally on the exit slit of the monochromator. The
grating chamber may accommodate three large (65
mm x180 mm) water-cooled metal gratings. These
gratings were not available for the winter run. They
are now nickel-coated and polished, but the ruling
process will still take several months. Instead, a
single fused silica grating (600 Imm, no cooling)
from Ferranti Astron of outstandingly high quality
(very small surface roughness and slope errors) was
installed.
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The first output data of the monochromator taken
with an aluminum photodiode show an unusually low
stray light contribution, which confirms the quality of
the grating. The energy range of this grating covers
180 eV to 820 eV. The absolute photon flux is
calculated to be 1x10'"! Phot/sec/100 mA at 440 ev
with 0.5 eV resolution (i.e., 100 p slits).

Two strong peaks which are visible in the output
spectrum at 220 eV and 440 eV were identified as.
the 1st and 2nd harmonic of the 54-pole wiggler
(0.5 T). This means that, for future applications, the
wiggler could be used to increase the photon flux in
small, selected energy ranges.

For a fine alignment of the monochromator, and
hence improvement of its resolution, the photodiode
was replaced by an ion chamber (supplied with 0.01
Torr nitrogen). The ion yield from nitrogen displays
five clearly resolved vibrational final states structures
at the 1s-2p”* resonance at about 401 eV. This dem-
onstrates that the achieved instrumental resolution at
the end of the run was already less than the lifetime

broadening, which is about 130 meV for N 1s vacan-
cies.

A deconvolution using Lorentzian functions for the
lifetime width and with Gaussian functions for the
monochromator resolution shows a width of 80 meV
for the monochromator resolution, i.e., at 400 eV a
resolving power of 5000. This is the second best
resolution ever achieved with a monochromator
covering the K-edges of the elements C, N, O, and F.
(C.T.Chen and F. Sette, Bell Labs claim 10,000 for
their new SGM with an 800 ¥mm grating at NSLS).

It is worth mentioning that the measurements at
SSRL were performed under “low intensity” condi-
tions, which means the wiggler was mainly operated
at 0.5 T and the mirror MO was only modestly in-
serted into the wiggler fan, (an intensity of 4-9% was
subtracted from the x-ray Branch Line 6-2).

it is expected that the photon flux and the resolving
power can be improved further during the next
SPEAR run.

An overview of the Branch Line 6-1 Spherical Grating Monochromator (SGM) built by Lawrence Berkeley
Laboratory (LBL) with assistance from SSRL. Seen from left to right are the toroidal condensmg mirror, the

grating chamber and the moveable slit exit.
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Branch Line 10-1 (/BM/Stanford University/SSRL) -
During the year the front end components of Beam
Line 10 were modified to accept the components for
the new 10-1 station. The mirrors and monochroma-
tor will be delivered in the first half of 1990. For
specific details of the branch line see the 1988
Activity Report. The expected date for first light in
this line is October 1990.

SUPPORT FACILITIES
ngmmma]_ﬁagmes_- Preparations for the

conversion of all PDP-11 beam line data acquisition
systems to VAXstations have continued. Program-
ming for the base-leve! driver system (called VAX
motors) is fully complete and programming for
higher-level user-interface software for specific

applications is ongoing. The first major application of
the new hardware/software control system will be for
EXAFS applications on Branch Line 7-3 during the
coming Spring 1990 run. Following full debugging
and documentation, all remaining systems are
expected to be converted to VAXstation control by
the end of Summer, 1990.

Biochemical Laboratory. One major addition was
made to the lab in 1989, a refrigerated Beckman
GPKR centrifuge with rotors.

User Clean Room: The clean room vacated by the
vacuum group, on their move to Building 137, has
been set up for use by staff and users. it has
benches, tools, spot welder, fume hood for cleaning
small parts and a limited supply of hardware that can
be signed.out.

The grating chamber with facility for three interchangeable, water-cooled gratings. Underneath black covers
are a HP laser interferometer and stepping motor from the Orasis Corporation, which precisely control the
angle of the grating. Standing next to the chamber is assembly technician Bill Gath.
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IV SSRL ORGANIZATION

On December 22, 1989, SSRL Director A. Bienenstock announced a reorganization of the SSRL technical
staff which became effective January 2, 1990. The goals of the reorganization were to focus effort on SSRL’s
three highest pricrities: to complete and commission the injector, o prepare to operate and maintain SPEAR
and the injector and to have a successful spring 1990 experimental run. In the new organization, all the
technical staff is contained in three groups:

1. Accelerator Research and Operations Division
2. injector Project
3. Photon Research and Operations Division.

Responsibility for safety and quality assurance resides in the Dlrector’s Office.

The functions of the Accelerator Research & Operations Division are: accelerator operations, accelerator
physics research, engineering, technical resources and user support. The Photon Research & Operations
Division is responsible for: beam line management, beam line development, research using synchrotron
radiation and user support. At the completion of the injector project personnel from this project will be
incorporated into the other divisions as appropriate. In addition, there is a Computational and Administrative
Resources Division.

Piero Pianetta (Associate Director Photon Research Division), Arthur Bienenstock (Director), Herman Winick
{Deputy Director) and Ron Gould (Associate Director Computional and Administrative Resource Division).
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SSRL EXPERIMENTAL STATIONS
RESPONSIBLE PERSONNEL

BRANCH LINE

1-1 Grasshopper

12 TGM

1-4 SAS

1-5 Unfocused Bend Magnet
1-8AD Area Detector

21 Focused Bend Magnet

2-2 White Radiation

2-3 Unfocused Bend Magnet
341 Grasshopper

3-2 Seya - Soft X-ray

3-3 Jumbo - Soft X-ray

34 Lithography

4-1 8-Pole Wiggler

4-2 8-Pole Wiggler

4-3 8-Pole Wiggler (Materials Diffraction)
5 Mutli-Undulator.

6-1 54- Pole Wiggler - SGM

6-2 54- Pole Wiggler

7-1 8-Pole Wiggler (Rotation Camera)
7-2 8-Pole Wiggler (Scattering)
7-3 8-Pole Wiggler

8-1 SGM

8-2 TGM

10-2 31- Pole Wiggler

PEP1B

PEP 5B

RESPONSIBLE PERSON(S)

A. Waldhauer

M. Rowen

H. Tompkins

H. Tompkins

P. Phizackerley/H. Bellamy

H. Tompkins
Z. Rek
H. Tompkins

A. Waldhauer
F. Coftman
M. Rowen

P. Pianetta

H. Tompkins
H. Tompkins
H. Tompkins
R. Carr/F. Coffman

A. Waldhauer (SSAL), P. Heimann (LBL)

J. Arthur (SSRL), G. George (EXXON), P. Ross (LBL)

P. Phizackerley/M. Soltis
J. Arthur
H. Tompkins

M. Rowen (SSRL), G. Tirsell (LLNL), J. Tobin (LLNL}

M. Rowen (SSRL), S. Williams (UCLA)
J. Arthur (SSRL), J. Wong (LLNL}

H. Tompkins
H. Tompkins
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IN§TRQMENTATIQN[FA§IL|TY BESPONSIBILITIES

MATERIALS DIFFRACTOMETER: S. Brennan, H. Tompkins
PERKIN-ELMER CHAMBER: M. Rowen

VG SAMPLE CHAMBER: M. Rowen

AREA DETECTOR: P. Phizackerley, H. Bellamy

ROTATION CAMERA: P. Phizackerley, M. Soltis

CAD-4 DIFFRACTOMETER: M. Soltis

COMPUTER SYSTEMS: T. Cox

7-2 SPECTROMETER: S. Brennan, H. Tompkins
BIOCHEMISTRY LABORATORY: B. Hedman, R. Mayer
DARKROOMS: M. Soltis, Z. Rek

BEAM LINE STEERING: R. Hettsl

EXAFS EQUIPMENT AND SOFTWARE: B. Hedman, R. Mayer
SAS CAMERA (BIOTECH): S. Wakatsuki

EXAFS CONSULTANT: B. Hedman

SCATTERING CONSULTANT: S. Brennan

RT-11 SOFTWARE CONSULTANT: S. Brennan
TOPOGRAPHY EQUIPMENT: Z. Rek

RAPID TURNAROUND EXAFS FACILITIES: B. Hedman, R. Mayer
MIRROR COATING/METROLOGY LABORATORY: D. Ernst
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SSRL ADVISORY BOARDS
PROPOSAL REVIEW PANEL

A main task of the Proposal Review Panel is the
review and rating of scientific proposals to SSRL
based largely on reports obtained from outside (non-
panel) referees. The panel met on January 14, 1989
and on July 20 and 21, 1989 at SSRL and rated the
new proposals which had been received in Septem-
ber 1988 and March, 1989 respectively.

As of December 31, 1989 SSRL has received a total
of 2107 proposals of which 166 are presently active.

The Proposal Review Panel meets twice yearly,
generally in June and January. Deadlines for receipt
of proposals for consideration at the next meeting are
the first of September and the first of March of each
year.

The panel members in 1989 were:

iol -
Don Engelman, Yale University
Wayne Hendrickson, Columbia University
William Orme-Johnson, MIT

Materigls Sub-panel

G. Slade Cargill, IBM Research Center

Howard Birnbaum, University of lllinois

Russell Chianelli, EXXON

Denis McWhan, AT&T Bell Laboratories (term ended
1/89)

Peter Pershan, Harvard University (term started 7/89)

Charles Fadley, University of Hawaii

Warren Grobman, IBM Watson Research Center
{Chairperson)

Torgny Gustafsson, Rutgers University

SCIENCE POLICY BOARD

The Science Policy Board reviews all aspects of
SSRL operation, development and plans for the
future. It reports to Stanford University President
Donald Kennedy. The Board met once during this
reporting period, on May 4-5, 1989. A joint meeting
with the SLAC Science Policy Committee was held
during the meeting. Members of the 1989 Board
were:

B. McDaniel, Cornell University (Chaimperson)
C. Barrett, Intel

P. Chaudhari, IBM

E. Ginzton, Varian

E. Knapp, University Research Associates
W. Kohn, University of California-Santa Barbara
V. Narayanamurti, Sandia Laboratories

W. Orme-Johnson, MIT

Y. Petroff, LURE

P. Wolff, MIT

M. Wrighton, MIT

RL RS ORGANIZATION

Members of the Executive Committee of the
SSRLUO were appointed at the 16th Annual SSRL
Users Group Meeting as follows:

Stephen Laderman, Hewlett-Packard (Chairperson)
Brad Pate, Washington State University (Vice-
Chairperson)

Troy Barbee, LLNL

Gordon Brown, Stanford University

Phil Heimann, LBL

Janet Kahn, Stanford University

Paul King, Stanford University

Marjorie Olmstead, University of California
David Templeton, LBL

Al Thompson, LBL

Katherine Cantwell (Secretary-SSRL Liaison)

The Users Organization is responsible for
organizing the annual users conference. The
16th Users Conference was held October 17th -
18th, chaired by Steve Laderman and Fred Senf.
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V. EXPERIMENTAL PROGRESS REPORTS

ATERIA

100M “X-Ray Absorption Studles of Disordered Systems” E.D. Crozier, D.T. Jiang, R. Ingalls, J. Freund, 41
B. Houser

956Mp “Sodium K-Edge XAFS Investigation of Coal Ash” N. Shah, F.E. Huggins, G.P. Huffman, S. Mitra, 43

A. Shah

956Mp  “An XAFS Investigation of Chiorine in U.S. Coals” F.E. Huggins, G.P. Huffman, F.W. Lytle, 45
R.B. Greegor

994M  “Characterization of the Coordination Environment of Divalent Iron In Sillcate Crystals, Glasses 46

and Liquids as a Function of Temperature and Composition Using X-Ray Absorpticn
Spectroscopy” W.E. Jackson, G.A. Waychunas, G.E. Brown, J-M. Combes

999Mp  "X-Ray Absorption Spectroscopy of lon Sorption Complexes at Mineral/Water Interfaces” 49
P.A. O'Day, C.J. Chisholm-Brause, N. Xu, J-M. Combes, G.E. Brown, G.A. Parks

1021Mp “Synchrotron X-Ray Polycrystaliine Diffractometry - VI” W. Parrish, C. Erickson, N. Masciocchi, 52
H. Toraya, B. Gilles

1066Mp “EXAFS Spectroscopy of Electrochemically Generated Specles: Copper (BCP-S), and Prussian 54
Blue” R.C. Elder, W.R. Heineman

1078M  “EXAFS Studies of (100) GaAs Treated with [Ru'(NH,),H,0P*" S.R. Lunt, G.M. Miskelly, 56
M.J. Sailor, P.G. Santangelo, B.J. Tufis, N.8. Lewis, K.O. Hodgson

2021Mp “Analysis of Municipai Wastewater-Siudgs Incinerator Emission Samples using X-Ray 58
Absorption Methods for the Determination of Chromium and Nicke! Species” N.F. Mangelson,
L.B. Rees, J.E. Sikk, MW. Hill, R.B. Greegor, F.W. Lytle

2033Mp “S K Edge XAS Studies of Photographic Materlals” J.G. DeWitt, T.A. Smith, B. Hedman, 60
K.O. Hodgson

2049Mp "Comparison of Fluorescent and e-Yield X-Ray Absorption Spectra" F.W. Lytle, R.B. Greegor 62

2052M  “The Energy Dependence of the Production of the E' Center in Amorphous $i0," D.B. Kerwin, 63
F.L. Galeener

2055M  “Sn-Related DX Centers In Ga,,Al, ,As” T.M. Hayes, D.L. Williamson, A. Outzourhit, P. Small, 64
P. Gibart, A. Rudra :

2061M  “Electrochemically Deposited Metal Monolayers: Structure, Compressibility and Growth” 66
M.F. Toney, J.G. Gordon, M.G. Samant, G.L. Borges, D. Yee, L.B. Sorensen -

2062Mp “Structural Improvements in Multilayers of Instrumentation Applications” W.K. Warburton, &7
T.W. Barbee

2088M “Anomalous Small Angle X-Ray Scattering Study of Amorphous Metal-Germanium Alloys” 69

M. Rice, S. Wakatsuki, A. Bienenstock

8003M  “Studying Hyperfine Fields with Resonant Nuclear Diffraction of X-Rays” J. Arthur, D.E. Brown, 71
S.L. Ruby, G.S. Brown, G.K. Shenoy

SSRHL ACTIVITY REPORT 1989 Page 37




9035M  “Grazing Incidence X-Ray Diffraction Studies of Polymer Films” B.J. Factor, T.P. Russell, 73
M.F. Teney

0042M  “Static Structures of Associating Polymers and DNA Fragments via Small Angle X-Ray 75
Scattering” A.P. Gast, F. Leermakers, K. Cogan, J. Raeder, R. Pecora, J. Tracy, M. Tracy

9043M  “White Beam and Section Topographic Survey of Mo Thin Films on Silicon Substrates” 77
L.H. Lee, H.Y. Wang, H.J. Wu, Z.U. Rek, J.C. Bilello

9044M  “In Situ Topographic Observations During Dynamic Loading of a Mo Grain Boundary” L H. Lee, 78
J.C. Bilello, Z.U. Rek, H.Y. Wang :

9902M  “Modeling and Experimental Measurements of Residual Stress Using Synchrotron Radiation” 79
J.F. Shackelford, B.D. Brown, J.S. Park, R.W. Ryon, E. Flower

9902M “X-Ray Tomographic Microscopy of Metal Matrix Composites” J.H. Kinney, U. Bonse, 81
M.C. Nichols, Q.C. Johnson, R.A. Saroyan, R. Nusshardt, F. Busch

9002M  “Thin Film and Interface Structure” J. Wong, T.W. Barbee, E.M. Larson 82

BIOLOGY PROPOSALS

991Bp  “EXAFS and WAXS/DAS Analyses of Tc and Re Drugs and Tc-Metallothionsin” R.C. Elder, a3
E. Deutsch

922Bp “EXAFS, WAXS and DAS of Gold Based Drugs used to Treat Rheumatoid Arthritis” R.C. Elder, 85
K. Tepperman

1046B  “Synchrotron Radlation Coronary Angiography in a Human Subject with a Dual Beam, Dual 87
Detector Imaging System” E. Rubenstein, J.C. Giacomini, H.J. Gordon, A.C. Thompson, G. Brown,
R. Hofstadter, W. Thomlinson, H.D. Zeman

2031Bp “Reactivity of the Laccase Trinuclear Copper Active Site with Dioxygen: An X-Ray Absorption 89
Edge Study” J.L. Cole, G.O. Tan, E.K. Yang, K.O. Hodgson, E.l. Solomon

2035B  “Structural Comparison of Purple and Blua Forms of Bacteriorhodopsin” S. Wakatsuki, 90
Y. Kimura, N. Gillis, D. Eliezer, W. Stoeckenius, K.O. Hodgson, S. Doniach

1AB8B  "Virus Structure” M. Rossman, J. Smith, M. Luo, S. Kim, J. Badger,. P. Dumas, S. Krishnaswamy, 92
K. Piontek

1A93B  “Crystallographic Studies of the Nitrogenase Iron Protein from Azotobacter vinelandIl’ 84

M.M. Georgiadis, P. Chakrabarti, D.C. Rees

2A01B  “X-Ray Crystallography on Crystals on N. gonorrhoeae Pilin” H.E. Parge, D. Christensen, 95
T. Hong, K. Andrews, D.E. McRee, E.D. Getzoff, J.A. Tainer

8116B  “On the Need to Account for Electron Spin when Interpreting Linearly Polarized XANES with 96
Application to the Polarized Molybdenum L, and L, Absorption Edges of Single Crystal
MoS,0,*” T.A. Tyson, D.A. Case, B. Hedman, K.O. Hodgson
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VUV PROPOSALS

935Vp “Photoemission Spectroscopy of Orderad Overlayers on GaP(110)” K.E. Miyano, R. Cao, a8
T. Kendelewicz, A.K. Wahi, I. Lindau, W.E. Spicer

935Vp  “Vacuum Ultraviolet Photoelectron Spectroscopy of (NH,),S Treated GaAs(100) Surfaces” 99
C.J. Spindt, D. Liu, K. Miyano, P.L. Meissner, T.T. Chiang, T. Kendelewicz, 1. Lindau, W.E. Spicer

935Vp  “Use of Epitaxial Overlayers to Study Surface Core Level Shifts at the Cleaved Si,;lnP and GaP 100
Surfaces” T. Kendelewicz, J.C. Woicik, K. Miyano, R. Cao, P. Pianeta, |. Lindau, W.E. Spicer

935Vp  “Interfacial Chemistry and Band Bending at In, Al, Ag and Pt Interfaces with CdTe and 101
ZnTe(110)” A.K. Wahi, K. Miyano, G.P. Carey, T.T. Chiang, I. Lindau, W.E. Spicer

941Vp  “Near Edge Absorption from Yb Silicides” L. Braicovich, E. Puppin, M. Sancrotti, F. Marchetti, 102
G.L. Olcese, . Lindau

943Vp  "Threshold PES of Kr 4s"' Satellites” L.J. Medhurst, M. Siggel, D.A. Shirley ' 103

943Vp  "Temperature Dependent ARPEFS Study of ¢(2x2)CI/Cu({001)" L-Q. Wang, Z.G. Ji, L.S. Wang, 104

A.E. Schach von Wittenau, Z.Q. Huang, T. Shulman, D.A. Shirley

943Vp  "Low Temperature ARPEFS Study of p(2x2)S/Ni(111) and ¥3V3 R30° S/Ni(111)" 105
A.E. Schach von Wittenau, L.Q. Wang, Z.Q. Huang, Z. Hussain, D.A. Shirley

943Vp  "Low Temperautre ARPEFS Study of p(2x2)S/Cu(001)" A.E. Schach von Wittenau, L.Q. Wang, 106
2.Q. Huang, Z. Hussain, Z.G. Ji, T. Shulman, D.A. Shirley

943Vp  "ARPEFS Study of P(2x2)K/Ni(111)" Z.Q. Huang, L..Q. Wang, A.E. Schach von Wittenau, Z. Hussain, 107
D.A. Shirley

1022Vp “Photoelectron Spectroscopic Studies of CC Adsorption on the CuC1(111) Single Crystal 108
Surface” J.-Y. Lin, P.M. Jones, J.A. Guckert, E.I. Solomon

1028V “Photoemission Studies of Narrow Band Materials” J.W. Allen, J.-S. Kang, O. Gunnarsson, 110
O. Jepsen, T. Fujiwara, O.K. Andersen, Z.-X. Shen, W.P. Ellis, J.T. Market, Y. Dalichaouch,
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X-RAY ABSORPTION STUDIES OF DISORDERED SYSTEMS

E.D. Crozier and D.T. Jiang
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R.Ingalls, J. Freund and B. Houser
Physics Department, University of Washington, Seattle, WA, 98195

This activity report summarizes experiments done at SSRL
on beamline IV-1 during our February 1989 run and work
sponsored by SSRL at NSLS on beamline X-23A, September
1989. At SSRL we continued our glancing- incidence EXAFS
investigations of the structure of buried films, obtaining
kigh quality data on films grown by molecular beam
epitaxy which were only a few monolayers thick. We also
continued our high pressure study of the 12 gPa phase
transition in Fe. Qur experiments at NSLS were done in
conjunction with C.E. Bouldin. They
pressure measurements to study: asymmetry effects in
RbBr; the mixed valent transition in TIReOy4; the pressure-
induced displacement of niobium atoms in KTaQ;; and
multiple scattering effects in the high T¢ superconductor
YBa2Cu307.5. We also initiated an XAS study of the
intercalation of Li into MnQz

MBE Films

Ni epitaxially grown on the (001) face of iron single
crystals shows interesting magnetic and structural
properties. Although the first 6ML (monolayers) of Ni
have been shown to be ferromagnetic, additional layers

exhibit large cubic in-plane magnetic anisotropy. In
carlier work we applied the glancing incidence XAS
technique to examine the changes in the short range

structure with the number of monolayers of Ni grown. We
have extended this work to a study of the epitaxially grown
multilayer system: 10 ML of Au/ 9ML of Ni/9 ML of Fe
which was itself grown on the (001) surface of a Ag single
crystal. The 9 ML of Fe was chosen to reduce the magnetic
contribution of the bulk iron of the earlier study. The Au
was present as a passive overlayer to protect the Ni/Fe
from oxidation during ferromagnetic resonance
measurements; The Au permitted us to examine the extent
to which the evanescent wave in the glancing incidence
mode will penetrate surface films of high atomic number
permitting study of underlying films of smaller atomic
number,

Both Ni and Fe K-edge XAS spectra were obtained for angles
above and below the critical angle for total reflection.
Neither the Ni nor the Fe XANES/EXAFS are characteristic
of their normal bulk structures. As shown in Fig. 1, the Ni
K-edge XANES shows a dramatic progressive change with
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increasing angle of incidence. The Ni EXAFS reveals that
for angles less than the critical angle there is a
contraction of 0.05 A in the nearest neigbour distance
relative to angles greater than the critical angle. These
data suggest that the interaction of Ni atoms at the Au-Ni
interface is different from that at the Ni-Fe interface.
There are also angular dependent changes in the Fe
spectra. These changes are somewhat unexpected. RHEED
patterns and RHEED oscillations taken during film growth
indicate that Au grows expitaxially on the Ni without
interdiffusion and similarly for Ni on Fe. This needs to be
reconciled with the XANES/EXAFS spectra.  Our present
analysis has been simple. A more detailed analysis
involving Ni, Au and Fe atoms will -have to be done to give a
better specification of the structures of the multilayers.

The data are also of interest from an experimental
viewpoint. The angular dependent changes observed in
the K-edge XANES of Ni and Fe demonstrate that the
glancing incidence XAS technique may be able to provide
both electronic and structural information for interfaces
that are buried under a thin overlayer of atomic number
higher than that of the underlayer. In addition, the data at
glancing incidence were collected using simultaneously
two or three modes of detection: total electron yield with a
He gas flow detector, fluorescence and/or reflectivity. This
provided an efficient means of determining the
reproducibility of the data.

High Pressure Studies

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 nilobium impurities  in
KTaOj3. The nioblum 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 nioblum 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 TIReO4. According to
Jayaraman this compound has the scheelite structure at 1
bar but wundergoes 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-Lyjr 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-
L1 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%,
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We continued our high pressure study of high T¢
superconductors, = X-ray. diffraction suggests that pressure
causes a monotonic compression of the unit cells of both
Laj g58r.15Cu04 and YBazCu3O7.5. However, the limited
number of Bragg reflections observed prevented
definitive ‘comment on changes within the unit cell.. Our
earlier XAS results for Lay g§55r.15CuO4 showed that at room
temperature compression causes the Cu-O octahedra to
rotate. At the same time our analysis of YBajCu307.5
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 atiempt to
clarify the multiple scattering analysis, pressure-

dependent measurements were made at room temperature
on two samples of YBazCu3Oyx : 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.

The x-ray absorption spectrum of metallic iron was studied
as a function of pressure to 9.0 gPa, together with metallic
copper, which served as a pressure calibrant. This portion
of our work was covered by proposal 1047M and was done
at SSRL during our February run. The purpose was for
comparison with an earlier uncalibrated run in which the
iron by itself was taken to approximately 20 gPa. This
experiment, in which the iron transforms from the bcc
structure to the hcp structure at 12 gPa, is important for
studying phase transition mechanisms from a local
standpoint. It must still be carried to higher pressures.

‘Li Intercalated MnO2

We also initiated an XAS study of the intercalation of Li into
MnO42. Li intercalated MnO3 is used in the manufacture of
light-weight, high energy density batteries. MnQOj 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
LixMnO3. 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 LixMnO2 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 spectroscopy was used to study the valence state.
The 1 eV decrease that we observe in the onset of
absorption at the Mn K-edge of Li3/7MnO2 relative to
pyrolusite ( pure 8-MnO3) is consistent with a decrease in
the Mn valence (Fig.3). A similar decrease is observed in
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experiments will involve EXAFS/XANES measurements of
the in-situ intercalation of Li into an electrochemical cell

to study changes as a function of the charge state of the
battery.
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SODIUM K-EDGE XAFS INVESTIGATION OF COAL ASH
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INTRODUCTION

The alkali elements, sodium and potassium, can be major con-
tributors to deposition and fouling problems in coal combustion
units because of the ease with which certain- forms of these
elements, notably NaCl and carboxyl-bound Na* or K* in coal
macerals, are volatilized from coal. Deposits are formed as
volatilized alkalies condense on cooler surfaces of water wall
tubes and superheater elements in the form of thin, viscous
alkali-rich surface films that also facilitate capture of ash
particles in flue gases. Fluxing properties of these alkalies
enhance sintering and the formation of stronger deposits.
Deposits in turn reduce heat transfer rates and thereby the
efficiency of the combustor. Condensation of alkalies on fly ash
and formation of thin viscous films on fly ash particles increase
the probability of particle-particle adherence on collision and
fouling problems of the combustor. Increasing alkali content in
coal leads to increased fouling in combustors [1]. Although
U.S. coals on average contain equal quantities of sodium and
potassium, selective deposition of sodium on a controlled-
temperature superheater surface has been observed. In this
investigation, we have used XAFS spectroscopy as a direct probe
. to understand the presence and formation of alkali phases in
both a power production scale and a laboratory scale combus-
tor.

EXPERIMENTAL

Sodium K-edge XAFS experiments were performed in March
1989 on beam-ine III-3 (JUMBO) at SSRL. The ring was
operated at 3.3 GeV and the current was highly variable at that
time due to operational problems. A .beryl double crystal
monochromator was used for incident X-ray energy selection.
The entire beamline and monochromator were kept at machine
vacuum. There was a 10 mil (254 um) thick Be window at the
end of the beamline (after the monochromator). Absorption by
this window caused substantial flux loss at the Na K-edge
energy region, but it had to be used to avoid any contamination
in the beam line as well as in the storage ring due to outgass-
ing of samples. The sample chamber was attached to the end
of the beamline and was evacuated to 108 to 10°7 torr by
using a turbo molécular pump. To avoid repeated cycling of
the vacuum chamber to atmospheric pressure for sample
changes, several samples were mounted on a stainless steel strip
and were moved in and out of the beam path with a linear
motion feed-through attachment to the vacuum chamber. To
dissipate any charge buildup on the sample due to photo-
electron ejection from the sample, samples were prepared by
pressing the powder into indium metal foil. These samples
were mounted on the sample strip and the sample strip was
grounded to the vacuum chamber to neutralize charge build up.

The sample strip was positioned at 45° to both the incident
beam and the detector to optimize the solid angle. Due to the
unavailability of a suitable vacuum compatible solid-state x-ray
detector, it was decided to measure fluorescent electron yield.
A channeltron electron multiplier was used to measure the
XAFS signal. In addition to the significant signal loss due to
the Be window, the XAFS signal was poor due to very high
background signal. Indium M edges (444-827 eV) are close to
the Na K edge {1071 eV) and so the indium foil also fluoresces
in Na XAFS region. Moreover, Na loading in the samples was
quite low (less than 10%) and the matrices of most of the
samples were made up of higher (than Na) atomic weight
atoms (e.g. Al, Si, S, Cl, K, and Ca). A heavier matrix can
greatly reduce the signal from lighter fluorescing element. This
matrix problem was present even in the case of standard
compounds, e.g. Na feldspar (NaAlSi;Op). All samples were run
with 4 seconds per point acquisition time and typically 4 to 5
scans were made and averaged to improve signal to noise ratio.
Although scans were made up to 400 eV above the Na K edge,
the EXAFS data were too poor for any analysis.

RESULTS

Figure 1 shows the Na K-edge XANES spectra of various
standard Na compounds, that could be present in coal ash and

. slag deposits. Figure 2 shows Na K-edge XANES for two series
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of samples. The Fireside and Tubeside samples were actual
deposits from the Belle River Station of Detroit Edison power
plant formed while burning Decker (WY) subbituminous coal.
From the edge step height, it can be concluded that there is a
higher sodium concentration on the tubeside than on the
fireside, which is an indication of the importance of sodium in
initiating the deposit. Despite the poor signal-to-noise, the
XANES spectra of both deposits are consistent with formation
of a sodium aluminosilicate phase. However, other minor Na
phases could be hidden in the noise. A second series of
samples was obtained from a laboratory-scale, self-sustained
combustor run with a Beulah (ND) lignite at the University of
Arizona combustion facility. The ash from Beulah coal run was
collected on a series of size-separation filters. Impactor 5 (IM5)
collects ash particles in the size range 2.1-3.3 um, while
impactor 8 (IM8) collects ash particles in the 0.43-0.65 um size
range.- Sample IM8, which had the higher content of sodium
in the ash analysis, showed a larger edge height than sample
IM5, as expected. XANES of both these samples were relatively
featureless and quite different from all the standards we had
analyzed. Although we can not confirm formation of any
specific phase at this time, we can conclude that none of the
standard phases we have measured is significantly present in
the samples.




CONCLUSIONS

We have successfully shown feasibility of obtaining Na K-edge
XANES for coal ash. Even with poor running conditions, high
degree of flux loss in the Be window, poor detection
capabilities, and high background signal from the substrate, we
were able to get informative data. We have been able to
identify presence of a sodium aluminosilicate phase in deposits
obtained from a power plant combustion facility.
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INTRODUCTION

The chlorine contents of most U.S. coals are typically less than
0.3 wi%, except for certain coals from the Illinois basin in
which the chlorine contents may be as high as 1.0 wt% [1].
Such high chlorine coals can give rise to severe corrosion
problems in coal utilization. However, relatively little is known
about how chlorine occurs in coals from the Illinois Basin or
from Other seams in the U.S. Based largely on indirect
observations made mostly on British and Indian high chlorine
coals, chlorine has been postulated to occur in coal as alkali or
alkaline-earth  chlorides (NaCl, KCl, CaCl,, etc.), as organic
chlorides, as hydrochlorides, and as chloride ions in the water
associated with coal [2,3]. In this investigation, we have used
XAFS spectroscopy as a direct probe of the chlorine environ-
ment in coal to establish how this element occurs in U.S. coals.

EXPERIMENTAL

Chlorine K-edge XAFS experiments were performed in January
1987 on beam-line VII-3 at SSRL. XAFS spectra were recorded
. in fluorescent geometry. The chlorine K edge in sodium
chloride (NaCl) at 2826 eV and the argon K edge (from air
contamination in the beam path) at 3205 eV were used as
primary standards. The latter edge was present in every
spectrum and served as an effective internal calibration point,
but its presence limited the chlorine EXAFS region to only
about 380 eV. Further details are given elsewhere [4].

RESULTS

XAFS data were collected for coals from eight different U.S.
seamns (chlorine contents varied from 0.04 to 0.84 wt%) and,
additionally, from a number of Illinois #6 coals that had been
subjected to an aqueous leaching process to remove some of the
chlorine [5]. These data (Fig. 1) showed that the chlorine
XANES fingerprint from the coals was relatively universal and
unaltered by aqueous leaching, despite removal of over 700{0 gf
the chlorine from the coal [4]. Furthermore, this characternstic
XANES spectrum was quite unlike any of the standard inorganic
or organic chlorides commonly thought to be present in cc?al,
although two of the coals did clearly contain a minor fraction
(<25%) of the chlorine as NaCl [4]. The XANES of chlorine
in the coal resembled those of chlorine in saturated NaCl
solution, CaCl,.6H,0, and organic hydrochlorides. These thrge
substances do have some structural and bonding features in
common that are, no doubt, reflected in similar XANES spectra:
(i) chlorine is present in these substances as chloride anions,
(i) the bonding is relatively weak and largely ionic il.l char-
acter, and (iii) the chlorine-oxygen or chlorine-nitrogen
distances are long: between 3.0 and 3.3 A. Hence, the chlorine
in coals will likely be similar in structure and bonding becguse
of the similarity of its XANES to these materials. Analy515.of
the EXAFS region was possible for some of the coals with
higher chlorine contents and the best agreement for the phase-

shift for chlorine in coal was found for a ClI-H,0 distance of
3.03 A when modelled by the experimentally derived phase-
shift for CaCl,.6H,0, in which the chlorine anion is surrounded

by six water molecules at an average distance of 3.15 A [6].

CONCLUSIONS

XAFS spectroscopy has proved extremely informative in
establishing how chlorine occurs in U.S. coals. The data are
consistent with chloride anions in the moisture associated with
coal being the major form-of-occurrence of chlorine. This
finding is in agreement with the latest work on British coals
obtained by much less direct methods [2].
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Introduction

The main purpose of this research program is to define the structural role
of Fe** in crystalline and amorphous silicaies as a function of composition
and temperature up to and above the temperature of fusion (T in the com-
pounds studied. Iron in its 2+ oxidation state is the most abundant transition
metal in the Earth and is an important component in slags and natural silicate
liquids. The local environment of Fe* in silicate crystals and liquids is not
always predictable because the ion can adopt octahedrally coordinated,
terahedrally coordinated or, in certain cases, other types of coordination
geometry (e.g. square-planar, 7- or 8-coordinated) depending on a number of
variables. When' octahedrally coordinated, Fe?* is thought to behave as a clas-
sical network modifier in silicate glasses and liquids, whereas when
tetrahedrally coordinated, it may behave as a network former or a molecular
complex. In general, the greater the ratio of network formers to network
modifiers in a silicate liquid, the greater its bulk polymerization. The degree
of tetrahedral polymerization in such a liquid affects certain of its bulk physi-
cal properties, such as viscosity and density, and can profoundly affect cry-
stallization. For example, the configurational entropy contribution to the en-
tropy of fusion tends to decrease with increasing polymerization of the liquid
for common silicates. It is expected that the high configurational entropy as-
sociated with Fe,SiO, liquid, which is primarily responsible for the difficulty
in forming glass of this composition, is a consequence of structural changes
in long range order (> ~ 4 A) and perhaps even short range order (4 A <) at
the melting point (see, for example, Jeanloz, 1985).

There exists, however, little direct structural information on the coordina-
tion environment of Fe* in silicate liquids. This information has previously
been difficult to obtain becausc of the redox potential of Fe? at high tempera-
tures and the typically high T, associated with iron silicates (e.g. Fe,Si0,, T,
= 1478 K). Indeed, most past studics of Fe* in silicale “liquids’ have actually
been performed on the quenched glasses which do not necessarily have the
same average structure as the corresponding liquid. The need to examine the
structure of liquids in situ is necessary due to the possibility of structural
rearrangements within the liquid during quench. The low glass wransition tem-
peratures associated with extremely depolymerized liquids suggest a major
degree of structural rearrangement in the liquid during glass formation and,
hence, the greatest diffcrence between the glass and liquid structure.,

Our past research (e.g. Waychunas ct al., 1987, 1988) has focussed on
defining the coordination environment of Fe?* in polymerized “feldspas” -com-
position glasses and corresponding liquids using Mossbaucr, EXAFS and
XANES spectroscopy. Fe** was found to occupy network-forming, tetrahedral
sites in glasses and liguids of M,FeSi,O, compositions (M= Li, Na, K, Rb).
Few spectroscopic methods arc capable of yielding direct information on the
structural environment of Fe* in silicate liquids at high temperature. X-ray
absorption spectroscopy using a high intensity synchrotron source is one of
the few methods that can help overcome problems such as the need to exam-
ine liquids in ceramic containcrs inside high temperature furnaces, and that
can also provide estimates of bond lengths, coordination numbers, and infor-

mation on oxidation state. This application of EXAFS spectroscopy is not -

without significant problems, however, including the effect of thermal motion
on EXAFS amplitudes and resolution, particularly at k > 10 A%, and the
resultant loss of information on next-nearest neighbors around Fe?*,

We are currently studying the local coordination environment of Fe?* as
a function of temperaturc and composition (polymerization) in a range of
Fe-bearing systems, including glasses and liquids using X-ray absorption
spectroscopy and a special furnace assembly, The high-temperature samples

being ‘studied include the compositions Fe,8i0,, CaFeSiO,, CaFeSi0O,,
Ca,;Fe, ,81,0,, and compositions along the NaFeSL,0; - CaFeSi,0, join.
Room temperature Fe K-EXAFS and K-XANES studies have been made on a
unique glass of Fe,8iO, composition, on glasses from the NaFeSi,Op -
CaFeSi,0, join, and on selected crystalline siticates. We have also carried out
XAS studies of well-characterized model compounds (FeCO,, CaFe,Si;,0,,,
and CaFeSi,0p) in order to extract Fe-O phase and amplitude information.

Experimental

No data in this program have been obtained at SSRL since December
1987. In September 1989, room temperature and elevated temperature XAS
studies were performed at the National Synchrotron Light Source on BL
X19A (unfocussed, 2 X 20 mm photon spot size) and X23B (focussed, 1 X' 1
mm spot size) using Si (111) monochromator crystals. Ring conditions were
2.5 GeV and 80 - 180mA. The high temperature data were collected in the
fluorescence mode with a Lytle-type detector and a water-cooled, controlled-
atmosphere furnace capable of sustaining temperatures up to 1750 K. The fur-
nace assemblage consisted of a water-cooled Al jacket, Mo sample holder,
Mo heating coils, alumina insulation, inert atmosphere (N,), and an S-type
thermocouple. Kapton film covered- the incident and fluorescence photon
ports. The oxygen partial pressure was controlled by the Mo and a N, atmo-
sphere. Mossbauer spectroscopic analyses on the quenched samples indicate
no more Fe* (plus an equal amount of Fe% than that produced by the slight
incongruent melting of the samples (about 5% Fe*). The samples were con-
tained in BeO crucibles aligned to cxposc the melt directly to the incident
beam and fluorescence detector in order to climinate any signal from the
crucible-melt interface. The BeO crucibles proved to be refractory and inert
even when in contact with the iron-bearing silicate liquids for over 3 hours at
T > 1650 K. An average of 3-5 scans were collected for each high-
temperature crystalline compound and melt,

Results and Discussion

Using Fe-O phase and amplitude information taken from the room tem-
perature model compounds listed above, the structural environment of Fe? in
the glasses was successfully modeled. The Fe K-EXAFS and K-XANES data
are consistent with tetrahedral Fe** in all feldspar-composition glasses. These
results confirm our earlier conclusions that Fe?, like Fe* (Brown et al.,
1978), can be charge-balanced in tetrahedral coordination in fully polymer-
ized silicate glasses.

Analysis of the Fe,SiO, glass yielded the unexpected result of tetrahedral
Fe* (Figure 1), which when taken in context of the high configurational en-
tropy associated with Fe,SiO, at T, is not too surprising. Tetrahedral Fe ()
and Si (IV) require an average oxygen coordination of three, as compared to
an oxygen coordination of four in crystalline Fe,SiO,. This type of polymeri-
zation in the Fe,Si0, liquid, may be related to Shiraishi’s (1978) report of an
anomalous maximum in viscosity at the Fe,$i0, composition in melis along
the FeO-Si0, join.

Analysis of the EXAFS spectra from high-temperature crystalline sili-
cates and liquids is currently in progress and requires an understanding of the
temperature effect on the Fe-O bond. High-temperaturc XAS studies and/or
studies of disordered systems require knowledge of the asymmetric distribu-
tion function for the Fe-O pair as well as any anharmonic vibration effects
{e.g. Eisenberger and Brown, 1979; DeCrescenzi, et al. 1981). This asym-
metric distribution function and anharmonic vibration behavior are generally
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accommodated in the modeling of the ¥ (k) function which must include the
corrections to both phase and amplitude. Such modeling involves non-
Gaussian Debye-Waller formulations and explicit G(r) functions for the Fe-O
pair distribution, which correctly interprets the apparcnt bond length contrac-
tion and amplitude reduction scen in the EXAFS signal as a function of in-
creasing temperature. To accurately model the asymmetric distribution func-
tion and anharmonic effects expected for the iron-bearing silicate liquids, we
collected EXAFS data from Fe** and Fe* in the crystalline silicate model
compounds as a function of temperature. To begin to correct for the anhar-
monic Fe-O bond vibrations, we are currently modeling the high-temperature
Fe K-EXAFS collected from Fe’* which resides in a centrosymmetric oc-
tahedral site in Ca,Fe Si,0,, (Figure 2). Once the anharmonic contribution to

the Fe-O bond vibration as a function of temperature has been approximated,

corrections for a non-Gaussian distribution of distances can be extracted from
the Fe K-EXAFS collected from crystalline Fe,810,. Crystaliine Fe,Si0, con-
tains Fe? in two distorted octahedral sites. The EXAFS partial RDFs for
Fe,SiO, are seen in Figure 3. As expected, the EXAFS results give an ap-
parent bond length contraction of approximately 0.07 A over the emperature
change of 780 K (90 K to 870 K). To correct {or this contraction, these EX-
AFS results will be modeled in light of the high-temperature x-ray structure
refinements of crystalline Fe,S$i0, which suggest an Fe-O expansion of 0.02 -
0.03 A over a comparable temperature range (Smyth, 1975).

Despite the high-temperaturc corrections, the study becomes a bit prob-
lematic if we suppose Fe?* changes its coordination environment from oc-
tahedral to tetrahedral in the liquid as the study of glassy Fe,SiO, suggests.
Such a coordination change will serve to change the distribution of oxygen
distances, perhaps to a more Gaussian arrangement, as well as influence the
the amplitude of the Fe-O bond vibration and, hence, the anharmonic contri-
bution. Consequently, it is nccessary 10 consider the phase and amplitude in-
formation for Fe** in tetrahcdral coordination in high temperature solids as
well. The phases studicd by EXAFS as a function of temperature include
FeALO, thercynite spinel), and the M,FeS5i,0, glasses.

Some of the Fe K-EXAFS data currently being modeled, as described,
are illustrated in Figure 4 which plots the partial RDFs for Fe,SiO, as a func-
tion of temperature and physical state. The ¥ (k) functions are shown for
crystalline Fe,SiO, (298 K), liquid Fe,SiO, (1520 K), and glassy Fe,8iO, (298
K). It is apparent from the Fouricr transform data alone that the EXAFS sig-
nal from the glass is markedly different from that of the liguid. In addition to
the modeling of Fe,SiO, liquid, we are modeling the effect on the Fe?* coor-
dination environment of a liquid with a pyroxene composition whose silica
content is intermediate between that of olivine and feldspar. We are also exa-
mining the effect of substituting Ca? for Fe?* in silicate liquids with the idea
that the strong network modifying offect of Ca* (i.c. almost always occupies
an octahedral or larger coordination environment) will cause Fe** to revert to
octahedral coordination to satisfy the charge on nearby oxygens.

Conclusions

Qur Fe K-EXAFS studies of Fe ([I) in fcldspar and olivine-composition
glasses indicate Fe (I is tetrahedrally coordinated in both systems and prob-
ably serves as a network former in linking the SiO, totrahedra, These results
agree with our earlier studies, and may aid in the interprotation of the thermo-
dynamic and viscosity data for silicate liquids.

By incorporating phase and smplitude information taken from model
compounds as a function of temperature, we are beginning to model the
offects of high-temperature on the Fe coordination environment. This Infor-
mation will help us constrain the structural difforences beiween glasses and
their corresponding melis as well as the structural rearrangements at T, for
important rock and magma forming sllicates,
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K), glamsy Fe,SIO, (258 K) and liquld Fe,Sl0, (1520 K) (uncorrected for
phase shift), Note both decrcase in amplitude and bond distance from the
crystal to the liquid,
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INTRODUCTION

The sorption of ions from aqueous solutions onto mineral
surfaces controls the transport and partitioning of aqueous
species in a wide variety of systems such as contaminent tran-

sport, nuclear waste disposal, ore deposition, electrochemical.

processes, corrosion control, solar energy conversion, and
enhanced oil recovery. Quantitative descriptions of molecular
level reactions are required to accurately predict the interaction
of ions with mineral surfaces in macroscopic models. The quanti-
tative structural information provided by synchrotron-based x-ray
absorption spectroscopy (XAS) permits characterization of in situ
sorption complexes at mineral/water interfaces at very low sur-
face concentrations representative of natural conditions.

Our previous - investigations focused on two aqueous
ionfoxide systems: (1) Se oxyanion sorption on goethite (o
FeOOH)\ (2) Pb(IT) sorption on -Al,0§>% and goethite®. In
both of these systems, we were able to distinguish between inner
sphere and outer sphere sorption complexes with XAS. In addi-
tion, . XANES and EXAFS analyses of Pb(Il) complexes on
goethite and y-Al,O; indicate the presence of Pb atoms in the
second coordination shell, suggesting that aqueous Pb complexes
may form clusters on the mineral surface.

In order to investigate how mineral surfaces control the size
and structure of sorption complexes, we have begun a detailed
study of the sorption of Co(ll) complexes onto a variety of
natural and synthetic minerals. We previously reported results for
cobalt sorption on y-AL,O§9). In the past year, we have col-
lected XAS data on cobalt sorbed to kaolinite, rutile, silica, md
calcite. The samples studied by XAS cover a wide range of
surface sorption densities in order to detect changes-in the atomic
structure of Co(Il) complexes as a function of surface coverage.
We have collected data on sorption samples estimated to have

from about 10 to greater than 95 percent of a monolayer of

oxygen-ligated surface cobalt atoms. Interpretation of the EXAFS
data allows us to distinguish between surface adsorption, surface
precipitation, and diffusion of metal ions into the solid. Qur ini-
tial results show that Co(II) uptake by minerals occurs by surface
adsorption and formation of inner sphere complexes®57. Com-
parison of complex formation on different minerals suggests that
surface clusters may be a common phenomenon of metal ‘ion
sorption, but mineral surfaces themselves strongly control the
size of the cluster which forms®9,
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EX_PERIMENTAL

XAS data were collected at SSRI. during the dedicated run
in February and March, 1989, on beam lines VII-3 (wiggler field
= 18kG) and II-1 (bending magnet line). Through SSRL, we
obtained additional beamtime at the National Synchrotron Light
Source (NSLS) in July, 1989, on beam line X-19A. On beam
line VII-3, all cobalt spectra collected were not usable due to .
interference from unshielded high energy x-rays and spectra
noise from shutter opening and closing on an adjacent beamline.
Data collection on this line was limited to Kr K-, Se K-, and Np
Lyi - absorption edges. Absorption spectra were collected on
cobalt sorption samples and iron model compounds on beam line
1I-1. However, the significantly lower intensity of the bending
magnet beam in comparison with a wiggler beam resulted in a
very low signal-to-noise ratio and poorly resolved EXAFS spec-
tra. Usable data from this line were limited to a few high con-
centration sorption samples and model compounds. Spectra for
cobalt sorbed to kaolinite, silica, and calcite were collected on
NSLS X19-A. Although data quaility for lower concentration
samples was better on this line than on II-1, it was still far infe-
tior to high resolution data obtainable on SSRL wiggler lines
(Figure 1). On all beamlines, data for sorption samples and
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Figure 1. EXAFS spectra for Co(Il) sorbed to kaolinite at a
sorption density of | about 1.2 pmoles/m? collected on three
different beamlines. (a) SSRL wiggler line IV-1, (b) NSLS X-
19A, (c) SSRL bending magnet line II-1. Sample (a) has a
higher water content than (b) or (c) which accounts for the
damping of the "beat" on the second oscillation at about k=5,
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glasses were collected in fluorescence mode using a Lytle-type
detector with the sample oriented at 45° to the incoming x-ray
beam. Spectra for solid model compounds were collected in
transmission mode with the sample oriented perpendicular to the
x-ray beam.

Cobalt sorption. samples were prepared by equilibration of
the aqueous metal ion in nitrate solution with a solid mineral in
amounts from 50-120g mineral/1000g aqueous solution, depend-
ing on the surface area of the mineral. The pH of the suspension
was adjusted such that approximately 95% of Co(l) was
removed from solution by uptake on the solid. Initial Co(II) solu-
tion concentrations ranged from 0.6 to 18 mM in order to obtain
variable amounts of surface sorption density at 95% ion uptake
from solution. The resulting sorption densities varied from 1.2
to 39 pmoles/m?. The samples were centrifuged and the super-
natent solution removed, leaving the mineral solid as a wet paste.
The pastes were loaded and sealed in teflon sample cells with
mylar windows. Samples were checked carefully before and after
data collection to insure no drying of the pastes.

The Np sorption sample was prepared in a similar fashion
using 1g goethite/1000g aqueous solution and an initial Np solu-
tion concentration of 5 mM. Adjustment of pH to 7.1 resulted in
about 95% uptake from solution corresponding to a sorption den-
sity of 10~ moles Np/m? goethite.

COBALT SORPTION ON MINERAL SURFACES

Co/Kaolinite

Four sorption samples representing surface adsorption densities
of 16.0, 9.9, 5.0, and 1.2 umoles/m? of Co(II) sorbed to kaolinite
were studied by XAS. The kaolinite used was a chemically pure,
moderately well-crystallized sample from Dry Branch, Geor-
gia"%. Analyses of the EXAFS spectra indicate that Co(I) is in
octahedral coordination with oxygen, consistent with results from
wet chemical analyses’!). Fourier transforms of the EXAFS
spectra give radial structure functions (rsf) (Figure 2) which
show a progressive decrease in the amplitude of the second shell
peak as a function of surface coverage. Best fits of the back-
transforms of these peaks using empirical parameters from
Co(OH), indicate cobalt atoms in the second coordination shell
at 3.11 to 3.13 A The number of cobalt atoms progressively
decreases from about six to two as the surface coverage
decreases. In addition, the fit to the experimental data is gen-
erally improved with inclusion of either Al or Si, representing an
atom from the kaolinite surface, in the EXAES model. Use of
theoretical parameters for Al or Si results in about 0.5 to 1 atom
at 3.19 to 3.22 A. A peak in the rsf at r =

. . 5 to 6 (Figure 2)
arises from a colinear arrangement of the ce

a c ntral, second, and
fourth coordination shell cobalt atoms as in Co(OH){*9. Ana-
lyses of this peak (with empirical parameters from Co(OH),)
indicate one to three fourth shell cobalt atoms at a distance of
6.21 10 6.23 & from a central absorbe;

T, in contrast to sj
atoms at 6.35 & in Co(OH),. x cobalt

Fourier Transform Magnitude

Figure 2, Radial structure functions for Co(II) sorbed to kaolin-
ite at four different surface sorption densities (I) in umoles/mz.
Note the reduction in the amplitude of the second peak as a
function of decreasing surface coverage indicating fewer cobalt
nearest neighbor atoms in the second coordination shell.

The results from XAS analyses suggest that sorption
behavior of Co(Il) on kaolinite is similar to that of cobalt on
¥-AlLO§"®. Bond distances for Co-O and Co-Co are similar in
both systems; however, coordination numbers for second and
fourth shell neighbor cobalt atoms are slightly lower (= 1 to 2
fewer atoms) for Co/kaolinite at the same surface sorption den-
sity. The presence of Al or Si atoms in the second coordination
shell points to the formation of inner sphere complexes as in the
Co/-Al,04 system. Comparison of second and fourth shell dis-
tances and coordination numbers with those of Co(OH), show
that atomic distances are shorter and coordination numbers are
lower for multinuclear sorption complexes on kaolinite, suggest-
ing the lack of a well-ordered surface precipitate at coverages
approaching a monolayer of cobalt atoms.

Co/Rutile

EXAFS analysis of Co(Il) sorbed to rutile (TiO,) at a sur-
face sorption density of 1.3 pwmoles/m? suggests formation of
cobalt inner sphere complexes as in the v-Al,05 and kaolinite
systems. However, best fits of the fourier back-transform of the
second coordination shell (using parameters from Co(OH),)
results in fewer second shell cobalt atoms (CN = 1) and longer
Co-Co interatomic distances (3.36 &) than for cobalt sorbed to
¥-ALO; and kaolinite. These results suggest that monomeric
species or small clusters of cobalt atoms form on the rutile sur-
face and they are structurally different from larger multinuclear
complexes which form on ¥-AlL,O5 and kaolinite®>39),




Co/Silica

Co(II) sorbed to ».lica (SiO,) was examined by XAS at a
surface sorption density of 9.9 p.moles/mz. The silica used was
ground quartz (MIN-U-SIL) with a surface area of approximately
0.2 m?%/g. Second shell cobalt coordination numbers from prelim-
inary EXAFS analysis suggests that cobalt forms slightly smaller
surface complexes on silica than on kaolinite or y-Al,0; at the
same surface coverage, although second shell Co-Co distances
are similar (3.11 zs). The absence of a fourth shell cobalt peak at
high r indicates the lack of large multinuclear complexes contain-
ing colinear, equidistant cobalt atoms.

CofCalcite

XAS data was collected on Co(Il) sorbed to calcite at a
sorption density of 39 pmoles/m?. The EXAFS spectrum of the
sorption sarmple shows a distinctive "beat" pattern which differs
from that of hydrated CoCOj; (solid). Preliminary analysis sug-
gest that cobalt sorbed to the surface is not diffusing into solid
calcite in significant amounts as proposed by previous workers
for Cd2* sorption on calcite surfaces!!?),

NEPTUNIUM SORPTION ON GOETHITE

XAS data for Np sorbed to goethite was compared to
absorption spectra for solid NpO, and an aqueous Np solution.
XANES and EXAFS analyses suggest that Np is present on the
goethite surface as a monomeric species in a bipyramidal oxygen
coordination environment similar to that of aqueous NpO3.
Although it could not be determined whether the sorption com-
plex is inner sphere or outer sphere, Np is clearly not forming a
surface precipitate on goethite.
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Introduction

The reconstructed Beam Line II and the new white beam hutch
were dedicated and began operation in February 1989, The hutch
is greatly improved with much more room allowing installation of
larger instrumentation, more efficient use and better alignment
procedures with the adjustable table height. The adjacent beam
pipe was moved farther away permitting the use of specimen
chambers that were not possible previousty.

Powder Diffraction

Powder data were collected for a number of crystal structure
refinements. The first three listed below were done with Pearson
VI profile fitting, a modified Rietveld method® and 4 = [.535A.

NazAl;TigO14.  Space group C2/m, monoclinic, a= 12.1239(3),
b=3.774%(1), <¢=6.4180(2)A, f=107.59°, R(Bragg)=6.4%,
Ry =3.4%, Ry, = 4.3%. Partial ordering of AR+ and Ti* + in the
two crystallographically non-identical octahedral sites.”

CuQ. Space group C2/c, monoclinic, a=4.6837(1), b=3.4238(1),
c=5.1297(2)A, f=99.4°, §0)=0.419K6), R(Bragg)=73%,
Ry, =7.8%, Ry, =9.8%. The Cu valence was +1.9 rather than
+ 2 probably due to the (small) contribution of the special oxygen
in the Cu-O elongated octahedron to the valence charge.

Nd| gsCeqg jsCuOy4. Space group I4/mmm, tctragonal,
a=3.94698(4), c=12.0795(1)A, Ry,= 2.5%, Rgp=23.3%. The
valence state of the Cu ion was + 1.80 confirming its mixed valence
character. A full time-of-flight neutron diffraction analysis was
published during the preparation of our paper.2

ALO;3. Two routine rurs were made for the International Center
for Powder Diffraction round-robin to compare results from
various laboratories using the same specimen.! One run was done
in 1.7 hours and the other in 0.4 hours for the range 20°-80° using
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Figure 1

1.535A radiation. Both had very high figures-of-merit with I'g
above 600 and My 1000, showing the high qualitv of the parallel
beam method with long Soller slit optics,

MnCrinS4.  Space group I'd3m (spinel), cubic, a= 10.4297(5H)A,
1=0.748A, R(Bragg)=1.5%, Ry, = 1.2%. The data were obtained
in a previous run and analyzed by the two-step method®  The
refined cation distribution was

{(Mn 750055} (Mn 500 34Cr ), 5,

Comparisons of the parallel beam and conventional x-ray tube
focusing methods were published.34

Figure 1 is a synchrotron radiation powder pattern of the polymer
poly-(p-hydrobenzoic acid) PIIBA at room temperature.? This is
an example of the high resolution, peak-to-background and
symmetrical peak shapes that can be obtained with the method.
They are used to supplement conventional data for indcxing, lattice
parameter determination and structure refinements.  Although it is
not possible to do a complete research program using the method
because of the limited SSRL time availabic at present, sclected
patterns provide an important aid in interpreting conventional

laboratory patterns.

Grazing Incidence Diffraction

New instrumentation for grazing incidence diffraction studies of
thin films, multi-layer films and substrates was developed using a
rotating anode X-ray tube.S It consists of twa channel
monochromator (Ge 220 for X-ray tube and Si I for
synchrotron), one placed before and the other after the specimen.
It was installed in the new hutch to test the advantages of the
synchrotron parallel beam. Unfortunately excessive orbital shifts
and unstable beam made it very difficult to align and keep it
aligned long enough to record a pattern. It will be tried again
when better beam conditions are available.

FWHM

- A. Corwventional Q.175°
RS 0.04°

- B. Synchrotron 0.056°
PS 0.06°

C. Synchrotron 0.015°

7 Si 111 CM

1 si111NBS640b

2 A
o<
o | —_—
£

Figure 2




High Resolution
Figure 2 is an example of the very high resolution that can be

obtained with the two channel monochromator arrangement with
a powder sample. It shows the 111 reflection of silicon obtained
with three methods: curve A with conventional X-ray tube
focusing showing the beginning of separation of CuKay {rom Ke;;
curve B with our standard long Soller slit collimator; curve C with
the new two channel monochromator method. The curves were
normalized and clearly show the large reduction in width
(FWIIM). It should be noted, however, that the intensity is
greatly reduced and recording time increased because 0.001° steps
had to be used.
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EXAFS Spectroscopy of Electrochemically Generated Species: Copper (BCP-S)g and Prussian Blue

Richard C. Elder and William R. Heineman
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Cinecinnati, OH 45221-0172

Copper(bep-s)g:

The ceombination of X-ray absorption spectroscopy
with an eleetrochemical potential step technique allows
oxidation state control while determiing the coordination
chemistry of various transition metals (1). In some of our
experiments, we probe the coordination environment of
metal complexes contained within polymeric films, to
understand the role of the polymer in the electrochemical
proeess. Recently, the use of electrodes modified with
semi-rigid polymer films for "solid-state® voltammetry has
attracted considerable attention (2). Such electrochemieal
cells enable gas phase detection of electroactive species (3).
The water soluble polymer poly(dimethyldiallylammonium
chloride) or p(DMDAAC) may be used for this type of
polymer modification.

In our EXAFS spectroelectrochemistry experiment,
positively charged p(DMDAAC) not only physieally contains
the negatively charged metal complex in the X-ray beam,
but also acts as the electrolyte during electrolysis, thus
enabling a study of the complex's behavior only in the
presence of the polymer. The negatively charged complex
used in this investigation is [Cul(bep-s)9]~3 where bep-s =
2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline disulfonie
acid. The electrochemical cell utilized consists of a gold
minigrid optically transparent thin-layer working electrode,
two platinum foil auxiliary electrodes, and an oxidized silver
wire reference electrode. These electrochemical cell
components were then attachd to a Mylar window. The
p(DMDAAC) containing [CuI(bcp—s)Z]‘3 was then cast onto
the electrochemical cell and allowed to dry. In order to
provide the required ioniec-conductivity, the completed
electrochemical cell was encased .in a constant relative
humidity chamber (Figure 1). While the polymer was
maintained at a constant relative humidity, a ecyelic
voltammogram. of the system was performed to locate the
potential of the copper(D)/(Il) redox couple and to eonfirm
that this couple was electrochemically reversible.

Pt Aux.

Sat'd KNO;

Figure 1

Mylar

Confirmation of the stability of each oxidation state
allows analysis of the structural characteristics of both the
Cul and Cull states while in p(DMDAAC). The structures
were determined from analysis of our EXAFS spectroelec-
trochemistry experiment, and compared to the results from
solution. The model employed in this experiment was

[Cul(dmp)olBFy, where dmp = 2,9-dimethyl-1,10-phenan-
throline. Since dmp and bep-s have identical phenanthroline
backbones, [Cul(dmp))]BF4 should be an ideal model
compound for Cu-N interaction in Cu(bep-s)g.  When
optimizing the filtered reverse Fourier transforms of
[Culi(bep-s)9l “3:~2 (measured in solution) with phase and
amplitude functions of the model compound, the
coordination number was observed to increase from 4 to 5.
This is consistent with results obtained with [Cu(dmp)g)*+*2
in solution (4). Then optimizing the filtered reverse Fourier
transform functions of Cu(bep-s); in p(DMDAAC) we
observe no change in eoordination number upon oxidation to
the Cull'species.

For the first time, we have evidence that the
structural rearrangement, which follows electron transfer is
different when in a polymer film than it is in solution. This
is believed to be due to the electrostatic immobilization of
the complex within the polymer film. Rearrangement of the
complex to a 5-coordinate structure is believed to be
energetically unfavorable when the complex is electro-
statically paired through the sulfonated phenyl group to
quaternary ammonium functionalities of the p(DMDAAC)
matrix. This is due to the physical restrictions imposed
upon the complex by the semi-rigid p(DMDAAC) matrix.

Prussian Blue:

Electrodes modified by hexacyanometalate films
formed from various metals have been shown to have
interesting electrochemieal and spectral properties (5).
Prussian blue (PB), one of these films, has been utilized as
an important component of pigments in paints, laequers,
inks, and other color applications (6). An electrochemically
generated and maintained PB film is potentially useful for
implementation into electrochromie display devices. This is
due to its thin-layer, electrochemical behavior and the
extent of color change it exhibits, from blue to colorless,
upon application of the appropriate potentials. Due to the
complex environments about the iron centers, determination
of the structures of these electrochemically generated
materials is very difficult.

Mossbauer, infrared, and optical absorption spectro-
scopic investigations confirm the fact that the insoluble
film is an iron(Il) hexacyanoferrate, {FellllFellCN)qgl )],
X-ray erystallography has been used to charaecterize the
structure of the insoluble crystalline form of the complex
(7).  Evaluation of the structural report shows three
different erystalline forms, each possessing four unique iron
coordination environments. Upon first inspection, the iron
coordination structure of PB appears to be too hetero-
geneous to practically analyze via EXAFS, yet there is
distinet Fe<«»>Fe separation of 5.08 This distance is
associated with a characteristic Fe-C=N-Fe linkage within
the caged structure. The colinearity of the Fe-C=N-Fe
allows direct observation of the separation of the iron
centers within the cage of PB at a distance not normally
achievable with conventional room temperature EXAFS
analysis (8). Although the structure of the PB form of the
film is known, little or no information has been obtained
concerning the in situ behavior of the electrochemically
deposited material and the structure of its oxidized and
reduced forms. EXAFS analysis allows evaluation of the
distance between the iron atoms of the cage. Electrochem-
ieally generated forms of PB include the totally reduced
Berlin green (BG) and its totally oxidized state Everitt's salt




(EVS). Most important of the electrochemiecal attributes of
PB is that the various oxidation states are easily accessed
and those products are stable over a long period of time,
provided potential control is maintained.

Our investigations have involved the electrochemical
deposition of PB onto a gold film electrode, 300 & thick,
vapor-deposited onto Mylar and then incorporated into a
thin-layer EXAFS spectroelectrochemical cell. The gold
film not only provides a suitable X-ray transparent
electrode but a physical support for PB.

High quality X-ray fluorescence spectra were
collected on each of the three generated oxidation states.
The Fourier transforms of the EXAFS, (Figure 2A), indicate

Figure 2A

r + alpha (A}

iron-iron interactions. The peak appears at a shorter
distance, (v4.5 8), than the expected 5.08 & due to the
EXAFS phase shift, as expected. A marked decrease in
amplitude of the Fe<«>Fe peak at ~4.5 A is seen when
comparing BG to PB to EVS, The decrease of the iron
backseattering interaction is attributed to distortions of the
cage structure of PB upon its reduction. Such distortion
likely occurs when the cage has to incorporate hydrated
cations to counterbalance the charge that accumulates upon
decreasing the overall charge on iron. This is further
supported by comparing the amplitudes of the back-
transforms of the peaks associated with the Fe<«>Fe
backseattering interaction for the different oxidation states
(Figure 2B). Upon decreasing the overall charge of the iron
within the film, from EVS to PB and to BG, the peak
magnitude desereases.

Figure 2B
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the inner sphere of the ruthenium. However, further work

EXAFS Studies of (100) GaAs Treated with ;
i with other model compounds (e.g. [Ru{NH3)5AsPh3]2+)
[Ru"'(NH3)5H20]<* needs to be done before a firm conclusion can be drawn.

S. R. Lunt, G. M. Miskelly, M. J. Sailor, P. G. Santangelo,
B. J. Tufts and N. S. Lewis

Department of Chemistry and Chemical Engineering
California Institute of Technology
Pasadena, CA 91125

Keith O. Hodgson

Department of Chemistry
Stanford University
Stanford, CA 94305-5080

We have continued our investigations of the
interactions of metal complexes with semiconductor
surfaces. Previous work in our laboratory indicated that
the adsorption of some transition metal complexes (e.g.
Co'l(NHg)g, RuClz) onto GaAs surfaces results in
improved semiconductor/liquid junction properties.1 2 1in
the previous year, EXAFS and XPS investigations of GaAs
pow,ders exposed {0 a series of complexes of the type
Co'Ml(NHa)sX (X=Na",HoO,NH3) in soiutions of pH > 8
showed that an electron transfer reaction involving the
cobalt ammines and the GaAs surface occured. The
overall reacaction resulted in a layer Co(OH)2 on the GaAs
surface. EXAFS measurements also showed that an
average of 5 Se atoms were incorporated into the inner
shell of the coball in this layer upon exposure to the 1.0 M
KOH-1.0 M KoSe-0.1 M KaSep electrolyte solution used fe
GaAsfiguid junction solar cells.® Unfortunately, XPS and
radioisotope analysis indicated that the inital Co(OH)2
layer was about 40-60 A thick which prohibited
examination of the GaAs/metal ion interface and so no
conclusions could be drawn about the precise naiure of
the bonding of the metal ions to the GaAs surface.

Another metal complex which improves the \ J

y

t.

I ntemn s

eleﬁ}rical properites of a GaAs/liquid junction solar cell is 2
(NH3)5H20]2+. The ammine ligands are 17 23.1
substitutionally inert and so this compound is expected to
react selectively with the GaAs surface via substitutuion of Kev
the aquo ligand. XPS analysis showed that the coverage
of GaAs {100) surfaces exposed 1o this complex was less
than a monolayer. Surface EXAFS experiments were
undertaken to determine if this complex bonds directly to a
surface Ga or As, or through a surface oxygen bridge.

SEXAFS experim?nts were cor&ducted on GaAs
(100) surfaces. The [RHI (NH3)5H201=+ was synthesized
t()c}/ Zn rg{dtéctigt)g Xf)[%% ’(ND-II3)5HQO]CIE in water

eareated with Ar). The solution was then filtered and a 1" i . i m
X 1" etched wafer of GaAs was exposed to the solution for f—é?n”"g*%ﬁ;g? {1%%)3(()3[222%?1?3 Eg(c? g:ér?:xposed to
30 min. The exposure was done under Ar and the wafer [Ru'{NH3)5H20]<*. The spectrum is an average of 25
was placed in a Kapton covered cell which was continually scans and was collected in the flucrescence mode. b) X-
gg{igggo‘g“t;‘(éé g‘ﬁ }Z‘EQQ% C%U;%Z otfhthe SEXAFS ?aLa g ray absorption data taken at room temperature for
. r the experiment showe i issi

no detectable surface oxi d% o p E}%gd éNH3)5]|2. The data was collected in transmission

The Ru Ke fluorescence was detected by two solid
stalt,e Ge detectors. The spectra were analyzed using
Ru''{NH3)6l2 as a model compound to determine
scatteirng ampfitudes and phase factors. The raw data
and fourier transforms of the model compound and the
ruthenium exposed GaAs are shown in figures 1 and 2.
Fits of the first shell with the model parameters do not fit
well at higher K values (figure 3) indicating the possibility
that a heavier scatter, such as an As, may be present in
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FT Magnitude

7.5
R+a

Figure 2. a) Fourier transform of EXAFS from data in figure
1a. b) Fourier transform of EXAFS from data in figure 1b.

EXAFS * K3

3.0

Figure 3. EXAFS dati and best fit of first shell using model
parameters from [Ru |(NH3)6]i2
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INTRODUCTION
Samples in this study were analyzed to
determine chromium and nickel species present
in ash samples. These data will be used with
results from chemical analysis to establish
emission standards for wastewater-sludge
incinerators. Berry [1] has discussed the need
to regulate toxic substances in the air. Fly-
ash samples have been shown to have
significant biological activity and
cytotoxicity [2,3]. The toxic nature of the
particulate matter is believed to be due in
large part to inorganic compounds present in
the fly ash. Since the toxicity of several
elements is dependent on the chemical form in
which the element is present ([4,5], it is
necessary to know the chemical species of
elements in fly ash before meaningful risk-
assessment analyses can be made. .
Chromium in the Cr(VvI) oxidation state
and nickel subsulfide (Ni;S,) are suspected
carcinogens. Sensitive chemical methods have
been developed for dJdetermination of mnetal

species, but some interferences may exist.
Therefore, it is important to Thave a
corroborative method of analysis. XANES and

EXAFS are physical methods of metal speciation
which avoid the necessity of chemical
treatment before analysis.

EXPERIMENTATL -
Municipal wastewater sludge from four sludge
incinerator facilities was ashed in a
laboratory furnace. Ash from each sample was
placed on a quartz filter. Bulk ash was also
prepared for analysis.

Nickel and chromium K-edge XRA spectra
were taken at SSRL on beam line IV-1l., Current
of the 3.3 GeV electron beam varied from 1 to
55 microamps. A parallel crystal monochromator
with silicon 220 crystals was used.

In a related study, bulk flyash from a
municipal wastewater-sludge incinerator was
collected at the inlet to the electrostatic
precipitator and effluent particulate material
was collected on quartz filters at the outlet
of the precipitator.

Nickel and chromium K-edge XRA spectra
were measured at the National Synchrotron
Light Source (NSLS), Brookhaven National
Laboratory. The electron beam was 2.5 GeV
with 90 to 200 microamps of current. Data
were taken on beam line X23-A2 which contains
a Golovchenko-Cowan, two-crystal monochromator
using silicon 220 crystals. At  both
facilities, data for the samples were usually
taken in the fluorescence mode and data for
the reference compounds and mixtures were
taken in the transmission mode.

RESULTS
A few representative spectra are shown in
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Figure 1. Solid lines are the chromium K-edge
XANES spectrum for the laboratory ashed sample
1N2S8. Dotted lines are spectra constructed as
linear combinations of a chromium(VI) compound
and a chromium(IIXI) compound. Each curve is
labeled with the Cr(vI)s.

Figures 1 to 4. Figure 1 shows a chromium, K-
edge XANES spectrum for the laboratory-ashed
sample, IN2S. The pre-edge peak at about 4 eV
clearly indicates the presence of Cr(VI).
The dotted lines are 1linear combinations of a
Cr(VI) spectrum and a Cr(III) spectrum, and
the labels show the percent Cr(VI). These
data suggest that chromium in this laboratory
ashed sample is about 55% Cr(VI).

The so0lid lines in Figure 2 are the
experimental, chromium K-edge XANES spectrum
for a mixture of K,Cr,0; (a Cr(VI) reference
compound) and FeCr,0, (a Cr(III) reference
compound) . The dotted lines are a 1linear
combination of spectra for the two pure
reference compounds. The mixture of compounds
was 49.7% Cr(VI) and the linear combination
spectra give the best fit to the pre-~edge peak
at 50% cCr(vi). These data support the
analysis method assumed in the discussion of
Figure 1.

Figure 3 shows the nickel K-edge XANES
and first derivative spectra for the unspiked,
laboratory~ashed sample, 3N2. The heavier
lines are spectra from the reference compound
nickel spinel, NiFe,0,. A excellent fit is

seen indicating that laboratory ashing of this
sample produces the nickel spinel compound.




The solid 1lines in Figure 4 show the
nickel K-edge XANES = spectrum for the
incinerator outlet sample 5C-OUT which was
collected on a guartz filter. The nickel
concentration was a few hundred ppm by weight
which accounts for the poor statistics on the
edge spectrum. Dotted lines are XANES spectra
for several vreference compounds.
clearly seen that the major compounds in the
incinerator flyash are not the nickel
subsulfide species. Additional study of these
data suggest that nickel subsulfide is less
than 20% of the total nickel in the sample.

Cr MIX 1

40%

45%

Normalized Absorption

1 1 L 1

16 20 30 40 50
Energy (eV)

-20 -10 0

Figure 2. Solid lines are the chromium K-edge
XANES spectrum of a mixture of K,Cry0; and
chromite (FeCr,0,) with 49.7% Cr(VI). Dotted
lines are spectra constructed as 1linear
combinations of K,Cr,0; and chromite spectra.
Each curve is labeled with the Cr(VI)%.
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Figure 3. ILight lines are the nickel K-edga
XANES spectrum and its derivative for the
laboratory ashed sample 3N2. Heavy lines are
the nickel, K-edge XANES spectrum and its
derivative for a nickel spinel (NiFe,0,)
reference compound-
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Figure 4. Solid lines arxe the nickel K-edge
XANES spectrum for the incinerator effluent
sample 5C-OUT-Ni. Dotted lines are the spectra
for several reference compounds as indicated
in the figure.
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Introduction

Several crucial elements of the photographic system
including spectral sensitizing dyes and chemical
sensitization centers contain sulfur atoms in. species on
the surfaces of photoactive silver halide crystals. These
centers are involved in surface electron and energy
transfer processes and are, therefore, of general interest
for their photophysical properties. X-ray absorption
studies of these important surface-active molecules may
provide the first direct measure of the structure of
adsorbates on the photoactive substrate,

Spectral sensitizing dyes (such as cyanine and
merocyanine dyes, see figure
photographic materials which extend their response

bevond the intrinsic blue/ultraviolet absorption- of: the:

silver halide photoconductor into the. visible and’
infrared regions. This  sensitization process involves
the transfer of energy or electrons from the

photoexcited state of the dyes into the conduction band of
the silver halide and requires that the dye molecules exist
in an adsorbed state on the surface of the silver halide
grains.

CYANINE DYES MEROCYANINE DYES
. S
x
X X =~ J
. L
2t = 8
seNNa g™ T~
\ ) i N——é
) L [ R Xg
ne012 AR = alkyl, aryl
X =8, O, N-Ethyt X =0, N-Ethyl
R = Ethyl, suloatkyl Z-H.0l

Z = H, phemyl, C ' S =

v

Figure 1. Generalized structures of cyanine and merocyanine
sensitizing dye classes.

Chemical sensitization centers are believed 1o be silver’

1) are  the components of .

sulfide specks on the surface of the silver halide
grains which act as electron traps for photo-electrons
(1L This electron-trapping capability results in a =

reduced electron-hole recombination rate in the. exposed
silver halide grains and, thus, gives improved efficiency
of latent image formation.

chemical sensitization is
of the sulfur compounds
of = these

The highest degree of
achieved with a combination
and gold-containing salts but the nature

chemical sensitization centers is little understood. There

has been considerable controversy surrounding the role
of gold in the structure of chemical sensitization centers
and in the latent image formation process  [1]
Investigation of the structure of these important centers
by sulfur K-edge spectroscopy could provide insight into
the nature of the surface-active Ag/Au/S sites.

60

We have measured sulfur K-edge x-ray absorption
spectra on a wide variety of dye and dye-intermediary
molecules, as well as on structurally characterized Ag-$
and Au-S compounds. These studies, taken together with
oriented single crystal studies of dye-class molecules,
reveal information about the nature and extent of
intermolecular interactions between dye molecules
and ‘metals encountered in photographic systems. In
addition, a variety of Au and Ag sulfide samples were
measured. B

Experimental

Specira were measured in fluorescence mode at room
temperature on BL 4-1 at SSRL and on BL X19A at NSLS
with Si{111) crystals. Operating conditions at SSRL were
3.3 GeV and at NSLS, 2.5 GeV. Pre-oriented single crystal
data were ‘measured using a sample holder with ¥ fixed at
180 and allowing full ¢ rotation. Solid samples were
measured as powders on mylar tape.

Resylts and Discussion

Sulfur’ K-edge x-ray absorption spectroscopic studies
have révealed sharp absorption features which are
highly dependent on the local geometry around and
oxidation state of the absorbing atom [2-4]. The spectra of
the sensitizing dye nuclei indicated a sensitivity to the
local sulfur environment in these organic compounds
(figure 2). The primary difference between the cyanine
and merocyanine dye spectra is the sharp feature on
the rising portion of the edge that is characteristic of
the thiocarbonyl group of the merocyanine class dyes and
has no counterpart in the spectra of the cyanine dyes.

§-(5.8-Dichiora-1,3-dlaihyl-2-denzimidazollaylidane)-3-seyte
‘t-henyl2-hlohydantoin .

NORMAL

hydroxide

cUatel
[T - |

02460 2470 2480 2430
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Figure ‘2.8 X-edge spectra of representative cyanine ) and

meérocyanine & - -« - J dye molecules.
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The sharp features on the rising portion of the S K-
edge reflect transitions to localized, unfilled atomic or
molecular states and exhibit angular-dependent
intensities in oriented samples of anisotropic centers.
Oriented single crystal spectra of 2-thiohydantoin are
compared to the powder spectra in figure 3. The single
crystal polarized spectra suggests that the bound state
feature characteristic of the thiocarbonyl group is almost
entirely polarized along the Z molecular axis {(normal to
the plane of the molecule) and is attributed to a ls—pn*
transition in the terminal sulfur. The white line feature
is polarized along the €=S bond in the plane of the

molecule and is attributed to a 1s-=po* transition.

NORMAL
-
o
T

Fr 5470 3780 2450
v

Figure 3. The powder spectra of 2-thiohydantoin ( ) and
the spectra corresponding to . polarization along the average
X 6o Y (mememen ) and Z (— —) molecular axis.

Direct interaction of sulfur with silver and gold atoms
in metal sulfides and other metal/sulfur complexes)
results in increased intensity and broadening of
predominant S K-edge features. The dramatic reduction
of the thiocarbonyl feature of 3-carboxymethyl-4-
methyl-4-thiazoline-2-thione upon complexation with Ag
(figure 4) indicates that the metal interacts with the
ligand via the thiocarbonyl group. This feature, which
we have found to be polarized normal to the C=S bond,
suggests that the metal/ligand interaction involves the
sulfur pr atomic orbitals and the Ag d orbitals.

NORMAL.

"%Es 2470 2480 T480 2500
EV

Figure 4. The powder spectra of AgC ¢ ) and C(-«--- ).
AgC is a polymeric structure with each thione S bound to 2 Ag's.

Sulfur-containing materials exhibit sharp K-absorption
edge features which are polarized along specific
molecular bonds and can be used to determine the
orientation of dye molecules in well-characterized
systems. The results from these preliminary
investigations will form the basis for interpreting
polarized surface XAS spectra of dyes in ordered systems,
such as Langmuir-Blodgett films and dyes adsorbed to
silver halide single crystals. Analysis of the EXAFS
region of the K-edge spectra will provide a direct
determination of the substrate-adsorber atomic distance
and the first quantitative measure of the sulfur-surface
distance for the adsorbed dye molecules.

Chemical sensitization centers are inherently surface
active species and we intend to use a glancing-angle
configuration to measure the K-edge spectra of sulfur
and sulfur/gold-treated silver halide crystals.
Comparison of the chemical sensitization site K-edges and
EXAFS with Ag/Au/S-containing models may provide
considerable insight into the structure of the elusive
sensitization centers on the silver halide surface.
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The problems inherent in preparing thin,
uniform absorbers or the self absorption
which occurs in fluorescent EXAFS data from
concentrated samples can be avoided by using
the electron yield technique. Kordesch and
Hoffman Q) first demonstrated that
ccllection of the electrons from the face of
a sample in a gas filled chamber was a viable
technique for measuring XAS. Later Erbil et
al. (2) and Elam et al. (€3) showed e-yield
collection in the presence of an atmosphere
provided a significant gain (up to 100)
compared to collection in a vacuum. This
occurs because of secondary ionization of the
counter gas by Auger electrons.

The technique is most wuseful for low 2
absorbers where the fluorescent yield is low,
self-absorption of the fluorescent signal is
high and thin, uniform absorbers are
essentially impossible to prepare. Note that
dilution of the sample with a lower 2
material will do no good for either an
absorber or fluorescent sample because the
individual particle sizes are too large by at
least a factor of 10. The effect is shown in
Fig. 1 for a sample composed of a pressed
disk of sulfur. All of the fluorescent data
are so distorted by self absorption as to be
unrecognizable as the same material.
Fluorescent data from a suite of concentrated
reference compounds would be useful only for
comparison to similarly concentrated samples
because fluorescent data from, e. g. a
biological sample containing a small amount,
well dispersed, would result in spectra more
nearly like the e-yield spectra. The data
were obtained simultaneously on BL IV-1, 3
GeV, 30 ma, Si (111) crystals detuned 90 % in
a He filled detector rotated at 45° to the
beam so that both signals could be collected
in, the same scan. The fluorescent gain was
1010, e-yield gain was 108. For sulfur the
fluorescent  yield 1is 7% and the e-yield
signal arises primarily from the KLL Auger
electrons (2 KeV). Since the first
ionization potential for He is 25 eV, each
electron will create 80 ion pairs. This gas
gain factor compared to the fluorescent yield
and the 2 pi solid angle compared to 0.2 pi
for the fluorescent detector account for the
high signal level from the e-yield detector.
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D.B. Kerwin and F L. Galeener i
Department of Physics, Colorado State University, Fort Collins, CO 80523

| Jucti . .
The E' point defect center in amorphous SiO, has been studied for
over 30 years. It has been determined with a high degree of

accuaracy that the E' center corresponds to an electron in an sp3
orbital of a silicon atom that is bonded to three (rather than four)
oxygens. However, the mechanism of E' defect formation is not as
well understood. Experiments on the desorption of oxygen from
8i0, surfaces by Knotek[1] suggested that either a cooperative

Auger transition or a Coulomb explosion[2] could produce an
oxygen vacancy in the bulk when a silicon atom was photoionized.
The paramagnetic version of the oxygen vacancy ‘is just the E'
center. The goal of this experiment was to determine whether the
cross section for E' production differed significantly for x-
irradiation below and above the k-edge of silicon.

The samples used were high hydroxyl containing silica (1200
ppm OH) and low hydroxyl containing silica from Heraeus-
Amersil (Suprasil-1 and Suprasil-W1, respectively). The
samples were irradiated on beamline lll-4 in March 1989.
Although it had been intended to use the C-Rh multilayer synthetic
crystals to monochromate the beam, the flux was too low to obtain
the necessary exposures in a reasonable amount of time.
Therefore, white radiation was used with Si and Be filters to

produce spectral distributions that were either rich or deficient

in radiation just above the silicon k-edge. The post-radiation spin
signals were measured -ont the Brucker ER300 series ESR at
Colorado State University.

BResults

Several exposures were made with the white beam with only a 25

um Be filter, and a few exposures were made with both a 5 um Be
fiter and a 2 pm Si filter.  The latter combination produced a
spectral distribution which was deficient in photons of energies
just above the k-edge of silicon. Measurement of the number of E'
spins indicated no significant differences between exposures
containing photons above the k-edge and those deficient in photons
with energies above the k-edge. Figure 1 shows the results for

Suprasil-1 for exposures up to 500 mJ cm'2. Based on the
difference in the absorption coefficient of silicon 200 eV below
and 200 eV above the k-edge, one would expect an almost four fold
increase in the production of E' centers for the radiation
containing a significant distribution of photons with energies
above the k-edge. Preliminary results indicate that the above
mentioned mechanisms do not determine the number of E' defects
observed in SiO, irradiated in this energy regime.

E’ Signal in Suprasil-1 vs Exposure to Soft X-Rays

A 25 ym Be filter {/
50 O SpmBe + 2 mSi /
Z - A§ N i a
~ 0.8 b
[} /
5 a
& /A

A
2
[] L ' ¢ L
0 100 200 300 400
Exposure { mJ cm™)

Figure 1: Number of E' spins vs exposure for Suprasil-1

samples. Circles - 25 um Be filter, Squares -
5 um Be + 2 um Si filters.
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The development of many promising devices based on
I11-V compound semiconductors has been impeded sub-
stantially by difficulties in producing highly-conduc-
tive wide-band-gap material. Dopants which yield
shallowly-bound donor states in GaAs, such as Si, Se,
Sn, and Te, give rise to deep Tevels as well in
Ga, Al As for x > 0.22. These levels, called DX cen-
ters, are associated with several deleterious mater-
ials characteristics, including both carrier freeze-
out and persistent photoconductivity at Jow tempera-
tures as well as reduced minority carrier lifetimes
and recombination efficiency. DX centers impair the
performance of any devices which incorporate n-doped
wide-band-gap material, such as modulation-doped
field-effect transistors (MODFET’s), monolithic cas-
cade solar cells, and multi-junction high-output-velt-
age photodetectors. Further progress in the engineer-
ing of these potentially important devices requires
that we be able to control the occurrence of DX cen-
ters, which is not 1ikely without a microscopic model
for them.

DX centers have been extensively characterized
electronically but there is little direct microscopic
structural knowledge of them, due largely to the very
lTow concentration of dopants in the materials of
interest (typically 10 to 10! em3). As a conse-
quence, there are two competing classes of models for
the DX center which have very different atomic-scale
structures. Noting the large difference between the
optical and thermal excitation energies (1.1 eV as
opposed to 0.19 eV) and the large thermal capture bar-
rier (0.1 eV), it was proposed in 1977 that neutral DX
centers must be characterized by a large lattice
relaxation [1,2]. There are several models incorpo-
rating such an effect [3]. Following in the tradition
of substitutional donor models, the other class of
models seeks to explain the properties of DX centers
on the basis of the homogeneous properties of the

" Ga, Al As host, with Tittle or no distortion of the
lattice about either neutral or ionized donor [4].
The most rudimentary know]edge of the atomic structure
of the DX center would eliminate one of these classes
of models.
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A variety of samples with x between 0 and 1 and
doping levels of 4 to 9x10'® cm™3 19n have been stud-
ied using MoOssbauer effect spectroscopy (MES) [5]..
Clear evidence for the DX center was found in a
shifted and broadened resonance which is most prom-
inent for x=0.3-0.4. The broadening suggests a
quadrupole interaction at the Sn DX site and therefore
a local distortion from cubic symmetry.

The x-ray absorption spectra associated with the
Sn K shell in GaAs and Ga, ,Al) ,As doped with 5x10'®
cm Sn have been measured at 80 K using fluorescence
detection methods. The samples were cooled in the
dark to populate the DX center. The extended fine
structure in these spectra have been compared in
detail with each other and with that in the spectrum
from ordered ZnSnAsz, in which each Sn atom is sur-
rounded by four As atoms at 2.60 A. The Fourier
transforms of those spectra are shown in Fig. 1. We
conclude that each Sn atom in the doped samples has
four As neighbors at ~2.58 A, but note that the shape
of the nearest-neighbor (NN) peak in the radial dis-
tribution function does not have a simple Gaussian
shape. While there are slight differences between NN
peaks in the two doped samples, there is no evidence
of a large shift in NN distance associated with the
neutral DX center in GaUJA103As, thereby eliminating
the possibility of a large dilatory lattice relaxation
in this sample. An angular distortion consistent with
the MES measurements would of course be possible.
Measurements of the Sn donor site under different dop-
ing conditions are in progress.
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STRUCTURE, COMPRESSIBILITY AND GROWTH
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Dennis Yee and Larry B. Sorensen
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The atomic structure at the solid-liquid interface is of
fundamental importance in electrochemistry, since this
structure strongly affects the chemical properties of the
interface. While a great deal is known about surfacc
structure at the solid-vacuum interface, our understanding
of solid-liquid interfaces is still quite primitive. This is
fargely because standard surface structural techniques
(LEED, etc.) cannot penetrate the liquid overlayer. Surface
x-ray scattering is, however, ideally suited for studies of such
buried interfaces and we have recently made substantial
progress in determining, in-situ, the atomic structure of
electrochemically adsorbed metal monolayers.!-3

The celectrochemical deposition of many metal
moanolayers occurs at potentials positive of bulk deposition,
and consequently, there is a potential range where only a
monolayer is stable. In previous experiments at SSRL, we
have determined the two-dimensional (2D} structure of the
electrochemically deposited monolayer of lcad on silver
(IH)‘I) 2 This monolayer forms a 2D, incommensurate
hexagonal solid that is compressed relative to bulk Pb and
rotated away from the Ag(211) dircction by 4-5°. We also
discovered that as the applicd potential becomes more
negalive, the in-plane atomic spacing decreases.™ 4 This
increased density is 2 direct consequence of the decreased
chemical potential of the Pb2* ions in solution. Because the
monolayer is in chemical equilibrium with the ions in
solution, our measurements of atomic spacing cnable us 1o
calculate the 2D compressibility, xap, of the monolayer:
Kap = da/du, where a is the atomic arca and g is the chemical
potential.3 4

During our last run, we investigated the effect that two
different counterions, perchlorate and acctate, have on the
structure, atomic spacing, and compressibility of Pb/Ag(111).
The acetate anion strongly adsorbs onto Pb and Ag surfaces,
while the perchlorate anion only adsorbs weakly. These
experiments were designed to probe how the presence of
adsorbed anions affect the properties of the monelayer. The
measurements were made in-situ (in contact with solution)
and under potential control on beamline 7-2 with an incident
x-ray energy of 9.05keV. We found that in both perchiorate
and acetate solutions the Pb monolayer forms the same
incommensurate, hexagonal structure. In addition, as shown
in Figure 1, the potential dependence of the atomic spacing
is independent of anion and in both cases kypy = 1.2A2)ceV,
This indicates that the propertics of the clectrochemically
deposited monolayer are predominately determined by the
adsorbate-adsorbate  and  adsorbate-substrate  interactions
and are not strongly influenced by adsorbed anions. Since
the structure of electrochemically deposited PhiAg(111) is
the same as vapor deposited PhyAg(111),% 7 it also appears
that the metal-metal interactions are much mare important
than the cffects of the water overlayer.

66

T T T T i T T T

3.44

—~
o< 9 ~
N
c
c i
O
Q
g i
"
- - L L 1 : ! L L
] 120 80 40
v (mV)

Figure 1. Potential dependence of the near-neighbor spacing,
ann, for an clectrochemically deposited monolayer of Pb on
Ag(t11). The filled circles are for Pb deposited in the
perchlorate solution (0.005 M lead perchlorate, 0.1M sodium
perchlorate and 0.01M perchloric acid) and the open squares
arc for the acetate solution (0.005 M lead acetate, 0.1M
acetic acid, 0.1M sodium acetate). The lines are
least-squarcs fits to the data; the soiid line for acetate and the
dashed line for perchlorate. The potentials arc relative to the
Nernst potential, where bulk Pb is thermodynamically stable.
Since the measured accuracy of the Nernst potential is about
5mV, it is not clear if the shift between the acetate and
perchlorate data (~{2mYV) is significant or not.
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1: Introduction

When a diffraction grating is overcoated with a multi-
layer, a new x-ray optical element results which possesses
novel,characteristics found in neither the grating nor the
multilayer taken separately. [1, 2] First, the devices can be
much more efficient than single metal overcoated gratings
because the multilayer can be designed to be an efficient x-
ray reflector at the energy of interest. Further, because of the
finite multilayer bandwidth, the grating orders become dis-
continuous in energy. Finally, the devices act like x-ray
prisms, maintaining a constant deflection for a given energy
as the incident angle is changed. Barbee and coffaborators
have extensively observed and verified these effects in the
soft x-ray regime below 1500 eV. [2, 3] Barbee has further
developed an equation for the angle between the different
grating orders based on the grating equation and Bragg's
Law: [3]

(1)

Here m's are reflection orders, d (D) is the multilayer (grating)
spacing, and 3 is the average anomalous scattering factor.

Warburton has addressed the same problem using kinematic

scattering theory [4] to derive an equivalent expression for the
offset angles between the grating orders as:

2Rmpd

bmax = Mg D

-1
1-R——cot 6]
m . (2

where R is the bracketed term to the 1/2 power in Eqn 1. The
difference between the expressions becomes most important
as 6 approaches zero,

These devices are expected to become extremely
important for Instrumantation since they are not only efficient
and dispersive but may also resolve many of the overlapping
order problems assoclated with simple gratings. In the pres-
ent work we are extending earlisr measurecments Into the
hard x-ray region.

2: Experimental

The data were taken In BL 2-3 in white light mode
during the March 1989 run. The sample, 89037, was a 40A d
spacing Rh/C multilayer deposited on an-8 mm D spacing
grating etched into a Si wafer. The sample was initially
placed on the @ goniometer of a small angle diffractometer
describad elsewhers [5] at an angle of 1.5° and film expo-
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sures of the dispersed beam were taken with interposed
elemental filters ranging from Mn through Ge. The elemental
absorption edges could be clearly seen and moved across
the dispersed beam with absorption edge energy in accord
with the previously observed prism effect. We then proceed-
ed to quantitative data by installing an 0.001" slit on the exit
arm in front of an ion chamber so the dispersed beam could
be scanned.

3: Results

Due to poor ring performance, only a few scans could
be obtained, but these are extremely interesting. Figure 1
shows the white beam as dispersed by 89037. The center of
the peak (0 grating order) corresponds to an energy of 5.9
keV from the Bragg relationship and the multilayer d spacing.
The multilayer coated grating displays very complex behav-
ior, particularly at low angles, which we are working to un-
derstand and will discuss below. When an Fe foil is inserted,
the result is as shown in Figure 2, with the absorption edge at
7.1 keV clearly visible at about 2.5° 28. This is the same
value of 20 at which the multilayer would Bragg reflect 7.1
keV light, but the reflection has unegual angles of incidence
and reflection in the present case. Finally, in Figure 3, we
aresent a view of the diffraction structure in the vicinity the
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Figure 1: White light reflected from a 8 um pitch grating
coated with a 40A d spacing multilayer.




grating O order which has been expanded to show the de-
tailed structure of the peaks.

4: Discussion

The spacing of the peaks near 0 grating order is fairly
well understood. From either equation 1 or 2, ignoring the
correction terms in brackets, the interpeak spacing for 1st
multilayer Bragg order would be A¢ = 2d/D = 0.057° for
89037's values of d and D. The average interpeak angle
computed simply form the peak maxima is 0.056°, in good
agreement. In addition, the subpeaks and shoulders seen in
Fig 3 fall at intervals given approximately by 0.056°/2 and
0.056°/3, corresponding to the 2nd and 3rd Bragg orders
from the multnlayer

The peak amplitudes, on the other hand, have yet to
be explained. According to the kinematic theory they should
fall off as 1/mp?2, which they clearly do not. Since we do not
yet know to what extent this shape depends upon the align-
ment of the grating in the beam, we have postponed its inter-
pretation until we are sure that it is not an experimental arti-
fact.. The other area of interest is the small angle shoulder
region. In this region there is a transition between Bragg re-
flection from the multilayer and total external reflection from
its surface. The cutoff at 1.5°, in fact, corresponds to an exit
beam travelling parallel to the grating surface since the angle
of incidence is also 1.5°. The description of the multilayer
coated grating in this region will therefore be more complex
than in the region near 0 grating order and its description
may require combining a dynamical description of the mult|~
layer with the grating equation.
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INTRODUCIION

Anomalous small angle x-ray scattering (ASAXS)
is emerging as a tool for detecting and characterizing

phase separation in amorphous materials. In

crystalline materials phase separation is shown

readily by the superposition of the broadened x-ray
diffraction powder patterns from each phase.  Because
there are no sharp diffraction peaks in an amorphous
material, it is impossible to tell whether the pattern

originates from a single, or from multiple, phases.

Classically, information about such phase
separation 1is ~obtained from small angle =x-ray
scattering. SAXS is sensitive to electron density

fluctuations on a scale of tens to thousands of
Angstroms. Therefore, SAXS indicates the presence of
inhomogeneities arising from such diverse phenomena as
Aphase separation or cracks and voids. Unfortunately,
SAXS alone cannot distinguish between these various

possibilities.

Recently,
SAXS with anomalous

investigators have begun to combine
dispersion to achieve such a
distinctioni. We are using ASAXS as a tool for
the of

metal-germanium thin films. In particular,

understanding structure amorphous
we are
seeking to determine whether these films are phase
the

size of the single phase domains being limited by the

separated on a very fine (2-4 nanometers) scale,

kinetics of film formation.

The metal~germanium amorphous films, which can
be prepared typically from pure Ge to approximately 70
atomic percent metal, are semiconducting for low metal
and then metallic when the metal
When the

physically

concentrations
concentration reaches 10-15 atomic percent.
metal concentration rises

even more,

interesting metallic characteristics arise.
Superconductivity appears in the Mo-Ge system at 13
atomic percent Mo whereas ferromagnetism appears at
in the Fe-Ge

We are using ASAXS to determine whether these

approximately 40 atomic percent Fe
system.
transitions occur via phase separation or through
homogeneous alloy formation.

. samples,

" the
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In February of 1989 we performed ASRXS
experiments on a-W8Ge92, a—-MoSGe92 and a-FelzGe88 on

SSRL beamline IV-2Z. We used the SSRL Biotechnology
Group’s SAXS camera with its position sensitive linear
detector {described by Hubbardz). We intended to
collect data at 100 eV, 20 eV, and 7 eV below the
absorption edge of each element in all the three
but the
collection of data at the Ge edge for the FeGe sample
For the ¥Ge
The region

beam conditions prohibited the
and at the Mo edge for the MoGe sample.
sample we collected a complete data set.
of reciprocal space probed in these experiments runs
The
data shown here are scaled by the intensity of the
To

Raman

from s=2siné/A=0.01 to s=0.2 inverse Angstroms.

transmitted beam and are background subtracted.
the of the
scattering, the three data sets at each edge are

remove contribution resonant
forced to coincide at s=0.2 inverse Angstroms where
the intensity of the small angle scattering approaches

its asymptotic value.

RESULTS AND DISCUSSION
Corrected ASAXS data for the a—W8Ge92 sample

As the W edge is
intensity of scattered

are reproduced in Figures 1 and 2,
approached from below the
At the Ge edge the intensity of
scattered radiation remains the same as the photon

radiation decreases.
energy increases beneath the edge. This means that
Ge
scattering.
in the electron density of the W and the Ge number

is not contributing to the small anglé

The scattering arises from fluctuations
density is uniform across the sample. = As a rough
check on whether it is possible for Ge to be present
in two phases in a—WSGe92 and have the same density
within each phase, we investigated the density of Ge

atoms in c¢-Ge and in c-MoGe (assuming that the
metastable phases of WGe strongly resemble those of
MoGe, since there are no compound in the WGe

equilibrium phase diagram). As shown in Table 1, the

number density of Ge in pure Ge, MoGe, and Mol3Ge23 is

nearly the Therefore, phase separation of

a—W86e92 into a~Ge and an a-MoGe2 or a—Mol3Ge23—;1ke

substance is consistent with the data.

same.

TABLE 1.
Crystals Number of a (A) ¢ (A) N/V
Ge atoms per .
unit_cell
Crystalline 8 5.658 - 0.0442
Ge

MoGe2 4 3.313 8.195 0.0445
Mo13Ge23 92 5.990 63.54 0.0404




Although our data sets on the a-MoeGe92 and
they both exhibit

small angle scattering near s=0.05 inverse Angstroms

a—FelzGe88 samples are incomplete,

.similar teo that seen in the a-W86692 sample. As shown
of the
scattering remains constant as the photon energy is

in Figure 3, the intensity small angle
increased beneath the Ge edge in the a—MoBGe92 sample.
The a—Fesze88 results for the Fe edge are shown in
The scattered intensity decreases with
increasing photon energy beneath the Fe edge. Both of
with the a-WBGe92

These results

Figure 4.

these results are consistent
results, although they are incomplete.
suggest that there may be strong similarities in the
structure of these metal-germanium films in the low
metal concentration regime.

We performed more ASAXS experiments on the
a-FeGe, a-WGe and a-MoGe systems at NSLS beamline X14A
in December 1989.

different concentrations across the broad amorphous

We collected data for samples of

region of each system. These data will be presented

when they are analyzed.
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STUDYING HYPERFINE FIELDS WITH RESONANT NUCLEAR DIFFRACTION OF X RAYS
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In the SSRL Activity Report for 1988 we
presented some of the results of an experiment
carried out in December, 1988 at the PEP 1B beam
line. During 1989 we analyzed more of the data
from that experiment. This report is condensed
from a paper prepared for the 34th Annual
Conference on Magnetism and Magnetic Materials,
held in Boston in November, 1989.1

The use of resonant nuclear diffraction to
study hyperfine fields in a crystal depends simply
on the spectral and temporal characteristics of the
synchrotron radiation pulse. A synchrotron source
provides very short (<1 ns) pulses of radiation, with
a bandwidth that is much wider than the energy
range of the nuclear resonance in the sample. If the
sample resonance is split by hyperfine fields, the
synchrotron pulse will simultaneously and
coherently excite all the levels of the split
resonance (subject to the polarization selection
rules discussed below). The coherence between the
excited levels is preserved during the excited state
lifetime, which can be much longer than the
synchrotron pulse, and so the radiative decay of the
excited state exhibits interference effects. The
time distribution of the scattered radiation
contains a beat structure determined mainly by the
- energy differences between the coherently excited
levels.2

In addition to its well-defined time structure,
a synchrotron source provides radiation with a
well-defined polarization. If the sample is
magnetic, the experiment can be designed to give
specific relationships between the directions of
polarization of the incident and scattered light and
the magnetic field in the sample. The nuclear
excitation matrix elements give polarization
selection rules which can be used to simplify the
experimental analysis.

X-ray diffraction selection rules can also be
used to simplify the experimental analysis, in the
case where a sample contains more than one
crystallographicaily distinct group of resonant
nuclei. The hyperfine field environments for the
nuclei in different groups may be different, but by
choosing a reflection for which only one
crystallographic group has a nonvanishing structure
factor, the hyperfine field for that group can be
examined separately.

We observed all of these effects in our
experiment using resonant diffraction from the 14.4
keV Mdssbaduer nuclear resonance in 57Fe, in a nearly
. perfect crystal of yttrium iron garnet (YIG). The

{002) and (0O O 10) reflections that we observed are
crystallograpnically forbidden except for nuclear
scattering from a smali subgroup of the Fe nuclei.
Furthermore, we' could control the orientation of the
nuclear moments in the magnetized crystal with a
small external guide field.

Figure 1 demonstrates changes in the
diffracted distribution from the same set of nuclei
with no change in the hyperfine fields, when the
polarization selection rules are changed. Figure
1(a) shows the beat pattern obtained with the
moments ariented nearly parallel to the direction of
propagation of the incident X-ray beam. In this case
some of the hyperfine levels are excited by left-
hand-circular (LHC) light while others are excited
by right-hand-circular (RHC) light. This gives a beat
pattern due to interference between the levels
excited by the LHC component of the incident light,
overlapped by a beat pattern due to interference
between the levels excited by the RHC component.
Each beat pattern contains a short period of about
12 ns and a long period of about 130 ns (note that
t=0 occurs at a null in the long period beat). The
decay envelope arising from the lifetime of the
excited state is also clearly visible in Fig. 1(a).
Fitting parameters for the calculation shown were
the strengths of the magnetic field and electric
quadrupole splitting at the nuclear sites, and the
incident beam deviation angle.

Figure 1(b) shows the time distribution with
the guide magnetic field (and therefore the internal
moments as well) rotated so as to be perpendicular
to the scattering plane, and parallel to the
polarization direction of the incident radiation. The
nuclear scattering matrix is still diagonal to good
approximation, ‘but the basis states are linearly
polarized. In this case interference can occur
between levels which had differing polarizations
and therefore did not interfere in the case shown in
Fig. 1(a). This causes the rapid beat pattern.

Figure 2 shows two distributions taken with
identical diffraction conditions, but with different
hyperfine fields in the sample. The data shown in
Fig. 2(a) were taken with the sample at 29512 K,
while the data shown in Fig. 2(b) were taken at
15017 K. At the lower temperature, the
magnetization of the sample is nearly saturated,
whereas at room temperature it is not (the Néel
temperature for our sample was 550 K3).

The use of synchrotron radiation to excite
Méssbauer resonances is still very much in the
exploratory stage. The brightest beams now




available have the capability to begin to move
beyond demonstration experiments and to actually
do materials science. With the expectation that a
significant number of even brighter beams will
become available within the next few years, this
area of research has great expectations.

The authors would like to thank Dr. D. M.
Gualtieri, who prepared the 57Fe-enriched YIG
crystal used in this experiment, and Dr. E. Alp and
Dr. W. Lavender, for discussions and assistance
during several nuclear diffraction experiments.
-This research was performed at SSRL, which is
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Time distribution of X rays resonantly diffracted from the
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INTRODUCTION

The behavior of polymer molecules at the air/polymer
interface is of both scientific and technological importance.
The presence of an interface places restrictions on'. the
conformations of the molecules near the interface, and,
consequently, the structure of the polymers near the inter-
face can-beé Subsfantialljf altered . To enable the investi-
gation of polymer structuré as a function of distance from
the air/polymer intcrface, the technique of grazing inci-
dence x-ray diffraction (GIXD) has been employed. The
goal of this study is to examine the near surface structure
of several types of polymers and compare the surface
structure with that found in the bulk.

In GIXD, the x-ray beam impinges on the sample at
angles close to-the angle for total external reflection, typi-
cally 3mrad for polymers using A= 1.56A. By varying the
incidence angle of the x-rays, the x-ray penetration depth
can be varied from 50A to-microns 2. For the penetration
depth to be well defined, the angle of incidence must be
well defined as well, and, therefore, the divergence of the
the incident x-ray. beam must be small, typically 1mrad or
less. This requirement along with the small scattering vo-
lume and the low scattering power of hydroearbon polym-
ers necessitates the use of synchrotron radiation.

The polymer poly(hexyl-pentyl)silanc (PHPS), con-
taining a silicon backbqne'with"two pendant alkyl groups,
n-pentane and. n-hexane; attached to each: silicon atom,
was investigated.. Due to the silicon atoms inthe back-
bone, PHPS scatters x-rays more strongly than the corre-
sponding hydrocarbon analog. Steric hinderance ‘among
the sidegroups stiffens the polymer-.chain;, changing what
would be a flexible polymer without sidegroups into a stiff,
rodlike polymer when the sidegroups are large. Conse-
quently, the PHPS chains pack in a well defined manner.
In contrast to other polyalkylsilane polymers, PHPS, due
to the assymmetry of the sidegroups, is not crystalline at
room temperature where the measurements reported her-
ein were performed. '
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: PHPS with a molecular weight of 38,700 and a poly-
dispersity of 1.6 was dissolved in isooctane at 2.4%. This

‘solution was cast onto a polished 7.5cm diameter by Smm

thick Si(100) substrate, spun at 2 x 10% rpm and annealed .
at 90°C for 2hrs. to remove excess solvent. A film with a
thickness of 2350A and an rms roughness of 5-6A at the
air/polymer and polymer/substrate interfaces, as deter-
mined by X-ray reflectivity, was obtained.

'~ GIXD measurements were performed in August 1989
on beam line X20C at the National Synchrotron Light
Source at the Brookhaven National Laboratory. A pair
of W/Si multilayers with a d-spacing of 23A was used to
monochromate the incident x-rays at a wavelength of
A=1.56A with a 1% bandwidth. Scattering was per-
formed with a four circle goniometer (with standard
8,280, y and ¢ motions) in two different scattering geom-
ctrics in order to examine electron density correlations
both parallel and perpendicular to the plane of the film.
In the first case, which will be referred to as “in plane”
GIXD, the sample lay nearly vertical, and the angle of in-
cidence, o, was selected by appropriate motion of x and 8
angles according to the relation sin o =sin y sin 8. In the
second case, which will be referred to as “out of plane”
GIXD, the sample lay nearly horizontal, and the angle of

-incidence was chosen by movement of the 6 angle In this

geometry, the scattering vector tilts at an angle ¢ with re-
spect to the surface normal. For both geometries, the di-

- vergence of the incidence angle was 1mrad. The data are

plotted against g = 4Tn sin % (26).

During the measurements, the sample lay in a helium
environment to prevent oxidation. Nonetheless, degrada-
tion of the polysilane samples was noted during the mcas-
urements.  An increased scattering background was
observed, with little change in position and intensity of the
diffraction peaks. The samples were translated period-
ically in order to ensure that undamaged portions of the
sample were being observed.

RESULTS AND DISCUSSION

The PHPS powder diffraction pattern (fig. 1) from a
2004 thick film has sharp peaks at 0.492, 0.855, 0.987, and
1.31A-1. The peak positions in the pattern have a ratio of
1:/3 :12:/7 which is indicative of a hexagonal packing of
the ‘polymer chains with an interchain spacing of 14.7A.

.. The 1.32A-! peak is superimposed on a broad peak which
-arises from the packing of the hexyl and pentyl sidegroups.

The sharpness of the peaks indicates the hexagonal chain
packing is coherent over a large distance of at least
2n/Aq~300A.

“In plane” and “out of plane” GIXD were performed
on the 2350A PHPS film for several different «. For the
”in plane” measurement, the diffraction in the region from
0.4-0.5A-! changes dramatically with « (fig. 2). At the




critical angle, @ = 0.15°, the peak at 0.492A-! has a large
shoulder. With greater surface sensitivity, the shoulder
develops into a separate peak located at 0.44A-' when
o =0.12°, and the two peaks are almost equal in intensity
when a =0.10°. The peak at 0.44A-' originates from a
change in the electron density correlation paralle]l to the
surface which could be associated with a novel structure
at the surface. Modelling of the data are consistent with
the notion that the novel surface structure penetrates
200-300A into the bulk of the film.

For the “out of plane” GIXD, the 0.492A-! peak does
not change in position or structure as « is varied, except for
a small broadening due to the fact that the penetration
lepth approaches the same length scale as the coherence
ength. At the 0.492A-" peak, 6 =3.5°. Therefore, the
lensity correlations tilted 3.5° from the surface normal re-
main unchanged with changes in surface sensitivity. This
indicates that the novel surface phase has the same density
correlations nearly perpendicular to the surface as in the
bulk of the film.

In order to precisely determine the structure of the
novel surface phase, future GIXD measurements will be
performed with the scattering vector positioned at arbi-
trary angles away from the surface normal.
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Figure I: Plot of x-ray powder diffraction for 200u thick
film of poly(hexyl-pentyl)silane.
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Figure 2: Plot of grazing incidence x-ray diffraction for
2350A film of poly(hexyl-pentylsilane for several angles
of incidence. The scattering vector is parallel to the film
surface.  The angle for total cxternal reflection is
o=0.15°
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Introduction

Amphiphilic polymers have a tendency to associate-in
solution. When linear diblock copolymers are dissolved in a solvent
selective for one block, they can form spherical micelles,
semicrystalline aggregates or extended micellar or vesicular
structures. We have been studying two such systems, poly(ethylene
oxide)-polystyrene (PEO-PS), and poly(methacrylic acid)-poly(butyl
methacrylate) (PMAA-PBMA), in cyclopentane, a selective solvent
for polystyrene and PBMA. From light scattering studies(1) we have
found that micelles from PEO-PS can be extremely sensitive to the
presence of trace amounts of water in the cyclopentane solutions.
Similarly, the PMAA-PBMA structures are influenced by water as
well as ionic impurities.

It is our intention to study these structures in more detail with
small-angle x-ray scattering, and in particular, we wish to compare
the spherical structures formed from block-copolymers with those
predicted for a multi-arm star polymer(2). Each arm is represented
by a succession of blobs with blob size increasing from the center to
the outside of the star. Single chain behavior is found within each
blob with a local concentration varying inversely with blob size.
Logarithmic plots of scattering intensity versus scattering vector
provide information regarding concentration profiles within the
polymer structures. Differences from single chain scaling behavior
become more pronounced with increasing number of arms in a
micelle or star polymer. Beyond the flat Guinier region, scattering
from single chains decay with a slope related to the Flory swelling
exponent. For star-like structures, the slope approaches -4 as the
density profile approaches that of a solid sphere. The slope should
eventually reflect single chain scaling behavior when q is large
enough to probe within the blobs comprising the star arms,

Experimental

The polymers, described in Table 1, will be denoted by
listing the number of repeat units in each block. We prepared
solutions of PEO-PS block copolymers in cyclopentane with varying
amounts of water as described before (1). We made similar solutions
of PMAA-PBMA in cyclopentane with varying amounts of water
and 1M NaCl added. The small angle scattering experiments were
carried out at NSLS beamline X-12B under the guidance of Malcolm

Capel, beamline supervisor. With the current configuration at this
station, scattering vectors from q=0.008 to 0.1 A-l were accessible.

Iable 1.
PMAA/PBMA 6488 6/42 6.0 4.0
(DuPont) 13,762 4/2 43 4.8
PEO/PS 11,140 65/30 116 (@) 114
(Polymer Labs) 197  (wet) 185
187,500  170/1730 470  (wet)
EMMA-PBMA._Resuits

Woe found from our preliminary experiments that the PMAA-
PBMA copolymer exhibited a strong scattering signal, easily
measurable within five minutes of beam exposure. Logarithmic
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plots of scattering intensity against scattering vector, shown in
Figure 1, clearly distinguish between micellar solutions as in the
6/42 sample, and single chains found in 4/92 Scattering from single
chains reveals near theta conditions from slope of -1.8 on log(l) vs
log(q), close to minus the inverse of the Flory exponent. Micelles,
having a higher density and more compact spherical structure, show
a steeper slope of -4.3, typical of the Porod envelope for scattering
from spheres(2). At high q we expect to see another transition to a
lower slope of approximately -2 which would reflect scattering fror:
the semidilute chains within the blobs comprising the star arms.
Additional experiments probing wider q ranges are planned.

We observe a large Guinier scattering region for both
polymers. Guinier plots provided radii of gyration to be compared
with hydrodynamic radii found from dynamic light scattering
presented in Table 1 (3). We find that the ratio of R, to Ry, changes
from 0.67 for the micelles to 1.12 for the single chains; the
theoretical ratio for solid spheres is 0.77 while for Gaussian chains
we expect 1.4-1.5 (4). :

BEQO-PS Resuits

The PEO-PS block copolymers associate into larger micelles
than those described above. Our largest sample, 170/1730, having
170 units of EQ and 1730 units of styrene, forms micelles with an
expected Ry on the order of 30 nm; this radius will be measurable
after the scheduled improvements at X12B. ILog-log slopes of
approximately -2 throughout the g-range investigated reveal near
theta conditions within the blobs comprising the star arms. Smaller
q is necessary to measure star-like behavior.

The measured g-range corresponds to the intermediate
scaling region for micelles formed by a 65/80 sample. Figure 1b)
illustrates the scattering curves for 1 wt% solutions saturated and
unsaturated with water. Several features indicate that the saturated
micelles have a higher aggregation number; i.e., more arms.
Scattering from the saturated solution exhibits a change in slope from
23 to -1.4 at a q~2.5x10-2 A1, similar to changes seen in
molecular dynamics simulations(2) of star polymers with 10 or more
arms. The leveling off at small q for the unsaturated solution
signifies the approach to the Guinier region and hence, a smaller
radius of gyration than that for the saturated micelles. The blobs
comprising the outermost layer of the star decrease in size with
increasing number of arms. Therefore, a larger q is necessary to
probe the single chain behavior within the blobs of the saturated
micelles than for the unsaturated micelles. A value of -2 is seen for
the limiting slope in the unsaturated solution, as expected, since
polystyrene chains are at near theta conditions in cyclopentane at
Toom temperature.

The experimental q range included enough of the Guinier
region for the 65/80 spherical micelles to estimate radii of gyration,
listed in Table 1. Ratios of radius of gyration to hydrodynamic
radius on the order of unity for both wet and dry micelles suggest
concentration profiles intermediate to that for Gaussian chains and
solid spheres.

The majority of our samples warrant scattering measurements
at smaller angles. In addition to better resolving the Guinier region,
we plan to extrapolate absolute intensities to ¢=0 to determine micelle
aggregation numbers. Since polystyrene and poly(ethylene oxide)
have similar electron density contrast in cyclopentane, we minimize
the complications due to composition polydispersity prevalent in
static light scattering measurements of this system. We also have
light scattering and microsco;x evidence that rod-like or lamellar
structures replace the spherical micelles as we change copolymer,
water and salt concentrations. We need smaller scattering vectors to

measure thicknesses or diameters of these structures.
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Preliminary analysis indicates results consistent with'a rod-
shaped molecule. The slope of the Log(I*Glrvs Q*Q plot gives a WEL R e
cross-sectional Ry of 7A, achieved after 40 minutes with a sample
concentration of ()g 2 wt%. Higher concentrations should yield more
than adequate signal. In the future,; we wish t6-examing smaller-
scattering vectors in order to gain information on the persistence,
length of the DNA and higher moments of the scattering function. )
We also wish to measure the cross-sectional R¢ of the super-helical

form of our 2311 base pair plasmid, as this has not yet been :
characterized.
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Figure 1. Log-log plots of intenstly versus scattering vector. a)
PMMA/PBMA solunons <= 4192 slope of =1.8 at-high g indicates
single chams 1 6/42 slope of -4.3 at high' q indicate: compact
sphericil mlcelles BPEO/RS = 65/80 solufior unsatirae

. saturated with water. Slopes of -1.4'and 2.3 at low q and 2 0
and -1.5 at high q for unsaturated and saturated solutions,
respectively, reveal an increase in aggregation number upon the
addition of water.
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Introduction

Mo thin films are useful in a wide variety of high temperature
applications. These films can be produced by sputter deposition onto
a substrate followed by a heat treatment. Strains are often developed

due to the deposition process, phase transformations of the deposited
material, or the difference in the thermal expansion coefficient
between the Mo layer and the substrate. - The magnitudes of ‘the

residual strains are related to the morphology of the film and thé
degree of coherence, both are vital factors to the performance and
reliability. In this work the quality of as-deposited Mo films oa Si

(100) substrates, as well as some blank Si wafers were surveyed by -

white beam Laue topography and section topography.  The puipose
was to measure the quality of the substrates to ensure good basé
material for future deposition work, and to compare with the coated
wafers.

Experimental
Mo thin layers were deposited onto Si (100) substrates, cleaved into

quarters from 3 inch wafers, at room temperature by argon plasma
sputtering. The operating parameters were sét at 2200 volts foi
target-anode acceleration voltage with 150 mTorr argon pressure. A

low deposition rate of 0.6 A/sec was maintained. Film thicknesses -

range from 18 to 290 A. Projection topographs and section
topographs were taken with a Mo filter on the incident slit and
recorded on Kodak SR-5 single sided x-ray films. Specimen-filin
distance was set at 100 mm and typical exposures took 30 to 60
seconds for projection topographs, 4 to 6 minutes for single slit

section topographs. These experimerits were carried out at SSRL on- -

beamline 2-2.

Results

A total of 16 bare quarter-wafers were surveyed by projection
topography, usually at more than one beam-size area (typically 10
mm X 4 mm). Most of the topographs show even contrast through-
out the reflection spots, whereas some show thin stri “s)d-hkc feature
on selected areas of a quarter wafer. These stripes could be grown-in
defects in the Si boule, such as twinning or stacking faults, Slip

bands were also observed. Figure 1 illustrates a typical defective Si

(100) as-received sample. Observable defects have to be taken into
consideration during subsequent film growth, Substrates coated with
18, 35, 65, 130, and 290 A Mo films were mspecwd by pro;ecuon
topography in the symmetric setting, and section topography in both
symmetric and asymmetric setting. Many section topographs show

_Pendellosung fringes (Fig. 2), which are currently bemg analyzed

with the aid of digital image processing in the authors' laboratory.
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Figure 1. ijecnoﬂ topogiaph ot‘ Sx (100) asﬂrecewed sample
showinig a strain ceitter at the lowernleft corner and a stiipe:like
fmm xmnanng from il. ‘ '
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Ann Arbor, MI 48105
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Introduction

The early stages of plastic deformation of Mo single crystals were
studied by white beam topography. In.situ observations of the
crystals under step-wise loading conditions were performed with a
miniature tensile stage!, while simultaneously recording transmission
topographs. The objective of this work was to obtain information on
slip nucleation behavior at the presence of a low angle grain
boundary, as compared to the effect of other sites of stress
concentration such as a crack or precipitate. In the vicinity of these
regions in a sample, an enhanced intensity is observed on a white
beam topograph2. This is directly related to the lattice distortions in
the local region of the crystal which creates a severe three
dimensional bending in the lattice planes. The lattice curvature in this
local region can be estimated by the measured width of the enhanced
contrast zone. Studies of these effects for a number of independent

refections allows one to sort out the local dislocation density3, and
the symmetry of the dislocation network in the region®.  ~

Experimental
The tensile specimens were cut from a molybdenum single crystal
sheet with surface normal near [1 1 4] and the tensile direction near

[ 110]. The specimens were mechanically and electrolytically
polished to a finished dimension 25mm x 7mm with a gauge length

of 11 mm and thicknesses within 200 and 300 um. A crater-like
notch, serving as a stress concentration site, was introduced by
spark-discharge at the edge of one specimen which contains no
subgrain boundaries. Each exposure, which typically took 3 to 4
minutes, were taken after load relaxation had stabilized for either the
loading or unloading step. The experiments were performed at
SSRL on beamiine 2-2.

Results

Each high resolution picture taken on Kodak SR-5 single sided x-ray
film captured up to 60 ( h k 1) reflection spots. Analysis of the
large number of topographic images was facilitated by the use of
digital image processing, which allowed detailed study of the general
development of microplasticity and slip nucleation in many slip
systems. Lattice distortion delineated by enhanced diffraction
contrast in streak shape initiating from localized region either near the
notch or the subgrain boundary were observed on many reflections at
a load corresponding to a fraction of the bulk yield stress ( Fig. 1 and
2). The image contrast at stress concentration sites of most
reflections remain unchanged upon unloading to no-load state, while
some reflections move out of contrast partially or completely
indicating lattice tilting and/or twisting. The lattice distortion and
plastic zone curvature at each loading/unloading step are being
analyzed from the large data set. The preliminary results show that
the lattice near the subgrain boundary distorted to a significant extent
at 24 MPa, whereas no slip bands were initiated at 60 MPa while the
lattice were severely distorted without the presence of a subgrain
boundary. For the single crystals, slip started at the stress
concentration sites at the sample edge; whereas the presence of the
low angle boundary caused strain localization and, at higher stresses,
boundary breakdown.
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Figure 1. (3 10)reflection spot at 24 MPa load showing a low
angle grain boundary and local enhanced-contrast streak running
vertically on the left side.

Figure 2. (3 10) spot at 60 MPa load showing streak from the
notch (center of top edge), and the severe lattice distortion of the
entire speciment without the presence of a subgrain boundary.
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Iniroduction

This work was an extension of recent, related efforts
by Lawrence Livermore National Laboratory
(LLNL) to identify the most effective method for
determining residual stress in metal components
using nondestructive techniques [1-3]. These
activities included neutron diffraction, x-ray
diffraction, and ultrasonics. In 1988, we recognized
that the newly installed UC/LLNL beam line at
the Stanford Synchrotron Radiation Laboratory
(SSRL) could be applied to determining lattice
strains in a fashion helpful to our overall research
goals. Pioneering work using synchrotron radiation
for stress measurements had been reported in Japan
[4]. Benefits of a synchrotron source to our studies
include a highly intense and monochromatic beam
with variable energies, allowing significant
sample penetration, and with very low beam
divergence.

E imental Material M

The extensive time required for system
development at SSRL limited experimental runs
almost exclusively to one specimen. This was a
ground, ball bearing steel with a highly
characterized [$,7} surface-stress state (from its role
in an international round robin testing program).

Much of the beam time allotted for this study (six
eight-hour shifts) was devoted to experimental
set-up , especially mechanical alignment, and to
electronic trouble-shooting. A primary
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recommendation for future studies of this type is to
provide for precision x-y-z translational
positioning control (as well as rotational control
about z) for the goniometer table. A secondary
recommendation is to isolate the inlet beam slits
from the goniometer table. Experimental
measurements were taken with a limited number of
beam energies. Most work was done using energies
of either 20 or 12 keV. Useful data were taken using
harmonics at 10 and 24 keV, respectively. Time did
not permit obtaining useful results from other
fundamental energies or from higher harmonics of
the 10 and 12 keV beams.

Much of the effort, following alignment efforts,
concentrated on attempting to reproduce the
conventional stress measuring technique of specimen
tilting. Both forward (iso-) tilting and side tilting
methods were attempted. Side tilting has certain
advantages especially for high beam energies and
associated, smaller Bragg angles. Unfortunately,
experimental results from simple tilting techniques
are highly dependent on precise specimen fixturing.
The alignment problems noted above made such
measurements impractical. Fortunately, analytical
techniques are available for measurements on
untilted samples allowing for some useful results
which are described in the next section. "Untilted"
refers to a specimen orientation such that the
specimen surface is parallel to the crystal planes
responsible for a given diffraction peak. This
orientation is maintained by conventional
diffractometers in which the detector has twice
the angular rotation rate as the specimen.

Results and Discussion

Diffraction peaks for the (211) plane of the ferritic,
round robin specimen (ball bearing steel 100 Cré}
were obtained at 10, 12, 20 and 24 keV beam
energies. Figure 1 shows the measured, depth-
averaged stress gradient together with the true
stress gradient found by an analysis method
developed by us [5]. The results are in good
qualitative agreement with the results of the round
robin tests [6,7].

o




Figure 1. Measured depth-averaged stress gradient
together with the true stress gradient.

Future Work
The work presented in this report indicates the

preliminary useful results of the immediate, post-
experiment analysis. We intend to carry on

additional analysis of the results in conjunction
with our ongoing studies of residual stress in
cooperation with LLNL. The first effort of this
type will be to carefully analyze the diffraction
peak shapes for the 10, 12, 20 and 24 keV step scans
of the (211) peak. Specific information about
microstrain in the material is available from such
analyses [10].

Finally, it is hoped that further beam time at
SSRL will be available in the near future for the
purpose of continuing these studies. Encouraging
initial results were obtained during a relatively
brief allotment of time, given that time had to be
devoted to system alignment. We feel that we are
poised to obtain significantly more results, given an
additional block of experimental time. A primary
goal would be to have sufficiently precise
alignment to allow tilting measurements to be
made. Equally important would be to use higher
harmonics of energy to allow substantially deeper
penetration of at least 50 micrometers,
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Introduction

Many studies have addressed the role that fibers play in impeding
crack advance. In metal-matrix composites, such as aligned SiC
fibers in aluminum, the fibers are sufficiently strong and the
interface is sufficiently weak that the crack induces debonding along
the fiber-matrix interface. As the crack opens, many unbroken
fibers span the crack. This bridging process locally reduces the
crack driving force if fiber motion can be restrained through
interfacial friction.

Experimental observations of crack propagation in
composites frequently rely on SEM observations of metallographic
sections. In SEM measurements, cracks are usually held open by
driving a wedge into them or by using epoxy impregnation to hold
cracks open. These SEM observations are very valuable;
nevertheless, there is some interest in examining unaltered cracks
three-dimensionally, well away from external surfaces.
Noninvasive imaging of the three-dimensional structures
surrounding cracks will place SEM observations on firmer footing,
as well as address such questions as: the role preexisting damage
plays in crack propagation; where fibers break within the composite;
and over what distance does interface debonding occur,

Experiment

X-ray Tomographic Microscopy (XTM) differs from
conventional optical and electron-beam microscopy in that the
sample need not be destroyed by the characterization process. There
is no requirement for flat optical surfaces or thin sections, and thus it
is possible to examine materials in their unaltered state. The
instrument, described in detail elsewherel, requires a source of
parallel x-rays (synchrotron radiation) and consists of a sample
stage, a detector system, and an analyzing computer.

In the present study, a 1.5 x 1.5 x 10 mm specimen of an
Al/SiC composite was examined with XTM on the 31-pole wiggler
beamline at the Stanford Synchrotron Radiation Laboratory2(SSRL).
An x-ray energy of 21 keV was selected for good sample
transparency and x-ray contrast between SiC and Al. Absorption
data were collected at one degree intervals. This undersampling
leads to some loss in image quality; nevertheless, the 33 pum
diameter graphite cores and surrounding 140 um diameter SiC
sheaths are clearly visible.

Results
Figure 1 shows a single XTM slice of the composite from a

set of 97 contiguous cross-sections obtained with the XTM. The

Figure 1: C
SiC.fiber composite.

XTM cross-section of the Aluminum-matrix /
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slice thickness is 2.8 um and the spatial resolution is ~5 pm.
Cracks running longitudinally in the plane of the fiber layup are
evident. These cracks, which do not penetrate the fiber, are believed
to be due to incomplete consolidation and CTE mismatch between
the fibers and the matrix. This explains the greater crack density
near the exterior surfaces. Smaller cracks can be seen nucleating at
the SiC/Al interfaces within the interior in response to these stresses.

Figure 2 is a view of a single fiber showing the graphite core
and the SiC sheath surrounding it. The change in columnar SiC .
subgrain size produced during the growth of the sheath is evident,
as is the carbon-rich SCS-8 coating in the final few micrometers
near the Al interface.

XTM cross-section of a single fiber.

Figure 2:

What must be emphasized is that these XTM images have
been taken of unaltered interior surfaces. XTM is nondestructive and
no surface preparation is involved in the characterization. Because
of this, direct observation of crack nucleation and growth is possible
throughout bulk specimens during deformation testing. The
availability of such data should have a profound effect on modeling
of damage accumulation in metal matrix composites and other
advanced materials.
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THIN FILM AND INTERFACE STRUCTURE

Joe Wong, Troy W. Barbee and t. M. Larson
Lawrence Livermore Nalional Laboralory, Livermore, CA 94550

Experiments Lo both demonstrate sub-monolayer
sensilivity and to study interfaces in the
copper-tungslen binary have been performed on BL 10
al SSRL. Multilayer synthesis technology was used to
sputter deposit tungsten-copper film on 3.75 ¢m x

10 cm x 0.25 cm superpolished fused silica x-ray
optic flats. Tungsten layers 50 nm thick were
deposited first and then overcoated "in situ” with
copper layers designed to give surface concentrations
of copper of 0.1, 0.5, 1.0, 2.0 and 5.0 monolayers
(ML). Multiilayer structures consisting of 5§ ML
tungsten/5 ML copper and 5 ML tungsten/1 ML copper
were also synthesized. A1l structures were overcoated
with 0.7 nm amorphous carbon to stabilize the film/
ambient surfaces against contamination. 1lhe
operaling conditions at SSRL were abnormally poor

[10 kG, <10 md, 3.3 GeV]. Even under such

conditions ihe copper EXAFS spectra from a 0.1 ML
surface concentration film was.easily acquired.

These results demonstrate that surface coverages of
0.01 ML or less are accessible for study using Lhis
lechnique. 1n Fig. 1, the Fourier Transform of EXAFS
sighals for bulk copper, the 5 ML, 2 ML and 1 ML -
copper coverage on tungsien are given. The copper
EXAFS signal at coverages of 2 ML and higher are
clearly related to that of the bulk copper. At lower
coverages EXAFS is significanily changed, appearing
as expected for an amorphous solid. 71he interatomic
distances derived from these data are consistent with
these interpretations. 0Data indicate thal the local
environment of the copper in these very thin films is
dominated by carbon from the passivating overlayer,
Additionally, the near edge structure appears to
change as the copper coverage decreases. 1lhis is
consisient with evidence for an electronic inter-
facial bonding stale between copper and tungsten that
will dominate the low coverage samples.

EXAFS measurements were also obtained from the copper
in the mulitilayer samples.

The copper in the 5 ML tungsten/S5ML copper sample was
disordered and appeared amorphous. In the 5 ML
tungsten in this sample, by contrast, was disordered
and appeared amorphous. 1n the 5 ML fungsten/1 ML
copper sample the copper appeared to be body centered
cubic, assuming the structure of Lungsten.
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Fig. 1.

Phase-corrected Fourier Transform
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Phase correcied Fourier Lransform of Cu
K-edge tXAFS from Cu overlayers sputtered in
a tungsten subsirale at various coverages.

A 70 R proctectiive layer of amorphous C

was sputtiered on top of the Cu layer.
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Radipharmaceuticals based on technetium or radio-
active isotopes of rhenium have been in use for diagnostic
imaging and palliative agents (and more recently as
therageutics) for a number of years (1a,b). 99mTe, 186Re
and 188Re are the isotopes involved, each of whieh provide
gamma rays suitable for imaging, while the Re isotopes have
short half-lives and are widely available via so-called Te or
Re "generators". These features make them attraective for
use in formulating radiopharmaceuticals in a hospital
setting.

Metallic complexes of Te and Re with a variety of
diphosphonate ligands (O3PCRR'PO3%") are the most useful
for bone imaging agents and were the compounds studied.
Depending on the method of synthesis and the identity of R
and R!, these complex mixtures have different biodistribu-
tions. They are in general difficult to crystallize. The
erystal structure of the Te-diphosphonate ecompound with
R=R'=H (Technetium and methylene diphosphonate or
Te-MDP) has been determined (2) and an EXAFS structure
characterization of an HPLC separated, 8 mM solution of
this material was previously reported (3}, More rcently,
studies of the compound Technetium hydroxyethylidene
diphosphonate (Te-HEDP) wusing EXAFS and the
corresponding Re-HEDP using both EXAFS and WAXS/DAS
techniques were performed at room temperature. In
addition, samples of Te bound to the liver protein
metallothionein (provided by Maurice Morelock of DuPont),
were also investigated with the same techniques but at
10-20K using a He flow cryostat.

EXAFS data were collected at SSRL beamline IV-3
(300K and 10K) and also at NSLS -beamline X9A (at
Brookhaven National Laboratory). The gross structural
features of the M-HEDP compounds (M =Te or Re) are
quite similar. Each of the compounds has pronounced
Fourier transform peaks in the 1.5-2.1 A range and further
peaks in the 2.3-3.4 J:4 range (fig. 1). The first peak (or

Re-HEDP Fourier Trans. of EXAFS
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Fourier transform of Re-HEDP EXAFS showing
the principal oxygen backsecattering peak near
1.6 A and the weaker but evident heavy metal
backscatterer near 2.7 The transform has
not been corrected for phase shifts.

Figure 1:
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peaks) are definitely associated with M-O bonds usually

requiring two shells of oxygens for the best fits. Model
parameters for these M~-O bonds were taken from the KMOy
salts, whose EXAFS were also measured. Meanwhile, the
peaks at longer distances seem to result from M-M or M-P
interactions (or both), but are much more difficult to
extract and evaluate. Models for the latter parameters
were taken from the [M(DMPE)3l* compounds, where DMPE
is the 1,2-Bis (dimethylphosphinojethane ligand, and from
metal foils.

WAXS data were obtained from experiments
performed at SSRL beamline VII-2 (low temperature) and at
NSLS beamline X7A. These experiments were performed on
Re-(HEDP) samples (provided by David Pipes and Karen
Libson at Mallinekrodt Medical Inc.). Radial distribution
functions (RDFs) were obtained showing peaks at roughly
the same distances as suggested by the EXAFS experiment

(fig. 2). However, better identification in terms of
Re-HEDP Radial Distribution Function
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Figure 2: Radial Distribution Function caleulated from

X-ray scattering data of Re-HEDP. The first
peak results from diffieultg in normalization
the peaks near 2.0 and 3.3 A are in reasonable
agreement with the conclusions of the EXAFS
study.

coordination number and species bound will require cleaner,
less noisy data at two energies for the extraction of
differential distribution funetions (DDFs) from a DAS
analysis. This will require measurement of samples without
crystalline impurities, at low temperature, with higher
photon fluxes and/or greater beam stability, than has been
available so far.

Te metallothionein was prepared by incubating Zn
metallothionien (MT) with varying amounts of Te oxo
glucoheptanoate. MT usually has seven binding sites at
which a metal such as Zn or Te may attach, Three samples
of the protein were prepared: NENI containing 1-2 Te
atoms per MT, NEN2 with 3-4 Tc atoms per MT, and NEN3
with 5-6 Te atoms per MT. The objective of this study is to:
(1) assess protein struetural changes resulting from substitu-




tion of TeO*3 for Zn*2 in Zny-MT and (2) determine the
binding modes of Tet5 to MT.

Approximately 5 mg of each sample was pressed into a
pellet using coffeemate as a binder. EXAFS spectra of the
compounds were then acquired about the Te K edge at
1,047.3 ev. Full EXAFS scans were taken out to 16 8L in K
space using a low temperature flowing helium ecryostat.
Each sample was fit for oxygen, sulfur, technetium, and
zine.  Theoretical fits were used for the metal-metal
interaction while empirical fits were used for the oxygen
and sulfur atoms. Technetium-dioxo-tris-ethanedithiolate
was used .as a model for the metal-sulfur and metal-oxygen
interactions but is far from adequate due to its extreme
static disorder:

The caleulations, at this point, give little insight as to
the absolute coordination number, but a trend is evident
from sample to sample. The technetium-oxygen bond
distance and coordination number remain relatively
constant. The technetium-sulfur coordination number
decreases dramatically from NENI to NEN3 with coordina-
tion numbers of 2.66 atoms, 2.15 atoms, and 0.77 atoms.
These trends are interesting and merit further study on
subsequent trips with empirical parameters derived from
better model compounds. Fits for the metal-metal interac-
tion yield relatively consistent results of between one to
one-half zine or technetium at 2.60

In conclusion, trends throughout the series of

compounds are evident. A dramatic decrease is seen in the
coordination of sulfur to technetium as more metal is loaded
into the protein. Further studies will be done to elucidate
this phenomenon by examining both technetium and zine
EXAFS.

Support for this work is through the NIH (GM35404 and
CA32863). Individuals involved in this project included W.B.
Jones, J. Yuan and J. D'Amore,
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Gold based drugs have been used for many years to
combat rheumatoid arthritis. However, the form of these
drugs cireulating throughout the body, and the site of uptake
is unknown. Gold metabolites of the oligomerie drugs enter
the red blood cells (rbs's) of smoking patients but not of
nonsmoking patients (1,2). Metabolites of auranofin
(triethylphosphine)(2,3,4,6-tetra~-O-acetyl-1-thio- -D-gluco-
pyranosato-S)gold(l) enter rbe's irrespective of smoking
habits (2,3). More subtle metabolic changes due to ligand
exchange reactions of auranofin and HCN have not been
fully investigated (4).

Cyanide binds to gold very tightly and the equilibrium
competition of HCN and thiols for gold(I) favors eyanide (4).
Our aim is to (1) study the competition of HCN with the
phosphine and protein thiolate ligands of AlbSAuPEts, (2)
determine the immediate environment around the gold
eenter, and (3) develop a biochemical model for the
metabolism of auranofin in smoking chrysotherapy patients.

X-ray absorption spectra were recorded at SSRL on
beam line IV-3 about the gold Ly edge using a flowing liquid
helium cryostat to cool the sample to 10 K. XANES studies
yield the oxidation state information for gold in the
samples. A hump in the XANES region at 11.928 eV is
characteristic of a gold(I)-phosphorus interaction. In the
sample of AIbSAuPEtg reacted with HCN, the gold was
shown to be bound to a phosphorus atom and remained in the
+1 oxidation state (Figure 1).
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Figure 1: XANES for the reaction product of cyanide

with albumin-S-AuPEtg3. The hump at
11.928 keV is characteristie of gold-phosphorus
interactions.

Analyses of the EXAFS region of the spectra provide
structural details of the average gold coordination
environment. It is suspected that when HCN is reacted with
AlbSAuPEt3 that the gold(I) which is typically two-
coordinate becomes three coordinate bound to sulfur,
phosphorus and cyanide. The Fourier transform of the data
shows two distinet peaks at 1.5 and 2.0 R + o (Figure 2). A
backtransform of these two peaks shows a beat pattern in
the reverse filtered Fourier transform. A two shell fit was
performed using empirical parameters taken from a two
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Figure 2: The Fourier transform of EXAFS for th
material of Fig. 1. The peak near 1.6
corresponds to the Au-C interaction whiie that
near 1.9 X corresponds to the composite of the
Au-S and Au-P interactions.
coordinate gold(I) phosphorus model compound and

theoretical parameters for carbon. The fit yielded a thre§
coordinate structure containing a carbon atom at 1.95
which compares well with 1.97 A in the erystal structure of
EtgPAuCN. The second shell was fit with empirical
parameters from the gold diphosphine struecture, yielding
two phosphorus atoms at 2.28 However, it is impaossible
to determine whether this represents two phosphorus atoms
or one phosphorus and one sulfur atom since EXAFS
experiments can not differentiate adjacent elements in the
periodic table. The crystal structure of Auranofin shows a
gold-phosphorus bond .at 2.26 and a gold-sulfur bond
distance of 2.29

Our studies of this compound indicate that the gold is
indeed three coordinate and that a eyanide is bound to the
gold. The most probable structure would be the mixed
ligand Et3P and thiol-cysteine complex. However, evidence
has shown that the mixed ligand coraplexes containing sulfur
or phosphine and eyanide disproportionate in solution
according to:

2 EtsPAUCN = [(EtgP)gAul* + [Au(CN)gl~

Therefore, a structure containing two phosphines and a
eyanide should be considered as well.

Gold-gold interactions due to clustering in ‘biological
systems were studied also. Three gold dimeric species were
studied [Au(dppm)9Bria, [Au(dppm)oPFgl 9, and
[Au(dppp)9Brlg at low temperature to determine whether
the weak gold-gold interactions could be observed. A peak
corresponding to this interaction is absent in the Fourier
transform at room temperature. This can be attributed to
the high thermal disorder caused by vibration of the gold
atoms with respect to one another. By reducing the sample
temperature to that of liquid helium, thermal disorder
should be substantially reduced and a peak might appear in




the Fourier transform corresponding to the gold-gold
interaction. '

Two peaks are seen in the EXATFS of [Au(dppm)gPFgl o,
one at 1.82 R + « and one at 2.79 R +o (Fig. 3). Fits of the
two peaks yielded two phospilorus atoms at 2.33 8 and a
gold-gold interaction at 2.96 A. These correspond very well
with the erystal structure distances of 2.31 R and 3.02
Three peaks are seen in the [Au(dppm)9Br]l9 corresponding to
gold-phosphorus, gold-bromine, and gold-gold interactions at
2.33 8 2.87 8 and 3.02 8 (Fig. 4). The structure for
[Au(dppp)9Brlg has a gold-gold interaction of 5.04 R which is
not seen in the Fourier transform. .

[Au(dppm)2PF6]2
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Figure 3: . Fourier transform of the EXAFS data for a gold
. dimer showing both binding to. phosphorus and
also a gold-gold interaction at 3.0 )-SR

[Au(dppm)2Brj2
L L 'AJ

Fourier transform of the EXAFS of material
identical to that in Fig. 3 except that
noncoordinating PFg~ has been replaced by Br~
which coordinates and results in a third peak in
the transform.

Figure 4:

At low temperature it is possible to see weak gold-
gold interactions at a distance of 3.0 angstroms. These
interactions are_ absent when data is taken at room
temperature. The absence of a peak at 5.04 angstroms in
the dppp structure suggests.that at some distance between
3-5 angstroms evidence is lost, even in data measured at
10 K, of the metal-metal interaction. The resolution of the
data suggests that two atoms with bond distances differing
by as little as 0.15 R can be refined, as in the gold-gold and
gold-bromine distances for the dppmbr structure. Hence, by
studying samples at liquid helium temperatures moderately
long, weak interactions can be examined.

ACKNOWLEDGEMENTS

Support for this project is from the NIH (GM35404). The
work reported here is largely that of W.B. Jones. All data
were measured at SSRL.

REFERENCES

. Graham, G.G., Haavisto, T.M., McNaught, P.J.,
Browne, C.D., Champion, G.D., J. Rheumatol. 1981, 9,
532-535. ~ ,

9. Lewis, D., Capell, H.A., McNiel, C.J., Igbal, M.S.,
Brown, D.H., Smith, W.E., Ann. Rheum. Dis. 1983, 42,
566-570.

3. Intoccia, A.P., Flanagan, T.L., Walz, D.T., Gutzait, L.,
Swagzdis, - ‘Bioinorganic ' Chemistry = of  Gold
Coordination Compounds; Sutton, B.M., Ed., Smith
Kline & French Laboratories: Philadelphia, 1983, pp.
21-22. . . -

4. Isab, A.A., Hormann, A.L., Coffer, M.T., Shaw, C.F.
J.; Am; Chem. Soc. 1988, 110, 3278-3284.




SYNCHROTRON RADIATION CORONARY ANGIOGRAPHY IN A HUMAN SUBJECT ' oPOSaINo. 10468

WITH A DUAL BEAM, DUAL DETECTOR IMAGING SYSTEM

1 1 1 2
E. Rubenstein , J.C. Giacomini , H.J. Gordon , A. C. Thompson ,
3 ’ 4 5

G. Brown , R. Hofstadter , W. Thomlinson and H.D. Zeman

1

Stanford University School of Medicine, Stanford, California 94305, USA

2

Lawrence Berkeley Laboratory, University of California, Berkeley, California

94720, USA

3

Stanford Synchrotron Radiation Laboratory, Stanford University, Stanford,

California 94305, USA

4

Department of Physics, Stanford University, Stanford, California 94305, USA

5

National Synchrotron Light Source, Brookhaven National Laboratory, Long

Island, NY 11973, USA

introduction

Two sets of prior studies of transvenous
synchrotron radiation coronary angiography
in human subjects have demonstrated that the
approach can provide images of najor
portions of the humran coronary anatomy
[1,2]. The images acgquired in these studies
lacked clinical quality owing to an inade-
quate signal-to-noise ratio. Comparison
with prior studies in anesthetized dogs
indicated that an eight-fold increase in
X-ray fluence is needed {1}. Several
measures are being undertaken to achieve
this increment, and the present report
describes the implementation of the first of
these, the dual beam, dual detector imaging
system [3].

Experimental
These studies were conducted during March

1989 on beamline IV-2 at the Stanford
Synchrotron Radiation Laboratory {SSRL) .
This beamline is illuminated by an
eight-pole, 1.8 T wiggler. 1In this system
the synchrotron radiation is monochromatized
by diffraction off a pair of asymmetrically
cut crystals which produce two X-ray beans
with energy closely bracketing the K-edge of
iodine (33.16 keV). The energy separation
of the two beams is about 300 eV and the
band width of each beam is about 15-25 eV.
The beams, 125 mm in horizontal dimension,
cross at the position of the subject’s
heart, diverge, and then impinge on the two
dual arrays of 300 pixel elements of the
lithium-drifted silicon detector. The
efficiency of the detector for 33 keV
photons is about 70%; the efficiency for
the transmitted third harmonic (99 keV) is
only about 5%. The dynamic range of the
electronic system is 40,000:1 in a readout
time < 2 ms. The pixel resolution is 0.5 mm
by 0.5 mm. The detector is housed in a
thermoelectrically cooled cryostat and
operated at -30°C. The subject is scanned

vertically, as in prior experiments, at a
The exposure time of each

rate of 12 cm/s.

line image is 4 ms. The subject was a
62-year-old man with angina pectoris due to
severe coronary artery disease. Bypass
surgery (left internal mammary artery
anatomosis and two vein grafts) had been
done approximately four years prior to the
present study.

Results

Images were recorded in two positions, left
lat%ral (Fig. 1) and right anterior oblique
(30°) (Fig. 2). The images revealed that
the left internal mammary artery anastomeosis
was intact and that there was diminished
perfusion of the distal left anterior
descending coronary artery. The two vein
?ypass grafts appeared to be patent. The
image quality was improved over that
obtained in prior studies owing to an
increase in X-ray fluence, and the ramus
intermedius artery (Fig. 1) was visualized
for the first time. Fourteen of the 600
channnels functioned improperly owing to
60-cycle noise in some and excessive leakage
current in the detector in others. The
51gnals from the channels with the 60-cycle
noise were corrected by adjusting the
pedestal. The signals in the channels with
leakage current were replaced with the
average of the two bracketing adjacent
channels.




LV

Figure 1

This is a lateral view of a
transvenous synchrotron radiation
angiogram performed at SSRL in
March 1989 (3.3 GeV, 50 mA).  The
subject was a 62-year-old man who
had previously undergone left
internal mammary and vein bypass
graft surgery. The contrast agent,
Renograffin-76, was injected into
the superior vena cava (50 ml, 12
ml/s). The radiation exposure was
0.49 rad for this frame.. A0 =
aorta, LIMA = left internal mammary
artery, VBG = vein bypass graft, RI
= ramus intermedius artery, LAD =
left anterior descending artery, LV
= left ventricle, CA = catheter, CL
= surgical clips, WS =-wire
sutures. :

Figure 2 This is a right anterior oblique
(30°) view of a transvenous
synchrotron radiation angiogram
done on the same patient (3.3 GeV,
47 mA). The contrast agent dose

" was 50 ml, 12 ml/s. The radiation
exposure for this frame was 0.47
rad. PV = pulmonary vein; the

. other abbreviations are the same as
in fig. 1. )

REFERENCES:

1. Rubenstein, E., Hofstadter, R., Zeman,
H.D,, Thompson, A.C., Otis, J.N., Brown,
G.S., Giacomini, J.c., Gordon, H.J.,
Kernoff, R.S., Harrison, D.C., and
Thomlinson, W. (1986), Proc. Nat. Acad.
Sci. USA. 83, 9724-9728.

Thompson, A.C., Hofstadter, R., Otis,
J.N. Zeman, H.D., Kernoff, R.S.,
Rubenstein, E., Giacomin, J.C., Gordon,
H.J., Brown, G.S., and Thomlinson, W.
(1988), Nucl. Instr. and Meth. A266,
$ 252-259.
Thompson, A.C., Zeman, H., Thomlinson,
W., Rubenstein, E., Kernoff, R.S.,
Hofstadter, R., Giacomini, J.C., Gordon,
H.J., Brown, G.S. (1989), Nucl.
Instr.and Meth. B40/41, 407-412.

ACKNOWLEDGEMENTS

We thank the staff of SSRL for their
generous efforts on behalf of this project
and for their scientific and technical
expertise, without which these studies would
not have been possible. This work was
supported by National Institutes of Health
Grant 5R01 HL 39253-02 and Department of
Energy Grant DE-FG03-87ER60527. The data
were recorded at SSRL which is supported by
the DOE’s Office of Basic Energy Science.




Proposal No. 2031Bp

Reactivity of the Laccase Trlnuclear Copper
Active Site with Dioxygen :
An X-ray Absorption Edge Study

i James L. Cole, Grace O. Tan, Edwafd_K; Yang
Keith O. Hodgson and Edward I Solomon

Department of Chemistry,:Stanford Univers"i'ij/i; Stanford, CA 94305, USA.

The multicopper oxidases (laccase, ascorbate oxidase and

ceruloplasmin) catalyze the four-electron reduction of dioxygen to St [ 4
water. Laccase contains four Cu atoms:.a type 1, a type 2 and a ~7 1 Figurel
binuclear type 3 center. Low-temperature MCD. measurements have g v -
demonstrated that the type 2 and type 3 centers comprise a trinuclear =4
Cu cluster site,! and this model has been supported in a récent X-ray g '
crystal structure determination? of ascorbate oxidase. In the present < -
study, X-ray absorption edge spectroscopy has been used to 3 '
determine Cu oxidation states following reaction of reduced laccase = oo
derivatives with dioxygen, leading to a description of Wthh of the g
Cu centers are required for reactivity. : E 0.4
A pre-edge 1s—4p transition near 8984 eV is present in ﬁhé edge o2
spectra of 2-coordinate and 3-coordinate Cu(l) compounds; but not

in Cu(Il) compounds3. Thus the degree of oxidation of the laccase
derivatives may be determined against a scale obtained by
subtracting the edge of a fully oxidized sample (reacted with HyO5)
from that of a fully reduced sample.

Energy (eV)

% Cu oxidized

‘ ] T2D Tl T2 T3

The feature near 8984 eV is present in the spectra of fully () Top fully reduced 0 . o o
h reduced type 2-depleted (T2D) laccase and type 1 Hg2+-substituted  (b) T2D exposed 15 min. 0 . o*
(T1Hg) laccase. In T2D laccase, this feature persists upon exposure  (c) T2D exposed 63 hrs. 100 --- 14

to air (see Figure 1), indicating that the sample remains partially
reduced. Optical spectroscopy on the T2D samples shows that the
type 1 Cu is completely oxidized, enabling us to conclude that the
binuclear type 3 center remains reduced. In contrast, fully reduced
T1Hg laccase, which contains a valid type 2-type 3 trinuclear Cu
cluster site, reacts readily with dioxygen, resulting in complete

*The slight decrease at 8984 eV is due 10 oxidation of the 10% of native laccase
present in the T2D preparation

reoxidation of the type 2 and type 3 centers (see Figure 2). These 14} .
results demonstrate that the type 2-type 3 trinuclear site represents Figure 2 e
the minimal active site required for the multielectron reduction of § v2r ' ’ C - .
dioxygen.4 : % Lol T].Hg
2
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Introduction

A blue form of bacteriorhodopsin lacks some
photocycle intermediates and does not function as a proton
pump when it is transformed either by deionization or by
acidification from the native, purple form. Therefore, the
determination of conformational change that accompanies
the purple-to-blue transition may give insights into how
the transition deactivates the pump.

Studies of changes in x-ray diffraction patterns
during the purple-to-blue transition have been
controversial in part due to liable nature of the blue form
giving rise to loss of 2D lattice structure. Contradictory
descriptions of the structure of blue membranes have
appeared: one claiming a well-preserved latticel>2 and onc
a distorted lattice3:4. Because of the low surface pH of the
blue membranes, it has been suggested that their lattice
structure is largely disordered in ultracentrifuged samples
thus preventing structure determinations using x-ray
diffraction from such samples.

We have reported that blue membrane samples have
a distinct diffraction pattern, comparable in quality to that
from a purple form, which, however, disappears after a
fcw hours of dryingS. In this report we describe the
change of the diffraction patterns during drying and
compare structures of blue and purple membranes.

Experimental

We used two different purple membranes: 2 mutant
JWS5 reconstituted with retinal and naturally produced
ET1001. Purple membranes were washed carefully by
centrifugation at 30000 g. After deionization according to
a method described earlierl, pellet samples were made by
ultracentrifugation at 300000 g for about 10 hours into a
cell with mylar windows on both sides. The size of such
pellets is typically 1 mm x Imm x Imm. After
centrifugation, the cells were sealed with Corning vacuum
grease.

For drying experiments, the vacuum grease seal was
removed immediately before exposure to x-ray. To verify
the integrity of the blue samples, the pellets were collected
after x-ray exposure in order to measure their optical
spectra. In all cases reported here, the blue forms
collected after the x-ray exposure had the same absorption
maxima as those before:” It is highly unlikely that the blue
form becomes purple in the pellet form and returns to blue
when resuspended into water.  Therefore we strongly
believe that the observed. structural changes are
characteristic of the blue form.

Quadrant Detector

A quadrant position sensitive detector developed by
A. Gabriel of EMBL in Grenoble was purchased and fully
integrated into the SSRL Small Angle X-ray
Scattering/Diffraction camera with additional electronics
modules and minimal software change. Its 60° fan-shape
active area is suitable for acquisition of diffraction
patterns from moderately oriented membranes such as
pelleted purple membranes. The entire system with the
quadrant detector, VAX station II, CAMAC modules, and NIM
modules was sent to the National Light Source Laboratory
(NSLS), Brookhaven National Laboratory and rebuilt on
beamline X14A for the data acquired in December 1989.
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Time-resolved x-ray diffraction
membranes during drying

In-plane diffraction patterns from the blue
membranes were collected during drying at room
temperature.  Figure 1-A shows an example of continuous
time-resolved x-ray diffraction patterns of the blue
membranes during 4 hours of drying. The in-plane
diffraction peaks whose S range is between 0.03 and 0.12 A-

were lost after about 150 minutes and an inter-membrane
Bragg peak at 50.0 A appeared about the same time. The
latter arises from lamellar stacking of the membranes.

A 3D plot of the same data, Figure 1-B, shows that the
in-plane diffraction peaks grew for the first 100 minutes.
This is clearly seen in Figure 2 which plots changes in
neak heights of the (2,1) reflection and the inter-
membrane Bragg diffraction peak.
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Time-resolved x-ray diffraction patterns of the
blue membrane during drying. (a) Calibrated data
before background subtraction. Exposure of each
pattern was 10 minutes and entire data set was
recorded in 4 hours. (b) 3D plot of the same data
showing improvement of the in-plane diffraction
peaks during first 100 minutes and their
disappearance thereafter.




Figure 3 demonstrates a distinction between the
p}lrple and blue forms when they are dried. The
diffraction patterns of the blue membrane before drying
(C) clearly shows the in-plane diffraction peaks while that
after drying (D) does not. As a control experiment, the
purplc form was also dried and its diffraction pattern after
drymg (B) was compared with that before the drying (A).
Ir.l this case, the in-plane diffraction peaks did not
disappear. The 50.0A inter-membrane Bragg peak was still
seen after drying.

Structures of the blue and purple membranes

Intensities of the diffraction peaks were calculated
from Fig.3 A and B. Structure factors of overlapping
reflections, (h,k) and (k,h) were obtained using ratios of
structure factors from electron microscopy data®. Their
phases were also used for calculation of electron density
maps for the purple and blue forms. Figure 4-A shows an
electron density map obtained for a blue membrane sample
(JW5), whereas Fig.4-B shows a difference Fourier map of
the purple minus blue forms. The difference map shows
one positive peak between helices 3 and 4, closer to 3 and
slightly shifted toward the center, and most other peaks on
the lipids. The peaks are marked in Fig.4-A as H and L
respectively. A very similar difference map was obtained
from a completely different sample, ET1001, which
strongly indicates that these peaks are not an artifact. The
peak between helices 3 and 4 is located at the same position
as peak (jii) in Figure 2 of Katre et al2, Mitra et al also
have found a cation binding site between helices 3 and 4,
closer to 4 and shifted toward outside of the protein?. A
detailed comparison of the difference maps with proposed
bacteriorhodopsin models should help elucidate the
mechanism of how deionization affects proton pumping in
bluer membranes.
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Fig.4 (A) Electron density map of the blue membrane
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Human_Rhinovir i

We have recently been able to obtain a structure of the HRV1A serotype (1). This virus
belongs to the minor rhinovirus receptor group. Previously we had worked with HRV14 (2)
which belongs to the major rhinovirus receptor group. We had studied the binding of various
drugs that inhibit uncoating and attachment of HRV14 (3-5). The studies at SSRL were the
first with HRV1A. The results are currently being written up for publication.

Two compounds were studied (e.g. WIN 56291)

CHs Cl
\l/} (CH2)———(3 )———\f >——</ l WIN 56291
N~
Ci .

Both bound in a similar manner into the "WIN pocket" of VP1 of HRV1A. However, there are
substantial differences to the model of binding that occurs in HRV14. The WIN compound is
displaced as much as 4 A in places compared to its HRV14 binding site. These differences are
now being analyzed.

H Rhinovirus 14 Mut

Data was collected on a WIN drug-resistant mutant of HRV14. Unfortunately the crystals
were extremely unstable and the data was of insufficient quality.

Canine Parvovl

Data collection of native CPV crystals (see 6) was continued. This data has been
incorporated Into a now fairly complete data set. We anticipate obtaining a high resolution
structure perhaps in 1990. This would be the first high resolution structure of an ssDNA virus
(but see $X174),

Phage ¢X174

We continued the data collection of native $X174 crystals (7). This data has been
incorporated into a now fairly complete data set. We anticipate obtaining a high resolution
structure in 1890. This would be the first phage structure and one of an ssDNA virus (but see
CPV above).
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Introduction

The nitrogenase enzyme system provides the only biological
source of fixed nitrogen, which all organisms require as an essential
nutriert. The ATP dependent reduction of dinitrogen to ammonia
requires two component proteins, iron (Fe-) protein and the
molybdenum-iron (MoFe-) protein. We have concentrated our
structural studies on Fe-protein, since it is responsible for the
coupling of ATP hydrolysis to electron transfer, is highly conserved
between the “"standard” and "alternate” nitrogenases, and is involved
in regulation of nitrogenase activity at the protein level (through
ADP-ribosylation in photosynthetic bacteria). Fe-protein is a dimer
of two identical, 30,000 molecular weight subunits. Each dimer
contains one 4Fe:4S cluster, symmetrically liganded to each subunit
through Cys-97 and Cys-132. While spectroscopic, extrusion-and
redox studies of Fe-protein suggest that the 4Fe:4S cluster generally
resembles those found in small ferredoxins, it is quite likely that the
cluster environment differs significantly between ferredoxins and
Fe-protein. The most striking indication of this is the ability to
generate 2Fe:2S clusters in oxidized Fe-protein in the presence of
MgATP and chelator; such interconversions have not been observed
in ferredoxins. In addition, the Fe-protein cluster appears to be
much more exposed to solvent than in ferredoxins, as indicated by
rapid D20 exchange in pulsed EPR studies and solvent dependent
spin-state interconversions in low temperature EPR studies.
Exposure of the cluster almost certainly contributes to the rapid
inactivation of Fe-protein by oxygen and by nitrite. We have
pursued an approach towards solving the structure based on (1)
native anomalous scattering measurements from the iron-sulfur
cluster, (2) preparation and location of isomorphous heavy atom
derivatives, (3) phase refinement by non-crystallographic symmetry
averaging within and between different crystal forms and (4) atomic
refinement of an initial structural model to provide the additional
phase information needed to complete the polypeptide chain trace.

Experimental

Our recent crystallographic efforts have concentrated on
crystals of Fe-protein from Azotobacter vinelandii, space group P21
with a=56.84, b=92.94,c=63.6A,b=100.0°, and containing one
dimer in the asymmetric unit. Data from $ crystals each of the native
and a gold derivative were collected at the SSRL rotation camera
facility to 2.5A resolution. The native data was reduced to 14057
unique reflections out of 29527 reflections measured, with a
merging R of 0.074. The gold data was reduced to 11131 unique
reflections out of 27166 measured, with a merging R of 0.102. The
gold derivative contains one major site, as identified from difference
Patterson studies. Phases calculated from the film data, in
combination with additional native anomalous and derivative data
measured from a multiwire area detector on a rotating anode x-ray
source, have permitted definition of the molecular envelope, with
subsequent phase refinement by non-crystallographic symmetry
averaging about the dimer two-fold.
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Results

Extended regions of connected chain and secondary
structure are evident in the electron density maps. A general view of
the secondary structure arrangement of the Fe-protein dimer is
shown in Figure 1. These maps have only been recently calculated,
so that a detailed fitting of amino acids to the electron density has not
yet been accomplished. Several general observations about the Fe-
protein structure may be noted at this stage: .

(a) The Fe-protein dimer has a two-fold symmetry axis that
relates the two subunits.

(b) The cluster is on the surface of the molecule and provides
the principal connection between the subunits. Each subunit
contains a single domain. A cleft straddling the two-fold axis
separates the subunits.

© The chain fold of Fe-protein monomer is of the o/ type, as
is generally observed in nucleotide binding proteins (i.e. the
Rossmann fold).

@ The ATP binding site is most probably located in the cleft
between the two subunits.

(e) An o-helix containing residues 98 to ~115 is exposed at the
top of the molecule, and may represent a major site of interaction for
binding to the MoFe-protein.

Figure 1. Chain-trace illustrating general features of the Fe-
protein: dimer structure.

Additional Studies of Electron Transfer Proteins

Diffraction data were collected at the SSRL rotation camera
facility for the membrane protein complex Rhodobacter sphaeroides
strain 2.4.1 photosynthetic reaction center (2.8A resolution) and the
Rhodobacter sphaeroides cytochrome ¢z (2.5A resolution). Upon
completion of film processing, this data will be used to refine the
RC structure, and to solve the cytochrome ¢ structure by molecular
replacemment methods.
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Introduction

Pilus fibers are long protein filaments on many pathogenic
bacteria that participate in attachment to Lost cells (1). Al
though the self-assembling protein pilin is the major structurﬁl
component of the Neisseria gonorrhoeae pilus seve’fal ofhei pro-
teins co-purified with pilin through the repeated solubilization-
reassociation steps of the biochemical purification, Pilin solu-
bilized in the detergent n-octyl-g-D-glucopyranoside remained
an aggregate of about 100 kD at pH 9.5, but was reduced to
a 40 kD dimer at pH 10.5, suggesting that assembly involves
electrostatic interactions of Lys, Tyr, or other side‘ chains with
high pKa’s. Pilin dimers and aggregates of highet molécular
mass were partially stable even in the presence of sodium (dode-
¢yl sulfate and g-mercaptoethanol. Removal of piiusuassbciated
proteins and stabilization of pilin multimers permitted the re-

producible crystallization of pilin.

Experimental

Three-dimensional needle- and pla.té—shaped crystals of pu-
rified N. gonorrhoeae pilin (strain MS11 variant C30) grew from
36-40% polyethylene glycol 400, pH 8.0-9.0, in space group
€222, with cell dimensions ¢ = 126.4, b = 121.2, ¢ = 28.7 A
and V,, = 2.84 4 */dalton for one molecule per asymmetric unit

(2). Crystals were mounted in glass capillaries along with their

mother liquor for experiments conducted at ambient tempera-
tures and on glass fibres after immersion in a hydrocarbon for
low temperature experiments. Data were collected on an Arndt-
Wonacott rotation camera with a crystal to film distance of 10

¢m, 0.2 mm collimator, and rotation increments of 2.0-3.5°

Results

Plate like crystals obtained ﬁ-om improved isolation proce-
dures were examined in the spririg 1989 run on the rotation
camere facility at SSRL. These were shown to belong to the
's'amé space group as our earlier needle shaped crystals on which
all our current data colléction and heavy atom screening have
be ﬁérfbrmed. Further heavy atom screening experiments were
ham;:)gred' by the significant downtime of the ring but experi-
me’ﬁts tt") p(%st t-fze'péééibility of collecting data on pilin at cryo-
geric t‘-emﬁ‘e'x;aturke-s‘_werei performed. The results from these
tests indicated th-at'., the ci'ystals withstand -the necessary ma-
nipula.t.ionﬁsi wella.nd give s!ati}sfaxtbryk diffraction at cryogenic

temperatures. -
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I.  Introduction

We note that in the interpretation of linearly polarized
XANES spectra of oriented molecules performed to date
the spin or intrinsic angular momentum of the electron has
been neglected. Here we discuss two models which account
explicitly for electron spin.1 In Sec. 1 we describe the
formalism for calculation of linearly polarized XANES
based on the Dirac modal of the electron combined with
proper treatment of the final valence levels as functions
transforming under double peint group irreducible
representations (irreps). In Section Iil the same is done for
the Pauli model. In Section |V we use these models to
interpret the polarization dependece of the Mo L, and L;
edges of M0S,0,2-. It is found that the same ratio of 2- 1o X
-polarized intensity {or cross section) is obtained for both
the Dirac and the Pauli models. It is then possible to label
the hole states by j and m, the guantum numbers of the
square and the z-component of the total anglar momentum,
respectively.

Il. Dirac’s Theory

The application of Dirac's theory to the case of particles
in central potentials has been treated in the literature2
and a rather thorough bibliography on relativistic theory of
atoms and molecules has been compiled by F‘yykkti.3 The
solutions of tha Dirac equation for (principal quantum
number n) for a central potential are four-component
spinors of the form

=y _ gﬂiKi(r) xKimi(?)
Vakim(T) = {0 tam( T

These solutions are eigenstates of 32,11,52,Kandﬂ
corresponding to t_lje square of the total angular
momentum (f=f+S ), its z-component, the square of the
intrinsic angular momentum of the electron, an angular
quantum number which repiaces 1 (K values of -1, 1, 2,2, -
3... correspond to the states s, ;;, Py /s Psj2 G372 Ugpo---) aNd
the parity operator (1= 8P, P_ being space inversion),
respectively. We use these spinors as core states.

Functions (four component spinors here) of the form
used for the core levels are symmetry adapted for the
valence states. Specifically, for the half-integer spin
states which we are dealing with we construct linear
combinations of Dirac spinors which transform according
to the extra irreps of the double point group.s-6 It is found
that for a given n and K the symmetry adapted spinors
(that is to say basis functions of the extra irreps) are
linear combinations of the form?

fnf K m,( f.) = aKi my ‘Vnr K¢ mr( F) + be mr an K¢ -mr( I_'.)

and that the irreps are at most two dimensional. The cross
section for the Cartesian component & is then computed via

Gé(ﬁ(l)) = 4n2ah® 2 [<\Vm Kiml fﬁ IFn:mel>l2 S(Ei -Ee+ ﬁm)
if
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Il. Pautl's Theory

Pauli's theory2 of the electron represents the true
nonrelativistic reduction of Dirac's theory (not
Schrddinger's theory). In this case we see that the four-
component theory of Dirac reduces to a two-component
theaty (fax(r) becomes negligible and 8»x(r) goes over into
the Schrédinger radial function) in which the radial
functions are approximated by those of the Schrédinger
equation but the angular functions are the two-component
spin spharical harmonics Zxm(T), That is to say, the
nonrelativistic (NR) core states are of the form

Ynikim = Rn; li(r) Akim (T)

and are eigenstates of 7* , Jz2 ,i:z,éﬂ and P,

Again linear combinations of the core type wave
functions can be used to represent the valence states. We
have therefore, for the nonrelativistic limit, valence
states of the form

IR e (F) = Akpmg W e (1) + O WK (F)

where the coefficients 2km and b are identical to those
of the Dirac approach. The linearly polarized absorption
cross section is now given by

o(hw) = antachm lewi® ol Te nkeme> 2 O(E: - Eg+ hav)
3 £
if

IV. Polarized Spectra of MoS,0,%" and Possible
Interpretation

Following the method used by Kutzler et al8 for the K-
edge study of the MoS,0,%" anion, data acquisition at the Mo
L3 edges and L,was performed at Stanford Synchrotron
Radiation Laboratory on beam line 8-2 as discussed in ref,
9. Measurements were made for the electric field vector €
along three unique molecular directions Z, 0-O (called %
below) and $35. The SS measurement while exhibiting
similar intensity behavior to the S5 measurement is not
presented due to irreproducibility of the data from scan to
scan as a result of a low signal-to-noise ratio at the L3
edge.

in fig.1{a) we display the polarized Mo L3 x-ray
absorption spectrum for X- polarized (solid line} and z-
polarized (dashed line) while in fig. 1(b) we show the L,
spectra where the lines have the same meaning. The data
are not normalized since the standard normalization
methods are not easily applied here due to the fact that
the Mo L-edge spectra are superimposed on the S-K-edge
EXAFS (the S K-edge is located near 2470 eV). The
important point to note is that the two edges differ by
more than just a scale factor. Specifically, note the
absence of the white line in the Ly spectrum for Z-polarized
radiation. Clearly any model for polarized edges which
treat both edges as equivalent except for a scale factor
(statistical weight) is not valid here.




In Table | we display the relative cross sections G,/Ox as

a function of the doubly degenerate final states labeled Ts,
the only haif-integer representation of the double group
C,,- The basis functions of this doubly degenerate irrep are
designated by im|. The cbservation of the Z-polarized white
line of the L, edge combined with the cross section ratios
lead us to conclude that in this anion (which has no ESR
signal and hence no unpaired electrons10) ane of the
accessible d states (holes) has j=3/2 and |m|=1/2. We
interpret the L3 edge spectra as evidence for this being
the only accessible hole state since it is the only transition
which exhibits a weak O/« for the L; edge. The extinction
implied by the transition 10 the j=5/2 and }m|=5/2 can not
be invoked here since it would be seen only if all of the d
levels are filled and hence is inconsistent with the L, edge
measurement.

N

(3]
[
oo

(3=
-3
O]/32U3283I100].]

Fluorescence/Io
™~
-

1%

<o
[
=2}

PUPEUTEE SPUTTITER YN BUT VI B G S Sy

2500 2520 2540 2560
Energy (eV)

o 25F 313
= F =]
) H Q
224 f g
§ 308
=
B3t a
& 295
b
TSI S | e b . | P

2600 2620 2640 2660
Energy (eV)

FIG 1 - Linearly polarized Mo L, and L; XANES of MoS,0,%-.
(a) The Mo Ls-edge spectra for %-polarized (solid line) and
Z-polarized (dashed line) absorption. The y-axis scale on
the right corresponds to the dashed line. (b) The Mo L,-
edge with line types having the same meaning as in (a).
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Table | - Polarized Cross Section Ratios2.

Transition Final State |m| G./Cx

L Pin— dan 172 4
3/2 0

L, Pin— ds 12 117
3/2 3

L Pz = dsp 1/2 3
312 4/3
5/2 0

2Pauli and Dirac models yield the same ratios since
they depend on the angular part of the wavefunction
anly.
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The interfaces between Sn, Sb, and Bi and GaP (110) have been
examined using soft x-ray photoemission, and the core level
attennation and lineshape changes confirm that these interfaces
exhibit §-K growth with the first monolayer described by the zigzag
chain model originally developed for Sb on GaAs (110). A model
of the charge configuration at the one monolayer interface can be
invoked to explain the disappearance of the surface components in
the context of both charge transfers and Madelung potential
differences.! The disappearance of the surface components is
utilized to estimate intrinsic lineshape parameters of the Ga 3d and P
2p core levels. These parameters were then employed in the
computer fits performed for this paper: the bulk-surface core shifts
were determined to be roughly 0.32 and 0.39 for Ga 3d and P 2p,
respectively. Finally, shifts of the bulk core levels as a function of
Sn, Sb, and Bi coverage were examined to determine the band
bending behavior and the final surface Fermi level positions at these
interfaces. The position of each of the three is in the neighborhood
of 1 eV above VBM, the same range as those observed for materials
with significantly different work functions and electronegativities
such as Au. Thus, Fermi level pinning can be discussed for the
three interfaces: the pinning seems to have a correlation to the
development of metallic or semimetallic character in the overlayer.
This work is supported by ONR under contracts No. N00014-89-J-
1083 and N00014-86-K-0736.
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In 1987, it was discovered by Sandroff, et al. that sulfur containing
solutions such as (NH4)2S can reduce the surface recombination
velocity of the GaAs surface. The surface chemistry and band
bending of the ammonium sulfide treated GaAs (100) surface has
been studied using surface sensitive synchrotron radiation
photoemission spectroscopy on beamline III-1, the "new '
grasshopper”. Although previous publications reported that only
arsenic sulfides were found on the surface, we find that the
treatment leaves the GaAs surface terminated with roughly a
monolayer of sulfur bonded to both As and Ga atoms. In addition,
an n-type barrier height of 0.8 eV is measured. The thermal stability
of the various chemical components are studied, and it is found that
the arsenic sulfide compounds desorb from the surface at =250 C,
while the gallium sulfides are stable at temperatures of at least
400 C. In work stimulated in part by this data, we have proposed a
mechanism for the reduced surface recombination velocity observed
on these surfaces, based on the anti-site defect model. This model is
consistent with the increase in band bending observed after
treatment, and predicts that the reduced surface recombination
velocity is due to the increased band bending (sweeping electrons
away), and a change in the charge state of the midgap states
(reducing the hole capture cross section).

This work is supported by the Defense Advanced Research Project
Agency and the Office of Naval Research Contract N00014-89-J-
1083.
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Monolayer quantities of adsorbates are shown to quench surface
components of core level photoemission spectra from cleaved
semiconductor surfaces. In this work, we use selected epitaxial and
nonreactive overlayers to obtain an accurate estimate of the Si 2p and
P 2p bulk core level line shapes. The core hole Lorenzian widths,
branching ratios, and spin orbit splittings determined by this method
are then used to analyze the core level line shapes from the clean
surfaces. Qur analysis provides new insight to the surface core level
shifts of Si(111) 2x1 and to the less studied III-V phosphides. The
overlayers which we have chosen for this work are Ge and Sb for
Si(111) and Sb and Bi for InP(110) and GaP(110). Our upper
estimate of the Lorenzian width of 0.07 eV for both the Si 2p and P
2p core levels is one third of that used in previous high resolution
photoemission studies. As a consequence, we find it impossible to
fit our Si(111) 2x1 surface sensitive specira with only two surface
shifted components. An additional component finds a
straightforward interpretation in the context of the chain model,
while earlier photoemission results using only two surface shifted
components favor the buckling model of the 2x1 reconstruction.
The surface sensitive P 2p spectra show a single surface component
shifted 0.29 and 0.42 eV towards lower binding energy relative to
the bulk component for InP and GaP, respectively. The surface
shifts of the In 4d and the Ga 3d core levels from the same surfaces
are in the opposite direction and are nearly equal in magnitude (~0.3
eV).

This work is supported by the Defense Advanced Research Project
Agency and the Office of Naval Research Contract No. N00014-89-
J-1083.
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Stanford Electronics Laboratories, Stanford University, Stanford, CA 94305

Interest in examining Schottky barrier formation on I-VI
semiconductors has increased in recent years. In comparison to III-
V semiconductors such as GaAs, relatively little is known
concerning Schottky barrier formation and interfacial chemistry at
metal/TI-VI interfaces.12 We have investigated interfacial chemistry
and morphology in conjunction with band bending behavior for In,
Al, Ag, and Pt overlayers on both CdTe (Eg = 1.5 eV) and the wider
bandgap ZnTe (Eg = 2.2 ¢V) using photoemission.3:4 These
comparative studies are also important in relation to metal/HgCdTe
and metal/HgZnTe interface formation, where HgZnTe has been
proposed as structurally more stable than HgCdTe.5

Experiments were performed on Beamline I-1 and Beamline I-3 (old
and new grasshopper monochromators) at the Stanford Synchrotron
Radiation Laboratory (SSRL). Photon energies were chosen to

provide a range of surface sensitivities (electron escape depth, A ~5 -
7 A and ~10 - 20 A). Experiments were also performed using a He
discharge lamp for UPS studies (He I and He 11, 21.2 and 40.8 eV).
The kinetic energy of the photoemitted electrons was analyzed using
a double-pass cylindrical mirror analyzer (CMA).

The metals chosen provide a range of metal-substrate reactivities: Al
reacts strongly with Te, Ag moderately, and In minimally, with no
evidence seen for In reaction on ZnTe. Pt exhibits strong alloying
behavior with both Cd and Zn. All four metals are found to yield
Schottky barriers on CdTe and ZnTe, with a narrow range of final
Fermi level positions, Eg = Er - EypMm, observed on CdTe, from 0.9
to 1.05 = 0.1 eV, and on ZnTe from 0.65 to 1.0 + 0.1 eV. The
prediction of the MIGS model that a difference in barrier height
exists for two semiconductors dependent upon their band lineup
(valence band offset)6 is examined and found to agree with
experiment for Ag, Pt, and Al, but not for In. For the highly
reactive Al, no evidence for the overlayer metallicity required for
MIGS to operate is seen on CdTe or ZnTe until after band bending
has stabilized. Reaction and intermixing for Al, Ag, and Pt
overlayers on CdTe and ZnTe indicate these interfaces are not ideal.
In view of the reaction and intermixing seen for Ag, Pt, and Al, and
specifically the lack of metallicity seen for Al overlayers, a defect
mechanism can provide a more consistent explanation for the
observed barrier heights.

These results for the binaries CdTe and ZnTe are also compared to
metal/HgCdTe interface formation We find that Hg loss can
significantly influence the extent of reaction and/or intermixing for
these overlayers, with resulting disruption either inhibiting or
facilitating chemical interaction.

This work is supported by NASA/Langley under Contract No.
laléggl-SSl and by DARPA under Contract No. N00014-86-K-
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Near edge absorption spectroscopy can be used
to determine the value of valence in compounds
which exhibits mixed valence behavior. In the past,
this technique has been widely used in order to
study the value of valence in rare earths
compounds. Whitin this proposal it has been
already studied the effect of chemical pressure on
Yb mean valence in two families of isostructural
Laves phases: Ybj.xCaxAly and Yby.xScxAlp, 0<x <
0.8 1. Ly and Lyy; absorption spectra clearly showed
that the value of valence monotonically increases
with the Yb nearest neighbor distance.

A word of caution, however, must be spent in
this context since, in certain cases, the value of
valence as extracted from the decomposition of the
absorption spectra is considerably different with
respect to Yb valences determined with other
techniques. Two examples of this behavior are
represented by Ybg. 4Scg.gAly and Ybg 2Sco gAly for
which 4f photemission leads to estimate Yb mean
valences rtemarkably lower than the values inferred
by Yb Lyy X-ray absorption spectroscopy !. For this
reason it is important to compare the absorption
data with other spectroscopic results.
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Yb silicides' (Yb3Sis, YbSi and YbsSi3) were
extensively investigated with photoelectron
spectroscopy 2 and the values of valence were
extracted from 4f photoemission spectra by
obtaining results in good .agreement with other
techniques. We measured, in the present
experiment, the Ly; Yb absorption edge in all of
these three’ compounds. We measured the edges of
polycrystalline samples scraped with a diamond file
in Ultra High Vacuum in order to avoid surface
sample contamination. Furthermore, we repeated
the experiment by using finely grounded powders
(from the same samples) by obtaining the same
results.

The Yb valence as a function of the nearest
neighbors distance, as extracted from the absoption
data, shows the same monotonic trend already
observed in 4f photoemission. However, the values
extracted from the absorpion spectra are
sistematically higher compared to the valence
photoemission results. The work is in progress in
order to analyze these results.
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Threshold PES of Kr 4s* Satellites Proposal No. 943Vp
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1 Cyclotron Road
Berkeley, CA 94720

Satellites in photoelectron spectra are the result
of electron correlation. The 4s satellites of Kr,
which appear between the 4s* threshold and the
4p?threshold, are degenerate in energy with the
doubly excited states leading up to 4p2ioniza-
tion. In this case, it is then possible to see the
results of dynamic electron-electron correlation
as opposed to intrinsic correlations.

Figure 1 is the Kr Threshold PES from 27.25 ¢V
to 38.75 eV photon energy. Preliminary results
indicate that the satellites with binding energies
closer to the 4s* binding energy than the 2p?
binding energy are enhanced near threshold as
compared to their relative intensities at higher
photon energies.?
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TEMPERATURE DEPENDENT ARPEFS
STUDY OF c(2x2)Cl/Cu(001)* P .
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Angle-Resolved Photoemission Extended Fine
Structure (ARPEFS) is a novel technique to
obtain surface structural information using
photoelectron diffraction.!

We report the first temperature dependent AR-
PEFS measurements of c(2x2)C1/Cu(001) on.
beam line I1I-3 at SSRL. The experiments were
performed along two emission directions, [001]
and [110], and at two temperatures, 110K and
298K. The Multiple-Scattering Spherical Wave
analyses determined that the Cl atom adsorbs in
the fourfold hollow site, and that the Cl-Cu bond
length is 2.41+0.02A, in agreement with LEED
results.?

Low temperature ARPEFS has larger oscillation
amplitudes and allows us to determine the recon-
struction and small corrugation of the second sub-
strate copper layer, induced by the adsorption of
chlorine. Temperature dependent ARPEFS attwo
different emission directions also enables us to
study the surface atom vibrational anisotropy.

*This work was supported by the Director,
Office of Energy Research, Office of Basic
Energy Sciences, Chemical Sciences Division of
the U.S. Department of Energy under the Con-
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LOW TEMPERATURE ARPEFS STUDY OF
p(2x2)S/Ni(111) and v3xv3 R30° S/Ni(111)

A.E. Schach von Wittenau, L.Q. Wang, Z.Q. Huang,
Z. Hussain,™ and D.A. Shirley

Department of Chemistry, University of California
and Materials and Chemical Sciences Division
Lawrence Berkeley Laboratory, 1 Cyclotron Road
Berkeley, CA 94720

Previous LEED!,SEXAFS?, and ion scattering®
studies of p(2x2)S/Ni(111) have shown that S
adsorbs into the FCC-like threefold hollow site,
i.e. the site with no underlying Ni atom. Varying
results for the S-Ni first layer distance and S-Ni
bond length have been obtained. LEED results
also indicate adsorbate-induced relaxations in the
Ni surface. ARPES* studies of the V3xV3 R30°
overlayer suggest a change of bonding site for
this coverage. ’

We have performed low temperature (200° K)
ARPEFS studies of p(2x2)S/Ni(111) and ¥3xV3
R30° §/Ni(111) using beamline X-24 at NSLS.
Measurements were taken in the plane defined
by the [111] and [O(SUP12(_),2)11] directions
for both the p(2x2) coverage and in the V3xV3
R30° overlayer. Preliminary analysis of these
low temperature data using multiple-scattering
spherical-wave calculations indicates that in the
p(2x2) case the S adsorbs 1.62 A above the Ni
surface, with reconstruction of the surface Ni
lza}lr%r:AThe S-Ni bond length is determined to be

Analysis of the V3xV3 R30° S/Ni(111) data
continues.
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Previous ARPEFS!, LEED?, and SEXAFS?
studies of this surface, while agreeing that the S
adsorbs into a fourfold hollow site, have given
conflicting values for the distance between the S
and the first Cu layer. They have also yielded
different degrees of reconstruction of the near
surface Cu layers..

We have performed low temperature (110° K)
ARPEFS studies of p(2x2)S/Cu(001) using
beamlines III-3 at SSRL and X-24 at NSLS.
Measurements were taken in the [001] and [011]
directions. Preliminary analysis of these low
temperature data using multiple-scattering
spherical-wave calculations indicates that the S
adsorbs 1.32 A above the Cu surface, with near
surface reconstruction of the Cu layers similar to
the LEED?results. The S-Cu bond length is
determined to be 2.26 A. We see no net vertical
expansion or contraction of the Cu layers from
the bulk extrapolated values.

*This work was supported by the Director,
Office of Energy Research, Office of Basic
Energy Sciences, Chemical Sciences Division of
the U.S. Department of Energy under the Con-
tract No. DE-AC03-76SF00098. It was per-
formed at the Stanford Synchrotron Radiation
Laboratory and National Synchrotron Light
Source, which are supported by the Department
of Energy’s Office of Basic Energy Sciences.
One of us (Z.H.) wish to acknowledge KFUPM
for the grant of a sabbatical leave.
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The adsorption of alkali metal on transition
metal surfaces has been the subject of many ex-
perimental and theoretical studies because alkali
additives are known to promote some major
heterogeneous catalytic reactions!. Few surface
structures have been determined, however, of
these alkali-metal adsorption systems. We report
the first experimental study of the geometric
structure of p(2x2)K/Ni(111) using the technique
of Angle_Resolved Photoemission Extended
Fine Structure (ARPEFS)%.

The p(2x2)K/Ni(111) system was prepared by
evaporating K from a commercial SAES getter
source onto a clean Ni(111) held at room tem-
perature until a sharp, clear p(2x2) LEED pattern
with little background was observed. K 1s angle-
resolved photoemission was then measured on
beamline X24A at NSLS. Results showed an
energy dependent oscillation of the K 1s pho-
toemission intensity over a kinetic energy range
of 65-450 eV, arising from the photoelectron
difffraction near the surface. Preliminary Fourier
analysis of our data indicates that K atom most
likely adsorbs on the three-fold hollow site on
Ni(111)surface with a K-Ni distance of 3.2-3.3

. Comparison of experimental data with Mul-
tiple Scattering Spherical-Wave(MSSW) calcu-
lation is under way to reveal more structural
details.

*This work was supported by the Director,
Office of Energy Research, Office of Basic
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the U.S. Department of Energy under the Con-
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Photoelectron Spectroscopic Studies of €O Adsorption

on the CuCl(111l) Single Crystal Surface

Jian yi Lin, Paul M. Jones, Jeffrey A. Guckert,
E.I. Solomon*

Introduction

CO adsorption on Cu/Zn0 catalytic surfaces is
an important step in the industrial synthesis of
methanol. Continued interest lies in the elucidation
of the bonding interaction of CO chemisorbed to such
catalytic sites. Photoelectron Spectroscopic (PES)
experiments involving CO adsorption on ZnO single
crystal surfaces! indicate that ¢ donmation from the
CO 50 orbital to the metal ion may dominate the
bonding interactions in this chemisorption process.
These results:contrast the typical interactions of
CO adsorption on a metal surface where metal-to-
ligand 7 back-bonding generally dominates. In the
present study the angular dependence of CO photo-
emission has been utilized to further define the
electronic structure of CO chemisorbed to the CU
site in CuCl(1l11). This surface serves as a model
for the Cu/ZnO surface, whose active site we have
shown?® to involve coordinatively unsaturated C3v
Cu(I) sites on the (0001) and (1010) surfaces of ZnO.
In addition, we have applied Auger yield NEXAFS
experiments, which have been shown to be a sensitive
probe of the bound C~0 bond length®, to the CO/CuCl
system and calculated a C~0 bond length for bound
CO that is slightly shorter than that of free gase-
ous CO. These results support a bonding scheme for
CO adsorption on CuCl(lll) in which ¢ donation from
the CO ligand dominates over the T back-bonding
involved.

Experimental

All spectra were collected with synchrotron
radiation from the plane grating monochromator
on beam line Ul4A at the National Synchrotron Light
Source (NSLS), Brookhaven National Laboratory. A
Vacuum Generators UHV system, equipped with a double-
pass cylindrical mirror amalyzer (CMA), was employed
and operated at a base pressure of 1 x 107 Y Torr.
While the synchrotron radiation remained fixed at
an angle of 88° relative to the central axis of the
analyzer, the sample was rotated relative to the
incident beam and the CMA to achieve various angle-
dependent spectra. Accounting for all instrument-
ation, a final spectral resolution of 200 meV was
maintained.

CuCl single crystals were polished with alumina
grit and then etched with a HC1/EtOH solution. '
Further cleaning was performed in UHV by Ar ion
sputtering followed by annealing at 360K. Surface
cleanliness was monitored with core-level XPS.

Adsorption of CO on the sample surface was
achieved by introducing an ambient CO atmosphere
(71 x 107 ° Torr) into the UHV chamber for approx-
imately ten minutes while maintaining the sample
at 130K. All experiments were carried out using an
electron flood gun to compensate for charging at the
cold semiconducting CuCl surface.

Results and Discussion

After exposure to CO, two peaks were observed
in the PES spectrum of CuCl which do not appear in
the photoemission spectrum of the same surface prior
to CO exposure (Figure 1). Peak I, centered at a
binding energy of 12.3 eV originates from photo-
emission from the lone pair CO 40 level. The peak
at lower binding emergy, peak II, can be assigned
as overlapping photoemission from the CO 17 and CO
50 levels through ARPES studies. In order to resolve
these overlapping states, spectra were collected with

Proposal No.  1022vp

two different sample orientations. With the sample
positioned so that the axis of propagation of the
incoming light was approximately normal to the CuCl
surface, peak II was centered at a binding energy of
9.4 eV; whereas, with a grazing angle of incidence
(nearly 90° off the surface normal) this same peak
was centered at 9.0 eV. Having demonstrated from
ARPES that the bond axis of the CO molecule is
oriented perpendicular to the surface, we were able
to resolve the overlapping states of peak II, assign-
ing the state at lower binding energy as the CO 50
and the contribution at slightly deeper binding
energy as photoemission from the CO 1m level. Thus
assigned, an energy separation between the 40 and I
levels of 2.8 eV is revealed, nearly identical to the
free CO value. However, upon CO adsorption to the
CU active site, the 50 orbital shifts 2.2 eV closer
in energy to the lm, indicating that the CO 50 orbital
is strongly involved in bonding. Two additional
factors support a CO/CuCl bonding scheme predominantly
0 in nature. First, based on the model derived by
Stéhr et al®, the broad shape resonance observed in
the NEXAFS spectrum at 308.5 eV (see Figure 2) yields
a C-0 bond length of 0.110 * 0.002nm for CO bound to
CuCl(11l), a value slightly shorter than that
observed in free CO (0.113nm). Second, from He(I)
PES studies the work function of the CO/CuCl surface
is found to:be 1.2 eV less than that of the clean
surface, indicating a net charge transfer from the
adsorbed CO to the surface.
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Figure 1. Angular dependence of photoemission
intensity of the valence orbitals of CO/CuCl(1l1ll);
(—) grazing angle of incidence; (---) near
normal angle of incidence.
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Figure 2. Normalized carbon K-edge NEXAFS spectra
of CO/CuCl(11l) employing a grazing angle of
incidence.
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Resonant photoemission studies of Nd;CuOy4

Using photon energies at the Cu 3p—3d edge, we have per-
formed resonant photoemission spectroscopy (RESPES) on the
Cu 3d states of ceramic samples of Nd;CuQy4, of importance
as a ‘parent compound’ in high temperature .superconductiv-
ity. The sample temperature was about 100K, and the resolu-
tion about 0.3 €V. We have also made a theoretical calculation
of the RESPES expected for this material if the 3d electrons
are modeled by the impurity Anderson Hamiltonian.! All the

model parameters for the calculation are obtained from ab ini-
tio calculations or atomic data. Fig. 1 shows the comparison
between calculated (solid line) and measured (dots) energy dis-
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tribution curves (EDC’s). The upper two curves in Fig. 1 are
calculated off-resonance spectra for photon polarization paral-
lel and perpendicular to the c-axis. Overall, the main features
of the calculated spectrum are in rather good agreement with
the unpolarized experimental spectrum. The width of the main
peak and the location of the satellites at about -10 €V and -12
eV are correct. The model predicts that the lowest lying state,
the so-called local singlet, has much more weight than observed
experimentally at the corresponding energies. The use of a lat-
tice Anderson model might change the predicted weight, e.g.,
by giving the local singlet a dispersion. The calculation pre-
dicts that RESPES occurs only for perpendicular polarization,
and that there should be a large off-resonance dependence on
photon polarization for the main peak and the local siriglet,
offering a possible test of the Anderson model, and for the oc-
curance of local singlet. Fig. 2 shows the calculated constant
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initial state (CIS) spectra at various binding energies, showing
antiresonance and resonance behaviors in the main band and
satellite regions respectively. The experimental CIS spectrum
for the largest satellite agrees well with the theory.

Angle resolved photoemission on MnO

Angle resolved photoemission spectra on the (110) surface of an
MnO single crystal sample were measured. The data are being
analyzed, and will be compared with a band theory calculation.

Electronic structure of Ce(Ru;_;Rh;)3B;

Beginning in 1984, under past program proposal 682VP, and
continuing under the present proposal, we have made RESPES
studies of the Ce 4f states in the alloy system Ce(Ru;_,Rh;)3B2,
which, with.increa.sing x, changes from a superconductor to an
unusual ferromagnet. We have now constructed a complete
scenario for this behavior.? The RESPES data have been com-
bined with Bremstrahllung isochromat spectra (BIS) of the
unoccupied Ce 4f states, as shown in Fig. 3. The peak near
the Fermi energy Efp is the Kondo resonance. We have also
measured the X-ray photoemission spectra (XPS) of the Ce 3d
core levels (not shown). All the data have been analyzed by fit-
ting with spectral functions for the impurity Anderson Hamil-
tonian, shown as solid lines in Fig. 3. The energy dependence
of the hybridization matrix element in the Hamiltonian was
taken to be the experimental valence band density of states,
obtained in our synchrotron studies, and shown in Fig. 4. For
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x=1, we fit a recently published® single crystal Ce 3d XPS
spectrum because our polycrystalline samples had some grain
boundary oxides, as shown by the differenice between the cal-
culated and measured x=1 BIS spectra of Fig. 3. We find that
the Kondo temperature T, calculated from the spectroscopic
parameters, varies from large to small as x changes from 0 to 1,
because the density of states at Ep decreases. We then argue
that the change in the strength of the spin-quenching, mea-
sured by T, promotes the change in ground states, and that
this alloy behavior comes about because of the difference in the
Ru and Rh 5d states at Ep. We propose that the ferromag-
netism for x=1 be understood in terms of an experimentally

unresolved exchange splitting of the Er Kondo resonance.
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We have used near-edge X-ray absorption fine-structure
(NEXAFS) measurements to determine the orientation of furan and
2,5-dihydrofuran (2,5-DHF) on the surface of a silver (110) single
crystal. The position of the absorption threshold or the edge-jump
in the NEXAFS spectra is compared to the XPS binding energy.

Experimental

NEXAFS experiments were performed at Stanford Synchrotron
Radiation Laboratory on beam line I-1 with a grasshopper
monochromator (1200 lines/mm holographic grating). Spectra were
recorded at the carbon K-edge with partial-electron-yield detection
using a retarding voltage of -200 volts. All spectra were recorded
with the surface at 160 K. The final normalized NEXAFS spectra
were prepared by dividing spectra recorded for the adsorbate-covered
surface by spectra recorded for the clean surface to remove the strong
variation in photon intensity present in the transmission function of
the monochromator. The final spectra were curvefit to determine
peak positions and areas [1]. The m* resonances were fit with
symmetric Gaussian peaks, and the 6* resonances were fit with
symmetric and asymmetric Gaussian peaks [1]. A Gaussian
broadened step was used to model the absorption threshold or
edge-jump.

s

Resuits

The NEXAFS spectra for a submonolayer coverage of furan on
Ag(110) showthat the plane of the furan molecule lies nearly paralle]
_ to the plane of the surface (figure 1). At glancing incidence of the
X-rays n* resonances dominate the spectra, and the 6* resonance are
greatly diminished. Atnormal incidence the n* resonances are much
smaller than the large 6* resonances. Since the n* resonances are

observed when the E is perpendicular to the plane of the furan

molecule, and since the 0* resonances are observed when the E is in
the plane of the molecule, the NEXAFS spectra show clearly that the
furan molecule is preferentially oriented parallel to the plane of the
surface. The intensity variation of an individual resonance from
glancing to normal incidence can be used to calculate the orientation

of the molecule [2]. For the furan submonolayer the molecule tilts

at an angle of 23+5° as determined from the average of the tilt angles
of 21° and 24° calculated from the two 3b, n* resonances. The tilt
angles calculated from the ¢* resonances are consistent with the
values determined from the 7* resonances. The XPS bindingenergies
for the two C(1s) levels of furan are 284.8 and 286.2 eV [3], while
the lowest possible position of the edge-jump is 288.4 eV.

NEXAFS spectra for the 2,5-DHF at submonolayer coverage
shows that the p-orbitals comprising the double bond are
preferentially oriented perpendicular to the plane of the Ag(110)
surface (figure 2). The n* resonance is much larger at glancing
incidence than at normal incidence, and the o*(C=C) resonance is
much larger at normal incidence relative to glancing X-ray incidence.
Based on the n* intensity ratio of glancing to normal, the plane
containing the 7 system tilts at an angle of 18+5° from the surface
normal. A slight though distinct azimuthal dependence is observed
for the 6* resonances associated with the C-O and C-C single bonds
for the submonolayer coverage of 2,5-DHF (figure 2, curves b and
c). The resonances observed for the monolayer and submonolayer
are at the same energy as the multilayer indicating only weak
interaction of 2,5-DHF with the Ag(110) surface. The XPS binding
energies of 2,5-DHF are 285.1 and 286.6 eV [3]. The lowest possible
energy for the edge-jump is 287.8 eV.

Discussion

The XPS C(1s) binding energies of furan and 2,5-DHF are not
at the same energy as the edge-jump in the NEXAFS spectra. The
edge-jump in the NEXAFS spectrum corresponds to transitions from
the core level (the C(1s) level for data reported here) to the a
continuum of states. The continuum of states may be either the Fermi
level of silver, or the vacuum level. Since the measured XPS binding
energy is the energy difference between the C(1s) level and the Fermi
level, the edge-jump should occur at the XPS binding energy if the
edge-jump corresponds to transition to the Fermi level. The lowest
possible energy position of the edge-jump for the NEXAFS spectra
for furan and 2,5-DHF on Ag(110) is consistently about 2.0 €V higher
in energy than the average XPS binding energy. The 0.3 eV
uncertainty in the XPS binding energies and the 0.5 eV uncertainty
in the energy calibration of the X-ray monochromator used in the
NEXAFS experiments will not explain the difference. If, however,
the edge-jump corresponds to transitions from the C(1s) level to the
vacuum level, the edge-jump position would be the sum of the XPS
binding energy and the work function of the silver surface, which is
4.5eV {4]. Since we are unable to position the edge-jump at the XPS
binding energy, the edge-jump has been set at the XPS binding energy
plus the work function.

The observation that the edge-jump in the NEXAFS spectra
corresponds to transitions from the core level to the vacuum level
and not to the Fermi level is consistent with the NEXAFS results
which both indicate that furan and 2,5-DHF are only weakly bound
to the Ag(110) surface. Since the molecules are only weakly bound,
there is very little overlap between the molecular orbitals and the
metal states, so the probability of transitions to the Fermi level are
small. The XPS binding energies also indicate weak adsorption. A
difference 1 to 2 eV between the gas phase binding energies, E,, and
the XPS binding energies of the adsorbed molecules relative to the
vacuum level (the measured XPS values, E,, plus the work function,
¢) is indicative on a weakly bound, non-interacting surface species
[5]. The XPS measurements are, therefore, also consistent with a
weak molecular adsorption since E - E, ;. + @ is between 0.9 and 1.4
eV for the C(1s) and O(l1s) levefs of furan and 2,5-DHF. The
difference between E; and E,,; + ¢ is due to surface relaxation effects
[51. .
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Furan Submonolayer / Ag(110) NEXAFS
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Figure 1. Carbon K-edge NEXAFS spectra of furan submonolayer
are shown for glancing and normal X-ray incidence. Normal
incidence spectra are shown both for the E vector of the X-rays along
({110} azimuth) and across ([001] azimuth) the rows of the Ag(110)
surface. The clear polar dependance of the m* resonances between
the glancing and normal incidence indicate the plane of the furan
molecule lies nearly coplanar with the plane of the surface. Atnormal
incidence a small yet clearly observable azimuthal dependance is also
observed for the 6* resonances.
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2,5-DHF Submonolayer / Ag(110) NEXAFS
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Figure 2. Carbon K-edge NEXAFS spectra of 2,5-DHF

submonolayer are shown for glancing and normal X-ray incidence
for the E.along and across the rows of the Ag(110) surface. The
double bond of the 2,5-DHF molecule lies nearly parallel to the plane
of the surface, as seen by the polar dependance of the 1t* resonance.
A small azimuthal dependance is observed at normal incidence since
the o* (C-C,C-O) resonance is larger when the E vector is along the

rows ([110] azimuth) than when it is across the rows ([001] azimuth).
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INTRODUCTION

The recently discovered high temperature superconductors
promise to be of great importance but as yet are not well understood.
We performed experiments at the Stanford Synchrotron Radiation
Laboratory (SSRL) on several families of these new
superconductors, BipCaSroCupOg, PbySroPrCuzOg, and BaBiOs.
These superconductors have very complex structures, with S or more
types of atoms, and present new, not yet understood physics. To aid
in our understanding it is useful to study simpler systems that have
similar properties to the high temperature superconductors. For this
reason, we have undertaken a study of transition metal oxides such
as CoO, NiO, and CuO. These compounds are antiferromagnetic
insulators, although traditional band theory predicts them to be
conductors. The reason for this discrepancy is believed to be the
presence of strong electron-electron correlations. The parent
compounds of the Cu-O superconductors are antiferromagnetic
insulators, and they become superconducting when doped
appropriately. Thus, the attempt to understand the transition metal
oxides first is an appropriate approach. Following are some
examples of such efforts.

MATERIALS
1. BizCaSrsCuy0g
a. Symmetry of Valence Band States [1]

The symmetry of the electronic states that lie near the Fermi

level, and are therefore involved in the superconducting transport, is-

of great theoretical importance. There has been work to determine the
symmetry of the unoccupied states near the Fermi level in
BipCaSr2CusOg [2], but we have made the first determination of the
symmetry of the occupied states. We used angle resolved
photoemission for this experiment. The highly polarized nature of the
synchrotron radiation allows us to examine the changes in the
photoemission spectra produced by changing the angle between the
surface normal and the electric field of the incident light. When
electrons are collected at normal emission, the symmetry selection
rules are relatively straightforward. Figure 1 shows the variation of
the valence band spectrum with radiation incident angle. We were
able to determine that the states we measured near the Fermi level had
As crystal symmetry, while the states near the bottom of the valence

band had Aj symmetry. This indicates that O 2px and O 2py, states

lie near the Fermi level, while O 2p, states lie deeper in the valence
band.

b. Band Mapping [3]

Using angle resolved photoemission, we were able to map
the dispersion of the bands in BigCaSroCuz0g. There was very little
dispersion along the I'-Z k-space direction (normal to the planes).
The lack of dispersion indicates very little orbital overlap along the
direction parallel to the planes. This confirms the highly two
dimensional character of the BipCaSroCuzOg material. Parallel to the
planes there was dispersion, more near the bottom of the valence
band than near the Fermi level. This is similar to the dispersion seen
in transition metal oxides but less pronounced.

2. PbaSroPrCuszOg [4]

We performed the first photoemission electronic structure
experiment on PbySroPrCu3Og. We noted that, like the other Cu-O
based high T superconductors, correlation effects pay an important
role in observed spectrum. Of particular interest was a comparison to
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Fig. 1. Polarization-dependent EDC's for (a) 18 eV and (b) 17.25eV
radiation. The 17.25 eV spectrum is included to show feature
E, which only appears for low photon energies.

- the 123 (RBagCu307) material PrBapCu307. The two materials are

very similar in structure. However, the 123 structure is a
superconductor for R as any rare earth atom except Pr, while the
Pb2SrpRCu30g system is still a superconductor for R=Pr. We used
resonant photoemission to determine the Pr contribution to the
valence band of these compounds. Our results show that Pr 4f states
are more strongly hybridized with the Cu-O states in the PrBayCuz07
compound than in the PbpSroPrCu30g material (see Fig. 2). We
theorize that this extra hybridization interferes with the
superconductivity in the Cu-O states. )

T T T i i

INTENSITY (ARBITRARY UNITS)

.10 8 6 -4 2 0=Er

BINDING ENERGY (eV)

Fig. 2. Valence-band EDC's of PbaSroPrCuzOg and PrBa;CuzO7.5
[5] at photon energies just above and below the Pr4d — 4f
absorption edge. The valence-band maximums have been
aligned for easier comparison. The normalization of the
EDC's is described in the text. A subtraction of the two
curves gives the extracted Pr 4f partial density of states. The
tick marks correspond to the initial energies of the CIS curves
in Fig. 3. ‘




3. BiBaOj3 {5]

BaBiO3 is a semiconductor and is the parent compound of the
superconductors (BaK)(PbBi)O3. Baj.xKxBiO3 has a transition
temperature of about 30 K and is considered the only non Cu-O
based high T superconductor. We performed photoemission.
experiments on BaBiQj in its "valence disordered” phase. The
valence band total density of states looks very similar to the band
calculations for this material, as shown in Fig.3. This is very
different from the Cu-O based superconductors. We found evidence
for an oxygen resonance in this material. There was a rapid change
in the photoemission cross section of some valence band features at
the same energy where there is an increase in the total x-ray
absorption. The existence of an oxygen resonance has been a matter
of great debate for the Cu-O based superconductors. Finally, we
found that there can only be a small charge fluctuation between the
unequal Bi sites, in contrast to a simple ionic picture of the
compound. -

PHOTON ENERGY: | (a) THEORY .
70 oV

INTENSITY (arb. units)

U

BiSd 02 )

30 26 20 15 -0 5 0 5
ENERGY RELATIVE TO THE FERMI LEVEL (eV)

Fig.3. Valence-band and shallow core level photoemission spectrum
recorded at 70 eV. The inset is a magnification of the
valence-band spectrum, together with the valence band total
density of states from a band calculation.

4. CoOQ [6]

We have performed resonance photoemission, angle resolved
photoemission, and core level photoemission studies of single-
crystalline CoO. On the one hand, strong correlation effects among
the d electrons are observed, as signaled by a strong reduction of Co
3d bands and satellites in both the valence band and core levels. On
the other hand, the oxygen states are found to be very band like, as
indicated by strong dispersions of oxygen states in the valence band
and the lack of oxygen satellites (see Fig.4). We give estimations of
30 and 1.5 for U/W (Coulomb interaction/band width) ratio of Co 3d
bands and O 2p bands, respectively. This indicates that the density
functienal band calculation works well for the oxygen bands but not
for the Co bands, which is verified by a comparison between the
experimental and theoretical E verses k relations. We argue that CoO
is not a band insulator, but a charge transfer insulator. We have also
observed the effects of local magnetic order on the electronic
structure. Finally, we give a general guideline on calculating the

band structure of CoO by introducing a mechanism that reduces the
Co 3d band width by 25%, while still retaining the other essential
features of the band calculation.

Co 3d bands

Binding Energy (eV)

O 2p bands
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Fig. 4; Comparison of experimental E verses k relation with the
results of a nonmagnetic band calculation.
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Introduction

We have developed a microchannel-plate-intensified,
subnanosecond x-ray detector with 400-psec time
resolution and 180 micron spatial resolution for one-
dirensional imaging and spectroscopic measurements of
x-ray emission from laser produced plasmas.(1) An x-ray
photocathode (Csl, Cul, or gold) is deposued on the MCP
to enhance efficiency. Detector output is coupled to a
Reticon camera or a streak camera via a fiber optic array.
Efficiencies in excess of 1000 (w/cm2 out per w/ cm? in)
have been demonstrated. We have rét:ently measured
i Cul and Csl x-ray detector efﬁcxencxes using SSRL BL-VIII-
2.2 :

Detector Description
Fig. 1 schematically shows the x-ray imaging detector

consisting of a UV filter, an x-ray photocathode, a MCP,
focusing electrodes, a fast phosphor, and a fiber optic
faceplate for transmitting the light out of vacuum.
Focusing electrodes compress the electron current out of
the MCP in one dimension enhancing system gain by a
factor of 10. The In:CdS phosphor-coated fiberoptic
faceplate is biased up to +20kV to attract electrons exiting
the MCP. Gains greater than 1000 can be obtained from
the MCP depending on the bias voltage. The CsI detector

is about six times more sensitive than the Cul detector at-

700 eV. This is consistent with photocathode response
data. (3)
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Figure 1. Schematic of an MCP-mtensxﬁed x~ray
. detector system. :
Measurements

We have measured the relative spectral response ‘of Cul
and Csl detectors at SSRL BL-VIII-2 from 450 eV to 1300 eV
- with the beam incident upon each detector at 35 degrees
i from normal. The detector was positioned so that the
‘entire 2-mm x 20-mm beam fell on the MCP stripline.
| Incident x-ray flux was measured with a calibrated, gold-
'mesh monitor, and the detector output recorded with a
| Reticon camera. Our results are shown in Fig. 2.

The difference in MCP bias voltages, the measured
transmission of the Al UV light shield, and the response
of the gold mesh monitor have been taken into account.
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(Each photocathodé was cahbrated usmg three dlfferent
prefilters (Fe, Cu_and Mg) to reduce higher-order and-

specularly-reflected photons exiting the monochromator.
Data taken with Cu and Mg prefilters agree well in their
region of overlap- for both Cul and CsI and. are shown as
one‘curve. Data taken with the Fe prefilter is 51gmf1c:ant1y
higher than the Cu prefilter data in their region of
overlap.  This is not presently well understood The-Csl
data shows a strong increase in ‘sensitivity at the Cs M5-
edge (726 V) and at the I Mg 5-edge (630 eV). The Cul
MCP response increases at the Cu L3-edge (932 eV) and at
the I M4 5-edge (630 eV). The Cu-edge jump is much
smaller in magnitude than that determined from Eu(E)
data.(3) Another significant difference between the
measured response and a simple Ep(E) model is the
gradual rise in efficiency above the Cs edge for Csl and
above the I edge in the Cul case. The deviations from
theorv are not understood as yet.
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Figure 2.
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The water window is a photon energy range
extending from ~ 500 eV down to ~ 200 eV that has been W{
proposed as useful for x-ray imaging of live biological 5 I 'o"mc T T
material. This results from the very low.absorption by 50 b owmgesi
oxygen in the water necessary for live body observers. L @ WiMg2si (§)
Reflectivities were characterized for a multilayer
designed specifically for operation in the water window
which was carbon free. This is important as carbon is
strongly absorbing at energies greater than 283 eV.

REFLECTIVITY (%)
i

Measurements of the reflectivity of an W/Mg,Si (d

WiMg25i

10 } -
=62 A, N = 30) multilayer were made over the energy ] /'/ru* n=2 ]
range 500 to 1300 eV on BL 8-2. Mg, Si was used in this

multilayer structure as a low absorption, low scattering 400 600 800 1000 1200 1400 1600
spacer for the tungsten layers. It was chosen as analysis ENERGY (eV)
showed it to be the best spacer material in this spectral
range other than Li, Be, and elemental Mg and it was
believed to be easier than elemental Mg to deposit as
uniform thin layers. The measured reflectivities are N ey

. - . a (111) single crystal silicon wafer are
shown as a function of energy in Figure 1 with data from compared to earlier results for a nearly
the literature for a W/C (d = 58 A, N = 30) multilayer. It equivalent W/C structure at energies of 500
is clear that the reflectivities of the W/MgZSi is to 1500 eV.-
substantially larger than that of the W/C structure. Also

shown in this Figure 1 are second Bragg order (n = 2)
reflectivities for the W/Mg,Si structure. The reflectivity

of the W/Mg,Si multilayer is dominated by the optical

0 1 L I I I L 1 1 " 1 I

Figure I' Measured reflectivities of a W/Mg,Si
multilayer (d = 62 A, N =30) deposited onto

constants of the tungsten at the lower energies.
Therefore, higher reflectivities will be attained by

replacing the tungsten with a more suitable material for %CKNOWLEDG{MF}.‘INTS: Tshis work was performed undlc:.r

this spectral ) e : the auspices of the U. S. Department of Energy by
P r_a range. The reflectivities at.900 to 1,300 "Y Lawrence Livermore National Labgratory under Contract

are the highest reported and make this material pair No.W-7405-Eng-48.

useful for proximity x-ray optic structures. Additionally,

this material will allow multilayer structures to operate

significantly more efficiently in the water window, a

property important in biological applications of

multilayer x-ray optics.
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CALIBRATION OF SYNCHROTRON RADIATION
GRATING MONOCHROMATORS

Troy W. Barbee, Jr., Glenn Tirsell, and Michael Moran
Lawrence Livermore National Laboratory
Livermore, California 94550

Multilayer - reflectivity measurements were
performed on BL 8-2. These measurements were made at
fixed angles of incidance onto the multilayer samples in
the Bragg-Bretano configuration using a GaAsP - Au
Schottky diode detector. The energy of the incident
monochromatic light was scanned over the full energy
range of the monochromator grating in use. It was
observed that peaks in reflectivity occurred at integer
multiples of the expected first order Bragg reflection light
wavelength of the multilayer. These peaks in reflectivity
at the longer wavelengths are due to the higher grating
order light transmitted by the grating monochromator at
the monochromator wavelengths they are observed.
These results therefore allow the quantitative
characterization of the higher grating order effects of
synchrotron radiation grating monochromators as well as
demonstrating a technique for their elimination.,

Data presented here are for a tungsten/carbon
multilayer structure deposited on a 4 inch diameter (111)
single crystal silicon wafer. The multilayer contained
fifty 25.9 A periods. The thickness of the tungsten layer
was half the multilayer period, minimizing even
multilayer Bragg order intensities. Also, the number of
periods (50) resulted in the intensities of odd Bragg orders
n > 3 being negligible. The reflectivity of this multilayer at
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Figure 1: Reflectivity as a function of wavelength
118

an angle of incidence of 11.2 deg, the incident grating
monochromatized light passing through a magnesium
filter ( ~ 3 ), is shown in Figure 1 at waveléngths of 8 to 36
A. The Mg edge is indicated by the arrows and falls to the
short wavelength side of all the multilayer Bragg peaks.
The Bragg peaks are all multilayer first order ( n=1 ) and
grating orders as labelled. The measured reflectivities
are: n=1, m=1, R=0.166; n=1, m=2, R=0.1595; n=1, m=3,
R=0.106 at monochromator wavelengths of 9.903 A, 19.99
A and 29.697 A respectively. The reflectivities of the n=1,
m=1 and n=1, m=2 peaks are almost equal indicating that
almost all the light at a monochromator reading of 19.99 A
is 9.90 A light. The decreased reflectivity of n=1, m=3
probably results from light specularly reflected by the
multilayer and the fact that the long wavelength cutoff of
this grating is ~ 40 A. Itis important to note that these
data show that the higher grating order contamination is

_appreciable for this grating monochromator.
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Diffracted beam detector current as a
function of wavelength. The detector
used was a GaAsP-Au Schottky diode.

Figure 2:




It is possible to determine the relative intensities of
9.903 A light transmitted by the grating in orders m=1,2,3.
This is demonstrated in Figure 2 where the Bragg
diffracted light detector current is shown as a function of
* wavelength. The ratios of these currents give the relative
intensities in the grating orders m=1,2,3. If the current
for m=1 is assumed unity the intensity for m=2 is 0.107
and for m=3 is 0.0082. Absclute intensities may be derived
from these results by use of a detector calibration function
and consideration of filter caused attenuation. These
higher grating order intensities are large and may
dominate some experiments making interpretation
difficult, if not impossible. It is clear from other results
that multilayers also eliminate grating higher order
contamination when they are operating in first Bragg
order (n=1) at an angles of incidence such that m=1, m=2
or m=3 light is diffracted and no filters are used.

SUMMARY

The beamline used in this work is instrumented with
a spherical grating monochromator using three separate
gratings to cover the energy range 50 to 1500 eV. Earlier
runs had shown that these gratings have significant
higher grating order contamination of the
moriochromatic light delivered. This monchromatic light

impurity severely limits the experimental utilization of

this beamline and complicates general experimentation.
Also, such higher grating order effects are present at a
large number of existing beamlines in the U.S.A. and in
the world imposing the same limitations on experiment.
The results reported here demonstrate that multilayers
may be used to eliminate or minimize higher grating
order contamination and to allow the use of higher
grating orders to increase resolution without the use of
filters. As demonstrated above they also provide a means
for quantitatively characterizing the intensities of the
higher grating order so that the available intensity is
known.
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Proposal No. 9901V

Fluorescent EXAFS and NEXAFS in the Soft X-ray
and Extreme Ultra-Violet

Troy W. Barbee, Jr.
Lawrence Livermore National Laboratory
Livermore, California 94550

The reflectivities of a 304 Stainless Steel-Silicon
multilayer (d = 55;&, N =50,
the energy range 300 eV to 1500 eV, The measurements
were made in the Bragg-Bretano configuration at fized
angles of incidence , 6 , by scanning the energy of the
incident light . A GaAsP-Au Scxhttoky diode was used as
a sensitive detector. Though the reflectivities of this
multilayer are of interest the important observation in this

v=0.5) were measured over

work was of the fluorescence of the components of the
304ss ( 75% Fe, 18% Cr, &% Ni) during a given reflectivity
measurement.

Reflectivities measured are not discussed here as the
significant result relates to observations of L- edge
fluorescence of the iron and chromium in the 304ss. In
these measurements the diffracted beam detector was a
GaAsP-Au Scottky diode having a 1 cm2 active area
mounted normal to the diffracted beam 17.8 cm from the
illuminated area. This detector sensed the diffracted
intensity and any fluorescent radiation generated by the
incident beam. A reflectivity scan at 8 = 9.78 deg over the
energy range 500 to 800 eV is shown in Figure 1. The first

- order Bragg peak is at ~ 605 ¢V. The structure on the low
energy side cf this peak is due excitation of the chrome
Lay,2 - 572.8 eV and the L] - 582.8 eV lines. These
fluorescence peaks are more intense than warranted by
the chrome concentration in the 304ss. This results from
the antinodes of the standing-wave field in the multilayer
characteristic of Bragg reflection at the Bragg peak lying
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Reflectivity of a 304ss/Si (d=55 A, N=50,
¥=0.35) multilayer over the energy
range 500 to 800 eV at 6=9.78 deg.

on the 304ss layers and strongly enhancing the chrome
signal as well as multilayer Bragg diffraction of Cr L line
radiation into the detector. Fluoresence from the iron is
seen at energies of 700 to 800 eV, energies far away from
any multilayer Bragg reflection.

The peaks at ~ 700 eV are shown in more detail in
Figure 2 and are from the characteristic L fluorescence
lines (Loy 2 - 705 eV, Lpg - 718.5 eV) of the iron in the 304ss
layers. There is no strong Bragg diffraction from the
multilayer structure at these values of energy and 6:
these signals are non
fluorescence of the iron.

standing-wave enhanced
The importance of these
observations is that the solid angle of the fluorescent
source subtended by the detector is very small. This solid
angle may be easily increased with this type of solid state
detector by increasing the active detector area and moving
the detector much closer to the sample. A simple design
allows this solid angle to be increased from ~ 0.003
steradian to > 1.0 steradian. This significantly increases
the sensitivity of the experiment to the fluorescence of the
sample and makes possible a number of scientifically and
technolt;gically significant experiments. The experiments
facilitated by such a simple apparatus include: (1)
fluorescence EXAFS in the soft x-ray and extreme ultra-
violet (30 to 3000 eV) spectral ranges; (2) standing-wave
fluorescence studies of multilayer structures in the SXR
and EUV; (3) application' of standing-waves in
multilayers to the study of adsorbed layers on multilayer
structures and other long period Bragg diffractors in the
SXR; (4) sensitive x-ray fluorescence analysis (XRF) for
the concentration of light elements in bulk samples; (5)
detailed study of the physics of x-ray absorption/emission
in the SXR by experimental determination of radiative and
non-radiative decay channel strengths.
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Figure 2 Characteristic L line fluoresence from
iron in the 304ss of the multilayer

detected using a lem? active area
GaAsP-Au Schottky diode ~ 18 em from
the fluorescing material and subtending
only ~ 0.001 str. of the sclid angle
available.
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Proposal No. 8901V

Rhodium/Carbon Multilayer Soft X-ray Reflectivity

Troy W. Barbee, Jr.
Lawrence Livermore National Laboratory
Livermore, California 94550

Multilayer reflectivity measurements were
performed on BL 8-2. The measurements were made as a
function of energy at fixed angles of incidence of the
monochromatic light onto the multilayer samples. The
energy of the incident light was scanned in the energy
range 300 eV to 1600 eV during a given reflectivity
measurement. The intensity of the incident beam was
determined immediately prior to the reflectivity
measurement using a GaAsP-Au Schottky diode so that
the beam current in the storage ring was always slightly
larger than during the reflectivity measurements.

BL 8-2 is a bending magnet beamline equipped with a
spherical grating monochromator (SGM). SGM's exhibit
substantial higher grating order contamination of the
monochromatized light. Thus, reflectivity measurements
made with SGM's are often of limited accuracy due to the
presence of higher energy light which makes the results
more uncertain. In these experiments a variety of filters
designed to minimize higher order light were used. The
high energy cutoff of this monochromator is ~ 1400 eV so
that reflectivity measurements at energies of 700 eV or
larger are not degraded.

Results for a rhodium/carbon multilayer (d = 80 AN
= 40, tRh = tC) over the energy range 400 to 1500 eV
measured at angles of incidence of 3.3 to 10.5 deg are
plotted as a function of energy in Figure 1. The decrease
in peak reflectivity as energy decreases results from
increasing absorption in the carbon as its K edge at 283 eV

Rh/C:d=80A:N=50:Gamma = 0.5

is approached and a rhodium broad absorption resonance
at ~ 400 eV. The broad minima in reflectivity on the low
energy side of the higher energy reflectivity curves results
from the onset of mirror like specular reflection at the
light energy and incidence angle of measurement. The
reflectivity measured at 6 = 5.05 deg is compared as a
function of energy to model calculations for an ideal
structure made using a standard Fresnel multilayer
computational code in Figure 2. The measured reflectivity
at 1010 eV is 80% of that expected for an ideal multilayer.
The agreement at 700 to 900 eV indicates that the ambient
to multilayer surface is very smooth and that the specular
reflectivity of the multilayer essentially equal to that
calculated. The disagreement appearing at energies < 700
eV results from the onset of higher grating order
contamination as previously pointed out.

It is important to be able to separate the multilayer
diffracted light from the specularly reflected component.
This is computationally, but not experimentally possible.
Reflectivities calculated for the multilayer considered
above using the Fresnel multilayer code that includes the

- multilayer diffracted and the specular surface reflected
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Figure 1 Experimental reflectivities as a function of

incident light energy at angles of incidence of

3.3t0 10.5 deg.
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light and using a Darwin-Prins code that only calculates
only the multilayer diffracted component are compared as
a function of energy in Figure 3. The difference between
these two calculated reflectivities is the intensity of the
specularly reflected component. This analytic approach
allows the reduction of broadband multilayer dispersed
spectroscopic data so that signals of interest may by
accurately determined. A summary comparison of the
observed (see Fig. 1) and calculated peak reflectivities is
shown as a function of energy in Figure 4. The important
things to note from this figure are that the experimental
reflectivity energy dependence is in excellent agreement
with calculation and that the measured reflectivities are a
constant fraction of calculation. These results
demonstrate that accurate reflectivity measurements can
be made on this beamline in the energy range 300 to 1600
eV and that excellent multilayers may be fabricated using
rhodium and carbon.

Subsequent to these measurements reflectivities were

measured at NIST over the energy range 80 to 130 eV and
at LLNL using characteristic line sources (Ck,, and B ).

These results were consistent with the SSRIL data
described above.
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Proposal No. 9901V

L SHELL XANES FOR SOLID METALS: Ti, V, Cr, Fe, Ni, Cu

NLK. Del Grande

University of California, Lawrence Livermore National Laboratory

P.O. Box 808 (L-379) Livermore, CA 94550

Introduction

.The L shell x-ray absorption near edge structure (XANES)
for the 3d transition metals Ca-Cu is dominated by atomic-
like behavior which is poorly understood.! It has been
studied by electron energy loss spectroscopy (EELS) and
bremsstrahlung isochromat spectra (BIS).2* More and
‘better photoabsorption cross-section measuremenrts are
needed over the sparsely studied 400-1500 eV region to test
theoretical methodologies which fuse atomic and
condensed matter theories. Progress has been made
reporting absolute photoabsorption cross sections taken
with the spherical grating monochromator on beamline 8-
2 at SSRL in 1989. These data were used in conjunction
with data taken on beamline 3-4 at SSRL and beamline
Ul4A at NSLS47

Experiment

Transmission data for well characterized carbon-only and
carbon-metal multilayer targets (100-4000 nm thick) were
recorded with a resolution of 1 eV or better for Ti, V, Cr,
Fe, Ni and Cu. Absolute cross sections in Figure 1 had
overall uncertainties of 10% or less. Comparisons are
made with previous results.®® Away from edges, targets
had photon pénetration depths 1/3 to 3 mean free paths
thick. Thinner targets (by a factor of 3 or 4) were used to
resolve XANES shown in Figure 2.
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Corrections for oxide impurities were possmlej since
synchrotron radiation sources allowed continuous

.coverage across the oxygen K absorption edge at 543 eVv.

The determination of the target metallic areal densities
(mass per unit area) was known to 'better than + 111()%.
Targets were characterized for thglr total as weli as
component element purity, weight-per-unit area,
thickness and composition, using very accurate pal_ances,
ion back-scattering, and particle-induced x-ray emission.
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Figure 1. Photoabsorption cross section measurements in
cm?/g with 10% overall uncertainties are compared with
the 1981 LLNL sub-keV theoretical data base® and other
data® for five 34 solid metals: Ti, Cr, Fe, Ni, Cu. See
reference [7].




Discussion )
The Figure 1 comparisons of experiment with single
particle Hartree Slater (HS) theory® shown as a lopg
dashed line agree for most 3d metals below and at twice
the energy of the ionization threshold. The 2p-3d
autoionizing resonances of Figure 2 are associated with
bound-bound transitions which lead to non-radiative
Auger decay. What is measured is a combination of the
bound-bound photoabsorption and bound-free
photoionization cross sections. The HS calculation [in 8]
does not include the bound-bound component for the
atom or band theory to address the behavior of the solid.

There is good qualitative agreement between L shell
XANES and calculations which use a multi-configuration
Dirac Fock (MCDF) model with the assumption of a
statistical distribution for the initial atomic states.
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Figure 2. Measured XANES for the transition metals Ti,
V, Cr, Fe, Ni and Cu showing the atomic-like 2p-3d
autoionizing resonances which dominate the L3 and L
edge structure.” '
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Calculations were performed in intermediate coupling
with configuration interactions.” It is not yet clear why
the statistical distribution rather than the ground state
distribution for the initial states produces the measured
XANES for solid metals shown in Figure 3.
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Figure 3. A comparison of measurement with calculation
for L shell autoionizing resonances of solid metals
dominated by atomic-like behavior. (Calculation by Mau
H. Chen.)
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Theses Based on Research at SSRL







VI. THESES BASED ON RESEARCH AT SSRL

The following is a partial list of Ph.D and Master's theses based on experimental research at SSRL. it repre-
sents 160 theses from 22 universities.

1890

C.J. Chisholm-Brause
Stanford University

W.E. Jackson
Stanford University

1989

M. Ardehali
Stanford University

R. Cao
Stanford University

T. Teh-I-Chiang
Stanford University

M.P. Green
Stanford University

Z.-X. Shen
Stanford University

J. C. Woicik
Stanford University

J. Hwang
Stanford University

J.E. Benci
Univ. of Pennsylvania

K.D. Butcher
Stanford University
M. Kraitchman

UC Berkeley

R. Howland

Stanford University

Y.H. Chung

Georgia Inst, of Tech.

T Vi

“Sorption Mechanisms of Co(ll) at Oxide/Water Interfaces”
(Advisor - G.E. Brown)

“X-Ray Absorption Analyses of Iron-Bearing Glasses and Melts: Impiications for Glass-
Meit Structural Differences and the Effect of Alkali and Alkaline-Earth Metals on Fe(ll)
Coordination” (Advisor - G.E. Brown)

“Photoelectron Angular Distribution from the Disordered Condensed Phase: Theory
and Experiment” (Advisor - |. Lindau)

“Schottky Barrier Formation with Metals on llI-V Semiconductor Surfaces From Thin
Coverages to Thick Overlayers” (Advisor - l. Lindau)

“Annealing Studies of Metals and Arsenic on Gallium Arsenide” (Advisor - W.E. Spicer)

“Scanning Tunneling Microscopy Applled to the Electrochemical Deposition of Lead
on the Gold (111) Surface” (Advisor - I. Lindau) - .

“Photoemission Studies of High Temperature Superconductors and Related Materials”
(Advisor - L. Lindau)

“Synchrotron Radiation Studies of Si and Si-Ge Interfaces” (Advisor - P. Pianetta)

“Effect of Strain on the Electronic Structure of Indium Galllum Arsenide”
{Advisor - P. Pianetta)

“A Study of Creep Damage Using Microradiography and Continium Damage Mechanics”
(Advisor - D. Pops)

“Variable Energy Photoeleciron Spectroscopy on Model Catalytic Active Sites: The
Electronic Structure and Bonding in Tetrahederal Iron Chlorides and Sulfides”
{(Advisor - E.I. Solomon)

“The Unmixing of AL LI in Al-Li and Al-LI-Cu Alloys”
(Master's Thesis - Advisor - D. DeFontaine)

“Determination of Dopant Site Occupancies in Copper-Substituted Yitirium-Barium-
Copper-Oxide by a New Application of Difterential Anomalous X-ray Scattering”
(Advisor - T.H. Geballe)

“Synchrotron White Beam Topographic Study of Damage Accompanying Laser
Drilling” (Advisor - S. Stock)
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A. Outrzourhit
Colorado School of Mines

P.R.G. Small
Colorade School of Mines

L. Emery
Stanford University

1088

S.V. Didziulis
Stanford University

G.P. Carey
Stanford University

P.H. Mahowald
Stanford University

C.E. McCants
Stanford University

C.-K. Shih
Stanford University

L. Hsu
UC-Los Angeles

W.M. Lavender
Stanford University

J.R. Schoonover
Arizona State University

L. Terminello
UC-Berkeley

C.J. Chisholm
Stanford University

leg7

R. T. Short
University of Tennessee

8.R. Hubbard
Stanford University

L.-S. Kau
Stanford University

“Extended X-ray Absorption Fine Structure Studies of Sn-related DX Centers in Sn-
Doped Ga,, , Al , ,As” (Master's Thesis -Advisor - T.M. Hayes)
“The Atomic-Scale Structure of Dilute Tin in Aluminum”

( Master’s Thesis - Advisor -T.M. Hayes)

“A Wiggler Based Ultra-Low Emittance Damping Ring and its Chromatic Correction”
(Advisor - H. Wiedemann)

“Photemission Spectroscopic Studies of Model Catalyst Surfaces: 1) Bonding
Interactions of 3d,  Metal lon Sites; 2) The Chemistry of Copper Overlayers on Zinc
Oxide Single Crystais” (Advisor - E.I. Solomon)

“A Study of the Chemical and Electrical Disruption to Mercury Cadmium Telluride Upon
Intertace Formation and Surface Processing” (Advisor - W.E. Spicer)

“Experimental Band Alignment at Germanium, Silicon and Indiun Phosphide
Heterojunctions” (Advisor - W.E. Spicer)

“Photoemission and Electrical Studies of the Titanium/Gallium Arsenide (110) and
Platinum/Gallium Arsenide (110) Interfaces” (Advisor - W.E. Spicer)

“Heterojunction Band Line-Ups and the Alloying Effsct in Compound Semiconductor
Alloys - A Photoemission Study” (Advisor - W.E. Spicer)

“Electronic Properties of a PtGa, Single Crystal and Photoemission Studies of the
Electron Correlation Effects in the Ni-Ga and the Ni-In Intermetallic Compounds”
{Advisor - R.S. Williams)

“Observation and Analysis of X-ray Undulator Radiation from PEP”
(Advisor - G.S. Brown)

"Time Resolved X-ray Diffraction Using Synchrotron Radiation” (Advisor - S.H. Lin)
“Surface Structures Determined Using Electron Diffraction” (Advisor - D.A. Shirley)

“Structure of Divalent Lead Complexes at the Gamma-Alumina/Water Interface”
{Master's Thesis - Advisor - G.E. Brown)

“Recoil-Energy Measuremants of Slow Highly-Charged lons Producad by Synchrotron
Radiation and by Swift-lon Impact” (Advisor - I.A. Sellin)

“Small-Angle X-ray Scattering Studies of Calclum-Binding Proteins in Solutlons”
(Advisor - K.O. Hodgson)

“Chemical and Spectroscoplc Studies on Metal Active Sites In Metalloproteins and
Heterogeneous Catalysts” (Advisor-K.O. Hodgson)
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J. L. Cole
UC-Berkeley

A.E. McDermott
UC-Berkeley

R.E. Guiles
UC-Berkeley

J.J. Yeh
Stanford University

D. Friedman
Stanford University

A. Viescas
Stanford University

P. Jupiter
Stanford University

K.A. Bertness
Stanford Universily

J.N. Otis
Stanford University

Y.C.Lu
Stanford University

C.W. Ponader
Stanford University

K.F. Hayes
Stanford University

1986

S.W. Robey
UC-Berkeley

J. Nogami
Stanford University

E.B. Sirota
Harvard University

A.L. Johnson
UC-Berkeley

K.F. Ludwig, Jr.
Stanford University

R.D. Lorentz

Stanford University .

“Photosynthetic Oxygen Evolution Studied by Electron Paramagnetic Resonances
and X-Ray Absorption Spectroscopy” (Advisor - M.P. Klein)

“Structural Studies of lron and Manganese in Photosynthetic Reaction Centers”
(Advisor - M.P. Klein)

“X-ray Absorption with EPR Studies of the Role of Mn in the Photosynthetic Oxygen
Evolving System” (Advisor - M.P. Klein)

“Metal/Silicon Interfaces and Their Oxidation Behavior - A Photoemission Spectroscopy
Analysis" (Advisor - |. Lindau)

“Metal Interfaces with Mecury Cadmium Telluride” (Advisor - |. Lindau)
“Photoemission Studies of Core Level Energy Shifts in Clean and Adsorbate Covered
Tungsten and Platinum Single Crystal Surfaces” (Advisor - |. Lindau)

“Correlation Between the Electronic Structure and Surface Chemistry of Tungsten
and Tungsten Carbide 4” (Advisor - W.E. Spicar)

“Photoemission Studies of Oxgyen Chemisorption on Galllum Arsenide and Indium
Phosphide Surfaces” (Advisor - W.E. Spicer)

“Minimally Invasive Coronary Anglography with Monochromatic X-rays: Developmental
Studies Utilizing Synchrotron Radiation” (Advisor - R. Hofstadter)

“Vertical Bridgman Growth and Characterization of CdTe Crystals”
(Advisor - R. Feigelson)

“Trace Metals In Silicate Glasses and Malts: Coordination Environments, Halogen
Complexes, and Soret Diffusion” (Advisor - G.E. Brown)

“Equilibrium, Spectroscopic, and Kinetic Studies of lon Adsorption at the
Oxide/Aqueous Interface” (Advisor - G.E. Brown)

“Local Surface Structures of ¢(2x2)S/Ni(011) and {2x2) S/Ge(111) Determined Using
ARPES” (Advisor - D.A. Shirley)

“Rare Earth Metal/Semiconductor Interfaces and Compounds” (Advisor - |. Lindau)
“X-ray Scattering Study of the Thickness Dependent Phase Diagram of Liquid Crystal
Films” (Advisor - P.S. Pershan)

“Platinum Surface Chemistry Studied by Thermal DesorptionSpectroscopy and Near
Edge X-ray Absorption Fine Structure Absorbate Effects” (Advisor - D.A. Shirley)

“Anomalous X-ray Scattering Studies of Liquids” {(Advisor - A.l. Bienenstock)

“Structural Investigations of Amorphous Iron-Germanium Alloys using Synchrotron
Radiation” (Advisor - A. |. Bienenstock)
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JuJ. Hoyt
UC-Berkeley

J.C. Levin
University of Oregon

N.W. Lytle

Brigham Young Univ.

C.C. Bahr
UC-Berkeley

T.A. Ferrett
UC-Berkeley

P.A. Heimann
UC-Berkeley

M.G. Samant
Stanford University

D.J. Sajkowski
Stanford University

S.L. Cohen
Stanford University

. E.D. Specht
MIT

J.A. Silberman
Stanford University

K.K. Chin
Stanford University

M.D. Wiliiams
Stanford University

W.E. Jackson
Stanford University

1985

K. Kim
Univ. of Washington

R. Pro
UC-Berkeley

W.G. Petro
Stanford University

E.N. Keller
Univ. of Washington

“An Anomalous Small Angle X-ray Scattering Study of Phase Separation in the AlZnAg
System” (Advisor - D.' DeFontaine)

“Auger Transitions in Noble Gases Following Inner Shell lonization by Electron
Bombardment and by Synchrotron Radiatlon” (Advisor - B. Crasemann)

“Proton-Induced X-ray Emission, Proton-Induced Gamma-ray Emission, and X-ray
Absorption” {(Advisor - N.F. Mangeison)

“Chemisorption Geometries ot Sulfur on Copper and Molybdenum Surfaces”
(Advisor - D.A. Shirley) .

“Photoionzation of Atoms and Small Molecules using Synchrotron Radlation”
(Advisor - D.A. Shirley)

“Near Threshold Studies of Photoelectron Satellites” (Advisor - D.A. Shirley)

“Atomic-and Electronlc Structure of Supported Monometallic and Bimetallic Clusters”
{Advisor - M. Boudart) ..

“Catalysis by Metals:: Single Crystals, Supported or Unsupported Polycrystals, and

'Co-ordination Complexes” (Advisor - M Boudart)

“Variabie Energy Photoelectron Spectroscopic Studies of d9 and d10 Metal Chloride
and Oxide Surfaces” (Advisor - E.l. Solomon)

“Synchrotron X-ray Diffraction Studies of Transitional and Orientational Order
In Monolayer Krypton on Graphite” (Advisor R.J. Birgeneau)

“A Photoemission Study of the Electronic Structure and Oxidation Properties of
Mercury Cadmium Telluride” (Advisors - 1. Lindau/W.E. Spicer)

“Initial Stage, of the Schottky Barrier Formation of Metal/ll-V Semiconductor Interfaces”
(Advisor - 1. Lindau)

“The Effect of Chemical Reactivity and Charge Transfer on Gallium Arsenide (110)
Schottky Barrier Formation” (Advisors - W.E. Spicer/l. Lindau)

“EXAFS Study of the Potassium Coordination Environment in Glasses from the

NaAISi,0,-KAISI,0, Binary: Structural Implications for the Mixed-Alkall Effect”
{Master’s Thesis - Advisor - G.E. Brown)

“A Study of Basic Properties and Applications of EXAFS” (Advisor - E.A. Stern)
“Devéloprﬁéﬁt ofa ‘Ll}xear Gas-'Proportlonal X-ray Detector System for Determinétion
of Partial Structure Function in Al, Ag and Zn Alloys” (Advisor - D. DeFontaine)

“Metal and Oxygen Interactions with Il-V Compound Semiconductor Surfaces”
(Advisors- W.E. Spicer and I. Lindau)

“Magnetic X-ray Study of a Gadolinium-Iron Amorphous Alloy” (Advisor - E. A. Stern)
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G. Zhang
Stanford University

T.A. Smith
Stanford University

L.E. Klebanoff
UC-Berkeley

J.G. Nelson
UC-Los Angeles

JdJ. Barton
UC-Berkeley

T.A. Gibson
Stanford University

M.A. Berding
Stanford University

D.L. Parkhurst
Stanford University

1984

D.A. McKeown
Stanford University

C.E. Bouldin
University of Washington

J.S. Lee
Stanford University

K.M. Choudhary
Stevens Institute

S.G. Mochrie
MIT

J.E. Penner-Hahn
Stanford University

M.K. Eidsness
University of Cincinnati

“Molybdenum Carbide Catalysts” (partially based on SSRL) (Advisor - M. Boudart)

“Single Crystal Polarization X-ray Absorptlon Studies of Copper Complexes”
(Advisor - K.O. Hodgson)

“Photoelectron Spectroscopy Studies of Cr(001) Surface Ferromagnetism and
Near-Surface Antiferromagnetism” (Advisor - D.A. Shirley)

“The Electronic Structure of Gold Galllum Two and Gold Indium Two Intermetallic
Compounds” (Advisor - R.S. Williams)

“Angle-Resolved Photoemission Extended Fine Structure” (Advisor - D.A. Shirley)

“Single Crystal Polarized X-ray Absorption Edge Studies of Copper Complexes
(Advisor - K.O. Hodgson})

“Calculation of Cu K-Edge Photoabsorption Spectra Using an Extended Continuum ‘
Multiple Scattered Wave Method” (Advisors- K.O. Hodgson/S, Doniach)

“The Application of EXAFS and Mean-Activity Coefficient Data to lon-Association
Models for the Zinc-Chloride System” (Master's Thesis - Advisor - G.E. Brown)

“Spectroscopic Study of Silica-Rich Glasses and Selected Minerals within the Sedium
Alumino-silicate System” (Advisor - G.E. Brown) - -

“An EXAFS Study of Amorphous Ge and of the Fe Impurity in Silicon Nitride”
(Advisor - E.A. Stern)

“Catalysis of tha Oxidation of Dihydrogen by Supported Gold”
(partially based on at SSRL) (Advisor - M. Boudart)

“Surface Sensitive Photoemission EXAFS A New Structural Tool”
(Advisor - G.M. Rothberg)

“Structures and Transitions in Systems with Competing Interactions
(Advisor - R.J. Birgeneau)

“X-Ray Absorption Studies of Metalloprotein Structure: Cytochrome P-450,
Horseradish Peroxidase, Plastocyanin, and Laccase” (Advisor - K.O. Hodgson)

“EXAFS and XANES Studies of Gold in Complexes of Biologlcal Significance”
(Advisor - R.C. Elder)

J.B. Kortright “Structural Studies of Amorphous Mo-Ge Alioys Using Synchrotron Radiation”
Stanford University - (Advisor - A. Bienenstock)
R.S. Moog “Fluorescence Quenching of Chiorophyliide and Protoporphyrln-Proteln Complexes by
Stanford University Electron Transfer” {(Advisor - S G. Boxer)
J.A. Guest “Studies of Molecular Photoion and Photofragment Alignment” (Advisor - R.N. Zare)
Stanford University :
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B.B. Pate
Stanford University

R.S. Weber
Stanford University

G.D. Meitzner
Stanford University

G.B. Bunker
University of Washington

H. B. Ponader
Stanford University

1983

J. Sanchez-Arrieta
Stanford University

P.H. Kobrin
UC-Berkeley

J. Collett
Harvard University

D.W. Lindle
UC- Berkeley

P.M. Stefan
Stanford University

A.N. Mansour
N. Carolina State

J.G. Tobin
UC-Berkeley

C. Marques
Washington State Univ.

P.R. Findley
UC-Santa Barbara

M.R. Antonio
Michigan State

G. B. Stephenson
Stanford University

J.M. Tranquada
Univ. of Washington

“The Diamond Surface: Atomic and Electronic Structure”
(Advisors - W.E. Spicer/l. Lindau)

“Structure and Reactivity of Platinum Clusters Supported on Y-Type Zeolites”
(Advisor - M. Boudart)

“Characterization of Gold/Y-Zeollte and its Catalytic Activity in the H,-O, Reaction”
(Advisor - M. Boudart)

“An X-Ray Absorption Study of Transition Metal Oxides” (Advisor - E.A. Stern)

“An EXAFS and X-Ray Diffraction Study of the Local Ca Environment in Anorthite
(CaAl,Si,0,) Crystal and Glass” (Master’s Thesis - Advisor - G.E. Brown)

“Structural Studies of Hydrodesulfurization Catalysts” (Advisor - M. Boudart)

“Atomic Photoelectron Spectroscopy Studies using Synchrotron Radiation”

(Advisor - D.A. Shirley)

“X-Ray Scattering Study of Liquid Crystal Thin Films"” (Advisor - P.S. Pershan)
“Inner-Shell Photoemission from Atoms and Molecules using Synchrotron Radiation”
(Advisor - D.A. Shirley)

“A Photoemission Study of the Electronic Structure and Surface Chemical Propertles of
Tungsten Carbide and of a Carbonized Tungsten Modal Surface for Tungsten Carbide”

{Advisor - W.E. Spicer)

“X-Ray Absorption Studies of Silica-Supported Platinum Catalysts"
(Advisor - D.E. Sayers)

“Dimensionality and Its Effects Upon the Valence Electronic Structure of Ordered
Metallic Systeams” (Advisor - D.A. Shirley)

“Thermal Motion of Surface Atoms in Silica Supported Platinum and Iridium Catalyst
Clusters: An EXAFS Spectroscopy Study” (Advisor - D.R. Sandstrom)

“Optical Properties of PbF, and PbC,, at High Temperatures” (Advisor - W.C. Walker)
“Extended X-Ray Absorption Fine Structure of the Iron-Molybdenum Cofactor of
Nitrogenase, the Three-lron Ferredoxinll of Desulfovibrio Gigas, and of Synthetic
Molybdenum and Tungsten-iron-Sulfur and Iron-Sulfur Mode! Systems (Part I) and

Intercalation of Tetrathliafulvalene into lron Oxycholoride (Part )" (Advisor - H. Eick)

“Early-Stage Phase Separation in Amorphous Solids: A Time-Resolved SAXS Study”
(Advisor - A.|. Bienenstock)

“X-Ray Absorption Studies of Solids at High Pressure” (Advisor - R. Ingalls)
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D. Stearns
Stanford University

S. Laderman
Stanford University

M.S. Co
Stanford University

S.D. Conradson
Stanford University

R. Miake-Lye
Stanford University

C.C. Parks
UC-Berkeley

D.B. Goodin
UC-Berkeley

1982

M.G. Durrett
Rice University

M.L. Shek
Stanford University

P.R. Skeath
Stanford University

M.H. Hecht
Stanford University

S.-J. Oh
Stanford University

S.M. Brennan
Stanford University

R.O. Tatchyn
Stanford University

P.A. Heiney
MIT

D.H. Rosenblatt
UC-Berkeley
J.E. Pollard
UC-Berkeley

S.H. Southworth
UC-Bsrkeley

“Early Photo Luminescence Decay in Amorphous Hydrogenated Silicon”
{Advisor - A.l. Bienenstock)

“Structural Studies of Amorphous Semiconductors Containing Transition Metals”
(Advisor A.l. Bienenstock)

“X-Ray Absorption Spectroscopy of Hemocyanin and Hemerythrin”
(Advisor - K.O. Hodgson)

“X-Ray Absorption Studies of the Molybdenum Site of Nigrogenase”
{(Advisor - K.O. Hodgson)

“Anomalous X-Ray Scattering as a Probe of Biological Structure”
{Advisor - K.O. Hodgson)

“The Auger Decay Mechanism in Photon Stimulated Desorption of lons from Surface”
{Advisor - D.A. Shirely)

“The Local Structure of Manganese in the Photosynthetic Apparatus and Superoxide
Dismutase: An X-Ray Absorption Study” (Advisor - M.P Klein)

“Study of KrC,/Dr,Cl Excited State Kinetics Using Synchrotron Radiation Excitation”
(Advisor - G.K. Walters})

“Electronic Structure of Platinum-Copper Surfaces and Chemisorption of Carbon
Monoxide™ (Advisors - I. Lindau/W.E. Spicer)

“Chemical Bonding Phenomena of Column 3 and 5 Adsorbates and Fermi Energy
Stabilization Mechanism on GaAs (110)” (Advisors - I. Lindau/W.E. Spicer)

“Synchrotron Radiation Measurements of Subshell Photoionization Cross Sections:
Techniques and Applications” (Advisor - I. Lindau)

“Resonance and Relaxation Effects in Photoemission Spectroscopy”
(Advisor - |. Lindau)

“Surface EXAFS of Sulphur on Nickel” (Advisor - A.l. Bienenstock)

“The Introduction and Development of a New Method for Measuring the Optical
Constants of Metals in the Soft X-Ray.Range” (Advisor - |. Lindau)

“Phase Transitions of 2D Atomlic and Molecular Crystals” {Advisor - R.J. Birgeneau)
“High Resolution Electron Energy Loss Spectroscopy and Photoselectron Diffraction
Studies of the Geometric Structure of Adsorbates on Single Crystal Metal Surfaces”
(Advisor - D.A. Shirley)

“Photoelactron Spectroscopy of Supersonic Molecular Beams” (Advisor - D.A. Shirley)

“Atomic and Molecular Photoelectron and Auger Electron Spectroscopy Studies Using
Synchrotron Radiation” (Advisor - D.A. Shirley)
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K. Jackson
Stanford University

V. Yachandra
Princeton University

1981

J.M. Fine ,
Washington State Univ.

C.-Y. Su
Stanford University

D.L. Weissman
Stanford Univesity

R.F. Davis
UC-Berkeley

F. Kutzler
Stanford University

1980

B. Bunker
Univ. of Washington

J.M. Lornston
Univ. of Delaware

P.H. Fuoss
Stanford University

D.J. Trevor
UC-Berkeley

S.D. Kevan
UC-Berkeley

R.V. Taylor
UC-Santa Barbara

P. Frank
Stanford University
1879

M. Breining
Univ. of Oregon

F.A. de Parente
Univ. of Oregon

“Photoion Fluorescence Polarization: A Study of Molecular lonization Dynamics”
(Advisor - R.N. Zare)

“EXAFS Studies of Carbonic Anhydrase and Resonance Raman Spectroscopy of lron-
Sulfur Proteins” {Advisor - T. Spiro)

“Structure and Stoichiometry in Highly Concentrated Aqueous Solutions of CuBr,"
(Advisor - D.R. Sandstrom)

“Photoemission Studies of the Interaction of Oxygen with Solid Surfaces”
(Advisor - 1. Lindau)

“Oxygen Chemisorption and Water Synthesis on Palladium and Palladium-Gold;
A Study by Thermal Desorption and Photoemission” (Advisor - W.E. Spicer)

“Angular Distribution and Atomic Effects in Condensed Phase Photoelectron
Spectroscopy” (Advisor - D.A. Shirley)

“Electronic Structure Calculations of Germanium, Molybdenum Chromium and Erbium
Compounds Predicted K and L Edge Absorption Spectra” (Advisor - K.O. Hodgson)

“An X-Ray Absorption Study of Tetrahedral Semiconductors” (Advisor - E. Stern)

“Characterization of P¥/A_,0, Catalysts by Extended X-Ray Absorption Fine Structure”
(Advisors - J.R. Katzer/J.M. Schultz)

“Structural Studies of Amorphous Materials Using X-Ray Anomalous Scattering”
(Advisor - A.l. Bienenstock)

“Photoelectron Photoion Molecular Beam Spectroscopy” (Advisor - D.A. Shirley)

“Normal Emission Photoelectron Diffraction: A New Technigue for Determining Surface
Structure” {Advisor - D.A. Shirley)

“Matrix Spectroscopy of Rare-Gas Oxides and Sulfides” (Advisor - W.C. Walker)

“The Biochemistry of Transition Metals: Copper Vanadium, and lron”
(Advisor - K.O. Hodgson)

“Precision Determining of Atomic Level Energies by Absorption Spectrometry with
Synchrotron Radiation” (Advisor - B. Crasemann)

“Measurement of the Inelastic Scattering Cross Section of Neon with Synchrotron
Radiation” (Advisor - B. Crasemann)
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T.D. Bonifield
Rice University

J.N. Miller
Stanford University

D.T. Ling
Stanford University

K.A. Mills
UC-Berkeley

D.R. Denley
UC-Berkeley

E.D. Poliakoff
UC-Berkeley

M.G. White
UC-Berkeley

R.A. Rosenberg
UC-Berkeley

T.D. Tullius
Stanford University

1978

C.M. Garner
Stanford University

J.C. Phillips
Stanford University

P.W. Chye
Stanford University

S.P. Cramer
Stanford University

T. Eccles
Stanford University

R.S. Williams
UC-Berkeley

P.S. Wehner
UC-Berkeley
1977

G.E. Ice
Univ. of Oregon

“Time Resolved Spectroscopy of Krypton and Xenon Molecules Excited by Electron
Impact and by Monochromatic Synchrotron Radiation” (Advisor - G.K. Walters)

“Photoemission Studies of Adsorption and Oxidation of Selected Metals and
Semiconductors™ (Advisor - I. Lindau)

“Angle-Integrated and Angle-Resclved Photoemission Studies of Chemisorption on
Copper and Copper/Nickel” (Advisors - |. Lindau/W.E. Spicer)

“The Determination of Electronic State in Crystalline Semiconductors and Metals
by Angle-Resolved Photoemission” (Advisor - D.A. Shirley)

“Determination of Morphology and Electronic Structure in Solids with 20-1000 eV
Radiation” (Advisor - D.A. Shirley)

“Time-Resolved Spectroscopy Using Synchrotron Radiation” (Advisor - D.A. Shirley)
“Photoelectron Spectroscopy of Heavy Molecules” (Advisor - D.A. Shirley)
“Studies of Electron Correlation in the Photolonization Process” (Advisor - D.A. Shirley)

“Structures of Metal Complexes in Biological Systems: EXAFS Studies of Blue Copper
Proteins, Xamthine Oxidase and Vanadocytes” (Advisor - K.O. Hodgson)

“Surface and Interface Studies of OXygen on Silicon, lll-V Heterojunctions, Schottky
Barriers” (Advisors - . Lindau/W.E. Spicer)

“Crystal Structure Determination Using Synchrotron Radiation” (Advisor - K.O. Hodgson)
“Photoemission Studies of the Oxidation of and Schottky Barrier Formation on GaSh,
InP, and GaAs” (Advisor - W.E. Spicer)

“Chemical Application of X-Ray Absorption Spectroscopy-Nitrogenase and Cytochrome
P-450" (Advisor - K.O. Hodgson)

“X-Ray Absorption Studies of Hemocyanin” (Advisor - K.O. Hodgson)

“Angle-Resoived Photoelectron Spectroscopy Applied to the Determination of the
Surface Electronic Structure of Crystalline Metals” (Advisor - D.A. Shirley)

“Valence Band Photoemission Studies of Clean Metals” {Advisor - D.A. Shirley)

“Measurements of X-Ray Scattering Cross Sections of Hydrogen and Helium with
Synchrotron Radiation” (Advisor - B. Crasemann)
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P.A. Pianetta
Stanford University

S.H. Hunter
Stanford University

G.R. Apai li
UC-Berkeley

KY.Yu
Stanford University

F.R. McFeely
UC-Berkeley

1975
P.E. Gregory
Stanford University

B.M. Kincaid
Stanford University

1974

C.A. Ashley
Stanford University

“Photoemission Studies of Solids Using Synchrotron Radiation” (Advisor - W.E. Spicer)
“A Structural Study of Amorphous Copper-Arsenic Triselenide Alloys Using EXAFS”
(Advisor - A.l. Bienenstock)

“Photoemission Studies of Clean and Adsorbate Covered Metal Surfaces Using
Synchrotron and UV Radiation Sources” (Advisor - D.A. Shirley)

“Photoemission and Thermal Desorption Studies of the Adsorption of Simple
Molecules on Transition Metals and Alloys” (Advisor - W.E. Spicer)

“Relaxation and Cross Section Effects in Valence Band Photoemission Spectroscopy”
(Advisor - D.A. Shirley)

“Ultraviolet Photoemission Studies of the Surface States and Properties of the (110)
Gallium Arsenide Surface, and of the Oxidation of Cesium” (Advisor - W.E. Spicer)

“Synchrotron Radiation Studies of K-Edge X-Ray Photoabsorption Spectra:
Theory and Experiment” (Advisor - S. Doniach)

“Extented X-Ray Absorption Fine Structure” (Advisor - S. Doniach)
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Vil. ACTIVE PROPOSALS

As of December 31, 1989 there were 166 active SSRL proposals. . Proposals remain active for two years after their initial
rating by the Proposal Review Panel. Since October 1974 SSRL has received a total of 2107 proposals. The Spokes-
person for each proposal is underlined and their institution shown in parentheses. The letter suffix appended to the
proposal number indicates the sub-panel of the Proposal Review Panel to which the proposal is assigned: Materials (M),
Biology (B) or Vacuum Ultra-Viclet (V). The small (p) denotes a program proposal. '

No. Beceived Experimenters Title
922Bp  9/6/864  RICHARD ELDER Gold-Based Antiarthritis and Anticancer Drugs and Metabolites:

KATHERINE TEPPERMAN XAS, WAXS, DAS
(UNIVERSITY OF CINCINNATI)

935Vp  9/20/84 ] LINDAU Electronic Structure, Chemistry, and the Fermi Level at
DAN DESSAU Semiconductor Surfaces
ALBERTO HERRERA
PAUL MEISSNER
KEN MIYANO
TOM KENDELEWICZ
WILLIAM E SPICER
CHRISS SPINDT
ANITA WAHI
BARRETT WELLS
Z-X SHEN
(STANFORD UNIVERSITY)

943Vp 9/6/84 DAVID A SHIRLEY Electron Spectroscopy of Gases, Sollds, and Surfaces
TONY HUFF
EDDIE MOLER
ZAHID HUSSAIN
LI-QUING WANG
ALEXIS SCHACH V WITTENAU
PHILIP A HEIMANN
ZHENG-QING HUANG
LAURA MEDHURST
(LAWRENCE BERKELEY LABORATORY)

956Mp  2/27/85 G P HUFFMAN Applications of EXAFS Spectroscopy in the Steel and Coal
ROBERT B GREEGOR Industries '
R G JENKINS
NARESH SHAH
FARREL W LYTLE
F E HUGGINS
(UNIVERSITY OF KENTUCKY)

957Bp  2/28/85 DAVID H TEMPLETON Anomalous Scattering of X-rays
L K TEMPLETON
(LAWRENCE BERKELEY LABORATORY)

959Vp  3/1/85 BOBERT ZBACHRAGH Core Leve! and Near Edge Structure Study of Interface Formation
ROSS D BRINGANS
(XEROX)
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963Vp

969Bp

973M

981Bp

991Bp

994Mp

995Mp

997Mp

999Mp

1008Mp

3/6/85

3/14/85

4/12/85

9/3/85

9/4/85

9/5/85

9/6/85

9/10/85

9/10/85

10/4/85

JOACHIM STOHR NEXAFS and SEXAFS Studies by Means of X-ray Fluorescence
Detection: Local Structure Around Low-Z Atoms
(IBM RESEARCH LABORATORY)

BOBERT A SCOTT X-ray Absorption Spectroscopic Studies of Nickel-Containing
STEPHEN P CRAMER Metalloenzymes
(UNIVERSITY OF GEORGIA)

CHARLES E BOULDIN EXAFS Study of Damage and Annealing of lon Implanted
E D DONOVAN Semlconductors

R A FORMAN

G KHUBLER

MIBELL

(NIST)

JAMES O ALBEN High Resolution EXAFS Spectroscopy of Iron and Copper
FRANK G FIAMINGO Proteins

STEPHEN P CRAMER

CRAIG F HEMANN

KIMBERLY A POWELL

ALLAN A CROTEAU

(OHIO STATE UNIVERSITY)

RICHARD € ELDER Technetium and Rhenlum Imaging Agents and Therapeutic
EDWARD A DEUTSCH Radiopharmaceuticals
(UNIVERSITY OF CINCINNATI)

GLENN A WAYCHUNAS  High Temperature EXAFS Study of Fe and Ca in Sllicate Crystals
GORDON E BROWN, JR and Melts
(STANFORD UNIVERSITY)

GORDON E BROWN. JR  XAS Study of Cation Adsorption at Aqueous/Oxide Interface
GLENN A WAYCHUNAS

JAMES O LECKIE

GEORGE A PARKS

KIM F HAYES

KEITH O HODGSON

(STANFORD UNIVERSITY)

LK ROBINSON The Surface Phase Transition of Clean W(100)
M ALTMAN

PJ ESTRUP :

ROBERT J BIRGENEAU

(AT&T BELL LABORATORIES)

GORDON E BROWN, JR. EXAFS Study of Trace Element Environments in Quenched
C W PONADER Silicate Melts of Geochemical Interest

GLENN A WAYCHUNAS

W A JACKSON

S ROTHFUS

(STANFORD UNIVERSITY)

WILLIAM K WARBURTON Binary Liquid Structures Determined by Anomalous
KARL F LUDWIG X-ray Scattering ‘

ARTHUR BIENENSTOCK

(X-RAY INSTRUMENTATION ASSOCIATATION)
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1012Bp  11/4/85 HOBERT H FAIRCLOUGH Membrane X-Ray Diffraction Studies of the Acetylcholine
KEITH O HODGSON Receptor
STEVAN R HUBBARD
SEBASTIAN DONIACH
D RICHMAN
(UNIVERSITY OF CHICAGO)

1018Mp 3/3/86 D DE FONTAINE Ditfusion In Ternary Muitllayer Thin Films
STEVE SPOONER
M KRAITCHMAN
JEFF J HOYT
(UNIVERSITY OF CALIFORNIA)

1021Mp 3/3/86 WILLIAM PARRISH Synchrotron X-ray Polycrystalline Diffractometry
CURT ERICKSON
TING C HUANG
MICHAEL HART
MAURIZIO BELLOTTO
GEORGE WILL
(IBM RESEARCH LABORATORY)

1022Vp  3/3/86 EDWARD | SOLOMON UPS Studies of the Coordination Chemistry of Metal Oxides,
KRISTINE BUTCHER Chiorides and Sulfides
JIAN-YI LIN
(STANFORD UNIVERSITY)
1030Bp 3/17/86 STEPHEN P.CRAMER Soft X-ray Spectrocopy of Molybdenum Enzymaes, Cofactors and
J H ENEMARK Model Compounds
M WW ADAMS
W CLELAND
L. S SOLMONSON
GRAHAM N GEORGE
BE SMITH
V MINAK
EDWARD | STIEFEL
(BROOKHAVEN NATIONAL LABORATORY)

1040B 6/3/86 BUSSELL HILLE X-Ray Absorption Spectroscopy of Xanthine Oxidase
STEPHEN P CRAMER
(OHIO STATE UNIVERSITY)
1041B 9/3/86 BOBERT A SCOTT Measurement of Metal-Metal Distances in Proteins by X-ray
MARLY EIDSNESS Anomalous Scattering
(UNIVERSITY OF GEORGIA)
1042B 9/3/86 BRITTON CHANCE Studies of Intermediates in the Mechanism of
LINDA S POWERS Carboxypeptidase-A
MARK CHANCE
JAMES RIORDAN
BARTON HOLMQUIST
B VALLEE
DAVID AULD

(UNIVERSITY OF PENNSYLVANIA)
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10438

1046B

1047M

1048Mp

1051M

1053B

10558

1059M

9/3/86

9/3/86

9/3/86

9/11/86

9/11/86

9/15/86

9/15/86

©/16/86

BRITTON CHANCE X-Ray Absorption Spectroscopy of lron-iron Interactions:
GRANT BUNKER Ribonucleotide Reductase

GUANG ZHANG

PETER REICHARD

BRITT-MARIE SJOBERG

S M KHALID

ALI NAQUI

(UNIVERSITY OF PENNSYLVANIA)

EDWARD RUBENSTEIN lodine Dichromography with Monochromatic X-ray Beams for
HERBERT D ZEMAN Angiography

GEORGE S BROWN

ROBERT HOFSTADTER

JOHN OTIS

DONALD C HARRISON

ROBERT KERNOFF

ALBERT C THOMPSON

W THOMLINSON

(STANFORD UNIVERSITY}

High Pressure Transition Mechanisms via EXAFS
DARYL CROZIER
J FREUND
(UNIVERSITY OF WASHINGTON)

A High Resolution Compton Profiles of Iron and Silicon
ARTHUR BIENENSTOCK
SEAN BRENNAN
DOUGLAS OSHEROFF
(STANFORD UNIVERSITY)

GLENN A WAYCHUNAS  Crystal and Aqueous Chemistry of Germanium in
LAWRENCE R BERNSTEIN Geochemically Important Systems

JAMES A DAVIS

BRIDIG A REA

(STANFORD UNIVERSITY)

BOBERT A SCOTT Copper EXAFS Spectroscopy of Non-Blue Copper Proteins.
DAVID M DOOLEY Amine Oxidases

ROBERT A KERTAYASA

(UNIVERSITY OF GEORGIA)

KEITH O HODGSON XAS of lron-Molybdenum Cofactor of Nitrogenase under
P FRANK Electrochemical Control

W E NEWTON

BRITT HEDMAN

FRANK A SCHULTZ

C STANFEL

B J FELDMAN

(SSRL)

\ in Situ High P-T Equation-of-State, Phase Transformations and
H K MAO Kinetlcs Studies on Mantle Mineral Phases using Synchrotron
RJ HEMLEY Radlation
JAXU
(UNIVERSITY OF HAWAI)
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1064M

1065Mp

1066Mp

1067Bp

1068Bp

1069M

1070M

1071M

1072M

1073M

1074M

1076B

3/3/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

JAKELLA Static High Pressure and High Temperature X-Ray Diffraction

H K MAO Studies of Some Rare-Earth Elements Using Diamond-Anvil
G S SMITH Apparatus, »

QUINTIN C JOHNSON

L C MING

MURLI H MANGHNANI
(LAWRENCE LIVERMORE NATIONAL LABORATORY)

MICHEL BOUDART Characterization of Supported Pd/Au Alloys by X-Ray Absorption
R J DAVIS Spectroscopy

- (STANFORD UNIVERSITY)
RICHARD C ELDER X-Ray Spectroscopy of Electrochemically Generated Species
- WILLIAM R HEINEMAN .
(UNIVERSITY OF CINCINNATI)
OBERT A SCO Active Site Structures of Cytochrome ¢ Oxidase
SUNNEY | CHAN
P MARKLI
(UNIVERSITY OF GEORGIA)
BHEELTON Structure of Translents in the Catalytic Cycle of Dioxygenases
E A STERN
(GEORGIA INSTITUTE OF TECHNOLOGY)
NOLAN MANGELSON Characterization of Vanadium, Chromium, Nickel and Arsenic
FARREL W LYTLE in Particulate Matter
MAX W HILL
(BRIGHAM YOUNG UNIVERSITY)
JHOMAS BEIN Anchoring Chemistry of Transition Metal Complexes and
KARIN MOLLER Clusters to Intrazeolite Surfaces
(UNIVERSITY OF NEW MEXICO)
IC BOU Characterization of Clusters of Pt/Y-Zeolite and Rh/y-Al,0,
G P VALENCA by X-Ray Absorption Spectroscopy
(STANFORD UNIVERSITY)
STEVE MHEALD Glancing Angle EXAFS and Reflectivity of Aluminum-Metal
HEATHER CHEN Interfaces
(BROOKHAVEN NATIONAL LABORATORY)
STEVE M HEALD X-Ray Absorption Study of La CuO Based Superconductors
J M TRANQUADA

M SUENAGA
(BROOKHAVEN NATIONAL LABORATORY)

STEVE M HEALD X-Ray Absorption and Reflectlvity Studies of iInterfaces In
ERIC ZIEGLER Muitilayer Optics

DALE E SAYERS

JAMES P VICCARO

(BROOKHAVEN NATIONAL LABORATORY)

SEBASTIAN DONIACH Study of Conformational Changes in Bacterlorhodopsin
ROBERT M STROUD using Time-Resolved Small Angle X-Ray Diffraction

S WAKATSUKI

KEITH O HODGSON

(STANFORD UNIVERSITY)
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1077M

1078M

1079M

1080Vp

1081M

1082B

10838

1084Bp

1085Bp

3/1/87

3/1/87

3/1/87

3/1/87

3/1/87

3/24/87

3/1/87

3/1/87

3/1/87

KRISHNA M CHOUDHARY Photoemission EXAFS Studies of Surfaces and Interfaces in
Compound Semiconductors
(UNIVERSITY OF NOTRE DAME)

NS LEWIS X-Ray Absorption Studles of Metal lon Absorption at
KEITH O HODGSON Semiconductor Surfaces
(CALIFORNIA INSTITUTE OF TECHNOLOGY)

JAMES B BOYCE Local Atomle Structure of High-T_ Superconductors
THEODORE H GEBALLE

FRANK G BRIDGES

TORD CLAESON

(XEROX)

BOBERT J MADIX Adsorption Structure of Heteroatom-Containing Molecules on
C M FRIEND Transition Metal Surfaces

J SOLOMON

B FACTOR

J T ROBERTS

ACLWU

(STANFORD UNIVERSITY)

DAVID P POPE A Study of Creep Damage Using Microradiography
JOHN E BENCI ’
(UNIVERSITY OF PENNSYLVANIA)

DAVID A LARSON Contribution of Auger Electrons to Radlation Sensitization
DENNIS SHRIEVE with IUdR

TERESA TROXEL

THEODORE L PHILLIPS

MICHAEL SCHELL -

CLIFF LING

(UNIVERSITY OF CALIFORNIA)

-SAIT X-Ray Absorption Spectroscopy of Myeloperoxidase
GRAHAM N GEORGE and Lactoperoxidase
ROGER C PRINCE
(CASE WESTERN RESERVE UNIVERSITY)

GRAHAM N GEORGE Polarized X-Ray Spectroscopy of the Oriented Chiloroplast
STEPHEN P CRAMER Water-Oxidizing Complex

ROGER C PRINCE

(EXXON RESEARCH & ENGINEERING)

JAMES E PENNER-HAHN X-Ray Absorption Spectroscopic Characterization of the
M STERN Manganese In Blological Systems

J T GROVES

W D FRASCH

V L PECORARO

HIM-TAI TSANG

C F YOCUM

D GHANOTAKIS

(UNIVERSITY OF MICHIGAN)
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1087Bp  3/1/87

1088M 371787

1089M  3/1/87

1091Mp  6/6/87

1092M  6/19/87

1093Mp  8/7/87

1094M 8/20/87

Anomalous Scattering Studies of Protein Crystal Structures
R PAUL PHIZACKERLEY
STEVAN R HUBBARD
CRAIG OGATA
JOHN HORTON
WILLIAM E ROYER
HM KRISHNA MURTHY
MARIANNE CUFF
WEI YANG
ARNO PAHLER
(COLUMBIA UNIVERSITY)

= Polarized X-Ray Absorption Near Edge Structure
GEOFFREY WALDO
SHENGKE WANG
GLENN A WAYCHUNAS
RICHARD FRONKO
(UNIVERSITY OF MICHIGAN)

JAMES HOWARD X-Ray Absorption of Iridium in K-T Boundary Samples and
JULIA PECK Meteorites

GRAHAM N GEORGE

STEPHEN P CRAMER

WILLIAM MURPHY

(SCHLUMBERGER DOLL RESEARCH)

Characterization of lon-Implanted Aluminum and Titanium
TMHAYES
F M KUSTAS
{COLORADO SCHOOL OF MINES)

JAMES HOWARD Structural Investigation of Interlayer Potassium and Sodium
S WHITTINGHAM in Phyllosilicates

STEPHEN P CRAMER

N WADA

D R HINES

(SCHLUMBERGER DOLL RESEARCH])

A Structure of Superconducting Thin Films
THEODORE H GEBALLE
ALICE FISCHER-COLBRIE
J Z SUN
K CHAR
BOCH
N MISSERT
J MOLL
(HEWLETT PACKARD LABORATORIES)

JAKOB BOHR X-Rays Studies of Rare Gas Inclusions in Single Crystal
E JOHNSON Aluminium

H H ANDERSEN

L SARHOLT-KRIST

L. F GRAABAEK

A JOHANSEN

| K ROBINSON

(RISO NATIONAL LABORATORY)
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1095Mp  8/7/87

1096Mp  8/20/87

1097Mp  8/20/87
1008M  9/1/87

1099M 9/15/87

2000M 9/16/87

2001M 9/15/87

2002Mp  9/15/87

2003M  ©/15/87

PAUL H FUQSS EXAFS and NEXAFS Investigation of OMPVE Growth of -V
D WKISKER Compounds

LAURA NORTON

({AT&T BELL LABORATORIES)

PAUL H FUOSS In-Situ X-Ray Scattering Studies of OMVPE Growth of li-VI
LAURA NORTON Compounds

D W KISKER

(AT&T BELL LABORATORIES)

FARREL W LYTLE Anti-Site Disorder in High T_ Superconductors

ROBERT B GREEGOR

(BOEING COMPANY)

DANIEL A SCHERSON in-Situ EXAFS Transition Metal Macrocycles Absorbed on
PHILIP N ROSS Electrode Surfaces

(CASE WESTERN RESERVE UNIVERSITY)

J V ACRIVOS Study of Organic Metals

M CHEN LE!

S S P PARKIN

J SATCHER

D HELMOLDT

C BUSTILLO

S ARNOLD

R iTHNIN

(LAWRENCE BERKELEY LABORATORY)

J Y ACRIVOS Study of Cation, Anion X-Ray Edges in S Intercalated
C BUSTILLO Perovskites [Y,Ba,Cu,(0/S), ],

S S P PARKIN

S ARNOLD

M CHEN LEI

R ITHNIN

D HELMOLDT

J SATCHER

MELVIN P KLEIN

(LAWRENCE BERKELEY L ABORATORY)

JEFEREY R LINCE Extended X-Ray Absorption Fine Structure of Transition Metal
PAUL D FLEISCHAUER Dischaicogenide Materials
(THE AEROSPACE CORPORATION)

J4 P BROCK Bond Orlentational Order In Tilted Hexatle Liquid Crystal Films
ROBERT J BIRGENEAU

J D LITSTER

(CORNELL UNIVERSITY)

MIKE TONEY In-Situ X-Ray Scattering Study of the Structure of Passive Oxldes
W H SMYRL on Single Crystal Ti

OWEN MELROY

(IBM RESEARCH LABORATORY)
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2005M 9/15/87

2006Mp  9/15/87

2007B 9/15/87

20088 9/15/87

2009Vp  9/17/87

2010Bp  9/17/87

2011V 9/17/87

2012M 9/17/87

2013M  9/17/87

ROBERT L INGALLS X-Ray Absorption Studies of Perovskites as a Function of
J M TRANQUADA Pressure

E A STERN

DARYL CROZIER

B HOUSER
(UNIVERSITY OF WASHINGTON)

D DE FONTAINE Kinetics of Phase Separation in Al-Li
M KRAITCHMAN

JEFF J HOYT

M WIEDENMEIR

S SPOONER

(UNIVERSITY OF CALIFORNIA)

JAMES € PHILLIPS Protein Folding Studied by Synchrotron X-Ray Scattering
{ENRAF-NONIUS COMPANY) ’

POUGLAS S CLARK EXAFS of Active-Site Metals in Glucose Isomerase and Methane
R MARK GUINN Monooxygenase

(UNIVERSITY OF CALIFORNIA)

JOACHIM STOHR Structural Studies of Thin Polymer Flims on Surfaces
THOMAS P RUSSELL

(IBM RESEARCH LABORATORY)

MELVIN P KLEIN X-Ray Spectroscopy of Manganese and Iron in Chloroplasts
KENNETH SAUER

VICKIE DEROSE

R GUILES

SUSAN DEXHEIMER

ANN MCDERMOTT

J L ZIMMERMANN

(LAWRENCE BERKELEY LABORATORY)

Synchrotron Based Studies of X-Ray Induced Photoconductivity
J TREBES
PIERO PIANETTA
(LAWRENCE LIVERMORE NATIONAL LABORATORY)

EEALP Electronic Structure of High T, Oxide Superconductors by
PEDRO A MONTANO X-Ray Absorption Spectroscopy

L SODERHOLM

GOPAL K SHENOY

(ARGONNE NATIONAL LABORATORY)

PAVE WARK Photoelectron Spectrometry of Correlation Sateliites in Kr
JOHN WILKERSON

BERND CRASEMANN

TOM BOWLES

GEORGE S BROWN

S B WHITFIELD

ROGER J BARTLETT

S L SORENSEN

WALTER J TRELA

JOHN HENDERSON

DAVE KNAPP

RICH MARTIN

HAMISH ROBERTSON

{LOS ALAMOS NATIONAL LABORATORY)
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2014M  9117/87

2015Mp  9/17/87

2016M  9/117/87

2017Mp 9/17/87

2018M  9/21/87

2019V 9/21/87

2020Mp  9/21/87

2021M  9/21/87

20228 9/21/87

2023Mp  9/21/87

Melting of Xe/TiS,: Structure and Thermodynamics
J D SHINDLER :
R F HAINSEY
(CARNEGIE MELLON UNIVERSITY)

S RSTOCK In-Situ Synchrotron Microradiography of Delamination in
G WEBB Graphite/Epoxy Composites

ZOPHIAU REK

S D ANTOLOVICH

(GEORGIA INSTITUTE OF TECHNOLOGY)

GEORGE KWEI Anomalous X-Ray Powder Diffraction Studies of the Structure
ANDREW C LAWSON of Materials

ROBERT B VON DREELE

ART WILLIAMS

JOYCE A GOLDSTONE

(LOS ALAMOS NATIONAL LABORATORY)

BENJAMIN OCKO Structure and Stability of Metal Surfaces: A Proposal for X-Ray
DAVID M ZEHNER Scattering Experiments

S G JMOCHRIE

LD GIBBS :

(BROOKHAVEN NATIONAL LABORATORY,

1G Structural Study of Hetero-Epitaxial CaF, on Si(111) Using
MARJORIE OLMSTEAD Standing Wave Fluorescence
JONATHAN DENLINGER
ROSS D BRINGANS
(LAWRENCE BERKELEY LABORATORY)

MARJORIE OLMSTEAD  Heteroepitaxial Interface Formation Between Insulators and
ROSS D BRINGANS Semiconductors

JONATHAN DENLINGER

(UNIVERSITY OF CALIFORNIA)

SHLIN X-Ray Diffraction of Solld State Reactions and Phase

T GROY Transitions

J R SCHOONOVER

(ARIZONA STATE UNIVERSITY)

NOLAN MANGELSON Structures of Silver(l)}-Crown Complexes in Liquid and Solid
ROBERT B GREEGOR Phases

FARREL W LYTLE

MAX W HILL

(BRIGHAM YOUNG UNIVERSITY)

Structural Features of Low Temperature Recombination of
S G SLIGAR Hemoproteins, Carbon Monoxide and Oxygen
GRANT BUNKER
KE ZHANG
HIROYUKI OYANAGI
(UNIVERSITY OF PENNSYLVANIA)

STEVE D CONRADSON  High T, Superconducting Materials: Their Structural and
ZACHARY FISK Electronic Characterization by XAS

ANTONIO REDONDO

IAN D RAISTRICK

(LOS ALAMOS NATIONAL LABORATORY)
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2024Mp  9/21/87
20258 9/21/87
2026Mp  9/21/87
2027M  9/22/87
2028M  9/29/87
2029Bp  9/29/87
2030Bp  9/29/87
2031Bp  9/29/87
2032Bp  9/29/87

XAS Studies of Quasl-One-Dlmensional Hallde-Bridged Mixed

STEVE D CONRADSON
ALFRED SATTLEBERGER Valence Platlnum COmpounds

BASIL SWANSON

(LOS ALAMOS NATIONAL LABORATORY)

BRITTON CHANCE
EDGAR DAVIDSON
ROBERT POYTON
KE ZHANG

GRANT BUNKER
TSOO E KING

Altered Structures of Cytochrome Oxidase

(UNIVERSITY OF PENNSYLVANIA)

E

JEFF NELSON
JENNCHANG HWANG
RICHARD H STULEN
GLENN KUBIAK
(SSAL)

SEAN BRENNAN
ROLAND TiMSIT

B FACTOR

ARTHUR BIENENSTOCK
(SSRL)

ZOPHIA U REK
FARREL W LYTLE
(EPRI)

BRITT HEDMAN
STEVEN A VAUGHN
BARBARA K BURGESS
(SSAL)

G
ROBERT H BEER
BRITT HEDMAN
JAMES G BENTSEN
STEPHEN J LIPPARD
(SSAL)

G
EDWARD | SOLOMON
GRACE TAN

BRITT HEDMAN
(SSRL)

o
BRITT HEDMAN
JOHN H DAWSON
MASANORI SONO
(SSAL)

The Bonding Bahaviour in Stralned Semtconductor
Heterostructures

Structural Studies of Co-Sputtered Amorphous AlTa Thin Films

Characterization of Cobalt-Bearing Passive Oxides on
Stainless Steel by EXAFS :

Mo and Se XAS Studies of Small- Molecule Binding to
Nitrogenase

XAS Structural Characterization of the Binuclear lron-Center
In Methane Monooxygenase

X-Ray Absorption Studies of Coupled Bmuc!ear Copper Sites

1] Protelns

XAS Studies of Heme-lron Enzymes: Cytochrome P-450 and
Peroxidases
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2033Mp  9/29/87

2034M

20358

2037Vp

2038M

2039Vp

2040M

2041B

9/29/87

9/29/87

9/29/87

10/1/87

10/1/87

10/4/87

10/4/87

TERESA A SMITH Sulfur K Edge XAS Studies of Photographic Sensitizing
BRITT HEDMAN Centers

KEITH O HODGSON

(EASTMAN KODAK RESEARCH LABORATORY)

KEITH O HODGS XAS Studies of Liquid Crystalline Ruthenium Phthalocyanine
BRITT HEDMAN and Porphyrins

JAMES P COLLMAN

MATTHEW B ZISK

HITOSHI ASAHINA

(SSAL)

SEBASTIAN DONIACH X-Ray Ditfraction Studies of Helix Linking Regions of
ROBERT M STROUD Bacteriorhodopsin

S WAKATSUKI

U W SPANN

KEITH O HODGSON

(STANFORD UNIVERSITY)

PIERO PIANETTA X-Ray Lithography Process Development
DANIEL SELIGSON

LAWRENCE PAN

PAUL KING

(SSRL)

PG ELLER EXAFS Study of Actinide and Fission Product Speciation
FARREL W LYTLE in Nuclear Wasta Storage Media

ROBERT B GREEGOR

E M LARSON

J D PURSON :

(LOS ALAMOS NATIONAL LABORATORY}

JON ERICKSON Superconductor-Semiconductor Heterostructure Research
VICTOR REHN -

TSU-WIE NEE

CAREY SCHWARTZ

WAYNE WIEMER

AROLD K GREEN

SANDY LANGSJOEN

PHILLIP LAROE

(NAVAL WEAPONS CENTER)

FRANK G BRIDGES EXAFS Study of Off-Center Behavior and Aggregation in
JAMES B BOYCE Difute Immissible Systems

(UNIVERSITY OF CALIFORNIA)

JOHN P LANGMORE Synchrotron Studies of Ordered Chromatin Fibers for
BRIAN D ATHEY Model Calculations

SHAWN WILLIAMS

MICHAEL F SMITH

(UNIVERSITY OF MICHIGAN})
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2042M 10/12/87

2043V 10/12/87

2044Mp  11/5/87

2045M 11/5/87

2046M 11/5/87

2047B 11/16/87

2048B 11/16/87

2049Mp  3/1/88

2050B 3/1/88

2051Bp  3/1/88

ERIC SIROTA Synchrotron Scattering Studies of Dilute Membrane Systems
N A CLARK .

C R SAFINYA

GREG S SMITH

(EXXON RESEARCH & ENGINEERING)

PIETRO CHIARADIA Schottky Barrier Formation in GaP Single Crystals

GIORGIO MARGARITONDO

LJ BRILLSON

(UNIVERSITA DI ROMA)

"J KAHN Direct Scattering Studies of Surface Premelting

PAUL H FUOSS

ARTHUR BIENENSTOCK
LAURA NORTON

SEAN BRENNAN
(STANFORD UNIVERSITY)

MARYBETH RICE Grazing Incidence X-Ray Scattering Study of Ge Epitaxy on Mo
ARTHUR BIENENSTOCK

PAUL H FUOSS

LANE C WILSON

(STANFORD UNIVERSITY)

BCOLELLA X-Ray Study of Charge Density Waves (CDW'’s) in Layer
QZHAO Compounds
(PURDUE UNIVERSITY)

JAMES E PENNER-HAHN X-Ray Absorption Spectroscopy of the MER-R Gene Product
RICHARD FRONKO

HIM-TAI TSANG

DIANA RALSTON

THOMAS V O'HALLORAN

JEFF WRIGHT

(UNIVERSITY OF MICHIGAN)

JAMES E PENNER-HAHN - X-Ray Absorption Spectroscopy of Galactose Oxidase
ROBERT KERTAYASA

RICHARD FRONKO

JAMES W WHITTAKER

(UNIVERSITY OF MICHIGAN)

EARREL W LYTLE Catalyst Characterization by X-ray Absorption Spectroscopy
EDWARD C MARQUES

ROBERT B GREEGOR

(BOEING COMPANY)

R PAUL PHIZACKERLEY Laue Diffraction Trials with Protein Crystals on PEP
MICHAEL SOLTIS

JANOS HAJDU

(SSRL)

BRIAN J HALES X-Ray Absorption of Vanadium and Tungsten Nitrogenases
STEPHEN P CRAMER and Storage Proteins

CATHY COYLE

GRAHAM N GEORGE

(LOUISIANA STATE UNIVERSITY)
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2053Mp 3/10/88 GM N Physical and Electronic Structure of Support Bimetallic
JOHN H SINFELT Catalysts
GRAYSON H VIA
FARREL W LYTLE
~ (EXXON RESEARCH & ENGINEERING)

2055M 3/15/88 T MHAYES Shallow and Deep Donors in Ga, Al As Semiconducting
P GIBART Alloys
D L WILLIAMSON
(RENSSELAER POLYTECHNIC INSTITUTE)

2056Mp 3/15/88 HKMAO Measurements in the Terapascal Range and Hydrogen
J H UNDERWOOD Moetallization
ALBERT C THOMPSON
A P JEPHCOAT
RUSSELL J HEMLEY
Y WU
(CARNEGIE INSTITUTE)

2058M  3/15/88 DANIEL A SCHERSON In-Situ EXAFS Transition Metal Macrocycles Adsorbed on
PHILIP N ROSS Electrode Surfaces
(CASE WESTERN RESERVE UNIVERSITY)

2059M 3/15/88 Ml EY X-Ray Scattering of Amorphous and Hydrogenated Amorphous
C PAUL H FUOSS Carbon Thin Films
SEAN BRENNAN
(IBM RESEARCH LABORATORY)

2060Bp 3/15/88 LINDA S POWERS Structure-Function Studies of the Active Site of Lignases,
M TIEN Peroxidases, and Models
J BUMPUS
J LU
S AUST
(UTAH STATE UNIVERSITY)

2061M 3/17/88 QWEN MELROY Electrochemically Deposited Metal Monolayers: Structure,
MIKE TONEY Compressibility and Growth
(IBM RESEARCH LABORATORY)

2062Mp 3/17/88  WILLIAM K WARBURTON Structural Improvements in Multilayers for Instrumentation
PAUL PLAG Applications
EDWARD FRANCO ‘

(X-RAY INSTRUMENTATION ASSOCIATION)

2063Mp 3/17/88 HOWARD D DEWALD Characterization of Electrochemical Processes by X-Ray
Absorption Spectroscopy
(OHIO UNIVERSITY)

2064M 3/21/88  1AN D RAISTRICK X-Ray Absorption Studies of Bimetallic Electrocatalysts
STEVE D CONRADSON  for C, Oxidation
ANTONIO REDONDO
{LOS ALAMOS NATIONAL LABORATORY)

2065M 3/24/88 ALBERT C THOMPSON  Elemental X-Ray Imaging with PEP Using an X-Ray Microscope
ROBERT D GIAUQUE
Y wWu
J H UNDERWOOD
(LAWRENCE BERKELEY LABORATORY)
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2067M  4/21/88

2068Bp  5/7/88

2069Mp  5/7/88

20708 9/2/88

2071Bp  9/13/88

2072M 9/13/88

2073Mp 8/31/88

2074Vp  9/13/88

2075M 9/13/88

2076Mp  9/13/88

JAMES E PENNER-HAHN X-Ray Absorption Spectroscopy of Transformation-Toughened
I-WEI CHEN Zirconia Ceramics

TY TIEN

(UNIVERSITY OF MICHIGAN)

JAMES E PENNER-HAHN X-Ray Absorption Spectroscopy of Phthalate Dioxygenase and
HIM-TAI TSANG Soybean Lipoxygenase

MAX O FUNK

CHRISTOPHER J BATIE
DIMITRI COUCOUVANIS
DAVID P BALLOU
(UNIVERSITY OF MICHIGAN)

ME ENNER- XAS of Metal-Sulfur Clusters Supported on Metal Oxide Surfaces
M DAVID CURTIS
(UNIVERSITY OF MICHIGAN)

MARTHA LUDWIG Multiple-Wave Length X-Ray Diffraction Analysis of Phthalate
HENRY BELLAMY Oxygenase Reductase

ETHAN A MERRITT

R PAUL PHIZACKERLEY

CARL C CORRELL

(UNIVERSITY OF MICHIGAN)

E A STERN Measurements on Focussed X-Rays for use with Microsecond
AARON LEWIS Resolved XAFS

DAN THIEL

PETERIS LIVINS

(UNIVERSITY OF WASHINGTON)

J KRIM Surface Melting of Xenon Adsorbed on Au(111)

C L WANG

MIKE TONEY

R CHIARELLO

(NORTHEASTERN UNIVERSITY)

JEFF J HOYT Phase Separation in Fe-Ni

K C RUSSELL

F A GARNER

(WASHINGTON STATE UNIVERSITY)

BRAD PATE Electronic and Geometric Properties of Impurities ON/IN Carbon
INGOLF LINDAU

WILLIAM E SPICER

J WU

(WASHINGTON STATE UNIVERSITY)

GLENN A WAYCHUNAS Characterization of Ferrihydrite Reactive Surface Sites and
JAMES A DAVIS Structure

BRIGID A REA

CHRISTOPHER C FULLER

(STANFORD UNIVERSITY)

GLENN A WAYCHUNAS Investigation of Short Range Order in Mineralogical Solid
RICHARD J REEDER Solutions

CHARLES R ROSS

WAYNE A DOLLASE

(STANFORD UNIVERSITY)
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2077M  2/1/89

2078V 3/1/89

2079Bp  3/1/89

2080M  3/1/89
2081Mp  3/7/89

2082Vp  3/7/89

2083M 3/7/89

2084M  3/7/89

2085M 3/14/89

2086Mp  3/15/89

2088M  3/15/89

M SAMANT SEXAFS and Surface X-Ray Diffraction Study of Self-Assembled
CHARLES A BROWN Monolayers on Gold Surfaces

GARY BORGES

JOSEPH G GORDON

(IBM RESEARCH LABORATORY)

DAVID B KERWIN X-Ray Iinduction of Charge Trapping Defects in Amorphous SiO,
FRANK L GALEENER

(COLORADO STATE UNIVERSITY)

KEITH O HODGSON XAS Structural Characterization of the Active Center in the
SCOTT ENSIGN Rhodospirillum rubrum Carbon Monooxide Dehydrogenase
PHILIP J STEPHENS Enzyme

PAUL W LUDDEN

MARIE-CLAIRE MCKENNA

BRITT HEDMAN

(SSRL)

DANIEL A SCHERSON In-Situ EXAFS Transition Metal Macrocycles Adsorbed
PHILIP N ROSS on Electrode Surface
(CASE WESTERN RESERVE UNIVERSITY)

B FACTOR Giancing Angle Diffraction Studies on Polymar Films
THOMAS P RUSSELL
(STANFORD UNIVERSITY)

Dynamics of Atomic Inner-Shell Processes
GEORGE S BROWN
A F KODRE
ROGER CARR
J RUSCHEINSKI
S J SCHAPHORST
(UNIVERSITY OF OREGON)

G FARAC! Rare Gas Clusters
A TERRASI

S LA ROSA

(UNIVERSITA DI CATANIA)

A Small Angle X-Ray Studies of Phase Separation During Bulk
JEFF T KORBERSTEIN Copolymerization
CHRIS MACOSKO
(UNIVERSITY OF MINNESOTA)

JHOMAS P RUSSELL Glancing Angle Diffracﬁon Studies on Liquid Crystalline
B FACTOR Polymers
(IBM RESEARCH LABORATORY)

PULAK DUTTA Diffraction Studies of Organic Monolayers on Water
TOM BOHANON (Langmuir Films)

BINHUA LIN

MINGCHIH SHIH

(NORTHWESTERN UNIVERSITY)

MARYBETH RICE Anomalous Small Angle X-Ray Scattering Study of
ARTHUR BIENENSTOCK  Amorphous Metal-Germanium

S WAKATSUKI

(STANFORD UNIVERSITY)
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2089Mp

2090Mp

2091Mp

20928

2093Vp

2094V

2095V

2096B

2097B

2098B

2099M

3/15/89

3/15/89

3/15/89

3/15/89

3/15/89

3/15/89

3/15/89

3/30/89

9/10/89

9/10/89

9/10/89

TOM KENDELEWICZ Surface EXAFS of Epitaxial Semiconductor Interfaces
WILLIAM E SPICER - N ‘

JOE WOICIK

PIERO PIANETTA

INGOLF LINDAU

(STANFORD UNIVERSITY)

- Fluorescence EXAFS Applied to the Study of Impurity Site
W WALUKIEWICZ Location in Heavily-Doped Ill-V. Compounds
J JAKLEVIC
(LAWRENCE BERKELEY LABORATORY)

SR STOCK Strain Mapping and Crystal Characterization Using Synchrotron
TS GROSS Radiation Polychromatic Topography

J D PLUMMER

ABLEE

ZOPHIA U REK

Y H CHUNG

" (GEORGIA INSTITUTE OF TECHNOLOGY)

LINDA S POWERS Structure <-> Function Studies of RNA Polymerase from E. colf
F.Y-H. WU
(UTAH STATE UNIVERSITY)

JON ERICKSON In-Situ Measurements of Quantum Well Defects and Impurities
CAREY SCHWARTZ

TERI COLE '

VICTOR REHN

(NAVAL WEAPONS CENTER)

Photoelectron Microscopy
ANNE BORG
PAUL KING
GORDON KNAPP
(SSRL)

PIEROQ PIANETTA Synchrotron Radiation Studying Ultra-thin Superlattice Band
X YANG Structures
(SSAL)

JANET L SMITH Measurement of Muitiwavelength Diffraction Data from
Glutamine PRPP Amidotransferase Crystals
(PURDUE UNIVERSITY) »

JOHN E KUO Structural Investigation of Terbium Chelates in Aqueous
CONG-YUAN GUO Solution by X-Ray Absorption Spectroscopy
(UNIVERSITY OF MISSOURI-COLUMBIA) '

J HENEMARK Mo K and L Edge Spectroscopy of Cyanide Inhibited Sulfite
M D CARDUCCI Oxidase and Mode! Compounds

STEPHEN P CRAMER

(UNIVERSITY OF ARIZONA)

GUANG ZHANG Study of Framework Demetallation of CoAPO and FAPO
GARY-S MONDO . Molecular Sieves by X-Ray Absorption Spectroscopy, X-Ray

Diffraction and Diffuse Reflectance Spectroscopy
(CHEVRON RESEARCH COMPANY) .
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2100Mp  9/10/89

9/10/89

9/10/89

2103Vp 9/10/89

9/10/89

9/19/89

9/19/89

9/28/89

GUANG ZHANG X-Ray Absorption Investigation of Metal Binding Sites in
GARY S MONDO Crude Oil and Petroleum Products
(CHEVRON RESEARCH COMPANY)

Structural Studies of the Blue Form of the Purple Membranes
D ELIEZER
N GILLIS
S WAKATSUKI
KEITH O HODGSON
(STANFORD UNIVERSITY)

KEITH O HODGSON Anomalous Dispersion Scattering Studies of Metal Clusters in
S WAKATSUKI Biological Systems '

N GILLIS

SEBASTIAN DONIACH

D ELIEZER

(SSAL)

< X SHEN Photocemisslon Study of High T, Superconductors and Related
INGOLF LINDAU Materials

WILLIAM E SPICER

(STANFORD UNIVERSITY)

ULRICH KUSTHARDT XAS Structural Characterization of Vanadium Bromoperoxidase
BRITT HEDMAN

KEITH O HODGSON

HANS VILTER

(TU MUNCHEN)

Damage and Crack Closure in Composite and Monolithic

S B STOCK

T M BREUNIG Materials

S D ANTOLOVICH

ZOPHIA U REK

(GEORGIA INSTITUTE OF TECHNOLOGY)

JEFFREY T BOLIN Measurement of Nitrogenase Muitiwavelength Anomalous
NINO CAMPOBASSO Ditfraction Data

WLADEK MINOR

R PAUL PHIZACKERLEY

(PURDUE UNIVERSITY)

DANIEL A SCHERSON In Situ EXAFS Transition Metal Macrocycles Adsorbed on
PHILIP N ROSS Electrode Surfaces
(CASE WESTERN RESERVE UNIVERSITY)

LETTERS OF INTENT

9034 6/1/88

9035 6/1/88

JOE WOICIK In Situ Surface EXAFS Studies of Ge/Si(111), Ge/Mo(110}, and
PIERO PIANETTA Model Metal Semiconductor Interfaces

FABIO COMIN

TOM KENDELEWICZ

(NIST)

Glancing Angle Diffraction Studies of Polymer Films
B FACTOR

(IBM RESEARCH LABORATORY)
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9036 6/1/88 SRSTOCK Microtomography of Damage in Cu-1% Sb Deformed at Elevated

ZOPHIA U REK Temperatures
QUINTIN C JOHNSON
MONTE NICHOLS
ULRICH BONSE
JOHN H KINNEY
(GEORGIA INSTITUTE OF TECHNOLOGY)
9037 6/1/88 RCOLELLA Overhauser’s Theory of Charge Density Waves
Q ZHAO
STEPHEN M DURBIN
(PURDUE UNIVERSITY)
9038 6/1/88 STUART RICE Properties of Liquid Surfaces and Ampiphile Monolayers
Supported on Liquid Surfaces
(UNIVERSITY OF CHICAGO)
9041 i1/10/88 TH S ] Testing of 1-4 Detector as Replacement Polymers
(/IBM RESEARCH LABORATORY) '
9042 3/23/88 ALICE P GAST Polymer and Colloidal Structure In Solution
(STANFORD UNIVERSITY)
PRT PROPOSALS
1001 1/1/86 GRAHAM N GEORGE EXXON PRT Time BL 6
C R SAFINYA

(EXXON RESEARCH & ENGINEERING)

9900 1/1/85 PHILIP N ROSS Lawrence Berkeley Laboratory PRT Time BL 6
(LAWRENCE BERKELEY LABORATORY)

9901 1/1/85 MJ WEBER National Labs/University of California PRT Time BL 8
(LAWRENCE LIVERMORE NATIONAL LABORATORY)

9902 9/1/88 MJ WEBER National Labs/University of California PRT Time BL 10
(LAWRENCE LIVERMORE NATIONAL LABORATORY)

ROTATI ME

Access to the rotation camera facility for protein crystallography is through the submittal of a brief application which is
reviewed by the Biology Sub-panel of the PRP on a short turnaround basis, The 15 rotation camera proposals active in

1989 are listed below.

1A82B  3/1/88 MICHAEL N G JAMES ngh' Resolution Crystal Structure of Human Kidney Renin
(UNIVERSITY OF ALBERTA)

1A83B  8/1/88 ESCOTT MATHEWS Methylamlnb Dehydrogenagse-Amicyanin Complex
LONGYIN CHEN
(WASHINGTON UNIVERSITY)
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1A84B

1A86B

1A87B

1A88B

1A92B

1A93B

1A94B

1A95B

1A96B

1A97B

3/1/88

3/1/88

3/21/88

4/1/88

3/1/89

3/1/89

3/14/89

3/1/89

3/23/89

3/23/89

Ll

'MAQSUD RAHMAN

MICHAEL G ROSSMANN
(PURDUE UNIVERSITY)

LILIANG

R PAUL PHIZACKERLEY
DONGSHENG LIU
(IHEP)

JOHN E JOHNSON
ZHONGGUO CHEN
JEAN CAVARELL}
PAUL SEHNKE
JEAN-PIERRE WERY
(PURDUE UNIVERSITY)

MING LUQ

S VL NARAYANA
GILLIAN M AIR
PAT BOSSART

Structure of an Enzyme Substrate Analog Complex

Diffraction Data Collection of R-Phycoerythrin

Data Collection from Plant Viruses (with partially ordered RNA)
and Insect Viruses

Structures of Viruses and Virus Proteins

(UNIVERSITY OF ALABAMA-BIRMINGHAM)

W COOK
STEVEN EALIC

Molecular Structure of Caimodulin-Melittin and Calmodulin-
Trifluoroperazine Complexes

(UNIVERSITY OF ALABAMA-BIRMINGHAM)

LA

Structures of Electron Transfer Proteins

{CALIFORNIA INSTITUTE OF TECHNOLOGY)

PARTHO GHOSH
MICHAEL SHUSTER
ROBERT M STROUD

Crystal Structure of Transmembrane lon Channels: Colicin la
and the Nicotinic Acetylcholine Receptors

(UNIVERSITY OF CALIFORNIA)

CHRIS HILL
DUILIO CASCIO
HERMAN SCHREUDER

Structure of Crystalline Proteins

(UNIVERSITY OF CALIFORNIA)

BART DE VOS
CHARLES EIGENBROT
MARK ULTSCH
MIKE RANDAL

Structure of Human Growth Hormone in (hGH): its Receptor
and Complexs

(GENENTECH, INCORPORATION)

UNG-
JAY PANDIT
ANDREW BOHM
CHULHEE KANG
HYUNHO CHUNG

LAO and Histidine J Proteins

(UNIVERSITY OF CALIFORNIA)
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1A98B  3/23/89 SUNG-HOU KIM GTP Comploxes of Normal and Transforming ras Proteins
HYUNHO CHUNG
WHANCHUL SHIN
MIKE MILBURN
LIANG TONG
(UNIVERSITY OF CALIFORNIA)
2A00B  3/15/89 - Immunoregulatory Hormones (i}
ANDREW BOHM
JAY PANDIT
LIANG TONG »
(UNIVERSITY OF CALIFORNIA)

2A01B  3/23/89 HANS E PARGE Proposal to Collect Crye-crystailographic Data on Pilin, a
THONG Fibre Forming Proteln from N. gonorrhoeae
DUNCAN E MCREE
S MYLVAGANAM
D CHRISTENSEN
JOHN A TAINER
ELIZABETH D GETZOFF-
(RESEARCH INSTITUTE OF SCRIPPS CLINIC)

RAPID TURNAROUND EXAFS

Up to 30% of the time on one of the bending magnet beam lines is reserved for rapid turnaround EXAFS experiments.
Both a novice and an experienced user mode is available on the basis of a short application form.

1E00 5/1/88 JAMES PENNER-HAHN  Destermination of the Structure of 2-cyanocethyl! Zine lodide In
PAUL KNOCHEL THF Solutions
(UNIVERSITY OF MICHIGAN)

1E02 5/1/88 CRAIG E BARNES EXAFS Characterization of Discrete Surface Bound Rhodum
JAMES E PENNER-HAHN Catalysts
(UNIVERSITY OF TENNESSEE)

1E03 6/1/89 MARK R ANTONIO Cation Distribution and Valence in Iron-Titanium Oxides with
R G TELLER the Pseudobrockite Structure
(BP AMERICA)

1E04 3/3/89 BRUCE M BIWER Hydrated Glass Structure
JOHN K BATES
WILLIAM L EBERT
(ARGONNE NATIONAL LABORATORY)
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Section VIII

SSRL Experimenters and Proposals by Institution







U.S. CORPORATIONS:

U.S. LABORATORIES:

U.S. UNIVERSITIES:

VIil. SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTIONS

As of December 31, 1989 there were 519 experimenters from 126 institutions officially involved with active
proposals at SSRL. In addition, over a 100 others (graduate students, etc.) participated in work at the labora-
tory in collaboration with these scientists. The 102 United States Institutions inciuded 67 Universities, 21
private companies and 14 government laboratories.

Amoco Corporation, ARACOR, AT&T Bell Laboratories, Becton Dickinson & Co. Rsch.
Cntr., Boeing Company, BP America, Chevron Research Company, Eastman Kodak
Research Laboratory, Enraf-Nonius Company, EPRI, Exxon Research & Engineering,
Genentech, Inc., Hewlett Packard Laboratories, IBM Research Laboratery, Martin
Marietta, Schiumberger Doll Research, Sematech, Surface Science Instruments, The
Aerospace Corporation, X-Ray Instrumentation Associates, Xerox

Argonne National Laboratory, Brookhaven National Laboratory, Lawrence Berkeley
Laboratory, Lawrence Livermore National Laboratory, Los Alamos National Laboratory,
Naval Research Laboratory, Naval Weapons Center, National Institute and Standards
of Technology, Oak Ridge National Laboratory, Pacific Northwest Laboratory, Sandia
National Laboratory, Stanford Synchrotron Radiation Laboratory, US Geological
Survey Water Resources Division, USDA/Western Regional Research Center

Ambherst College, Arizona State University, Boston University, Brigham Young Univer-
sity, Brown University, California Institute of Technology, California State University,
Carnegie Institute, Carnegie Mellon University, Case Western Reserve University, City
University of New York, Colorado School of Mines, Colorado State University, Colum-
bia University, Cornell University, Florida-Atlantic University, Georgetown University,
Georgia Institute of Technology, Harvard Medical School, Harvard University, lllinois
institute of Technology, Louisiana State University, Massachusetts Institute of Tech-
nology, North Carolina State University, Northeastern University, Northwestern
University, Ohio State University, Ohio University, Pennsylvania State University, Prin-
ceton University, Purdue University, Rensselaer Polytechnic Institute, Research
Institute of Scripps Clinic, Stanford University, State University-New York, University
City Science Center, University of Alabama-Birmingham, University of Arizona,
University of California, University of Chicago, University of Cincinnati, University of
Colorado, University of Connecticut, University of Geo:gia, University of Hawaii,
University of lllinois, University of Kentucky, University of Michigan, University of Min-
nesota, University of Mississippi, University of Missouri-Columbia, University of New
Hampshire, University of New Mexico, University of Notre Dame, University of Oregon,
University of Pennsylvania, University of South Carolina, University of South Florida,
University of Southern California, University of Tennessee, University of Toledo, Uni-
versity of Washington, University of Wisconsin, Utah State University, Washington
Stata University, Washington University, West Virginia University

Alcan International Limited, Chalmetrs Institute of Technology, CNRS, Electrotechnical
Laboratory, European Synchrotron Radiation Facility, HC Orsted Institute, IHEP, Karo-
linska Institute, McGill University, Medical Nobel Institute, Mitsubishi Petrochemical
Co., Ltd., Oxford University, Riso National Laboratory, Simon Fraser University, The
University of Manchester, TU Munchen, Universita di Brescia, Universita di Catania,
Universita di Roma, Universitat Bayreuth, Universitat Bonn, University of Alberta,
Universitat Dortmund, University of Sussex
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SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTION
UNITED STATES INSTITUTIONS

Y 1053 MAX W HILL 1069,2021
DAVID M DOOLE NOLAN MANGELSON 1069,2021
LER 1E03 BROOKHAVEN NATIONAL LABORATORY.
RGTEL 'STEPHEN P CRAMER 969,981,1030
ARACOR 1040,1084,1089
EDWARD FRANCO 2062 1092,2051,2098
PAUL PLAG 2062 LDaGIBBS 2017
STEVE M HEALD 1072,1073,1074
S M KHALID 1043
T GROY 2020 BENJAMIN OCKO 2017
SHLIN 2020 M SUENAGA 1073
HOONOVER 2020 W THOMLINSON 1046
JRSC J M TRANQUADA 1073,2005
EEALP 2012
JOHN K BATES 1E04 M ALTMAN 997
BRUCE M BIWER 1E04 P J ESTRUP 997
WILLIAM L EBERT 1E04
GOPAL K SHENOY 2012
L SODERHOLM 2042 SUNNEY | CHAN 1067
JAMES P VICCARO 1074 N SLEWIS 1078
P MARK LI 1067
AT&T BELL LABORATORIES DOUGLAS C REES 1A93
PAUL H FUOSS 1095,1096,2044
2045,2059 CALIFOBNIA STATE UNIVERSITY
D W KISKER 1095,1096 S ARNOLD 1099,2000
LAURA NORTON 1095,1096,2044 C BUSTILLO 1099,2000
| K ROBINSON 997,1094 D HELMOLDT 1099,2000
R ITHNIN 1099,2000
M CHEN LE| 1099,2000
ALI NAQUI 1043 J SATCHER 1099,2000
BOEING COMPANY ,
ROBERT B GREEGOR 956,1097,2021 RUSSELL J HEMLEY 1059,2056
20382049 H K MAO 1059,1064,2056
FARREL W LYTLE 956,1069,1097 A P JEPHCOAT 2056
’ 2021,2028,2038
2049,2053
EDWARD C MARQUES 2049 R F HAINSEY 2014
J D SHINDLER 2014
BOSTON UNIVERSITY ROBERT M SUTER 2014
KARL F LUDWIG 1008 JAMES W WHITTAKER 2048
QE_AﬁBJ_QA T NIVE
MARK R ANTONIO 1E03 M IKEDA-SAITO 1083
, DANIEL A SCHERSON 1098,2058,2080
2107
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SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Continued)

GARY S MONDO 2099,2100

GUANG ZHANG 1043,2099,2100

CITY UNIVERSITY OF NEW YORK

PEDRO A MONTANO 2012

N WADA 1092

D L WILLIAMSON 1091,2055

FRANK L GALEENER 2078

DAVID B KERWIN 2078

MARIANNE CUFF 1087

WAYNE A HENDRICKSON 1087

JOHN HORTON 1087

STEVAN R HUBBARD 1012,1087

STEPHEN J LIPPARD 2030

HM KRISHNA MURTHY 1087

ARNO PAHLER 1087

WILLIAM E ROYER 1087

WEI YANG 1087

J D BROCK 2002

AARON LEWIS 2071

DAN THIEL 2071

TERESA A SMITH 2033

JAMES C PHILLIPS 2007

EPRI

HOWARD OCKEN 2028

M WW ADAMS 1030

CATHY COYLE 2051 ‘

GRAHAM N GEORGE 1001,1030,1083
1084,1089,2051

KENG S LIANG 1001

G MEITZNER 2053

V MINAK 1030

JM NEWSAM 1001

ROGER C PRINCE 1083,1084

EXXON BESEARCH & ENGINEERING - (Continued)

C R SAFINYA 1001,2042
JOHN H SINFELT 1001,2053
S K SINHA 1001
ERIC SIROTA 2042
GREG S SMITH 2042
EDWARD | STIEFEL 1030
GRAYSON H VIA 1001,2053
ELORIDA-ATLANTIC UNIVERSITY
FRANK A SCHULTZ 1055
BART DE VOS 1A96
CHARLES EIGENBROT 1A96
MIKE RANDAL 1AS6
MARK ULTSCH 1A96
MARK CHANCE 1042
S D ANTOLOVICH 2015,2105
T M BREUNIG 2105
Y H CHUNG 2091
R H FELTON 1068
ABLEE 2091
S R STOCK 2015,2091,2105
9036

G WEBB 2015
HARVARD MEDICAL SCHOOL
DAVID AULD 1042
BARTON HOLMQUIST 1042
JAMES RIORDAN 1042
B VALLEE 1042
C M FRIEND 1080
ACLIU 1080
J T ROBERTS 1080
ALICE FISCHER-COLBRIE 1093
STEPHEN LADERMAN 1093
JMOLL 1083
GARY BORGES 2077
CHARLES A BROWN 2077

" CURT ERICKSON 1021
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SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Continued)

1BM RESEARCH LABORATORY - (Confinued)

JOSEPH G GORDON 2077

TING C HUANG 1021

OWEN MELROY 2003,2061

S S P PARKIN 1099,2000

WILLIAM PARRISH 1021

THOMAS P RUSSELL 2009,2081,2085
9035,9041

M SAMANT 2077

JOACHIM STOHR 963,2009

MIKE TONEY 2003,2059,2061
2072

HEATHER CHEN 1072

JV ACRIVOS 1099,2000

VICKIE DEROSE 2010

SUSAN DEXHEIMER 2010

ROBERT D GIAUQUE 2065 .

R GUILES 2010

PHILIP A HEIMANN 943

TONY HUFF 943

ZAHID HUSSAIN 943

J JAKLEVIC 2090

MELVIN P KLEIN 2000,2010

JEFFREY B KORTRIGHT 2018

KIN MAN-YU 2090

ANN MCDERMOTT 2010

EDDIE MOLER 943

PHILIP N ROSS 1098,2058,2080
2107,9900

KENNETH SAUER 2010

DAVID A SHIRLEY 943

DAVID H TEMPLETON 9567

L K TEMPLETON 957

ALBERT C THOMPSON 1046,2056,2065

J H UNDERWOOD 2056,2065

WLADYSLAW WALUKIEWICZ 2080

LI-QUING WANG 943 .

ALEXIS SCHACH V WITTENAU
943

Y WU ~ 2056,2065

JL ZIMMERMANN 2010

LAWRENCE LIVERMORE NATIONAL
LABORATORY

J AKELLA 1064
NANCY DEL GRANDE 9901
JOHN HENDERSON 2013

LAWRENCE LIVERMORE NATIONAL
LABORATORY - (Continueo)

QUINTIN C JOHNSON 1064,9036
DON KANIA 2011
JOHN H KINNEY 9036
DAVE KNAPP 2013

EM LARSON 2038

G S SMITH 1064
GLENN TIRSELL 9901

J TREBES 2011

C L WANG 2072
MARVIN J WEBER 9901,9902
LOS ALAMOS NATIONAL LABORATORY
ROGER J BARTLETT 2013
TOM BOWLES 2013
STEVE D CONRADSON 2023,2024,2064
P G ELLER 2038 '
ZACHARY FISK 2023
JOYCE A GOLDSTONE 2016
GEORGE KWEI 2016
ANDREW C LAWSON 2016
RICH MARTIN 2013

J D PURSON 2038

IAN D RAISTRICK 2023,2064
ANTONIO REDONDO 2023,2064
HAMISH ROBERTSON 2013
ALFRED SATTLEBERGER 2024
BASIL SWANSON 2024
WALTER J TRELA 2013
ROBERT B VONDREELE 2016
DAVE WARK 2013
JOHN WILKERSON 2013

ART WILLIAMS 2016
BRIAN J HALES 2051

F M KUSTAS 1091
MASSACHUSETTS INSTITUTE OF
IECHNOLOGY

ROBERT H BEER 2030
JAMES G BENTSEN 2030
ROBERT J BIRGENEAU 997,2002
J D LITSTER 2002

K C RUSSELL 2073

E D DONOVAN 973

G KHUBLER 973
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SSRL EXPERIMENTERS AND PROPOSALS BY'INSTITUTION E {Continued)

NAVAL WEAPONS CENTER

TERI COLE
JON ERICKSON
AROLD K GREEN

- SANDY LANGSJOEN
PHILLIP LARCE
TSU-WIE NEE
VICTOR REHN
CAREY SCHWARTZ
WAYNE WIEMER

NATIONAL INSTITUTE OF STANDARDS AND

JECHNOLOGY
MIBELL

CHARLES E BOULDIN
‘R A FORMAN

JOE WOICIK

DALE E SAYERS .

R CHIARELLO
J KRIM

TOM BOHANON
PULAK DUTTA
BINHUA LIN

THOMAS V O’'HALLORAN

DIANA RALSTON
MING-CHIH SHIH
JEFF WRIGHT

2093
2039,2093
2039
2039

2039

2039
2039,2093
2039,2003
2039

973

973

973
2089,9034 .

1074

2072
2072

2086
2086
2086
2047
2047
2086 .
2047

QAK RIDGE NATIONAL LABORATORY

S SPOONER
DAVID M ZEHNER

OHIO STATE UNIVERSITY

JAMES O ALBEN
ALLAN A CROTEAU
FRANK G FIAMINGO
CRAIG F HEMANN
RUSSELL HILLE
KIMBERLY A POWELL

QHIO UNIVERSITY
HOWARD D DEWALD

1
F A GARNER

1018,2006
2017

981
981
981
981
1040

981

2063

2073

R G JENKINS 956
M TIEN 2060
J T GROVES 1085
M STERN 1085
JEFFREY T BOLIN 2106
NINO CAMPOBASSO 2106
JEAN CAVARELLI 1A87

- ZHONGGUO CHEN 1A87
R COLELLA 2046,9037
STEPHEN M DURBIN 9037
JOHN E JOHNSON 1A87
WLADEK MINOR 2106
MAQSUD RAHMAN 1A84
WILLIAM J RAY 1A84
MICHAEL G ROSSMANN 1A84

| PAUL SEHNKE 1A87
JANET L SMITH 2096
JEAN-PIERRE WERY 1A87
Q ZHAO ’ 2046,9037
BENSSELAER POLYTECHNIC INSTITUTE
TMHAYES 1091,2055
D CHRISTENSEN 2A01
ELIZABETH D GETZOFF ~ 2A01
T HONG 2A01
DUNCAN E MCREE 2A01
S MYLVAGANAM 2A01
HANS E PARGE 2A01 -
JOHN A TAINER 2A01
SANDIA NATIONAL LABORATORY
GLENN KUBIAK 2026
JEFF NELSON 2026
MONTE NICHOLS 9036
RICHARD H STULEN 2026
SCHLUMBERGER DOLL RESEARCH
D RHINES 1092
JAMES HOWARD 1089,1092
WILLIAM MURPHY 1089
JULIA PECK 1089
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SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Continued)

SEMATECH
DANIEL SELIGSON

2037

STANFORD SYNCHROTRON BADIATION

LABORATORY
HENRY BELLAMY
ARTHUR BIENENSTOCK

ANNE BORG
SEAN BRENNAN

GEORGE S BROWN
ROGER CARR
BRITT HEDMAN

KEITH O HODGSON

INGOLF LINDAU
R PAUL PHIZACKERLEY

PIERO PIANETTA

ZOPHIA U REK

MICHAEL SOLTIS
TERESA TROXEL

MICHEL BOUDART
GORDON E BROWN, JR
KRISTINE BUTCHER

K CHAR

JAMES P COLLMAN

R J DAVIS

DAN DESSAU
SEBASTIAN DONIACH

D ELIEZER
B FACTOR

P FRANK
ALICE P GAST

2070
1008,1048,2027
2044,2045,2088
2094
1048,2027,2044
2059
1046,2013,2082
2082
1055,2028,2030
2031,2032,2033
2034,2079,2104
995,1012,1055
1076,1078,2029
2030,2031,2032
2033,2034,2035
2079,2101,2102
2104
935,2074,2089
2103
1087,1A86,2050
2070,2106
2011,2026,2037
2089,2094,2095
2034
2015,2028,2091
2105,9036

2050

1082

1065,1071
994,985,999
1022

1093

2034

1065

935
1012,1076,2035
2101,2102,
2101,2102
1080,2027,2081
2085,8035

1055

8042

STANFORD UNIVERSITY - (Continued)

THEODORE H GEBALLE
N GiLLIS

DONALD C HARRISON
KIM F HAYES
ALBERTO HERRERA
ROBERT HOFSTADTER
JENNCHANG HWANG
W A JACKSON

J KAHN

TOM KENDELEWICZ
ROBERT KERNOFF
PAUL KING

JAMES O LECKIE
JIAN-YILIN

ROBERT J MADIX
PAUL MEISSNER

N MISSERT

KEN MIYANO

B OH

DOUGLAS OSHEROFF
JOHN OTIS
LAWRENCE PAN
GEORGE A PARKS

J D PLUMMER

C W PONADER
MARYBETH RICE

S ROTHFUS

Z X SHEN

EDWARD | SOLOMON
J SOLOMON

WILLIAM E SPICER

CHRISS SPINDT
CAROLINE STAHLE
C STANFEL

JZ SUN

GRACE TAN

G P VALENCA
ANITA WAHI

S WAKATSUKI

GLENN A WAYCHUNAS

BARRETT WELLS
Jwu

X YANG

HERBERT D ZEMAN
MATTHEW B ZISK

1079,1093
2101,2102
1046

995

935

1046

2026

999

2044
935,2089,9034
1046 ‘
2037,2094
995

1022

1080

935

1093

935

1083

1048

1046

2037

995

2091

999
2045,2088
999

935,2103
1022,2031
1080
935,2074,2089
2103

935

1048

1055

1093

2031

1071

935
1076,2035,2088
2101,2102
994,995,999
1051,1088,2075
2076

835

2074

2095

1046

2034

SSRL ACTIVITY REPORT 1989

Page 163




SSAL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Confinued)

STATE UNIVERSITY-NEW YORK

RICHARD J REEDER 2076

S WHITTINGHAM 1092

F.Y-H. WU 2092

SURFACE SCIENCE INSTRUMENTS

GORDON KNAPP 2094

THE AER ACE P 1

PAUL D FLEISCHAUER 2001

JEFFREY R LINCE 2001

UNIVERSITY CITY SCIENCE CENTER

GRANT BUNKER 1043,2022,2025

TSOO E KING 2025

KE ZHANG 2022,2025
VER - !

GILLIAN M AIR 1A88

PAT BOSSART 1A88

W J COOK 1A92

STEVEN EALICK 1A82

MING LUO 1A88

SV L NARAYANA : 1A88

UNIVERSITY OF ARIZONA

M D CARDUCC!H 2098

J H ENEMARK 1030,2098

UNIVERSITY OF CALIFORNIA

ANDREW BOHM 1A97,2A00

FRANK G BRIDGES 1079,2040

BARBARA K BURGESS 2029

DUILIO CASCIO 1A85

HYUNHO CHUNG 1A97,1A98

DOUGLAS S CLARK 2008

D DE FONTAINE 1018,2006

JONATHAN DENLINGER 2018,2019

WAYNE A DOLLASE 2076

THOMAS EARNEST 1A94

DAVID EISENBERG 1A95

B J FELDMAN 1055

PARTHO GHOSH 1A94

R MARK GUINN 2008

CHRIS HILL 1A95

ZHENG-QING HUANG 943

CHULHEE KANG 1A97 .

SUNG-HOU KIM 1A97,1A98,2A00

M KRAITCHMAN 1018,2006

DAVID A LARSON 1082

UNIVERSITY OF CALIFORNIA - (Continued)

CLIFF LING

LAURA MEDHURST
SARATH MENON

MIKE MILBURN

CRAIG OGATA
MARJORIE OLMSTEAD
JAY PANDIT
THEODORE L PHILLIPS
MICHAEL SCHELL
HERMAN SCHREUDER
WHANCHUL SHIN
DENNIS SHRIEVE
MICHAEL SHUSTER
ROBERT M STROUD
LIANG TONG

STEVEN A VAUGHN

M WIEDENMEIR

ROBERT H FAIRCLOUGH
STUART RICE
D RICHMAN

EDWARD A DEUTSCH
RICHARD C ELDER
WILLIAM R HEINEMAN
KATHERINE TEPPERMAN

UNIVERSITY OF COLORADO

N A CLARK
ROBERT POYTON

JEFF T KORBERSTEIN
UNIVERSITY OF GEORGIA

MARLY EIDSNESS
ROBERT KERTAYASA

ROBERT A SCOTT

l HAWA
MURLI H MANGHNANI
L C MING
JA XU
UNIVERSITY OF |LLINOIS
S G SLIGAR

1082

943

1018

1A98

1087
2018,2019
1A97,2A00
1082

1082

1A95

1A98

1082

1A94
1076,1A94,2035
1AS8,2A00
2029

2006

1012
9038
1012

991
922,991,1066
1066

922

2042
2025

2084

1041
2048
969,1041,1053
1067

1059,1064

1059,1064
1059

2022
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SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Continued)

UNIVERSITY OF KENTUCKY

G P HUFFMAN 956

F E HUGGINS 956

NARESH SHAH 956

UNIVERSITY OF MICHIGAN

BRIAN D ATHEY 2041

DAVID P BALLOU 2068

CHRISTOPHER J BATIE 2068

I'WEI CHEN 2067

CARL C CORRELL 2070

DIMITRI COUCOUVANIS 2068

M DAVID CURTIS 2069

W D FRASCH 1085

RICHARD FRONKO 1088,2047,2048

D GHANOTAKIS 1085

JOHN P LANGMORE 2041

MARTHA LUDWIG 2070

PAUL KNOCHEL 1E00

VLPECORARO . 1085 .

JAMES E PENNER-HAHN  1085,1088,2047
‘ 2048,2067,2068

2069, 1E00, 1E02

MICHAEL F SMITH 2041

TY TIEN 2067

HIM-TAI TSANG 1085,2047,2068

GEOFFREY WALDO 1088 ‘

SHENGKE WANG 1088

SHAWN WILLIAMS 2041

C F YOCUM 1085

IVE

CHRIS MACOSKO 2084

TONY RYAN 2084

W H SMYRL 2003

UNIVERSITY OF MISSISSIPP{ -

W CLELAND 1030

NIVER ! |

CONG-YUAN GUO 2097

JOHN E KUO 2097

UNIVERSITY OF NEW HAMPSHIRE

TS GROSS 2091

UNIVERSITY OF NEW MEXICO

THOMAS BEIN 1070

KARIN MOLLER 1070

T
" KRISHNA M CHOUDHARY 1077
UNIVERSITY OF OREGON
BERND CRASEMANN 2013,2082
A F KODRE 2082
J RUSCHEINSKI 2082
'S J SCHAPHORST 2082
S L SORENSEN 2013
S B WHITFIELD 2013
JOHN E BENCI 1081
BRITTON CHANCE 1042,1043,2022
2025
EDGAR DAVIDSON 2025
DAVID P POPE 1081
v LIN
| JOHN H DAWSON 2032
| MASANORI SONO 2032
L S SOLMONSON 1030
UNIVERSITY OF SOUTHERN CALIFORNIA
MARIE-CLAIRE MCKENNA 2079
‘ PHILIP J STEPHENS 2079
- UNIVERSITY OF TENNESSEE
CRAIG E BARNES 1E02
UNIVERSITY OF TOLEDO
MAX O FUNK 2068
I | ] |
J FREUND 1047
B HOUSER 2005
ROBERT L INGALLS 1047,2005
PETERIS LIVINS 2071
ETHAN A MERRITT 2070
E A STERN 1068,2005,2071
SCOTT ENSIGN - 2079
- PAUL W LUDDEN 2079
GIORGIO MARGARITONDO 2043
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SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Continued)

RE ES DI :
JAMES A DAVIS -1051,2075
CHRISTOPHER C FULLER 2075

BRIGID A REA 1051,2075
USDA/WESTERN REGIONAL RES CTR

W E NEWTON 1055

UTAH STATE UNIVERSITY |

S AUST 2060

J BUMPUS 2060

Jul 2 2060

LINDA S POWERS 1042,2060,2092

ASHINGT T :
JEFF J HOYT 1018,2006,2073
BRAD PATE 2074

WASHINGTON UNIVERSITY
LONGYIN CHEN - 1A83

- F SCOTT MATHEWS 1A83
LANE C WILSON _ 2045,9902
. T A IATE
WILLIAM K WARBURTON 1008,2062
XEROX :
ROBERT Z BACHRACH 959
JAMES B BOYCE 1079,2040
LJBRILLSON - 2043
ROSS D BRINGANS 959,2018,2019

m
SSRL EXPERIMENTERS AND PROPOSALS BY INSTITUTIONS

FOREIGN INSTITUTIONS
ALCAN INTERNATIONAL LIMITED (Canada) IHEP (People’s Repubhc of China)
ROLAND TIMSIT 2027 LI LIANG 1A86
| DONGSHENG LIU 1A86
CHALMERS INSTITUTE OF TECHNOLOGY
KAROLINSKA INSTITUTE (Sweden)

TORD CLAESON yehad BRITT-MARIE SJOBERG 1043
CNRS.(F MCGILL UNIVERSITY (Canada)
e trance) 2055 S G J MOCHRIE 2017
ELECTROTECHNICAL LABORATORY (Japan) | MEDICAL NOBELINSTITUTE (Sweden)
HIROYUKI OYANAGI 2022 PETER REICHARD - 1043
EUROPEAN SYNCHROTRON RADIATION MITSUBISHI PETROCHEMICAL CO. LTD. (Japan)
EACILITY (Francs) HITOSHI ASAHINA 2034
FABIO COMIN 9034 N . (Englan&)
ERIC ZIEGLER 1074 OXFORD UNIVERSITY

© 2IEG JANOS HAJDU 2050
HC ORSTED INSTITUTE (Denmark) i ABAR (Denmark)
H H ANDERSEN 1094 RISO NATIONAL LABORATORY
L F GRAABAEK 1094 JAKOB BOHR 1094
A JOHANSEN 1094 : Carad)
E JOHNSON 1094 .
L SARHOLT-KRIST 1094 DARYL CROZIER 1047,2005
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SSAL EXPERIMENTERS AND PROPOSALS BY INSTITUTION - (Continued)

THE UNIVERSITY OF MANCHESTER (England) UNIVERSITAT BAYREUTH (West Germany)
MICHAEL HART 1021 CHARLES R ROSS 2076
JU MUNCHEN (West Germany) | UNIVERSITAT BONN (West Germany)
ULRICH KUSTHARDT 2104 ‘ HANS VILTER 2104
GEORGE WILL 1021

UNIVERSITA DI BRESCIA (/taly)
MAURIZIO BELLOTTO 1021 UNIVERSITY OF ALBERTA (Canada)

, MICHAEL N G JAMES 1A82
UNIVERSITA DI CATANIA (italy)
G FARACI 2083 UNIVERSITAT DORTMUND (West Germany)
SLAROSA 2083 ULRICH BONSE 9036
A TERRASI 2083 :

- UNIVERSITY OF SUSSEX (England)

UNIVERSITA DI ROMA (italy) B E SMITH 1030
PIETRO CHIARADIA 2043
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IX PUBLICATIONS BASED ON WORK AT SSRL

S. Ahrland, K. Nilsson, I. Persson, A. Yuchi and J.E. Penner-Hahn, Formation of Gold(l) Halide and
Thiocyanate Complexes In Pyridine and Acetonitrile and the Structures of Gold(l) Solvates in These
Solvents. A Thermodynamic and EXAFS Spectroscopic Study: Inorg. Chem. 28, 1833 (1989)

N. Alberding, K.R. Bauchspiess, J.M. Tranquada, R. Ingalls and E.D. Crozier, High Pressure EXAFS Study
of High T_ Superconductors: Physica B 158, 463 (1989)

M. Ardehali, P.H. Mahowald and |. Lindau, Electronic Structure of the Ag/Si Interface: Angle-Resolved,
Energy-Dependent Photoemission Study: Phys. Rev. B 39, 8107 (1989)

M. Ardehali, P. Mahowald and I. Lindau, The Energy Dependence of the 4d Partial Photoionzation Cross
Section in Metallic Ag and Ag Atoms on Si at the Cooper Minimum and Near 4d Threshold: J. Electron
Spectrosc. Relat. Phenom. 48, 353 (1989)

J. Arthur, G.S. Brown, D.E. Brown and S.L. Ruby, Resonance Energy Shifts during Nuclear Bragg
Ditfraction of X-rays: Phys. Rev. Lett. £3, 1629 (1989)

J. Arthur, D.E. Brown, S.L. Ruby and G.S. Shenoy, Studying Hyperfine Fields with Resonant Nuclear
Diffraction of X-rays: accepted by J. Appl. Phys.

J. Arthur, The Use of Simultaneous Reflections for Precise Absolute Energy Calibration of X-Rays:
Rev. Sci. Instrum. 60, 2062 (1989)

H. Asahina, M.B. Zisk, B. Hedman, J.T. McDevitt, J.P. Collman and K.O. Hodgson, X-ray Absorption Spec-
troscopic Studies of Ruthenium-Octaethylporphyrin Dimers: J. Chem. Soc. Chem. Comm. 1360 (1989)

H. Asahina, M.B. Zisk, B. Hedman, J.T. McDevitt, J.P. Collman and K.O. Hodgson, XAS Studies of Ruthe-
nium Octaethylporphytin Dimers: Physica B 158, 217 (1989)

T.W. Barbee, Combined Microstructure X-ray Optics: Rev. Sci. Instrum. 60, 1588 (1989)

T.W. Barbee and J. Wong, EXAFS of Near Monolayer Hafnium Film: Physica B 158, 670 (1989)

T.W. Barbee, Application of Multilayer Structures to the Determination of Optical Constants In the X-
ray Constants in the X-ray and Extreme Ultra Violet Spectral Ranges: Mat. Res. Soc. Symp. Proc. 143,
197 (1989)

K.R. Bauchspiess, E.D. Crozier and R. Ingalls, The Valence Transition in SmSe: Physica B 158, 492 (1989)

J.E. Benci and D.P. Pope, Microradiography of Creep Daimage In Copper: Mat. Sci. & Eng. A 117, 51
(1989)

J.E. Benci and D.P. Pope, A Study of High Temperature Damage Processes using Microradiography:
Mat. Res. Soc. Proc. 142, 195 (1989)

A. Bienenstock, G. Brown, H. Wiedemann and H. Winick, PEP as a Synchrotron Radlation Source: Rev.
Sci. Instrum. §Q, 1393 (1989)

O. Bisi, L. Braicovich, C. Carbone, I. Lindau, I. landelli, G.L. Olcese and A. Palenzona, Chemical Bond
and Electronic States in Calcium Silicides: Theory and Compatison with Synchrotron-Radiation
Photoemission: Phys. Rev. B 40, 10194 (1989)
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J.B. Boyce, F. Bridges, T. Claeson and T. Geballe, Second Nelghbor Shells Around Cu in Oxygen-
Deficient and Transition-Metal-Doped Y,Ba,Cu,0, ,: accepted by Physica B

J.B. Boyce, F. Bridges, T.Claeson and M. Nygren, Temperature Dependence of the Local Structure of
Y,Ba,Cu,0,, with Varying Oxygen Content: An X-ray Absorption Study: accepted by Phys. Rev. B

S. Brennan, A. Bienenstock and J.E. Keem, Fluorescence Extended X-ray Absorption Fine Structure
Study of Silicon in Neodymium Iron Boron Rare-Earth Magnets: J. Appl. Phys. 65, 697 (1889)

S. Brennan and A. Bienenstock, Grazing Incidence X-ray Scattering: Res. & Dev. 31, 52 (1989)

S. Brennan, P.H. Fuoss, J.L. Kahn and D.W. Kisker, Experimental Considerations for in-Situ X-ray
Scattering Analysis of OMVPE Growth: submitted to Nucl. Instrum. Methods

F. Bridges, J.B. Boyce, T. Claeson, T. Geballe and J.M. Tarascon, Distorted Chain Sites for Co- and Fe-
Substituted Y Ba,Cu,O, ,: accepted by Phys. Rev. B

R.D. Bringans and M.A. Olmstead, Comparison of Interface Formation for GaAs-on-Si and ZnSe-on-Si:
Mat. Res. Soc. Symp. Proc. 145, 337 (1989)

R.D. Bringans and M.A. Olmstead, Bonding of As and Se to Silicon Surfaces: J. Vac. Sci. Technol. B Z
1232 (1989)

R.D. Bringans and M.A. Olmstead, Bonding of Se and ZnSe to the Si(100) Surface: Phys. Rev. B 39,
12985 (1989)

G.E. Brown and G.A. Parks, Synchrotron-based X-ray Absorption Studies of Cation Environments in
Earth Materials: Reviews in Geophysics 28, 519 (1989)

G.E. Brown, G.A. Parks and C.J. Chisholm-Brause, In-Situ X-ray Absorption Spectroscopic Studies of
lons at Oxide-Water Interfaces: Chimia 43, 248 (1989)

R. Cao, K. Miyano, T.Kendelewicz, |. Lindau and W.E. Spicer, Metallization and Fermi Level Movement
at the Cs/GaAs (110) Interfaces: Phys. Rev. B 39, 12655 (1989)

R. Cao, K. Miyano, T. Kendelewicz, {. Lindau and W.E. Spicer, Duality in Fermi Level Pinning at Cu/InP
(110) Interfaces: Phys. Rev. B 39, 11146 (1989)

R. Cao, K. Miyano, T. Kendelewicz, I. Lindau and W.E. Spicer, Fermi Level Movement at the Cs/GaAs
(110) Interfaces: Appl. Phys. Lett. 54, 1250 (1989)

R. Cao, K. Miyano, |. Lindau and W.E. Spicer, Metal Cluster Formation on GaAs (110): A Temperature
Dependence Study: J. Vac. Sci. Technol. A Z, 1975 (1989)

R. Cao, K. Miyano, |. Lindau and W.E. Spicer, Temperature Effects on Morphology, Reaction, and Fermi
Level Movement at Ga/InP(110) Interface: Solid State Commun. 70, 7 (1989)

R. Cao, K. Miyano, T. Kendelewicz, |. Lindau and W.E. Spicer, Low-Temperature Alkali Metal/ll-V
Interfaces: A Study of Metallization and Fermi Level Movement: J. Vac. Sci. Technol. B Z, 919 (1989)

R. Cao, K. Miyano, T. Kendelewicz, |. Lindau and W.E. Spicer, Interaction of Thin Ga Overlayers with InP
(110): Mat. Res. Soc. Symp. Proc. 143, 103 (1989)
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R. Cao, K. Miyano, |. Lindau and W.E. Spicer, Fermi Level Pinning at the Interfaces of Sb, Sn, and Ge on
GaAs (110) Surfaces: J. Vac. Sci. Technol. A Z, 738 (1989)

R. Cao, K. Miyano, I. Lindau and W.E. Spicer, Evidence for Two Pinning Mechanisms with Nobie Metals
on InP (110): J. Vac. Sci. Technol. A Z, 861 (1989)

R. Carr and J. Yang, Current to Frequency Converter for Electron Multiplier: Rev. Sci. Instrum. 860,
2321 (1989)

S. Caticha-Ellis, R. Boyce and H. Winick, Conceptual Design of Instrumentation to Measure the Diffrac-
tion Profile of a Single Crystal at Bragg Angle Near n/2 by Using Synchrotron Radiation: accepted by
Nucl. Instrum. Methods

T.T. Chiang, A.K. Wabhi, |. Lindau and W.E. Spicer, Annealing Ag on GaAs: Interplay Between Cluster
Formation and Fermi Level Pinning: J. Vac. Sci. Technol. B 7, 858 (1989)

C.J. Chisholm-Brause, G.E. Brown and G.A. Parks, EXAFS Investigation of Aqueous Co(lll) Adsorbed
on Oxide Surfaces In-Situ: Physica B 158, 646 (1989)

C.J. Chisholm-Brause, A.L. Roe, K.F. Hayes, G.E. Brown, G.A. Parks and J.O. Leckie, XANES and
EXAFS Study of Aqueous Ph(ll) Adsorbed on Oxide Surfaces: Physica B 158, 674 (1989)

J.L. Cole, G.O. Tan, E.K. Yang, K.O. Hodgson and E.I. Solomon, Reactivity of the Laccase Trinuclear
Copper Active Site with Dioxygen: An X-ray Absorption Edge Study: accepted by J. Am. Chem. Soc.

S.D. Conradson and 1.D. Raistrick, The Axial Oxygen Atom and Superconductivity in YBa,Cu,0,:
Science 243, 1340 (1989)

S.D. Conradson, B.K. Burgess, S.A. Vaughn, A.L. Roe, B. Hedman, K.O. Hodgson and R.H. Holm, Cyanide
and Methylisocyanide Binding to the Isolated Iron-Molybdenum Cofactor of Nitrogenase: J. Biol.
Chem. 264, 15967 (1989)

P.L. Cowan and S. Brennan, Self-Filtering Crystal Monochromators for Synchrotron X-Radiation: Rev.
Sci. Instrum. 80, 1987 (1989)

E.D. Crozier, Recent Topics in EXAFS Data Analysis: Physica B 158, 14 (1989)

J. DeWitt, B. Hedman, A. Ericson, K.O. Hodgson, J. Bentsen, R. Beer, S.J. Lippard, J. Green and H. Dalton,
X-ray Absorption Spectroscopy of Protein A of Methane Monooxygenase: Physica B 158, 97 (1989)

D.S. Dessau, Z.-X. Shen, P.A.P. Lindberg, B.O. Wells, D.B. Mitzi, |. Lindau, W.E. Spicer and A. Kapitulnik,
The Electronic Structure of Pb,Sr,CaCu,0, as Studied by Resonance Photoemission: accepted by
Physica C

D.S. Dessau, Z.-X. Shén, P.A.P. Lindberg, B.O. Wells, W.P. Ellis, A. Borg, J.-S. Kang, D.B. Mitzi,
I. Lindau, W.E. Spicer and A. Kapitulnik, Electronic Structure of Pb,Sr,CaCu,O,: Phys. Rev. B 40, 6726
(1989)

S.V. Didziulis, K.D. Butcher, S.L. Cohen and E.I. Solomon, The Chemistry of Copper Overlayers on Zinc
Oxide Single Crystal Surfaces: Model Active Sites for Cu/ZnO Methanol Synthesis Catalysts: J. Am.
Chem. Soc. 111, 7110 (1989)
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M.K. Eidsness, R.A. Scott, B.C. Prickril, D.V. DerVartanian, J. Legall, . Moura, J.J.G. Moura and,
H.D. Peck, Jr., Evidence for Selenocysteine Coordination to the Active Site Nickel in the [NiFeSe]
hydrogenases from Desulfovibrio baculatus: Proc. Natl. Acad. Sci. USA 86, 147 (1989)

W.P. Eliis, A.M. Boring, J.W. Allen, L.E. Cox, R.D. Cowan, B.B. Pate, A.J. Arko and |. Lindau, Valence-
Band Photoemission Intensities in Thorium Dioxide: Sold State Commun. 72, 725 (1989)

R.D. Feldman, P.H. Fuoss, R.F. Austin, J.L. Kahn, L.J. Norton and S. Brennan, Hg, Cd Te/Hg, Zn Te
Superlattices with Constant Hg Content: Appl. Phys. Lett. 54, 1466 (1989)

J. Freund, R. Ingalls and E.D. Crozier, Extended X-ray Absorption Fine-Structure Study of Copper Under
High Pressure: Phys. Rev. B 3g, 12537 (1989)

J. Freund and R. Ingalls, Inverted Isothermal Equation of State and Determination of B(0), B’(0) and
B”(0): J. Phys. Chem. Solids 50, 263 (1989)

P.H. Fuoss, D.W. Kisker, G. Renaud, K.L. Tokuda, S. Brennan and J.L... Kahn, Atomic Nature of Organom-
etallic-Vapor Phase-Epitaxial Growth: Phys. Rev. Lett. §3, 2389 (1989)

P.H. Fuoss, D.W. Kisker, S. Brennan, J.L. Kahn, G. Renaud and K.L. Tokuda, In-Situ X-ray Scattering
Studies of Chemical Vapor Deposition: accepted by J. Physique

P.H. Fuoss and S. Brennan, Surface Sensitive X-ray Scattering: submitted to Ann. Rev. Mat. Sci.

P.H. Fuoss, D.W. Kisker, S. Brennan and J.L. Kahn, Application of X-ray Scattering to the In-Situ Study
of Organometallic Vapor Phase Epitaxy: Mat. Res. Soc. Symp. Proc. 131, 137 (1989)

G.N. George, W.E. Cleland, J.H. Enemark, C. Kipke, S. Roberts and S.P. Cramer, L-Edge Spectra of Mo
Compounds & Enzymes: Physica B 158, 133 (1989)

G.N. George, N.A. Tumer, R.C. Bray, F.F. Morpeth, D.H. Boxer and S.P. Cramer, X-ray Absorption and
Electron Paramagnetic Resonance Spectroscopic Studies of the Environment of Molybdenum in High-
pH and Low-pH forms of Escherichia coli Nitrate Reductase: Biochem. J. 259, 693 (1989)

G.N. George, C.A. Kipke, R.C. Prince, R.A. Sunde, J.H. Enemark and S.P. Cramer, Structure of the Active
Site of Sulfite Oxidase. X-ray Absorption Spectroscopy of the Mo(IV), Mo(V) and Mo(V1) Oxidation
States: Biochem. 28, 5075 (1989)

G.N. George, W.E. Cleland, J.E. Enemark, B.E. Smith, C.A. Kipke, S.A. Roberts and S.P. Cramer, L-Edge
Spectroscopy of Molybenum Compounds and Enzymes: submitted to J. Am. Chem. Soc.

G.N. George, R.C. Prince and S.P. Cramer, The Manganese Site of the Photosynthetic Water-Splitting
Enzyme: Science 243, 789 (1989)

G.N. George, R.C. Prince, K.E. Stokeley and M.W.W. Adams, X-ray Absorption Spectroscopic Evidence
for a Novel Iron Cluster in Hydrogenase Il from Clostridium pasteurianum: Biochem. J. 259, 597 (1989)

G.N. George and M.L. Gorbaty, Sulfur K-edge X-ray Absorption Spectroscopy of Petroleum Asphal-
tenes and Model Compounds: J. Amer, Chem. Soc. 111, 3182 (1989)

G.N. George, R.C. Prince, T.G. Frey and S.P. Cramer, Oriented X-ray Absorption Spectroscopy of
Membrane Bound Metalloproteins: Physica B 158, 81 (1989)
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J.A. Goodwin, L.J. Wilson, D.M. Stanbury and R.A. Scott, Ligand-SubstItution and Electron-Transfer
Reactions of Pentacoordinate Copper(l) Complexes: Inorg. Chem. 28, 42 (1989)
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