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FORWARD

The NSLS has made great strides in the past year. Both storage rings
are now in full operational status thanks to the personal dedication and
skil l of our staff. The users have assembled a most impressive array of
beam lines and are making creative use of them. Here we outline our
status, describe the facil i ty, and discuss some of the important and
exciting science which is being produced. The facility represents not
only a large increase in our national capacity to do synchrotron research,
but a new level of capability, with further gains occurring rapidly. Thus
we can both make synchrotron radiation science available to a wider com-
munity and establish new frontiers in the science at the same time.

Michael Knotek
Chairman
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I. INTRODUCTION TO THE NATIONAL SYNCHROTRON LI^UT SOURCE

A. Location and Site Plan

The National Synchrotron Light Source (NSLS) is a national user
facility supported by the U.S. Department of Energy, It is located on the
site of the Brookhaven National Laboratory, about 60 miles east of
New York City. The map on page 3 may be used to locate the Laboratory.

B. About the NSLS

The NSLS has two storage rings dedicated to the production of UV and
X-ray radiation. These are shown on a plan view of the facility on
page 4.

An informational guide containing operational status, research
capabilities, and contact personnel for the UV and X-ray rings can be
found in Section III.

There is a 750 MeV electron storage ring with 16 ports for VUV
research. Twenty-one beam lines are presently operational or in a con-
struction or commissioning phase. Fourteen beam lines are in the planning
phase. The UV ring has been operating since 1982. UV Studies and
Research Operations are detailed in Sections IV and V.

The 2.5 GeV X-ray storage ring joined the UV ring in operations
during this year. The X-ray ring has 28 beam ports which will eventually
accommodate approximately 48 beam lines. Thirty-three beam lines are
presently operational or in a construction or commissioning phase.

Section VI and VII detail the X-ray Commissioning and Research Opera-
tions that have taken place over the past year.

The Phase II construction project, now two years underway, will
increase the NSLS building area by approximately 57,000 ft^ and includes
the design and construction of five state-of-the-art insertion device beam
lines. A detailed progress report is given in Section IX.

The remaining Sections in this report deal with User interactions and
reports on research completed or underway on the rings at the NSLS.

C. Administration and Staff

The organizational structure of the NSLS Department, shown in
Figure 3, is basically a matrix management scheme with personnel direction
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and dispersal of funds handled In six working sections. Technical direction
and policy are set by the accelerator managers (one person for each of the
rings and for the Injector), Section Heads, and by the Phase II construction
team, who draw on the resources of the six sections for implementation of
their programs.

The administration group reports directly to the Chairman and assists
with the administrative affairs throughout the entire Department.
Similarly, the safety group and quality assurance serve the entire Depart-
ment. The user administrator assists the users and serves as the liaison
between the Department and user community and reports directly to the Chair-
man.

In addition to this standard organization, the Department uses a number
of ad hoc task forces and committee arrangements to bring attention to
critical problems. Of special interest during the past year have been task
forces on injection,' power supplies, RF upgrades, insertion devices and
bearalines, and safety and vacuum interlocks.

The management team has set priorities to determine the goals and
operating plans of the technical groups. In this first year of full-time
operation of both rings, the principal areas of activity are:

(1) utilization of the facility,
(2) implementation of Phase II, and
(3) upgrading the facility.

Utilization entails not only reliable performance of the machines but
the establishment of an infrastructure for effective experimentation by user
groups. Extensive effort has gone into establishing safety and vacuum
interlock hardware and procedures to protect the users, their beam lines,
and the rings. Although both rings are operating at a satisfactory level,
we continue to develop the hardware and operating procedures to improve per-
formance.

The complex job of operating the facility and effectively accommodating
the users requires careful long-term planning. In formulating its plans,
the Light Source draws on review committees, workshops, advisory groups, and
the users organization. In 1985 a follow-up of the 1984 review of the
facility was held as well as workshops on the RF system and the worldwide
construction and commissioning experience. The program advisory panel is
now being reconvened to consider such topics as Insertion Device Team (IDT)
policy, PRT tenure and review, the proposal review process, and other prob-
lems which confront us as we come to full operation. The Users Organization
Executive committee has given our staff valuable counsel on the needs of the
users and on organizing the users to act in their own behalf.
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II. USER INTERACTIONS

A. Introduction

The NSLS UV and X-ray Users enjoyed months of valuable beam time
during FY 1985, as evidenced by the number of experimental research papers
included in this report.

The NSLS staff acknowledges the comments and efforts of the user
community throughout the year. This input continues to ma'te the NSLS a
better place to participate in research.

The informational guides listed in Section III outline the opera-
tional status and experimental capabilities available at each beam port/
Una on the X-ray and UV rings. This guide identifies the local beam line
personnel to contact for information regarding beam line status and
operational parameters.

Fiscal year 1985 saw the appointment of a full-time User Administra-
tor to the Light Source Department, Susan White-DePace. All questions and
requests for information should be addressed to her at the address or
number below.

Susan White-DePace
National Synchrotron Light Source

Building 725B
Brookhaven National Laboratory

Upton, NY 11973
(516)282-7114

The remainder of this section provides a brief overview of the user
related events that have occurred during the past year.

B. Users Executive Committee

The Users Executive Committee convened five times during FY 1985.
The following topics were discussed at those meetings: (1) the NSLS Pro-
gram Advisory Committee; (2) long-range operation and shutdown schedules;
(3) Insertion Device Team (IDT) proposals and reviews; (4) 6 GeV Steering
Committee; (5) preparation of a 6 GeV proposal by BNL; (6) user accommoda-
tions; (7) performance goals for the storage rings; (8) insertion devices;
(9) start-up of PRT three year clock; and (10) safety issues.

Tables 1 and 2 list the current Executive Committee members and Sub-
group Representatives.



Table 1

EXECUTIVE COMMITTEE

Dr. Janos Klrz - (516) 246-8293 "CHAIRPERSON
Department "of Physics ? : ' ' ; '
S t a t e Univers i ty of New York
Stony Brook, NY U790 (6 /82-6/87)

Dr, Jerome B. Cohen - (312) 491-3570 VICE CHAIRPERSON
Mate r i a l s Science and Engineering Dept .
The Technological I n s t i t u t e
Northwestern University
Evanston, IL 6Q201 (6/84-6/87)

Fir. Cutt le J . Sparks, J r . - (615) 574-6996 PAST CHAIRPERSON
Metals & Ceramict; Division
Oak Ridge National Laboratory
Oak Ridge, TN 37830 (6/83-6/87)

Dr. Paul Cowan - (202) 921-2061
National Bureau of Standards
A141 Physics Blvd.
Gaithersburg, MD 20899 (6/84-6/86)

Dr. Franz J. Himpsel - (914) 945-3515
IBM Research Center
P.O. Box 218
Yorktown Heights, NY 10598 (6/84-6/86)

Dr. E. Ward Plummer- (215) 898-8157
Department of Physics
University of Pennsylvania
Philadelphia,PA 19104(6/85-6/87)

Dr. Steven Heald - (516) 282-2861
Department of Energy - Bldg. 480
Brookhaven National Laboratory
Upton, NY 11973

Dr. David Sayre - (914) 945-1Q40
IBM Research Center
P.O. Box 218
Yorktown Heights, NY 10598 (6/85-6/87)

Dr. Peter Pershan - (617) 495-3214
Harvard University
Division of Applied Science
Pierce Hall, Room 205C
29 Oxford Street
Cambridge, MA 02138 (6/85-6/86) 10/3/85
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Table 2
SUBGROUP REPRESENTATIVES

Dr. John C. Bilello - (516) 246-5983
Dept. of Materials Science
State University of New York
Stony Brook, NY 11794

Dr. Wolfgang Eberhardt - (201) 730-2567
Corporate Research Science Lab
EXXON Research and Engineering Company
Clinton Township
Annandale, NJ 08801

Dr, Takeshi Egami - (215) 898-5138
Department of Materials Science
University of Pennsylvania
Philadelphia, PA 19174

Dr. Richard A. Holroyd - (516) 282-4329
Brookhaven National Laboratory
Chemistry Department
Building 555A
Upton, NY 1U73

Dr. Dale Sayers - (919) 737-2515
Department of Physics
North Carolina State University
Raleigh, NC 27607

Dr. Cregory Herzog (201) 932-3955
Department of Chemistry
Rutgers University
New Brunswick, NJ 08903

Dr. C. Denise Caldwell (203) 436-0824
Department of Physics
Yale University
New Haven, CT 06511

Dr. Gerald L. Liedl - (317) 494-4095
School of Materials Science
Purdue University
West Lafayette, IN 47907

Dr. Ake Kvick - (516) 282-4381

TOPOGRAPHY

VUV PHOTOEMISSI0N

ENERGY DISPERSIVE
DIFFRACTION

TIME RESOLVED FLUORESCENCE

EXAFS

X-RAY FLUORESCENCE

GAS PHASE SPECTROSCOPY/
ATOMIC PHYSICS

X-RAY SCATTERING

X-RAY CRYSTALLOGRAPHY
Brookhaven National Laboratory
Department of Chemistry
Building 555A
Upton, NY 11973

Dr. Jerome Silverman - (516) 282-5506
Brookhaven National Laboratory
National Synchrotron Light Source
Building 725A/U6
Upton, NY 11973

Dr. Neville Smith - (201) 582-6422
Bell Laboratories
600 Mountain Avenue
Murray Hill, NJ 07974

LITHOGRAPHY/MICROSCOPY

SURFACE SCIENCE
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C. NSLS 1985 User Meeting

The 1985 NSLS Users Meeting held on May 24-25 was attended by over
300 people. The first half of the meeting was devoted to presentations by
NSLS staff on UV and X-ray operations and current beam line and Phase II
beam line status. The remainder of the meeting was devoted to presenta-
tions of scientific papers, a poster session, elections, and a report from
the Executive Committee.

D. Present User Status

There was extensive discussion by the Users Executive Committee and
Subgroup Representatives during the Users Meeting to define the needs of
the user community. The main concerns fell into two categories,, opera-
tions (scheduling, beam stability, and machine performance tradeoffs) and
work environment [safety, technical support, accomodations (offices, labs,
housing, and stockroom)]. The entire Light Source staff has worked very
hard to respond to the needs of the user community. Below is the brief
overview of the present status of operations and work environment for the
users.

Operations

Long-range schedules are prepared taking into account the Phase II
schedule, machine maintenance and upgrades, and input from the Users
Executive Committee and the Subgroup Representatives. The present long-
range schedule for the UV ring calls for a six week shutdown after the
beginning of 1986 and the four month shutdown towards the end of 1986.
The long-range schedule for the X-ray ring calls for two six week shut-
downs, one at the end of 1985 and the other in mid-1986. A five month
shutdown is scheduled for 1987. Maintenance and studies days were con-
solidated to allow for longer running periods for the users.

Short-range scheduling to address individual user needs are handled
at the weekly users meetings. Minutes of these meetings are taken and
posted on the user bulletin board. Weekly X-ray minutes are available on
ths VAX in the Applied Math Department. The UV minutes will soon be
available on the VAX.

Unattended operations and user self-start is offered to X-ray users
if certain conditions are met. Guidelines can be obtained from
S. White-DePace. 24-hour operations on the X-ray ring began on
October 21, 1985. Unattended operations, user self start, and 24-hour
operations have been available to the UV user for some time.

- 10 -



Work environment

Safety. To insure a safe work environment for all, the NSLS safety
staff initiated safety approval procedures. Each experiment is required
to complete an experimentalal safety approval form, and obtain safety
approval prior to commencement of an experiment. A copy of this form is
shown in Table 3,

Accomodations. During FY 1985 the NSLS surveyed each beam line to
assess their needs for office, desk, and ancillary space for the future.
This information was collated and forwarded -.o the Director's Office to
document the user's need for such accommodations, A trailer park, to
accommodate ten trailers is being constructed to help alleviate the space
shortage. The NSLS management is pursuing a long-range space plan to
provide high quality offices and laboratories for users. The completion
of the Phase IT expansion will provide some relief. Additional blocks of
space are being sought elsewhere near to the NSLS,

A Quality of Life Committee was formed at the request of BNL manage-
ment. The Committee surveyed NSLS, AGS, and HFBR users for comments and
recommendations on how to improve the on-site living conditions. The
committee's recommendations 'ave been given to the BNL management.

A Laboratory Usage Subgroup was formed to assess the needs of the
user community and to propose a scheme for administering lab space. The
committee recommended the following:

1. Participants in each lab should set up their own rules and
regulations.

2. An NSLS employee should coordinate this activity to insure
that all the rules conform to NSLS and BNL policy, settle
any disputes, and make daily inspections.

3. One general purpose lab should be planned.
4. The Committee requested a start-up and general maintenance

budget from the NSLS of about $50K. The Light Source will
try to provide money for this after the completion of
Phase II.

The triangular lab at the NSLS has been cleaned up, and is available
to all users^

Ihe NSLS stock room is accessible to all users 24-hr a day.
Recommendations for additions or improvements in the stockroom are looked
at on a case-by-case basis.

- 11 -



Table 3
NSLS EXPERIMENTAL SAFETY APPROVAL

NOTE: No experiment will be allowed to run without a properly completed and approved experimental,
safety approval form. This form must be submitted at least one wee* prior to commencement of experiment
or experiment will not run.

Date Submitted:.
Safety Officer
Approval:

Date

1. Experimental 2. Expected Start Date:

beam
line

year sequence 3. Expected Duration:
number (must be reviewed every six months)

4. Program Personnel

First and Last Name Affiliation Phone Number

5. Experimental Title:

6. Materials to be Used:

7. Equipment which is not a permanent part of the beam line:

8. User Comments:

9. Safety Officer's Comments:

BNL F 2671 October 1985



Table 3 (Continued)

INSTRUCTIONS FOR COMPLETION
OF NSLS EXPERIMENTAL SAFETY APPROVAL FORM

All forms should be submitted to S. White-DePo.ce at the address below at least one week before
experiment starts. If an experiment involves hazards requiring special procedures or equipment, discussions
with the Safety Officer should start significantly earlier.

Susan White-DePace
NSLS Department, Building 725B
Brookhaven National Laboratory

Upton, NY 11973
(516)282-7114

Item-by-ltem Instructions

1. The experiment ID will have the form beam line, year, sequence, e.g., U14A-86-19. This will be
assigned by the person who schedules your beam line.

2&3. The duration of a safety approval cannot exceed six months. Continuing or recurring experiments must
be reviewed each six months.

4. Most important are the names of those who will be running the experiment and will know the technical
details. If there is a local contact who can help in answering questions, he/she should be named. Please
give first names rather than initials unless there h a reason for withholding this information.

5. For example: "Photoemission of CO on Sl(l 11)."

6. List all materials which will be studied, or used to prepare samples. If you have data on hazards, send it
along to help in the review process. Indicate how you will dispose of hazardous materials.

7. List equipment you will add to the beam line or use in the experiment. Include any lasers, ovens, pumps,
pressure cells, cryostats, cryopumps, sorpticn pumps, and any other equipment which might present a
hazard.

8. Include any comments which might assist the NSLS staff in helping the experiment along or in
responding to problems.

NOTE: When ready to run the experiment, contact the Operation Coordinator on beeper #824; the
coordinator will post the approved form on the beam line.



Communications. To further improve communications between the users
and the NSLS, plans are on the drawing board to provide hardwire hook-ups
to each beam line which will enable them to obtain machine operations data
from the NSLS control room. Similarly, monitors of the beam line front
ends by the control room are being installed. Other more general communi-
cations options are also being investigated. Two User Newsletters were
published this year. These newsletters provide users with periodic infor-
mation about the NSLS and Users interactions.

E. NSLS/HFBR Faculty Student Support Program

Limited funds are available to support general users under an NSLS/
HFBR Faculty Student Support Program. This program makes the research
capabilities at the NSLS and the High Flux Beam Reactor (HFBR) accessible
to scientists from U.S. institutions of higher education. Fifty faculty
and students participated in research on the X-ray and UV rings at the
NSLS and at the HFBR during FY 1985 with the help of this funding.
Scientists desiring application forms or further information should con-
tact Susan WhitG-DePace.

The program supports faculty/student research groups performing
experiments at the NSLS as General Users, or performing neutron experi-
ments at the HFBR, The program is designed to defray expenses incurred
during exploratory visits to BNL, and while conducting experiments at the
NSLS and HFBR. It is aimed at university users having only limited grant
support for their research.

F- User Participation

General Users, General Users are scientists who use existing NSLS
facilities for experimental programs. The NSLS schedules a portion of the
operating time for each beam line to General Users after receipt of a pro-
posal.

General User proposals for UV ring experiments are being accepted and
scheduled. Proposals are being accepted for the X-ray ring; scheduling
of these proposals will begin in April 1986.

Fifteen new UV general user proposals were received during FY 1985,
fourteen of which will have been given beam time before the end of the
calendar year. Table 4 lists the General User Proposals received during
FY 1985. Approximately 25 General User research teams were scheduled on
the UV ring during FY 1985, including both old and new proposals. Ample
beam time is available for general users and additional proposals are
encouraged.
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Table 4
1985 NSLS General User Proposals

Proposal ik

85-GU-l

85-GU-2

85-GU-3

85-GU-4

85-GU-5

85-GU-6

85-GU-7

85-GU-8

85-GU-9

85-GU-10

85-GU-ll

85-GU-12

85-GU-13

85GU-14

85GU-15

Ti t le

Medical Application of 3-30 MeV Gamma-
Rays Produced by Inverse Scattering of
Laser Light From Relativistic Electrons"

'Angle Resolved Photoelectron Spec-
:roscopy of Heterocyclic Aromatic

Molecules"

"Band Mapping of Ni 100 (2 x 2)-C (p4g)

'X-ray Absorption on Rare Earth Metals"

'Contact Microscopy"

"Structural Determination of Bacterial
Photosynthetic Reaction Center from
Rhodopseudoraonas spaeroides R-26"

"NEXAFS Study of Pyrrole Adsorption
of Pt Surfaces"

"Adsorption and Reaction of
Hydrocarbons on Molybdenum and
Tungsten Surfaces:
NEXAFS & Photoemission

"X-ray Tests of Multilayer Mirrors"

"Vacuum Circular DLchroism Spectrum of
the Z Form of Poly (rG-dC).Poly (rG-dC)"

"Vacuum CD of Drug-Polynucleoride
Complexes: Indication od Right or
Left Handedness or Denaturation"

"VUV-CD of Poly (dG).Poly(dc)11

"Vacuum Ultraviolet Circular Dichroism
of Polysaccharides"

"Photoemission Studies of NO on GaAs"

"X-Ray Microscopy: Experiments with
Zone Plates Produced by Contamination
Writing"

Spokesperson/Affiliation

>r. L. Wielopolski
Brookhaven National Laboratory

Dr. W.T. Tysoe
University of Milwaukee

Dr. D.P. Woodruff
Jniversity of Warwick

United Kingdom

)r. G. Strasser
University of Maine

Dr. Ralph Feder
IBM

Dr. Chong-Hwan Chang
Argonne National Laboratory

Dr. T. Skotheim
Norsk Hydro Research
Norway

Dr. Cynthia Friend
Harvard University

Dr. Leon Golub
Harvard University/CFA

Dr. Michael J . Behe
Queens College

Dr. Maria Tomasz
Hunter College

Dr. Kenneth Breslauer
Rutgers University

Prof. Eugene Stevens
SUNY at Binghamton

Dr. G.P. Williams
Wake Forest University

Dr. John Kenney
King's College
England
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Participating Research Teams (PRTs) and Insertion Device Teams
(IDTs). A full page ad inviting proposals for PRTs, IDTs, and General
Users appeared in the July issue of Physics Today (see Table 5). Pro-
posals are presently being received from parties interested in forming
PRTs and IDTs. A program advisory committee will evaluate these proposals
and make recommendations to the NSLS management. Requests for information
and forms should be forwarded to Susan White-DePace,

Proprietary Research can be done at the NSLS. A full cost recovery
fee will be charged for the amount of beam time utilized for proprietary
research. The DOE has granted a class waiver of its rights to inventions
arising from the use of the NSLS and other DOE facilities by or for
third-party sponsors.
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Table 5

National Synchrotron Light Source
Invites Proposals For Participating Research Teams,
Insertion Device Teams, And General Users
The National Synchrotron Light Source (NSLS)
at Brookhaven National Laboratory is a dedi-
cated synchrotron radiation facility with two
electron storage rings, an ultraviolet ring
designed for 750-MeV operations and an X-ray
ring designed for 2,5-GeV operations. Both
rings are now in routine operations and each
will have 25 functioning beam lines by mid-
summer, 1985. The NSLS invites all interested
parties to conduct research at this unique
facility.

Participating Research Teams (PRTs):
PRTs are groups of scientists with comprehen-
sive long-range programs. PRTs are responsi-
ble for the design, construction, commission-
ing, and experimental program on assigned
beam lines. The PRTs are given priority for up
to 75% of their beam line's operational time.
PRTs will have a renewable term of three years

after starting date. The NSLS is seeking inter-
ested parties to form PRTs for open X-ray
bending magnet ports X2, X4, and X6.
Insertion Device Teams (IDTs): An IDT is
composed of a group of scientists who cooper-
ate in the design, fabrication, commissioning,
and use of a wiggler and undulator beam lines.
The IDTs can be funded by the NSLS, outside
participants, or some combination thereof.
IDTs will have renewable two-year terms for
priority usage. Non-IDT members will not be
required to enter into a scientific collaboration
as a condition for using an IDT beam line. Regu-
lar insertion device users are encouraged to
become members of an IDT by participating in
the maintenance or development of experi-
mental facilities. In this sense, IDTs will remain
open to new members. Insertion Device Teams
are being solicited for the following beam ports:

Beam
Line

XI

X13

X17

X21
X25
U13

U5

Characteristics of Beam Line

Undulator; «.„= 8 cm

Open straight section

Superconducting wiggler
( - 5 T field)

Hybrid wiggler ( - 1.0 T field)
Hybrid wiggler ( ~ 1.0 T field)
Hybrid wiggler ( - 0.85 T field)

UV undulator (Xu= 6.5 cm)

Available for IDT Participation
Existing IDTs

• microscopy
• holography

• material science
• angiography
• high-E resolution
• high-Q resolution
• transverse optical

klystron
• free electron laser
• spectroscopy

New IDT Openings

side station

main line and
side station
side station

side station
side station
spectroscopy line
side station

General Users: General Users are scientists
interested in using existing NSLS facilities for
experimental programs. General Users are
scheduled by the NSLS for 25% of operating
time for each beam line. General User pro-
posals are being solicited at this time for the
UV ring.
Beam ports available for general use in the UV
ring have a wide range of experimental capabil-
ities, including multiple experimental lines
available for angle-resolved ultraviolet photo-
emission spectroscopy (ARUPS), extended X-
ray absorption fine structure (EXAFS), and sur-
face EXAFS (SEXAFS) capabilities. Other

experimental lines are designed for gas phase
and infrared spectroscopy. fluorescence,
lithography, and microscopy.
It is anticipated that X-ray beam time will be
available to general users in approximately one
vear.
All correspondence and inquiries should be
directed to:
Dr. Michael L. Knotek. Chairman
NSLS Department. Building 725B
Brookhaven National Laboratory
Upton, NY 11973 (516) 282-7114

I l l l l
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Ifean
Port

XI

Efean
U n e

A

Operational
Status

p

Section III

INfORUVTIONAL GUIDE TO THE NSLS X-RAY REAM LINES

Aff i l i a t ion Research Progran

NSLS/SUtW @ Stony Ifcook Mcroscopy, Holography

Local
Cbntact

Harvey Rjrback
(516)282-3758

Spokesperson

Harvey farback
(516)282-3758

;:2 Unassigned

X3 FUCur- i d e a t i o n of X21 progran

X4 A P LANL BCAFS, Sca t t e r ing
Soft X-Ray E » F S ,
Photoanission

Halt Trela
(516)282-5604

Ualt Trela
(505)667-1674

X4 IANL EC/VFS, Sca t t e r ing
&>ft X-Ray E3AFS,
Photoendssion

Walt Trela
(516)282-5604

Walt Trela
(505)667-1674

X5 BJL-Physics LEGS
Gonpton Bsck-
scattering
Nuclear Physics

Andy Sandorfi
(516)282-7951

Andy Sandorfi
(516)282-7951

X6

X7

X8

X9

Unassigned

Riture location of

Uiassigned

A

B

C

P

X13 progran

tfetlonal Blostructures
Research Resource

National Bkstructures
Research Resource

EftFS

Scattering

Gerd Rsenbain
(516)282-5609
(215)898-7159

Gerd Rosenbaun
(516)282-5609
(215»98-7159

ftltton (hance
(215)898-4342

ftltton (hance
(215)898-4342

X10

XU A

Boron

Bacon

Bocon

fC State U./U. of CT/BNL/
U. of WAAbbil/Eupont/
ANL/GE

NC State U./U. of CT/»IL/
U. of WA/ttjbil/IXipont/
ANL/GE

Scattering

EXdFS

Crystallography

EDAFS

E»FS

Rich Hewitt
(516)282-5610
(516)282-5760

Rich Hewitt
(516)282-5610
(516)282-5760

Rich Hewitt
(516)282-5610
(516)282-5760

Steve Ifeald
(516)282-5611
(516)282-2861

Steve Ifeald
(516)282-5611
(516)282-2861

Dave ttncton
(516)282-2741
(201)730-2384

Dave ttncton
(516)282-2741
(201)730-2384

Dave ttmcton
(516)282-2741
(201)730-2384

Dale Sayers
(919)737-2515

Dale Sayers
(919)737-2515

0 » operational; P » planned; C = constriction or camissioning.
ARUPS = angle-resolved ultraviolet photoanission spectroacopy; XFS » X-ray photoanission spectroscopy; EXAFS » extended X-ray
absorption fine structure; LEGS * laser electron gaum source; UPS - ultraviolet photoadssions spectroscopy; SEffiFS - surface
EXAFS; ERG - extended range grasshopper; P(M = plane grating monochrojBtor; TGM » toroidal grating monochranator; NTM • nonnal
incidence monochronHtor; and SXS = soft x-ray emission spectrometer.

1985
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INFOMAXIOmL GUIDE TO TOE NSLS X-RAY BEAM LINES

Bean Bean Operational
Port Line Status Affiliation Research Progran

Local
Qmtact Spokesperson

X12 A

X13 A

X14 A

X15 A

X16 A

X17 B

X18 A

X19 A

NSLS

NSLS/INL-Blology

SSL-Biology

Test Line

SreU Angle Sca t te r ing

Protein Crystallography

NSLS/aiL-flrysica/U. of WJ S\ergy Dispersive
SUN? 9 Stony Brock/Allied Diffraction
(hendcal/Eunonc/Ckmegte
I n s t . Washington/Union
Qirbide/SUNY @ Alfred

NSLS/tNL-Chanlstry Crystallography

CRNL/Cbk Rirfge Associated Scat ter ing, C r y s t a l l o -
Univers i t ies Users graphy, Spectroscopy
Association

AT&T tell Late

AT&T Bell Labs

AT&T tell Lais

AT&T Bel l labs

AT&T Ball Labs

NSLS

Matrix

Diffraction

EXAFS

Surface Diffract ion

Diffraction

Diffraction

Material Science,
Angiography

Scattering

U. of WV/U. of Pittsburgh/ EKAFS
(hevron/tehland/UOP
Universal Oil Predicts

NSLS X-ray Spectroscopy

NSLS/SONY @ Stony Brock Topography

Jer ry Hastinfp
(516)282-5712
(516)282-3930

Benno Schoenborn
(516)282-5712
(516)282-3421

tab Steet
(516)282-5712
(516)282-3401

Dave Q>x
(516)282-5613
(516)282-3818

Ate Kvick
(516)282-5713
(516)282-4381

Gene I ce /
Tony Habenschuss

(516)282-5614

Ibrst fatzke
(516)282-5615

Horst Ratzke
(516)282-5615

ibrst Ratzke
(516)282-5615

Ibrst Ratzke
(516)282-5615

Ibrst Ratzke
(516)282-5615

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

Dean Oiapnan
(516)282-5618
(516)282-3770

bbhan Ramanaathan
(516)282-5718

Peter Stefan
(516)282-5619
(516)282-2117

Tony Hielo
(516)282-5719

Jerry Hastings
(516)282-3930

Benno Schoenborn
(516)282-3421

tamo Sshoenborn
(516)282-3421

Dave Cbx
(516)282-3813

TomKoetzle
(516)282-4384

Cullie Spades
(615)574-6996

Brian Klncald
(201)582-6673

Paul Cltrin
(201)582-5275

Paul HESS
(201)949-3581

Denis hfcWhan
(201)582-4557

Denis Mctfian
(201)582-4557

Mil Thcmlinson
(516)282-3937

Gerry Uedl
(317)494-4095

Pedro bfontano
(304)293-3422

Jerry Hasting
(516)282-3930

John Bllello
(516)246-5983

0 - operational; P - planned; C » construction or cannUsioning.
AHJFS » angle-resolved ultraviolet photoaaission spectroscopy; XP3 » X-ray photoanission spectroscopy; EXAFS = extended X-ray
absorption fine structure; LEGS - laser electron ganma source; UPS - ultraviolet photoaiissions spectroscopy; SEXVFS = surface
EXAFS; EBG - extended range grasshopper; POI - plane grating nonochronotor; TtH - toroidal grating raonochroraator; N1M » normal
incidence nonochromtor; and SKS =• soft x-ray emission spectrcDEtc-r.

Nove*er 1985
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INfOWKTIONAL GUIDE TO THE NSLS X-RAY BEAM UNES

Bean
Port

Beam
Line

Operational
Statu6 ^filiation

IBM/HIT

IBM/MIT

aiNY @ Stony Brock

SUNY 0 Stony Brook

BNL-Physics

BNL-Physics

BNL-Physics

res

res

NRL

NBS

NRL

NSLS

Research Progran

Scattering
(Lou-Q Resolution)

Scattering
(High Q Resolution)

Scattering

Small A«le Scattering

fagnetic Scattering

High Resolution
Scattering

Surface Scattering

Interface and Surface
Spectroscopy

Snail Angle Scattering

Rsal Time Topography

Crystallography

X-ray Spectroscopy,
Atonic & tttlecular
Fhysics

SEXAFS, UPS, XPS

High-q Resolution
Scattering

Local
Omtact

Brian Stephenson
(516)282-5720
(914)945-3008

Brian Stephenson
(516)282-5720
(914)945-3008

Jim Phillips
(516)282-5621
(516)282-3770

Jim Phillips
(516)282-5621
(516)282-3770

John Axe
(516)282-5522
(516)282-3821

John Axe
(516)282-5622
(516)282-3821

John Axe
(516)282-5622
(516)282-3821

Ron Ebbbyn
(516)282-5623
(301)921-2952

Ron Dobbyn
(516)282-5523
(301)921-2952

Ron Dobbyn
(516)282-5623
(301)921-2952

John Kirkland
(516)282-5724

Paul Cowan
(516)282-5624
(202)921-2061

Jac* Rife
(516)282-5624
(202)767-4654

JrTy Has t i ly
(516)282-5625
(516)282-3930

Spokesperson

Paul tbrn
(914)945-2445

Ebb HLrgeneau
(617)253-4937

Jacob Blegelelsen
(516)246-7945

Jacob Hegeleisen
(516)246-7945

John Axe
(516)282-3821

John Axe
(516)282-3821

John Axe
(516)282-3821

tesao Kuriyana
(301)921-2986

(bsao Kuriyana
(301)921-2986

^ a o Kuriyana
(300921-2986

Dave Nagel
(202)767-2931

Richard Deslattes
(301)921-2061

Milton Kabler
(202)767-2223

Jerry Hasting
(516)282-5625
(516)282-3930

X20 A

X21 A

X22 A

X22 B

X23 Al

A2

A3

X24 A

X25 A

0 - operational; P - planned; C - construction or conmlssiooing.
ARUPS » angle-resolved ultraviolet photoadsslon spectroscopy; XPS • X-ray photoeiission spectroscopy; E!WS • extended X-ray
absorption fine s t ructure; LEGS - laser electron ganta source; UPS - ul t raviolet photoanlssionB spectroscopy; SEWS » surface
EfflFS; ERG = extended range grasshopper; P(M - plane grating raonochromtor; TQ1 - toroidal grating nrxiochramator; N1H - nornal
incidence nanochroDBtor; and SXES - soft x-ray anission spectrometer.

tbnrier 1985
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INKMWilONAL GUIDE TO TflE NSUS X-«AY BEAM LINES

ftjan Bean Qeratlonal
Port l ine Statue Affiliation Research Progran

local
Cbntact Spokesperson

X26

X27 Unasslgned

X28

NSF Geochemistry Project / Mcroprobe
U, of Chicago

NIH Biotechnology ftesearch * orate ftrystcs
Resource/Mli-Applied Science/
Cbrnell U./Texas A&M/U. of TO

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

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

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

Keith Jones
(516)282-5726
(516)282-^588

0 = operational; P = planned; C » construction o r connissioning.
ASUP3 =• angle-resolwd u l t r s r l o l e t photoanlssion spectroscopy; XPS =" X-ray pnotoaulsslon spectroscopy; EXAFS » extended X-ray
absorption f ine s t r u c t u r e ; LEGS * l a se r e lec t ron ganna source; UPS = u l t r a v i o l e t photoarisslons spectroscopy; SEJWS « surface
KCAFS; C8G » extended range grasshopper; PCM - plane grating monochraraator; TCM = toroidal grating raonochroaator; N1M • nonnal
Incidence nonochronHtor; and SJES « soft R-ray emission spectrcneter .

ItmBberl9B5
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INKWWnONAL GUIDE TO THE NSLS UV BEAM LINES

Bean
Poet line

Qierattor.al
Status Affiliation Research Program

Mmochro- local
X(A) meter Cbntact Spokesperson

Ul A

U2 A

U3

U4

B

A

a

A

P

C

P

c

U4IR A

U5

U5

U7 A

U8 A

P

0

Bcxon

Exxon

SESVFS, AHJPS, XPS

Infrared Vihrational
Spectroscopy

lANL/Sandia/ Spectroaccpy
U. of CA/Ui

lANL/Saretta/ RadiaiBtry
U. Qf CA/LLL

AT&T tell l a t e SEMFS. AH , XFS

AT&T Bell Late ARUPS

AT&T Bell labs Gore-lerel ,
PES

MSLS Spectroscopy

NSLS Diagnostics
Inverse Goopton
Scattering

Uhdtlator BNb- ASUPS
Physics/Qiaiistiy

IBM lithography

BNL/SUNY
@ lonybrook

BNL/SUNY
@ Stonjbrook

IBM

IBM

AHJPS, XPS,
SFJftFS

Gas SoUcb

AKUPS

AHJPS

2O-2CXX) ERG M k e S m s o n e liilfgang Eberhardt
(516)282-5759 (516)282-3449
(516)282-5501 (201)730-2567

lO'MO6 NJM Mke Smsone Itolfging Eberhardt
(516)282-5759 (516)282-3449
(516)282-5501 (201)730-2567

U, of rtf/ANL SESVFS, ARUPS, XPS 2O-2COO ERS John Vfcaver
(516)282-5502

300-2000 N1M

12-1500 EHG Steve SouChworth l*l t Trela
(516)282-5503 (516)282-5503

(505)667-1674

6-100 — —

12-1200 P(H Rfancesco Satte Hrancesco S6tte
(516)282-5504 (201)582-3351

Neville Snith
(201)582-6422

80-5000 TCH Steve Kevan Jack Roue
(516)282-5504 (201 )582-5878
(201)582-7939

80-5000 TCM Jaik Rowa Qinther Vferthein
(516)282-5504 (201)582-4958
(201)582-5878

10H-106 N1M (fayn WLUianB Oryn WHUaro
(516)282-7529 (516)282-7529

Ron Nawiodty John Galayda
(516)282-4449 (516)282-4593

300-2000 TXX i eter Johnson Peter Johnson
(516)282-3705 (516)282-3449

Vhite — Jerry Silveman Alan Ifllson
(516)282-5506 (914)945-2759
(914^5-2099

John Vfarlaront
(914)945-3000

15-1200 P(M Brands I '^b Myron Strongin
(516)282-5507 (516)282-3763
(516)282-3705

TOI Francis Loeb Myron Stronglri
(516)282-5507 (516)282-3763
(516)282-3705

18-2000 TCM Jean Jordan Read tefeoly
(516)282-5508 (914)941-7223
(516)282-2002

80-2500 TCH Jean Jordan Read McFeely
(516)282-5508 (914)941-7223
(516)282-5508

0 « operational; P « planned; C - construction of comnisslcniftg.
AHUPS • angle-resolved ultraviolet photoeadsslon spectrosrajpy; XPS - X-ray photoorission spectroecopy; EfflTS - emended X-ray
ateorption fine s t ructure; SEXAFS » surface BXAFS; EBG « extended r a n ^ grasshopper; P(M - plane grating monochraiHtor; T(M -
toroidal grating monochraiBtor; N1M - normal Incidence raonochronBtor; aid SXES - soft x-ray emission spectrometer.

1985
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INfORMATIONAL GUIDE TO TOE NSLS UV BEAM LINES

Bean
P o r t

Bean Operational
Line Statue Aff i l ia t ion Research Progran X(A)

Msnochro- Local
meter Cbntact Spokesperson

c c IBM FJftFS, SEXVFS 8-100 ftesnel — Eberhard Spil ler
(914)943-2447
(516)282-5508

D C IBM Mcroscapy 2>ne
Plate

Eberhard f
(914)945-2447
(516)282-5508

IB A 0

B 0

NSLS/BNL-

(hsnistiy

NSLS/BNIr
Blology

Fluorescence
Lifetime

Dichroian,
Pliorescence

1050-
12,000

N1M Jack Preses Ralph Vtston
(516)282-5509 (516)282-4373

1250- MM John aiCherland John Sutherland
16000 (516)282-5509 (516)282-3279

U10

un

U12

U13

U14

TDK

U. of 1N/0RNL

NSLS

NSUS/BNL-
Chenilstry

U. of PA/ORNL/
Xerox

U. of PA/ORNL/
Xerox

U. of PA/ORNL/
Xerox

NSLS/
AT&T Bi l l

NSLS

X-ray
Fluorescence

ft tma.it ed
Desorption

Gas Phase
Spectroscop

ARUPS

AFIJP3

Infrared Vibration
Spectroscopy

12-120 SXES — Tom Oallcott
(516)282-5610

Wiite — Tbahiaki Kohari Joe Schuctimn
(516)282-5510 (516)282-4630

300-2000 N1M R. Grover Hike White
(516)282-4348 (516)282-4345
f51U282-5511

15-1200 TQ-1 Rubin teininger terd Plumer
(516)282-3677 (215)898-8157

80-2500 TQ4 Rubin Reininger Ward Plinmer
(516)282-3677 (215)898-8157

NM Rubin Reinin^r Ward Plunner
(516)282-3677 (215)398-6157

Ame Marie
Runhet
(516)282-5028

Claudio Pellegrini
Gaetano Vignola

(516)282-4635

ARUP3, XPS, SEXAFS 15-1200 PO1 Eric Kheedler Richard Garrett
(516)282-7253 (516)282-7253

U15

U16

NSLS

NSLS/SIMY @
Stonybrodc

Cbrnell U./
U. of TX/Sandia

Cbmell U./
U. of TX/&ndia

Cbmell U./
U. of TX/SandU'

Optics R&D

TGM ttmochronHtor
Microscope

12-50

ARUPS, SEXAFS, XPS 20-2000
Stimulated Desorption

TOM

ERG

Roy Rosier
(516)282-5515
(516)282-4744

ARUPS, SEXAFS, XPS 300-2000 N1M
Stimulated Dasorption

ARUFS, SEJftFS, XPS 80-2500
St lnula ted Desorption

TGM

Janos Kirz
(516)246-8293
(516)282-4744

Thor Rhodin
(607)256-4068

Tnor Rhodin
(607)256-4068

Thor Rhodin
(607)256-4068

0 ~ operat ional ; P • planned; C » construction o r c a m i s s i o n i n g .
ARUPS « angle-resolved u l t r a v i o l e t photoendssion spectroscopy; XPS = X-ray photoeralssion spectroscopy; EXAFS = extended X-ray
absorpt ion f ine s t r u c t u r e ; SEXAFS = surface EXAFS; ERG = extended range grasshopper; p r " = plane gra t ing monochranator; TGM =
t o r o i d a l g ra t ing monochraiHtor; NIM = normal incidence monochramtor; and S!ES - sof I ?-ray emission s p e c t r a i E t e r .

NovoAer 1985
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IV. VDV RESEARCH OPERATIONS

A. General

FY 1985 culminated in stored currents during operations 7 days per
week, 24 hours per day averaging >1QO mA, at high brightness and high
stability. However, from the user viewpoint, the year was divided roughly
into two. After a few weeks of running under conditions similar to those
at the end of FY 1984, a major shutdown was scheduled, for the primary
purpose of accurate placement of ring dipole chambers. It was concluded
that inaccurate initial chamber positioning was responsible for various
horizontal radiation fan losses which ultimately (with more and more beam
lines coming on line) could not be compensated for with trims. Further,
some of the orbit problems (lack of reproducibility, instability, etc.)
were attributed to using trims at or near their maximum values. During
the shutdown the undulator was removed for modifications. After the shut-
down, all beam lines had to be realigned. The combination of recommis-
sioning plus shutdown time was almost five months for most beam lines.
For the balance of the year, the user community enjoyed the near ideal
running conditions described earlier.

B. Shifts Available and Running Conditions

The last six months of FY 1985 were a period of stable bright beams.
Beam was available 24 hours per day, 7 days' per week with fills at 0200,
0500, 0800, 1300, 1800, and 2200 hours. Maintenance or studies typically
required two or three days every two weeks. At the end of the year,
injections to 600 mA were typical (> 800 mA maximum) in six-bunch mode
which reduced ion trapping while increasing the lifetime. The latter was
up to 1 hour at 500 mA, 3 hours at 100 mA. The vertical beam size was
deliberately increased to 400 urn FWHM, from 120 pm by using the skew quad-
rupoles to increase the horizontal/vertical coupling. The main purpose of
this was to improve lifetime. Most of the beam line mirrors have surface
figure errors which prevent them from properly imaging sources as small as
100 um FWHM although this problem is currently being addressed. A typical
day of operations is shown in Figure 4.

We illustrate the steady improvement in VUV operations in Figures 5
through 8. The panels show four histograms which plot versus calendar
month the beam current in ampere hours, the vacuum, the average filling
current,and the average charge rate. Some of the fluctuations in thesse
parameters reflect several vacuum accidents which resulted in the ring
being vented. Recovery from these accidents was usually complete after 5
to 10 A/h (2 to 3 days).
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C. Beam Lines Operating

The VUV beam line status is shown in Section III. At the end of FY
1985 12 beam lines were operating (UIOB has changed) with 9 more taking
beam for preliminary experiments and/or monochromator studies. An
additional 14 beam lines were in the planning stage, constituting a total
of 35 lines.

D, Beam Line Performances

Since the ring began running consistently at high brightness and with
stable orbits, considerable attention has been devoted to the performance
of the beam line optical components, primarily with regard to the imaging
properties of the focusing elements. Since all the beam lines have
grating monochromators, these imaging properties are resolution deter-
mining. During this last year measured resolving powers (X/AX) In the
soft x-ray region (40 to 1000 eV) have been typically of the order of a
few hundred rather than the few thousand which most instruments were
designed to have. These poor performances can be attributed to surface
figuring errors. The best performing instruments, such as the U8 TGM,
clearly have improved figuring accuracy, at least over part of the optic.
It is evident that to achieve some of the scientific goals already
envisioned, this problem must be addressed and much of our effort is being
directed to this area.

E. Future Plans

Future plans to replace the undulator and modify the injection
septum, which at present is the lifetime limiting aperture, will be
carried out in January 1986. In August, vacuum chambers in half the
dipoles will be replaced. These allow for the infrared extraction
downstream of U4, laser input upstream of Ull for the TOK and TOK beam
extraction upstream of U13. The undulator extraction section upstream of
U5 will also be modified to larger aperture.
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Table 6
NSLS VUV Ring Performance Year-by-Year

Max. Stored Current
Max. Current/bunch
Machine Energy (MeV)
Source Size (mm) vert.
FWHM horiz.
Lifetime at 100 raA. (hr)

Oct.1982

100
11
750
1,2
1.5
0.3

Oct. 1983

300
300
750
0.7
1.1
2

Oct. 1984

400
400
750
0.4
0,8
3

Oct.1985

810
700
750
0.12
0.8
3*

Design

1000
111
700
0.2
0.7
4

* This figure for vertical size of 0.4 mm.

NSLS VUV RING 20-OCT-85
CURRENT VS. TIME

800

700

Figure 4. Current versus time plot during VUV operations on 10/20/85
but typical of operations in August and September 1985.
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V. VUV STUDIES AND PERFORMANCE

During FY 1985 the performance of nhe VUV ring has been improved in
three key areas: vertical beam emittance, maximum ring current and overall
reliability. By reducing the vertical emittance and increasing the maximum
stored current, the brightness of the VUV ring has been significantly
increased. The total number of beam lines in use on the VUV ring has also
increased. The present electron-beam parameters are summarized in Table 7;
utilization of the VUV ring by percentage in time is given in Figure 9.

The horizontal and vertical emittances were measured to be 1.45 x
10~? IT rad m and 2.9 x 10 ir rad ra, respectively, using a new beam-size
monitor with a resolution of "25 pm (see Figure 10). Taking a ratio of
the two numbers yields a very low coupling of about 0.2%. This vertical
emittance, which is the lowest of any synchrotron radiation source, resulted
from an accurate alignment survey performed during the fall 1984 shutdown.

Table 7
VUV Parameters as of September 1985

Energy

Beam Current
Maximum single bunch
Maximum raultibunch
Accumulated A h

Horizontal emittance

Vertical emittan^-*

Maximum charge ra te ~100 mA/min

Beam lifetime (a t 600 mA) i h

The maximum stored electron current has reached 700 mA in a single
bunch, the largest single-bunch current in any storage ring. In multibunch
operation i t is possible to reach 810 mA. These higher values have been
reached by improving

- the injection system,
- the control of the radio-frequency tuner position and temperature,
- the longitudinal feedback system,
- the vacuum in the ring in the presence of the stored beam,

and running the machine with more positive chromaticity (£ ~2, B, ~4).

H V
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At present the above quoted limits are imposed on the current because
of overheating of a ceramic pipe. As a precautionary measure the maximum
current during normal operations is limited to -600 mA. The offending
ceramic will be replaced in the January 1986 shutdown.

Increases in the beam emittance caused by ion trapping in multibunch
operation have been minimized by a partial, nonsymraetric filling of the
bunches, in the same manner as in the X-ray ring. Operating the machine
with any number of bunches has been made possible by implementation of the
longitudinal feedback system and by modification of the control system soft-
ware. Five full buckets followed by four empty ones or six full buckets
followed by three empty ones are the most commonly used configurations.
This is very important to the performance of the ring because by distri-
buting the same number of electrons over several bunches, Touschek
scattering is reduced, thus increasing the beam lifetime.

During the January 1986 shutdown, the physical aperture in the injec-
tion straight section will be increased to further improve the lifetime. To
improve the ring vacuum, new distributed ion pumps will be installed in the
dipole magnet chambers during the August 1986 shutdown. Following these
modifications, the beam lifetime should increase by a factor of 2.

Work on the feedback system to stabilize the vertical beam position is
in progress. The associated electronic equipment has been successfully
tested. Before introducing the feedback system into routine operation it is
necessary to modify the mirrors used to extract the light because they are
undergoing thermal deformation.

Measurements of the bunch length as a function of current (microwave
instability) have shown that the bunch length is independent of energy for a
fixed RF voltage, which agrees with the theory of anomalous bunch lengthen-
ing. It has also been found that the bunch length increases linearly with
the current, a result in conflict with theory and not completely understood
at this time. To account for this behavior, a series of experiments to
measure the dependence of synchrotron frequency upon beam current and other
parameters has been undertaken. Low-current measurements, with the
automatic-gain-control feedback loop open, agree well with theory. Closing
the loop, at low current and low overvoltage, leads to an increase of the
synchrotron frequency, indicating that the gain and phase advance of the
loop is such as to contribute to stability with respect to the Robinson
instability. The measurement of the synchrotron frequency at high beam cur-
rent, which contains information on the dynamic tuning of the cavity, is not
fully understood and remains a topic for future investigation.

The transverse optical klystron (TOK) undulator is scheduled to be
installed in the ring during the August 1986 shutdown. In preparation for
the TOK experiment, the ring's performance is being studied at the reduced
energy of 400 MeV. At present, a one-hour lifetime with 200 mA has been
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achieved. At energies below 400 MeV, the ring's performance rapidly
deteriorates.

The free electron laser (FEL) undulator, scheduled to be reinstalled in
the ring during the January 1986 shutdown, will be used for spectroscopy
experiments.

To improve the performance of the FEL and TOK insertion devices, as
well as future insertions, the possibility of operating the ring with a
twofold magnetic structure instead of the current fourfold structure is
being considered.

DOWNTIME (5.9X)
CONOTONING (2£%)

MAINTENANCE

SIUDtES (7.9X)

OPERATIONS (77.8%)

Figure 9. Utilization of the VUV ring by percentage in time,
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Figure 10. Horizontal and vertical beam profiles at U5.



VI. X-RAY RESEARCH OPERATIONS

Fiscal year 1985 started out with the long, frustrating autumn shut-
down. However, this was followed by an incredible year, starting in
January 1985. The shutdown brought into an operating state the machine,
many x-ray beam line safety systems, the final x-ray beam ports planned
for Phase I, and experimental programs on about half a dozen lines. By
the end of January, operations were under way one or two days a week, with
seven beam lines using light at the increased energy of 2.0 GeV. Mono-
chromatic experiments were started, and the difficult task of interweaving
machine and beam line commissioning was in progress. The pace of
installation and growth never slowed during the entire year. The overview
of the progress and the resulting operational programs is detailed in
Table 8 - the summary of major milestones for the x-ray ring experimental
program; and Table 9 - the summary of numbers of lines and ports. An
informational guide to the NSLS x-ray beam lines can be found in Section
III. The format has been kept the same as in the FY 1984 Annual Report
for eacy comparison. The most dramatic statistic is the growth from zero
to 20 of the number of operating experimental programs with full
stand-alone safety systems in less than 10 months of operation.

The status of all existing and many planned beam line programs is
given in Section III. We have identified local contact personnel to
facilitate personal contact for information regarding beam line status and
operational parameters. The list includes some of the Phase II programs
for insertion devices on beam ports XI, X5, X17, and X25. Not shown are
the plans for the interim undulator beam lines on XI7 to be installed and
operated for the period January 1985 to January 1987. There are also
plans, not shown, for an R&D line on port X27 and a machine physics diag-
nostic line on port X2 or X8. The reports on beam line status and the
many experimental programs already completed are included in the Reports
of Research section of this report.

The real story of the year is told by the sequence of milestones in
Table 8. The growth of number of lines operating, safety systems func-
tional, and experimental program paralleled the rapidly improving machine
performance. A balance of time was continuously established between
operations, downtime for front end and safety system commissioning, and
machine physics. Overall, the cooperation between the various NSLS
sections and the user community was smooth and, as the results show, pro-
ductive. Early in the year, rigid vacuum procedures were invoked on the
beam lines, the result being very few problems in machine vacuum due to
beam lines turning on. Some realignment and additions to the vacuum and
safety procedures were necessary as the beam energy, current, and lifetime
increased. These were welcome steps of progress for the user.
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Several bar charts are included here, compiled by the machine opera-
tions personnel, to illustrate the tremendous expansion in x-ray perfor-
mance and operations. First, the average fill currents (see Figure 11)
increased steadily to 80 to 90 mA, limited at that level by RF condi-
tions. Those current levels have been adequate for large numbers of
experiments. At the request of the users, fills were sometimes limited in
current for alignment. At the higher currents, thermal problems on optics
have become important, and several groups are using water cooling
techniques on monochromators. Current increases were accompanied by
equally dramatic increases in the beam lifetimes, Figure 12 shows the
data for a standard current of 50 mA. Not shown are the early problems
encountered with frequent beam dropouts and short lifetime modes attri-
buted to poor vacuum conditions. Figure 13 shows the main reason for the
long lifetimes (and decreased dropouts), the decrease in pressure in the
storage ring. Note the large increase in average pressure in September
and the corresponding decrease in lifetimes. That was due to vacuum acci-
dents caused by Hurricane Gloria and some uncooled thermal absorbers.
Recovery from such occurrences has become routine and Cakes about 1 ampere
hour. Equally important to the users, and the improvement which led to
operations with only two fills in 16 hours, were the long times that beams
could be held. Dropouts were virtually eliminated when the facility went
to non symmetric fill bucket sequences. Since then, the long lifetimes
have been meaningful and experiments have blossomed. For completeness,
Figure 14 and 15 show the average charging rates and the total monthly
ampere hours of operation.

The most demanding and, in many respects, the most important task for
the NSLS beam line operations staff was the continual development of
safety hardware, protocol, and operation procedures. As the security
systems were commissioned and upgraded, and as confidence in their opera-
tion increased, several modes of operation were allowed. Initially, all
operating lines required the presence of an NSLS "babysitter." It was
necessary to padlock the front end shutters when the line was not being
operated, which entailed interruption of ring operations twice each day to
attach and remove padlocks. In fact, such a mode of operation will always
be necessary for new beam lines before safety systems are complete. The
next step occurred when beam lines were functionally approved and the beam
line personnel had complete checklists and safety approval forms. It took
a lot of time and effort for our staff to develop and implement these pro-
cedures. At this point, the beam lines could "stand alone," following
daily turn-on and safety checks by the Operations Coordinator. Front end
padlocks are no longer required in this mode, but the lines are locked out
when not attended. In the lastest stage, reached in September, some beam
lines are allowed to be in a "self-start" mode, which permits the lines to
do their own daily safety checks and not get locked out when the line is
unattended. As the facility moves to 24-hour-a-day operation, all lines
will eventually be in this mode. These operations placed continuing
demand on the staff, which has led to an increase in dedicated operations
personnel.
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The increase of responsibilities of the operations staff led to the
establishment of the Operations Coordinator position. Operations Coordina-
tors, available at any time that either the x-ray or the VUV ring is
operating, can be reached by a single BNL pager number, 824, They have
wide-ranging responsibilities, including safety checkouts, beam line enable
and lockout, vacuum procedure monitoring, checklist and safety approval
form verification, and control room backup. They record all operating
data, problems, and schedules, and report on safety conditions. They have
become the essential link between experimenters and NSLS staff.

By the end of the year the long beam lifetimes, rapid filling, and
ever-increasing currents had opened up full experimental operations. It
has become clear, however, that the x-ray optics (in particular the
mirrors) are not yet capable of fully utilizing the extremely bright
beams. This deficiency, coupled with the degrading of performance by
thermal distortions, means that the facility must vigorously pursue the
necessary advancement in optics. There is much work left to be done. Some
problems remain with beam alignment and stability, safety systems must con-
tinually be installed, upgraded, and retrofitted, and new lines are
continually being commissioned. In fact, we expect to open one more beam
port and commission up to 13 more beam lines in FY 1986.

Table 8
X-Ray Beam Lines - Operations FY 1985

10/84 - 1/85 Completed front end installation and alignment
1/24 First beam line experimental operations at 2.0 GeV
1/25 monochromatic x-rays - EXAFS on XI1A
2/1 X21 monochromatic x-rays
2/14 X18 monochromatic x-rays
2/26 Phased out padlock mode of operations
3/25 First beam lines in stand-alone safety mode
4/3 First beam line operations at 2.4 GeV
5/8-22 First extended operations
6/85 - 10/85 Full x-ray operations, 16 hours/day, averaging 5 days/weel:
8/28 First operations at 2.5 GeV

Table 9
X-Ray Beam Lines - Summary

X-ray ports Operational September 1985 16
Planned 1986 1
Future 11

Beam lines Operational September 1985 20
Commissioning 1986 13
Planned 15
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Figure 14. Average charge rate.
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VII, X-RAY STUDIES AND PERFORMANCE

During the last year the commissioning of the x-ray ring was success-
fully concluded, allowing full-scale operations to begin. Since late spring
1985, x-ray operations have proceeded with a very high-quality electron
beam* Injection to currents of 100 mA. has become routine, and the electron
beam lifetime at the operating energy of 2.5 GeV has reached 5 hours at 100
mA and 10 hours at 50 mA. Using an x-ray pinhole camera at X10, the trans-
verse electron beam dimensions have been determined to be
ux * .381 mm and <Jy * .123 mm, demonstrating the achievement of the
desired high-brightness source. Orbit reproduciblllty and stability have
been sufficient to allow experiments to proceed without excessive realign-'
ment. Ongoing research and development for orbit feedback will result in
enhanced orbit stability for specific experiments especially sensitive to
orbit deviations.

Since the autumn of 1984, the major engineering effort has been the
improvement of the RF system to allow the operating energy to be increased
from 2 to 2.5 GeV. During a shutdown lasting from September 1984 to January
1985, the old RF cavity (Cavity #2) was removed, and two new cavities (#3
and #4) and a second RF drive system were installed. Despite difficulties
due to flaws in the design of the RF cavities, which resulted in vacuum
leaks and Insufficient water cooling, the RF group has achieved reliable
operation at 2.5 GeV.

Key to the high level of performance in the x-ray ring is the dramatic
improvement of the injection systems, resulting in a routine charging rate
of 10 mA/min. Quick and reliable injection into the x-ray ring has allowed
the rapid accumulation of ampere hours of electron beam (130 A h from May
to October 1985), which has resulted in a cleaning of the vacuum chamber
walls by x-ray desorption. As a consequence, the electron beam lifetime has
steadily increased since last spring.

Important near-term development work centers on upgrading the RF system
and the storage ring vacuum protection system. Several vacuum accidents
since last spring resulted in the loss of valuable operating time. Clearly,
it is of the highest priority to make the likelihood of such accidents as
small as possible. Improvements in the RF Cavities #3 and #4 now situated
in the x-ray ring are scheduled during a shutdown in the spring of 1986.
Cavity #2 which is now on a test stand will also be upgraded and will be
installed in the ring at a later date. This together with the upgrading of
the dipole and quadrupole power supplies will allow the operating energy to
be increased above 2.5 GeV. Over the next few years we expect continued
improvement in the x-ray operations, due to increases in the electron beam
energy, current, and lifetime, as well as to improved orbit stability and
the inclusion of insertion devices as part of the Phase II construction
program.
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VIII. BEAM LINE R&D

The beam line research and development has been concentrated in three
general areas: (1) activities associated with Phase II beam lines, (2)
commissioning of Phase I x-ray beam lines, and (3) development of labora-
tory support facilities for a variety of diagnostics, crystal preparation,
and outgassing studies.

The soft x-ray undulator beam line, to be installed on the x-ray
ring, will be used for imaging studies. To optimize its design, several
prototype components have been tested on the U15 beam line on the VUV
ring. In particular, measurements of conical diffraction (grating lines
aligned nearly parallel to the beam direction) at 2,8 nm have yielded
diffraction efficiencies of 50%, High-resolution zone plates, produced at
King's College, London, made by STEM contamination writing, were also
tested. The measured resolution of these zone plates was 100 nm.
Finally, a beam position monitor was tested, and gave 10 yra resolution.
This design uses heat-pipe cooling to reduce the vibration levels below
those of a conventional water-cooled design.

The NSLS beam lines on the x-ray ring are in their initial stages of
operation. Commissioning has concentrated on the two-crystal, fixed-exit
"boomerang" monochromator developed in collaboration with P. Cowan of the
National Bureau of Standards. The monochromator is a UHV instrument with
base pressures of " 5 x 10" Torr with beam off. The operation of the
instrument relies on bench alignment of the two independent crystals and
then in UHV, a piezoelectric pusher (PZT) which aligns the second crystal
to the required arc-second resolution. During commissioning, several
problems and limitations in the original design have been observed:
(1) vertical beam steering, (2) electrical breakdown and failure of the

UHV-compatible piezoelectric pusher, and (3) horizontal beam steering.

The vertical beam steering is due to heating of the first crystal and
its mount and the resultant required rotation of the cool second crystal
to match the wavelength diffracted by the hot first crystal. This problem
has been exacerbated by the steadily improving x-ray ring performance (150
mA, 2.5 GeV). Under test is a scheme involving water cooling of a copper
block and a copper braid connection to plates that are clamped rigidly to
the first crystal and provide side cooling. The initial results are very
encouraging and studies continue.

The electrical breakdown of the PZT may be inherent in its design.
Also, the presence of vast quantities of photoelectrons may be a problem.
Minor changes in the design of the stack and the use of a negative bias
are being tried, as well as alternative designs using tube rather than
disk piezoelectric elements. Since these PZTs are the crux of the
successful long-term use of this UHV monochromator, solution of this
problem is critical.
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The horizontal beam steering comes from imperfections in the non-
Bragg-angle setting in the "boomerang" design. As with the PZT setting
for the Bragg angle, this orthogonal motion must be corrected and a new
design is actively being pursued.

Present laboratory support facilities for beam line R&D are in two
areas, vacuum and crystal preparation. For the vacuum system, a small
test system has been constructed to measure outgassing rates and to
certify the UHV compatibility of new materials and subsystems for mono-
chromators and mirror systems. The system uses the conductive method to
measure sample outgassing and includes a residual gas analyzer to detect
material decomposition. In the area of Bragg-reflection x-ray optics,
instrumentation is being assembled to prepare and test novel devices. In
particular, a high angular resolution (* 0,01 arc sec) two-axis dif-
fractometer is under construction, and some specialized crystal prepara-
tion machinery is on order. These facilities will also provide diagnostic
capabilities required to evaluate crystal monochromators currently in use
on the x-ray ring.
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IX. NSLS PHASE II CONSTRUCTION PROJECT

The Phase II project was reported in detail in last year's NSLS
Annual Report. This report will be concerned with the past 12 months and
the effect of a changed funding profile on the scope of work.

As reported in the 1984 NSLS Annual Report, the original objectives
of the project were to

a. Increase building area by approximately 52,000 ft2 for labora-
tories, experimental support areas, and integrated work and
office space for NSLS staff,

b. Design and build the following six state-of-the-art beam lines:

• High Energy Material Science and Angiography Beam Line using
a superconducting wiggler (XI7).

• High Q Resolution Beam Line having a hybrid wiggler (X25).
• Microscopy and Holography soft x-ray Beam Line with a SuCo5

undulator (XI).
• Infrared Beam Line (IR4).
• High E Resolution Beam Line with a hybrid wiggler (X21).
• Soft X-ray Spectroscopy Beam Line with multipole wiggler

(U13).

In 1984, the Department of Energy directed us to extend the program
from three to four years with an increase in project funding from $19.7 to
$21.87 million. However, in 1985, the financial plan was changed to the
original $19.7 million at the four-year stretchout. The resulting loss of
purchasing power from inflation and higher personnel costs required that
the U13 beam line be dropped from the Phase II project.

The bid opening for the conventional construction contract occurred
on January 31, 1985. On February 19, a contract was signed with the
Koren-DiResta Construction Co., Inc. of New York City. Almost a month was
lost while the Laboratory successfully defended itself in a civil suit by
another contractor who had submitted a lower bid which was disqualified
for not having satisfied all the requirements of his bid submittal.

Groundbreaking took place in April 1985. As of early November, the
concrete foundation work was virtually completed and extensive rerouting
and installation of site utilities were nearing completion. By mid-
November, structural steel will be delivered and should be erected by
December, and it is hoped that the roof and exterior panels will be in
place before late January 1986. Beneficial occupancy was planned for late
June 1986, but the building is several months behind schedule. Every
effort will be made to accelerate the work in the field.
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The design and fabrication of beam lines have been strongly
influenced by the dates set for "vacuum-break" shutdowns of the VUV and
x-ray storage rings. It is imperative to complete beam line take-off
chambers and insertion magnet chambers and portions of front ends in
August 1986 for IR4, and January 1987 for XI, X17, X21, and X25. All
these components are in the shops and are expected to be fabricated and
tested on schedule.

Front ends for XI, X17, and X25 have been designed (except for beam
monitors and a graphite filter) and are being fabricated. The XI undula-
'.or is being assembled. The X25 hybrid wiggler is under fabrication and
the X17 superconducting wiggler will have final magnetic measurements
completed by year's end. Design work is now under way for beam line com-
ponents which include monochromators, mirror systems, and general beam
line hardware. Satisfactory progress has been made on XI and IR4 beam
lines, whereas X17 and X25 are two to three months behind schedule-

The High E Resolution Beam Line, X21, will be the last of the five to
be completed because of the stretchout of the project. It is expected
that design of this beam line will be completed by October 1986 and fabri-
cation sometime in 1987.

There have been personnel changes of note: Dr. J. Hastings bar taken
over the responsibilties of Phase II Beam Line Design/Development activi-
ties, and Dr. H. Rarback is now the Principal Scientist for the XI Soft
X-ray Beau Line.
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X. REPORTS OF RESEARCH AT THE NSLS

This section contains the reports of research carried out at the NSLS
UV and X-ray storage rings during the 1985 Fiscal Year. Most of the con-
tributions have been specif ical ly written for this annual report by the
experimenters. Their efforts are greatly appreciated by the Annual Report
Staff. The reports are presented by beam l ine and are arranged alphabeti-
cally by f i r s t author (except where a specific order was requested). The
Table of Contents that follows is also arranged by beam l ine and f i r s t
author.

- 47 -



CONTENTS

RESEARCH REPORTS FOR UV BEAM LINES

Beam Port Ul

Sansone, WU, Constantino, S . , I n i t i a l Tests of the ERG
Hewitt, R. , and Eberhardt, W. Monochromator at Ul 59

Beam Port U3

Bartlett, R,, Trela, W., Development of Beamline U3C... 62
Hichaud, F., Southrjorth, S.,
and Rothe, R.W.

Beam Port U4

Kevan, S.D. Small Perturbations on Surface
Electronic Structure Induced by
Trace Impurities 65

Kevan, S.D. High Resolution Photoemission Study
of the Zone Center Surface State on
Au(lll) 67

Kevan, S.D. Valence Surface State Shifts on

Alkali Adsorption 69

Sette, F. and Capasso, C. 1985 Activity on U4A.... 71

Williams, 6. The Infra-Red Beam Line IR4 74

Beam Port U5

Luccio, A. and Wielopolski, L. Inverse Compton Scattering on the
VUV Ring 76

Nawrocky, R.J. Beam Diagnostics at U5 79

- 48 -



Beaut Port 116

Silverman, J., Wyrlaumont, J,,
DiMilia, V,, and Bobroff, N.

Beam Port U7

Pan* X«, Shek, M., and
Strongin, M,

Pan, X«, Shek, M.t and
Strongln, M.

Shek, M., Pan, X., and
Strongln, M.

Shek, M., Pan, X., and
Strongin, M,

Wu, S., Garrett, R.,
Sondericker, D., Sokolov, J.,
Wang, Z.Q., and Joua, F.

Beam Port U8

Hillebrecht, F.U., Hughes, 6.,
fileger, D., Hlmpsel, F.J., and
Ronay, M.

Hughes, G. and Ludeke R.

Jordan, J*, Sanda, P.,
Morar J., Kovac, C.,
Himpsel, F., and
Pollak, R.A.

Morar, J.F., Hlmpsel, F.J.,
Hollinger, 6., Hughes, 6.s and
Jordan, J.L.

Rieger, D., Hlmpsel, F.J.,
Karlsson, U.O., Morar, J.F.,
Hillebrecht, F.U., Hughes, 6.,
Jordan, J*, and McFeely, F.

U6.....X-ray Lithography 80

Studies of the Low Temperature
Oxidation of Ta,,.,,,., ,... 81

Studies of CO Adsorption on Ta at
Low Temperature „ 83

Studies of Na Core Level Shifts in
Solid Krypton Supported on Ta, Pt
and Na.,......I..,.,..,.,,,.,.,,,.. 85

Studies of Ni3Al , 87

Resonance Photoemission from Clean
and Oxygen Covered lM^Al........... 90

Enhancement of Si Oxidation by Ce
Overlayers 93

The Oxidation of InP(llO) Surfaces. 95

Carbon Is Photoemission Study of
Cr/Polymer Interfaces - 98

Observation of a Cls Core Exciton
in Diamond. 101

Structure and Bonding at the
CaF2/Si(lll) Interface 104

- 49 -



Beam Port U9

Holroyd, R«A, and Preses, J.M,

Preses, J.M., Burkhardt, C,E.,
Corey, R,, Daultan, T,,
Thomson, R.» Garver, W.F., and
Leventhal, J.J.

Quick, C , Jr., Tiee, J.J.
Preses, J.M., and
Weston, R*E., Jr.

Spandau, D.J., Senum, G.I.,
Wickramaaratchi, M.A,,
Prerauzie, E.T., and
Snyder, P.A.

Sutherland, J.C.

Wickramaaratchi, M.
Preses, J., Holroyd, R.A., and
Westoit, R.E., Jr*

Wickramaaratchi, M.A.,
Preses, J.M., and Weston, R.E.

Photophysical Properties of Liquid
Tetrakis(dimethylamino)Ethylene.... 107

Photoionization of Laser-Excited
Atoms 110

Applications of Tunable VUV
Radiation. ».... 112

Circular Dichroism Spectroscopy in
the Vacuum Ultraviolet Region...... 114

U9B Ultraviolet Biophysics......... 116

Lifetime of the Fluorescent Excited
State in Solid, Liquid and Vapor
Phase Cyclohexane..... 120

Lifetime and Quenching Rate
Constants for a Fluorescent Excited
State of Tetramethylethylene
(2,3-dimethyl-2-butene).. „.. 122

Beam Port U10

Jos t l e in , E., Trbojevic, D.
Bintinger, D., and Union, P.

Gas Desorption from a Cold (4.5°K)
Beam Tube by Synchrotron Radiation. 124

Beam Port Ull

Grover, J., Walter, E., and
Hui, E.

Poliakoff, E.D., Ho, M.-H.,
Leroi, G.E., and White, M.G.

Walters, E.A., Grover, J.R.,
and White, M.G.

Dissociation Energy of
Neutral Diner

Benzene

Dispersed Fluorescence as a Probe
of Photoionization Dynamics . . . . . . . .

Photoionization Studies of the
C2H4.HCI van der Waals Molecule.. . .

127

130

134

- 50 -



Beam Port U13

Fauehet, A.M., Craft, B.C.,
Galayda, J.N., Hsieh, H.,
Luccio, A., Murphy, J.B,,
Pellegrini, C,,
van Steenbergen, A.,
Vignola, G,, Yu, L.,
Freeman, R., and Kincaid, B.

Beamline U13-T0K. 137

Beam Port U14

Baldwin, E., Pearlstine, K.,
Friend, C»M., Johnson, A.L.,
and Sham, T.K.

Choudhary, K., Kim, S.,
Lee, J., Rothherg, G.M.,
denBoer, M., and Williams, G.

Curelaru, I.M., Din, K.-S.,
Williams, G., and Kneedler, E.

Golub, L., Davis, M.,
Sams, B., Simon, R.,
Spiller, B., Bartlett, R., and
Southworth, S.

Samson, J.A.R., Angel, G.C.,
and Williams, G.

Near Edge X-Ray Adsorption Fine
Structure Studies of Chemisrobed
Molecules on W(100) 141

Photoemission EXAFS: Applications
to Chemical and Magnetic Effects... 144

Photoemission Studies of LiAl and
LiGa Zintl Intermetallics 146

X-Ray and XUV Tests of Multilayer
Coated Optics.. 149

Fluorescent Efficiency of Sodium
Salicylate between 50 and 350 eV... 152

Beam Port U15

Beese, L., Caldarolo, M.,
Cheng, P.C., Cinotti, F.,
Feder, R., Hey'ccr, R.,
Schaibl, M., and
Sinozaki, D.M.

Buckley, C., Burge, R.E.,
Brown, M.T., Cave, R. ,
Charalambous, P., Duke, P.J.,
Kenney, J.M., Michette, A.G.,
Morrison, G., Jacobsen, C.,
Kirz, J., McNulty, I.,
Rosser, R.J., Shu, D., and
Rarback, H.

Soft X-ray Contact Imaging of
Biological and Synthetic Materials
Recent Experiments Run on Beam Line
U15 154

The Testing and Use of High Resolu-
tion Zone Plates at the U15 Beam
Line 156

- 51 -



Beam Port U15 continued

Feder, R., Howells, M.R., X-Ray Holographic M i c r o s c o p y . , , . . . . 157
Jacobsen, C., Kirs, J . , and
Rosser, R,

Hanson, D.M., Anderson, S.L. , Core l eve l Excitation and Relaxa-
Murakami, J . , Nelson, M.C., t i o n in M o l e c u l e s , , , , , . . . . . 158
and Madan, B.

Jacobs en, C., Kirz, J., Soft X-Ray Microscopy at the U15
McNulty, I., Rosser, R.J., Beam Line,,....,,,**,...,.......... 159
Rarback, H., and Shu, D.

Yang, B,, Kirz, J., Kao, Y., P31 as a Detector for Soft X-Ray
and Sham, T.K. Spectroscopy, 160

Yun, W,, Kirz, J,, Rosser, R., Soft X-Ray Diffraction Experiment

and Sayre, D. on the U15 Beam Line 163

RESEARCH REPORTS FOR X-RAY BEAM LINES

Beam Port X10

Hewitt, R., Sansone, M., Exxon X-Ray Facility X10A 166
Constantino, S.,
Sorensen, G., and Moncton, D.

Beam Port XI1

Bandyopadhyay, P. and EXAFS and Xanes Determination of
Bunker, B.A, Lattice Distortion and Impurity

Site in Implanted Semiconductors... 168

Choi, M., Hayes, G.H., XANES and EXAFS Studies of Metallic

Pease, D,M., and Budnick, J.I. Systems and Interfaces 170

Fajer, J, Magnanese Studies 172

Felton, R.H., Furenlid, L.R., EXAFS of Non-Heme Iron Proteins and
May, S., Morris, P., Stern, E. Metal Imidazole Complexes, 173
Hanske-Petitpierre, 0,, Displacement of Nb Atoms in KTN.... 176
Stern, E.A., and Yacoby, Y.

- 52 -



Beam Port XI1 continued

Heald, S.M., Tranquada, J.M,,
and Chen, H.

Isaacs, H»S,, Heald, S.M,,
Tranquada, J*, Hawkins, J.,
Thompson, G,E., and Wood, G*C,

Islam, S.M, and Bunker, B.A.

Islam, Q.T. and Bunker, B*A.

Malik, S«, Shenoy, G.,
.Heald, S., and Tranquada, J.M*

Morrison, T.I.

Fandya, K., Natarajan, C.,
Hoffman, R.W., O'Grady, W.E.,
and Sayers, D.E.

Pick, M.A. and Lengeler, B.

Stern, E.A., Zhang, K.,
Sanders-Loehr, J., and
Gilboa, J.

Stern, E.A., Ma, Y.-J., and
Bouldin, C.E.

Stern, E.A., Ma, Y.-J., and
Bouldin, C.E.

Theil, E., Sayers, D., and
Yang, C.Y.

Tranquada, J.M. , Heald, S.M.,
Pick, M., Smith, J., and
Fisk, Z.

Yang, C.Y., Sayers, D.E.,
and Paesler, M.A.

Surface and Interface Studies Using
Grazing Incidence X-Ray Adsorption
and Reflection. 177

An Investigation of Chromate
Inhibitors on Aluminum Using. -..
Fluorescence Detection of X-Ray
Adsorption. 179

EXAFS and XANES Studies of
Disordered Semiconductor Alloys.,,. 182

Study of Defects in IV-VI Semi-
conductors Using EXAFS and XANES... 184

Unusual Eu Valence in EuxRh3B2 -
A magnetic and X-Ray Adsorption
Study., 186

Studies of Amorphous Binary Alloys. 189

Electron Yield Detectors for Near
Surface EXAFS ,. 190

Trapping of Interstitial Hydrogen
Atoms by Substitutional Impurities
in Metals 193

EXAFS Studies on Metalloproteins... 195

The Incipient Crystallization
Stage 197

The Structure of Quasicrystals...„. 198

EXAFS Studies of Models for the
Ferritin Iron Core................. 199

Lattice Dynamics of the Heavy
Fermion Compound UBei 3 200

EXAFS Studies of the AsxSi.x
Chalcogenide Glasses: The Role of
Rapid Quenching and Composition.... 203

- 53 -



Beam Port X12

Sweet, R., Levin, P.,
Wise, D., Schoenborn, B.,
Hastings, J., and
Thomlinson, W.C.

Beam Port XI3

Cox, D.E., Cardoso, L.P.,
Hastings, J,B,, and
Finger, L.W.

Attfield, J. and Sleight, A.

Bennett, J.M. and Cox, D.E,

McKeown, D., Prewitt, C., and
Cox, D.E.

Cardoso, L.P. and
Caticha-Ellis, S.

Cox, D.E. and Sleight, A.W.

Kofalt, D., Nanao, S., and
Egami, T.

Kvick, A.

Beam Port X14

Ice, 6.E., Sparks, C.J., and
Habenschuss, A.

Progress in Development of X-Ray
Scattering Facilities for the Study
of Biological Structure 206

Powder Diffraction on Beam Line
X13A ... „ 208

Ab initio Determination of the
Structure of a-CrPOi^ from Powder
Diffraction Data 210

Current Studies of Software
Development and Molecular Sieve
Studies on Beam Line 13a 213

Rietveld Powder Pattern Analysis of
Dolomite 216

Structure Factors of some
"Forbidden" Reflections of Si by
Multiple Diffraction of X-Rays 219

Symmetry of Superconducting Com-
positions in the BaPb1_xBixO3
System 222

Diffraction Study of Quasi-
crystalline PdeOU2oSi2O Performed
on X13A 225

Crystallographic Research at the
X13B Beam Line 228

X14A - ORNL's X-Ray Scattering Beam
Line 229

- 54 -



Beam Port XI5 - XI6

Aeppli, G., Buntschuh, B,,
Citrin, P.H., Davey, S.C.,
Jayaraman, A,, Kincaid, B,M,,
Lowe, W.P., McWhan, D.B.,
Melczer, M.E., Mochrie, S.,
Powers, L.S., Robinson, I.K,,
Vanderberg, J.M.,
Waskiewicz, W.K., Fuoss, P.H.,
Norton, L., and Ratzke, H.

Progress Report for X15 and X16..., 233

Beam Port X18

Liedl, G.

Koo, Y.M., Cohen, J.B,

Georgopoulos, P., Cohen, J.,
and Herman, H.

Westwood, J.,
Georgopoulos, P., and
Whitmore, D.H.

Dennison, J.R., Taub, H.,
Shechter, H., and Brener, R.

Colella, R., and Chapman, D.L.

Block, J.M., Chapman, L.D.,
Garoff, S., Alvarez, M., and
Eisenberger, P.

Chen, H.

Matrix PRT Beam Line Status 236

The Aging of Cu-Be Alloys 236

Residual Stresses under Coatings... 237

Atomic Distributions in Chalco-
genide Glasses „. 238

The Structure of Layering of
Fe(CO)5 Absorbed on Graphite 238

Determination of Dispersion Curves
of Phasons in Modulated Structure.. 239

X-Ray Scattering from Organic
Monolayers of the Langmuir-Blodgett
Type 240

Spatial Order of Gamma-prime
Precipitates in NI-SI Alloy 242

Beam Port X19

Hmelo, A.B. and Bilello, J.C.

Herley, P.J.

Lattice Rotations Associated with
Crack-Tip Structures in Mo and
Mo-Nb Alloy Crystals 245

Influence of Lattice Imperfections
on the Chemical Reactivity of
Inorganic Solids 248

- 55 -



Beam Port X19 continued

Jones, K.W,, Gordon, B.M.,
Hanson, A,L,, Pounds, J.G,,
Smith, J.V,, Rivers, M.L., and
Sutton, S.R,

Kuo, C.L., Bilello, J.C., and
Shalvoy, R,B.

Ng, W., Naraaroff, M, Kuo, C,,
and Bilello, J.C.

Pope, D.P. and Benci, J.E.

Rebonato, R., Kuo, C.L., and
Bilello, J.C.

Stock, S., Hedayat, S.,
Birnbaum, H., and Chen, H.

Stock, S., Hedayat, S.,
White, G., and Chen, H.

Wakharkar, V. and Bilello, J.

White, G., Stock, S., and
Chen, H.

Beam Port X21

Phillips, J., Baldwin, K.,
Lehnert, W., Legrand, A., and
Prewitt, C.

Higby, P., Shelby, J.,
Legrand, A., and Phillips, J.

Trace Element Determinations Using
X-Ray Fluorescence 250

Energy Selective White Beam
Synchrotron Topography of GaAs
Crystals 255

Characterization of Thin Films Via
Synchrotron Topography 258

A Study of Creep Fracture
Mechanisms Using Microradiography
and X-Ray Topography , 261

Quality and Growth of Single
Crystals: A Comparison of Laue
Method and Synchrotron X-Ray Topo-
graphy 263

Mapping of Strain Fields Around
Niobium Hydride Precipitates 266

Strain Field Around a Notch in an
Elastically Bent Silicon Crystal... 268

In-Situ X-Ray Synchrotron Topo-
graphy of Slip Initiation in Mo
Single Crystals 270

Measurement of Thermal Stress in
Pd2Si Film on Si (111) by Absorp-
tion Edge Contour Mapping 273

SUNY X21 Beam Line: Contribution of
NSLS Annual Report for 1984/85 -
Beam Line Commissioning 276

X-Ray Spectroscopy of Alkali
Galliosilicate Glasses 278

- 56 -



Beam Port X21 continued

Zegenhagen, J., Kayed, M.,
Huang, K., Gibson, W.,
Showalter, L», and
Phillips, J.

Kao, Y., Ganova, E.,
Woronick, S., Su, G.,
Hirschmugl, C., and
Phillips, J,

Beam Port X22

Axe, J.

Beam Port X23

Black, D., Long, G., and
Kuriyama, M.

Dobbyn, R., Black, D.,
Burdette, H., and
Boettinger, W.

Long, G., Kuriyama, M., and
Steiner, B.

Long, G., Kuriyama, M., and
Steiner, B.

Beam Port X24

Cowan, P., Brennan, S.,
Karlin, B, Deslattes, R.,
Henins, A., Kessler, E., and
Jach, T.

Rife, J., Hunter, W., and
Kabler, M.

X-Ray Diffraction Study of NiSi2 on
Si(Ul) 279

X-Ray Spectroscopy and Reflectivity
Techniques in Materials Develop-
ment. 280

A Progress Report on the X22 Beam
Lines 282

Effects, of Diffusion Bonding on the
Crystal Perfection of Copper Single
Crystals 284

Real Time Orientation and Micro-
structure of Adjacent Grains in
Polycrystallline Materials During
Processing 287

X-Ray Topographic Examination of
Bi12SiO20 Single Crystals 290

X-Ray Topographic Examination of
LiNbO3 Single Crystals 292

Performance Results for a High
Energy Resolution Beam Line, X24A.. 295

X24C - Beam Line Development and
Early Experiments 296

-57 -U



I n i t i a l Tests of the ERG Monochromator at 111

M. Sansone, S, Constantino, R, Hewitt, W. Eberhardt
Exxon Research and Engineering Co.

Route 22 22 East
Annandale, NJ 08801

During the fa l l of 1985 we have extensively tested and characterized the
ERG monochromator at the Exxon beamline Ul, Presently we achieve a resolu-
t ion of better than 250 meV at the C Is absorption threshold and better than
300 meV at the Nitrogen Is threshold at 400 eV. These values are less than a
factor of two from the theoretically expected performance. A curve showing
the vibrational substructure in the C Is to 2TT* excitation of CO is shown in
Fig. 1 . We are confident that we wi l l achieve even better resolution than
the presently measured values after modifications to the Codling s l i t
mechanism.

The ERG monochromator was originally designed by S Hulbert et a l . 1 to
operate with a 2m and a 5m grating in Rowland circle geometry. We have added
a third grating of 3.7 m radius to give better overlap between the spectral
ranges of the instrument. The ranges and the theoretical resolution is shown
in Fig. 2. The experimental values at 287 eV and 401 eV are included in
Fig. 2, Our results show that the computer controlled motion of the optical
elements satisfactori ly maintains the Rowland circ le geometry despite the ab-
sence of a positive mechanical linkage that was the basis of the older Grass-
hopper design.

Fig. 3 shows a total electron yield spectrum of oxidized Ni taken with
medium resolution over the range of the 5m grating. The oxygen absorption
edge as well as the Ni L edge are clearly shown. There is also an indication
of the EXAFS structure above the edges. The total scan time was about lb
min. From the slope of the background i t is clear that the usuable range ex-
tends to well above 1000 eV until straylight becomes dominant.

References

1 . S. Hulbert, J.P. Scott, F.C. Brown and N. Lien, Nucl. Instrum. and
Methods 208 (1983) 43.
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Development of Beamline U3C

Roger J. Bartlett, Walter J. Trela,
Francis D. Michaud, and Stephen H. Southworth

Los Alamos National Laboratory, Los Alamos, New Mexico 87545

and

Richard W. Rothe
Brookhaven National Laboratory, Upton, New York 11973

Initial assembly and optical alignment of beamline U3C is near
completion. This is an ultra-high vacuum, grazing incidence, VUV beamline
designed to operate over the photon energy range 20 - 1250 eV with good
resolution (E/AE - 1000) and high spectral purity. A diagram of the beamline
is shown in Fig. 1.

The MQ mirror and its vacuum chamber have been attached to the U3 front
end and aligned and tested. MQ is a bent mirror which accepts 10 mrad of the
horizontal fan of radiation at 2° grazing angle of incidence and focuses with
1:1 magnification at the exit slit of the monochromator.

The monochromator* is a version of the extended-range grasshopper
(ERG).2 The ERG contains a bent Mj mirror which collects 1 mrad (vertical)
of radiation at 1° grazing angle of incidence and focuses at the entrance
slit with a demagnification of approximately 7:1. The ERG carries three
gratings having radii of curvature of 2, 3.7, and 5 m. The multi-grating
design allows good coverage of a wide spectral range with optimum resolution
and intensity. After initial alignment of the monochromator optics using
survey instruments and laser beam techniques, the monochromator has been
installed in the beamline for final assembly and alignment.

Beyond the exit slit of the monochromator is located an adjustable
re-focusing mirror which will allow a variable focal distance to accommodate
various sample chambers and beam geometries. The farmost beamline chamber
contains filters and devices for beam diagnostics.

The scanning motions of the monochromator and the beamline systems will
be automated and monitored using a MicroVax II computer and associated
interface electronics.

Initial assembly, alignment, and testing of the beamline will be
completed in late 1985, and the experimental program will begin.
Subsequently, the beamline will undergo detailed testing and the monochroma-
tized light beam will be characterized for intensity, bandwidth, polariza-
tion, and spectral purity.

Work performed under the auspices of the U.S. Department of Energy.
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Small Perturbations on Surface Electronic Structure Induced by
Trace Impurities

S, D. Kevan

AT&T Bell Laboratories
Murray Hill, New Jersey 07974

Small concentrations of surface impurities can lead to a variety of
interesting chemical and physical effects, including catalytic enhancement and
poisoning, large surface dipoles, and changes in electronic and elastic
properties, A microscopic characterization of their effect on the substrate
electronic structure is thus of considerable fundamental and practical interest.
The high resolution angle-resolved photoemission (ARP) experiments
reported here describe a direct measure of the scattering cross-section of
electrons bound in the zone-center surface state on Cu(lll) off trace
potassium surface impurities. From this result the electronic structure is
found to be strongly perturbed over a range of - 5A.

The approach adopted views the surface as a dilute alloy.1"3 The
impurities act as scattering centers, and endow the substrate valence electrons
with a mean-free-path X given by

X = no /ca, (1)

where fl0 is the unit cell area, c is the impurity concentration, and cr is the
impurity scattering cross-section which has dimensions of length for scattering
in two-dimensions. These scattering events render the parallel crystal
momentum of the surface state electrons ill-defined on a scale of

|A*O |=1A. (2)

The surface state under consideration disperses parabolically about the center
o'i the surface Brillouin zone with a nearly isotropic effective mass of
m* = 0.42 ± .01 me.

2>4 A relatively small amount of momentum broadening
(e.g., 0.01 A~ l) yields an energy width F, at kp = 0.22A"1 which is easily
measurable with currently available instrumentation.

Figure 1 shows ARP energy distribution curves of the Cu(lll) surface
state near EF at Jtn = O.ISA""* for various potassium coverages. In accord
with previous results,5'6 the state is seen to move to slightly higher binding
energy as the coverage is increased. This is directly related to the softening
of the surface barrier induced by the decreasing work function. The peak
also broadens by nearly a factor of two over this small range of
concentrations. This is the most direct observation of the scattering processes
probed here.

On extrapolating the experimental resolution to zero, a value for the
scattering-induced momentum broadening can be derived. Fig. 2 shows these
results as a function of potassium coverage. The data are reasonably well fit
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by a straight line; using eqs, 1 and 2, the slope yields a scattering cross-section
w = 5,2 ± 2.oA. The derived value of a is reasonable for a metallic system;
the range of the screened Coulomb scattering potential is of the order of one
unit cell. Improvements in sample preparation along with increasing the
momentum resolution by a factor of 5-10, will allow a more precise measure
of cr. Interesting correlations between a and other observables such as heat
of adsorption, ionic radii and surface diooles, could then be drawn.
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High Resolution Photoemlsslon Study of the Zone Center Surface
State on Au(lll)

S. D. Kevan

AT&T Bell Laboratories
Murray Hill, New Jersey 07974

Experimental and theoretical studies of intrinsic electronic surface states
on simple, nominally clean surfaces have enhanced the current understanding
of the local surface electrostatic potential significantly. Recent high
resolution angle-resolved photoemission experiments have improved the
accuracy in determining valence dispersion relations, and, more recently, have
been applied to measure the surface state wave function's bulk penetration
length. The results reported here constitute a detailed study of the zone
center sp surface state on Au(ll l) . The Au(lll) surface is known to
reconstruct to form a large unit ".ell. Part of the motivation for these studies
was to investigate any relation of this state to the observed reconstruction.
None has been found.

Figure 1 shows energy distribution curves (EDC's) of Au(l l l) at
hy - 13 eV near Ep for a range of parallel momenta near the zone center
F (9 = 0°). A parabolic dispersion about T is clearly visible. These data can
be analyzed to yield an effective mass of m* = .284 ± .003 me, and a zero of
energy of 408 ± 10 meV, relativs to the Fermi energy Ep. Upon
extrapolation to EF, these values yield a Fermi wave vector of
hF = 0.170 ± .001 A."1 This value is azimuthally isotropic to within the
quoted uncertainly.

Figure 2 shows EDC's of the Au(lll) valence band, collected over a wide
range of photon energies at normal emission. Thus, in these spectra, the final
state momentum normal to the the surface is being varied systematically. The
surface state near the Fermi level is seen to oscillate in intensity as a function
of normal momentum. Such experiments effectively measure the momentum
spectrum of the surface state wave function normal to the surface and can
thus be inverted to extract the bulk penetration length \s.

1 A simple
nearly-free-electron treatment of these oscillations yields an estimate of
X, = 6.0 ± 1.0 A.

Both of these results argue against the Au(lll) reconstruction being
driven by this surface state. While the precise indexing of the reconstruction
is still under debate, it is clear that the two-dimensional Fermi surface is not
properly nested to yield the necessary electronic instability. In addition, the
reconstruction is oriented aloag a particular azimuth while the Fermi surface
is measured to be isotropic. Finally, the moderately long decay length (~3
layers) would tend to make the necessary electron-phonon coupling matrix
elements small, again arguing against a Fermi surface instability.

- 67 -



REFERENCES

1. S. D. Kevan, N. G. Stoffel, and N. V. Smith, Phys. Rev. B 31 1788
(1985).

ffi

>-

Au(1H)

SURFACE STATE h r

BINDiNG ENERGY (ev)
BINDING ENERGY (eV)

- 68 -



Valence Surface State Shifts on Alkali Adsorption
S. D. Kevan

AT&T Bell Laboratories
Murray Hill, New Jersey 07974

High resolution photoemission studies of surface core level shifts as a
function of surface condition can yield useful, fairly direct information on the
changes in the electrostatic potential in the surface layers. In principle,
studies of valence surface state shifts can yield even more detailed
information in crystalline systems, with the advantage that the usually
narrower intrinsic widths can allow higher resolution studies. This advantage
is utilized in the present experiment to investigate the effect of trace amounts
of an electropositive adsorbate (potassium) on the bulk continuum-surface
state energy splitting of the d-like surface state at M on Cu(001).

This state is highly localized to the surface layer and can be thought of as a
3d-core level shift. Indeed, the clean surface splitting (226±1 meV) is quite
similar to the reported Zp^ surface core level shift (240±20 meV). Thus,
the usual arguments concerning the effects of d-band narrowing and 5-d
rehybridization at the surface can be loosely used in both cases.1 These would
predict that the splitting should increase in the copper case upon alkali
adsorption, due to charge transfer to the surface layer and consequent
decrease in surface level binding energies relative to the bulk. Such behavior
has in fact been observed on the 4f core levels of Ta(001) and W(001).2

Figure 1 shows the bulk-surface energy splitting for the M surface state as
a function of alkali coverage and the linearly-related work function change.
The data were taken in the low-coverage regime, where ionization of the
potassium impurities is nearly complete. A very small but measurable
decrease in splitting is observed as the coverage increases and work function
decreases. This tentatively is ascribed to a small penetration of the surface
dipole into the surface layer core level region. Lowering the work function
thus will lower the surface level energy relative to that of the bulk.

REFERENCES
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1985 activity on U4 A

Francesco Sette
AT&T Bell Laboratories
Murray Hill, N.J. 07974

and

Cristiano Capasso
Department of Physics
University of Florida

Gainesville, Florida 32611

The U4 PGM beam line has been re-assembled during the first half of 1985
with the old optical elements, one of which, the P5 collimating mirror, was partly
C-contaminated. We put a particular effort in aligning the optics with the goal of
trying to obtain the best resolution from the monochromator. We studied the four
energy ranges of the PGM. The improved conditions of the electron orbit stability
and the increased brightness after the 1984-85 VUV ring shut-down allowed us to
test the quality of the optical elements without source-size limitations. All four
ranges (P4,P3,P2,Pl mirrors) are plagued by serious aberrations, which can be
observed as spurious image wings with a telescope focussed on the out-of-focus
planes normal to the zero- order beam path. The zero-order width and line-shape
measurements also indicated mirror aberrations. Resolution studies were performed
by measuring core ievel photoemission (Na 2p; S 2p) as a function of photon
energy and by core photoabsorption of condensed molecules. Using the total 4 mR
of radiation accepted by the PGM in the horizontal plane, the best resolving power
we were able to achieve only ranges between 250 and 200. However, by using
horizontal and vertical baffles at the entrance of the monochromator, we were able
to increase the resolving power to « 300 above the C(K-edge) and to « 350 at lower
photon energies with a decrease of 30-50% in intensity. To demonstrate this result,
we show in Fig.l the photoabsorption spectrum at the C-K(edge)of the Cls—* •**
resonance in condensed benzene. We estimate the monochromator contribution to
the width to be « 0.8eV.

Another serious problem of the PGM is the scat tern light. We attempted a
measure of this effect around the C(K-edge) by measuring, as a function of photon
energy, the relative intensity of the Ni valence band and of the C-KLL Auger
transition of a monolayer of CO chemisorbed on Ni(100). The idea is that the Ni
valence band is observed because of monochromatic light excitation while wide
bandwidth scattered photons can contribute to the Auger-peak measured intensity.
By deconvoluting the results obtained in grazing incidence (low CO Cls—* TT*
resonance cross-section) with the known C(K-edge) NEXAFS spectrum of
CO/Ni(100),we were able to estimate a very large scattered light signal. Right at
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the T* excitation of graphite (»285 eV, first dip in the trasmission function of the
monochromator) the scattered light signal has the same intensity as the
monochromatic component while above 300 eV it is roughly 40% of the
monochromatic photon beam. This scattered light problem at the C(K-edge) can
be partly attributed to the contamination of the P5 mirror, which reduces the
intensity of the transmitted beam at the C(K-edge) by about 40%. In the opinion
of the authors, however, the principal reason of the scattered light in the PGM is
due to poor quality of the mirror figure and surface finish. Such a large amount of
transmitted non-monochromatic light is an extemely serious problem in core
photoabsorption experiments, in particular at the C(K-edge) or wherever the
transmission function of the monochroraator varies rapidly with photon energy. In
any normalization procedure, the measured signal from the sample is divided by an
IQ reference signal, with the basic assumption that the ratio between
monochromatic and non-monochromatic components is always much higher then
the edge-jump signal to background (STB) ratio detected at the absorption edge. In
surface studies the STB ratio is generally below 30%, therefore for proper
normalization the scattered light should be w 5% not 40%. The requirements are
even more stringent if SEXAFS experiments are willing to be attempted.

28?
Fig. 1 PAoto*

- 72 -



At this time on the U4-PGM, it is quite sad to recognize that this instrument
does not meet any of the original design performance specifications. The major
problems of the PGM in its actual configuration are the following: (i) The 1:10
demagnification which should be accomplished by the refocussing optics. This
requirement makes the specifications on these mirrors extremely critical, (ii) The
impossiblity to optimize the alignment of the monochromator optical elements, in
particular of the refocussing mirrors, in situ, independently from one another, (iii)
The presence of the exit slit so close to the sample region may be an important
source of scattered light and other spurious signals.

For the very near future we are planning to continue these studies and we are
considering various possibilities for the long term improvement of this beam line.
Among them we are looking into the possibility of new configurations of the
refocussing optics.

We want to acknowledge useful dicoussions with J. E. Rowe, P. Tackacs, J.
Colbert and C. T. Chen during these studies and we wish to thank all the staff at
NSLS. This work has been funded by AT&T Bell Laboratories.
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THE INFRA-RED BEAM LINE IR4

Gwyn P. Williams, Brookhaven National Laboratory, Upton, N.Y,

IR4 is a high aperture port (100 x 100 mradians) and associated beam
line covering the range 300 A to greater than 1 mm. It will be located
downstream of U4, using the same dipole as U3 and U4. During FY85 most of
the conceptual design work and some detail work and fabrication were
done. Figure I shows the new dipole chamber which allows us to use
hitherto wasted radiation. The extraction mirror will be (water-cooled)
silicon carbide and will intercept 100 x 100 mradians of beam. It will be
placed in the vertical cylinder nested between U4, the dipole and a quad-
rupole. The beam will be extracted vertically and will ultimately be
imaged 1:1 on a mezzanine floor. There the beam will be used by an inter-
ferometer (with surface science chamber to study vibrational spectra of
adsorbed molecules) and a monochromator. The source is some three orders
of magnitude brighter than a 2000° K black body and has a pulse structure
unique for an infra-red source enabling relaxation effects in semi-
conductors to be studied. In addition, some work in the wavelength region
1-10 mm will be done. There are very few alternative sources available
there, but many outstanding important questions concerning absorbtion.

This beam line has involved much special design work and R&D. The
first mirror, for example, receives power densities of almost
500 watts/cm , To overcome diffraction effects at long wavelengths the
beam extraction system is very complex due to the large aperture
required. Furthermore, due to the proximity of electron beam and first
mirror, care has had to be taken to minimize the effect of the aperture on
the beam. Also due to its proximity with the e~ beam the first mirror has
been designed to be on a kinematic mount enabling it to be retracted for
replacement purposes.
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Fig. 1. Infra-red extraction chamber. The port on the right is U3 and in
the center U4. Upstream of U3 is a small port for the free electro
laser experiment. The vertical cylinder is the infra-red port.
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INVERSE COMPTON SCATTERING ON THE VUV RING

A, Luccio and L. Wielopolski

National Synchrotron Light Source and Medical Department
Brookhaven National Laboratory, Upton, New York 11973

Introduction

In a collision between laser photons of quantum energy h\>i and elec-
trons of energy ymc , photons of higher quantum energy h\>2 are produced by
Corapton Inverse Scattering. They are strongly peaked forward in the direc-
tion of propagation of the electrons and their energy distribution shows
also a maximum in the forward direction, given by

hv2 - AY • hvj,

The energy spectrum is a function of the angle, and by the use of a
suitable collimator, a monochromatic output beam of high energy photons can
be produced. If the laser is polarized, the produced backscattered photons
are likewise polarized.

These characteristics make the inverse Compton Scattering a method
suitable to produce quasi-monochromatic y~rays for medical and other
applications. The cross-section of the process is small. However, due to
the availability of high current electron beams and high power lasers, the
yield may be reasonably high.

We are planning to use this technique and build some sort of facility
on the X-ray ring. The present, experiment was aimed at assessing the
difficulties in hitting an electron beam with a laser beam and have some
preliminary ideas on the available flux and monochromaticity of yrays thus
produced.

Experimental

We used CW Argon-Ion laser on the FEL straight section of the VUV
ring. With the standard electron energy of 750 MeV a laser tuned in the
ultraviolet, y-rays suitable for elemental analysis for the medical
sciences could be produced.

Two mirrors with tticropositionlng mechanisms were placed in front of
the laser, in a way to steer and displace the laser beam both horizontally
and vertically. At the same time, the electron beam in the straight sec-
tion of the storage ring was made to move across, till electron and laser
beam collided.

Since this requires dedicated machine time, the experiment was
entirely performed during "studies".
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At f i r s t , the spectrum of gas bremsstrahlung from the s t ra ight section
of the ring was measured. Then the laser was turned on and after some
steer ing, the whole backscattering spectrum appeared, as i t is shown in
Fig. 1. The detector used was a 4x4x16 in Nal crys ta l detector.

Experiment data were:

Electron beam energy
Electron beam current
Laser wavelength
Laser power
Counts in the 6.7-29.5 MeV interval

750 MeV
6.5 mA
351 nm
0.1 watt
600/sec in 200 channels

Little effort was spent to optimize this count rate. In particular,
the optics for the laser was not the correct one for UV light, and we
assume that the laser beam colliding with the electrons was strongly atten-
uated.

In a second run, a 1/8" radius collimator drilled through 6.0" lead
bricks was put in front of the detector, at a distance L = 12 m from the
center of the straight section, in an effort to raonochromatize the radia-
tion. The effect is shown in Fig. 2.

The energy resolution is proportional to the square of the collimation
angle averaged over the length S of the ring straight section.

z = L + 1/2S
AV v • o

z = L - 1/2S

In this case we have AE/E = 0.16.

We did not try to use a smaller diameter collimator, because we did
not have the time to align it properly during a one night 8-hour shift.
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Fig. I. Inverse Compton Effect produced Y-rays, superimposed on the con-
tinuum of the gas bremsstrahlung from the straight section of the
storage ring. No collimator.

Fig. 2. Spectrum through a 1/8" diameter collimator.
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BEAM DIAGNOSTICS AT 05

R.J. Nawrocky
National Synchrotron Light Source

Brookhaven National Laboratory, Upton, New York 11973

The U5 beamline contains one vertical port which is used exclusively
for beam diagnostics. At the U5 source point, the dispersion function of
the ring lattice is very small allowing accurate measurements of the beam-
emittance at that location. Synchrotron light radiated from the port is
split and focused onto several light monitors. These monitors include
linear diode array detectors with 25 micron spatial resolution for beam
profile measurements and a fast diode with 60 picosecond risetirae for bunch
length measurements. The beam profile monitor has been described in (1),
and the measurement of the vertical beam emittance is mentioned elsewhere
in this report under "VUV Studies and Performance,"

References
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U6 - X-RAY LITHOGRAPHY

Jerome Silverman, John Warlaumont, Vincent MiMilia, and Norman Bobroff
IBM Thomas J. Watson Research Center, Yorktown Heights, N.Y, 10598

During the past year, most of the efforts at U6 were devoted to
upgrading the facilities with the goal of making working integrated cir-
cuits. To this end, a clean room was constructed at the end of the beam-
line. In addition to providing a relatively contaminant-free environment
for exposures, the room will also provide the strict temperature control
needed for dimensional stability. An alignment system has also been
installed inside the room at the end of the bearaline. Designed and built at
the T.J. Watson Research Center, it is intended to allow the alignment of
mask and wafer with sufficient accuracy to permit fabrication of circuits
with features having dimensions smaller than 0.5 microns. Work is now in
progress to test the alignment system and characterise its operation. In
addition, a new, simple exposure chamber has been built and installed just
upstream of the alignment system in order to provide the capability of
continuing the types of experiments (such as resist characterizations and
unaligned exposures) done up to now. Finally, a clean room processing
laboratory has been designed; it is expected to be completed in the coming
year.
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Studies of the Low Temperature Oxidation of Ta

X. Pan, M. L. Shek and Myron Strongin
Brookhaven National Laboratory, Upton, New York 11973

and

D. L. Neiraan
Chemistry Dept., University of Colorado, Boulder, Colorado

The oxidation of Ta foils recrystallized with (110) orientation has been
studied between 25K and 300K. The previous work of Himpsel et al. on
shifts of the Ta 4f levels has been used to identify the various Ta oxides
in the work presented here. One of the reasons for carrying these studies
to 25K was to directly investigate whether there was evidence for the Mott
tunneling mechanism of oxidation. This mechanism has served as the basis
for work on low temperature oxidation, but there was almost no direct
evidence for its existence, and whether the electric fields set up by
electrons tunneling from the metal to adsorbed species can drive the
oxidation process at low temperature. In Fig. la we show the observation of
the shifted 4f levels characteristic of the bulk Ta+ oxidation state at
40K. At lower temperatures the observation is made difficult by the
interference of the 2s level of molecular oxygen as shown in Fig. lb, and
similarly molecular O2 valence photoemission dominate the valence band
levels. However, by warming up the sample the solid oxygen sublimes from
the surface and by 40K the Ta4"5 states are seen. This state is
characteristic of a thicker layer than the first chemisorbed layer, which
only shows peak shifts of about 1 eV. We argue that, as in the case of
Al-oxide formation, the bulk oxide is observed after one or two chemisorbed
layers. It is assumed that a layer of oxide in direct contact with the
underlying metal would show peaks shifted to lower binding energy due to
substrate screening. Since it appears unlikely that thermally activated
diffusion of oxygen is important at 40K, it appears likely that the
occurrence of bulk oxide implies movement of ions in a strong electric field
as suggested by Mott. Further measurements are planned on the Al-oxygen
system.

Research supported by Division of Materials Sciences U.S. Department of
Energy under contract DE-AC02-76CH00016 and Donors of the Petroleum Research
Fund administered by the American Chemical Society.
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Studies of CO Adsorption on Ta at Low Temperature

X, Pan, M. L. Shek and Myron Strongi.ti
Brookhaven National Laboratory, Upton, New York 11973

Studies of CO adsporption on Ta have been carried out from 25K to room
temperature. At room temperature Fig. 1 shows that CO dissociates on the
Ta(HO) surface and peaks characteristic of the chemisorbed oxygen 2p on Ta
and carbon 2p on Ta are observed. At about 78K, the temperature of liquid
nitrogen, only a small fraction of a layer adsorbs dissociatively and then
CO adsorbs non-dissociatively and peaks characteristic of the CO 4 a and
In ,5a features are observed, and shown in Fig. 2(a). It is possible that
the initial dissociation of CO occurs on active sites such as ledges. In
other experiments less than 0.1 layers of Na was deposited on the 78K Ta
surface, with the dramatic result shown in Fig. 2(b). In this case the
valence band is clearly characteristic of dissociated CO with the large
chemisorbed oxygen peak at 6 eV. In contrast, at 25K the Na did not lead to
CO dissociation and peaks characteristic of non-dissociative chemisorption
were observed and are shown in Fig. (3). Additional studies have been made
of the effect of different amounts of Na and some studies have been made of
the polarization dependence of the CO orbitals. It is hoped that the use of
low temperature techniques can provide some estimates of the range of inter-
action of metal promoters. These present results seem to imply that at low
temperatures, the absence of dissociation means there is either still a
small barrier with energy between 25K and 78K, or that some CO diffusion is
necessary for the promotion process to occur at local sites.
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Studies of Na Core Level Shifts in Solid Krypton Supported on Ta, Pt and Na

M.L. Shek, X. Pan and Myron Strongin
Brookhaven National Laboratory, Upton, New York 11973

and

P. Citrin
AT&T Bell Laboratories, Murray Hill, New Jersey 07974

In these experiments we convincingly demonstrate that there are various
regimes of cluster substrate interaction and the cluster levels can be
aligned with either the substrate Fermi level or the vacuum level .

When the Kr layer is in the thick limit we show that the ionization
energy of the Na 2p level is aligned with the vacuum level of the Kr layer.
The vacuum level of the Kr layer is varied by depositing the Kr on various
substrates with different work functions: Ta with a nominal work function
of 4.3 eV, a thick Pt layer with a nominal work function of 5.5 eV and a Na
layer yielding a nominal work function of 2.5 eV. The change in substrate
workfunction is reflected by the changes in the peak position of the Kr 4s
and 4p levels which may be thought of as being aligned to the substrate
vacuum level in the first approximation. These peak positions and the Na
peak positions can be seen in Fig. 1. It is interesting that Na clusters
above a Pt substrate actually have peaks at lower binding energy than bulk
Na. This is further demonstrated by removing the Kr and watching the Na
peaks shift to higher binding energy, as the Fermi level of the cluster and
the substrate align. This is consistent with the idea that the Na clusters
were initially aligned with the Pt vacuum level and since the Na work func-
tion is much smaller than Pt the Na levels shift to higher binding energy as
the Fermi levels align.

For thin Kr layers, small Na clusters have their Fermi levels already
aligned with the substrate and the core levels are at higher binding energy
than bulk due to the Coulomb energy e /2r from the charge which is not neu-
tralized in the time of a photoemission process . Addition of more Na
causes the levels to shift to their bulk value and the Kr levels change from
alignment with the Pt vacuum level to alignment with the Na vacuum level.
Hence by adjusting the rare gas thickness one can align clusters with the
substrate vacuum level, or achieve equilibrium and align Fermi levels. From
the data it is apparent that the electronic energy levels of the rare gas
layer and the electron tunneling mechanism from the substrate to the clus-
ters dispersed in the rare gas layer should be better understood.

Research supported by the Division of Materials Sciences U.S. Depart-
ment of Energy under contract DE-AC02-76CH00016.
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Studies of Ni3Al

M.L. Shek, X, Pan and Myron Strongin
Brookhaven National Laboratory, Upton, New York 11973

and

D. Sondericker, R.F, Garrett and F. Jona
State University of New York, Stony Brook, New York 11794

We have begun photoemission studies of the electronic structure of the
polycrystalline M3AI samples with crystallites in the (111) and (100) sur-
face orientation . The surfaces were cleaned in situ by Ar+ sputtering and
subsequent heating at ~ 900C to remove residual C and 0 impurities. The
valence band spectra of these surfaces are shown in Fig. 1. The smaller
width of the Ni 3d states of the (100) surface may in part be due to the
larger Al surface concentration and hence reduced Ni-Ni overlap. The larger
Al near-surface concentration was reflected in a greater Al 2p to Ni 3d peak
ratio compared with the (111) surface. This seems consistent with the con-
clusion of Sondericker et al. , and with common notions about surface
energy, that the Ni3Al(100) is terminated in a Ni-Al mixed layer and not in
a Ni-like layer . However, definitive work on the near-surface composition
is still lacking. Annealing the (100) surface at lower temperatures did not
lead to any noticeable changes in the Al 2p to Ni 3d peak ratio.

A brief attempt was made to deposit boron on the above (111) and (100)
surfaces by thermally decomposing a mixture of 100 ppm diborane and Ar on a
sample heated to 800°C. However, Auger measurements did not detect any
boron on the surfaces. This could be due to the migration of boron to the
grain boundaries in the samples and is consistent with previous observations
which indicate that boron is not found at the free Ni3Al surface.

CO adsorption was studied on the above recrysfsllized (111) and (100)
surfaces of RL3AI. Molecular adsorption occurred on both surfaces. As
shown in Fig. 2, there was an unusually large intensity of the 4a-derived
orbital on the (100) surface. This was observed for various CO coverages
and remains to be understood. The near-surface composition of both surfaces
were not noticeably modified by CO chemisorption.

In a separate run, attempts were made to make thin film specimens.
Sputtering from a M3AI button produced a very Ni rich film, and better
results were obtained by co-sputtering from separate Ni and Al sources. In
this case a composition spread was obtained, and photoemission measurements

Acknowledgement

Research supported by Division of Materials Sciences U.S. Department of
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showed a Ni-like density of states at the Ni rich end, and a d band which
shifted below Ep as the Al rich end was approached. These results were
similar to previous work by Fuggle on bulk samples where the d band is at
about 2.5 eV below Ep for the AI3M composition. This composition spread
method provides a simple way to study the movement of the d-band as a
function of composition.
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RESONANCE PHOTOEMISSION FROM CLEAN AND OXYGEN COVERED Ni 3 A1

S.C. Wu, R.F. Garret t , D. Sondericker, J . Sokolov, Z.Q, Wang, and F. Jona
College of Engineering and Applied Science, SUNY, Stony Brook,

New York 11794

Introduction

The photoemission spectrum of clean Nickel exhibits a small sate l l i te
6 eV below the Fermi level which undergoes a strong resonance enhancement
when the exciting photon energy is close to the binding energy of the Ni3p
levels [1] (66,2 and 68 eV). This resonance is thought to be due to
photoexcitation of a 3p electron to an empty d state in the conduction
band, followed by an Auger decay [1 ,2 ] . This mechanism is applicable to
other metals with part ial ly f i l l e d d bands whereas a similar resonance
feature in the case of copper, which has a f i l l ed d band, has been
attributed to a 3p - 4s,p excitation which is unimportant for Nickel [2 ,3] ,

Experiment and Results

We report here photoemission studies of the (100) and (111) surfaces
of the ordered alloy Ni3Al which were performed with the plane grating
monochromator on beam line U7. A pure Ni sample was also measured for
conparison with the alloys.

Figure 1 shows valence band spectra of Ni3Al(100) with the photon
energy varied in the vic ini ty of the Ni3p binding energy. The resonance
can be seen at about 7 eV below the Fermi level and undergoes an
enhancement of approximately a factor of 10 at 67 eV.

Oxygen was adsorbed on the Ni3Al(100) surface and valence band spectra
in the vic ini ty of the Ni3p binding energy are shown in Fig. 2. A peak due
to emission from the oxygen 2p level can be seen 6 eV below the Fermi
level, which also undergoes resonance enhancement at the Ni3p binding
energy.

Discussion and Conclusion

Compared to pure Ni spectra, the top of the Ni 3d band in Ni3Al is
shifted to higher binding energy by 0.4 eV. The top of the d band is below
the Fermi level so that the Ni d band is fu l l in the alloys, due evidently
to charge transfer from the Al atoms.
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Fig. 1 Electron distribution
curves of the valence band of
clean Ni,AL (100) for photon
energies in the v ic in i ty of the
Ni 3p threshold.

Fig. 2 Electron distribution curves
from oxygen covered Ni,AL (100) for
photon energies in the v ic in i ty of
the Ni 3p threshold.
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Because the Ni d band is f u l l in Ni3Al, the resonance behavior'
seen in Fig. I cannot be explained by the mechanisms proposed for Ni metal
which require empty d states. The mechanism suggested for Cu[3] may be
responsible for the observed resonance, where a Ni3p electron is excited
into a 4s,p (mainly s) empty state forming a core exciton which then Auger
decays to a two hole f ina l state.

When oxygen is adsorbed in Ni3Al(100) we see in Fig. 2 that the Ni
induced peak at 7 eV and the oxygen feature at 6 eV below the Fermi level
overlap and a deconvolution must be performed as shown for the 67 eV
spectrum* The Ni and 0 peaks undergo vir tual ly identical resonance
enhancements at the Ni3p energy. We explain the oxygen resonance as
follows: a Ni3p electron is excited into a Ni 3d or 4s empty state (due to
charge transfer the d band is probably not f i l l e d for the oxygen covered
surface) forming a core exciton which decays emitting an oxygen Hp
electron. This requires overlap of the Ni3d,4s and 2p wavefunctions.
Together with the fact that no resonance enhancement of the oxygen 2p peak
is observed near the A12p binding energy (- 73 eV), this indicates that
the adsorbed oxygen atoms are located near Ni, rather than Al atoms. This
surprising result i s , we propose, due to the transfer of electrons from Al
to Ni in the alloy (as shown by the fu l l Ni d band) so that oxygen wi l l
bond to the negative Ni atoms, rather than the positive Al atoms on the
surface.

This constitutes the f i r s t determination of adsorption sites by means
of resonance photoemission.
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Enhancement of Si Oxidation of Ce Overlayers

F,U, Hillebrecht, G, Hughes, D. Rieger, F.J, Himpsel, M. Ronay
IBM Thomas J. Watson Research Center, Yorktown Heights, NY 10598

U is known that the oxidation of Mb is greatly enhanced by the presence of Ce on the surface / I / .
AJso, the oxide is more homogeneous and has a well-defined stoichiometry if Ce is present. Ws
performed oxidation studies of Si (100) surfaces with Ca overlayers of 2 to 16 A, thickness. The
oxidatioQ stata of Si was assessed by high-resolution core-level photoeinission using the IBM 6/10
m beam line at port US. It was found that already with exposures to a few Langmuirs of oxygen
oxidized Si could be detected. Room temperature experiments with varying Ce thickness which
corresponds to a varying degree of reaction between Si and Ca / 2 / showed that the amount of Si
oxida is dependent on the amount of reacted Si. For higher coverages (several monolayers) fully
reacted films are obtained which upon exposure to oxygen segregate into a Ce rich surface layer.
This surface layer reacts with oxygen which can than be incorporated into the underlying layers.

s (ico) + 2 A

44 AS .48

kinetic entry (eV)

50

Fig. 1 Oxidation of Si ( 1 0 0 ) in the presence of 2 / 3 of a monolayer
of Ce. Spectra were taken with 150 e V photons; the total
resolution is .25 e V .
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A typical example is shosvn in fig. 1. The 2p photos mission spectrum of the clean Si (100) surface
shows spin-orbit splitting and a surface core level shift to smaller biading energy compared to the
bulk. A layer of 2 A Ce, which corresponds to about 2/3 monolayers, gives rise to a reduction of
the 2p binding energy of those Si atoms which are reacting svith the Ce overiayer / 2 / . Exposure to
oxygen quenches the reacted species, and shifts part of the Si 2p emission to significantly higher
binding energy. One could anticipate that the oxygen might break up the Si-Ce bonds, and that
oxidation is primarily limited to Ce. However, the spectra demonstrate that not only Ce is oxidized,
but also Si. Comparing to Si oxidation without Ca being present / 3 / , we note that the amount of Si
oxide which can be obtained in the presence of Ce with 8 L exposure at room temperature is
comparable to the amount which one obtains with 1000 L at 700 degrees C without Ce. Obviously,
the top layer will be a mixed Ce/Si oxide. By tuning the photon energy such that the mean free path
of the photoelectrons is large it is possible to show oxidation also penetrates into the bulk of the
crystal so that beneath the top layer a single Si oxida is formed. The results can be used to develop
techniques to obtain better oxides of Si and other semiconductors at temperatures lower than used
presently.
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Tlie Oxidation of InP(llO) Surfaces.

G.Hughes and R.Ludeke, IBM, TJ.Watson Resarch Center.NY 10598

An understanding of the InP- oxide interface is necessary for the development of a viable InP based
MJS technology. One of the main problems is the instability of these devices which appears to be re-
lated to the Duality of the semiconductor-insulator interface. Recently there have been a number of
studies aimed at investigating the chemical composition of thermal and anodic oxides formed on
chemically etched InP(lOO) surfaces. These studies were carried out on thick oxide films and did not
specifically investigate the atomic structure of the interface. In this paper we investigate the early
stages of oxidation of the InP (110) cleaved surface using synchrotron radiation photoemission
speeuoscony. Previous photoemission studies of this interface by Spicer's group proposed that sep-
arate indium and phosphorus oxides form at the interface similar to what has been found for
GaAs(HO) surfaces. More recent investigations by Hollinger et al concluded that the formation of
separate oxides appeared unlikely and argued that a phosphate-type structure was the predominant
surface oxide phase. In this study we monitor the formation of the semiconductor-oxide interface by
sequentially exposing a clean cleaved surface , which has been previously well characterized, to in-
creasing exposures of molecular oxygen. The formation of oxides can be determined from the chem-
ical shifts of the indium *nd phosphorus core levels observed in photoemission studies. The present
set of experiments concentrate on high resolution studies of the oxygen Is core level emission in at-
tempting to identify the interfacial reaction products.

The experiments were preformed at the National Synchrotron Light Source of Brookhaven Labora-
tory. The recent commissioning of a new 6-10 m torodial grating monochromator made possible the
high resolution study of the O-ls core level. Both n and p- ype type crystals were cleaved insitu along
the (110) plane. Exposure to oxygen was carried out in the absence of light in a separate chamber
where the pressure was monitored with a thermocouple gauge to eliminate the possibility of the pro-
duction of excited oxygen. For deliberate exposure to excited oxygen the crystal was oxidized facing
a nude ion gauge . The cleavage dependence of the adsorbtion was investigated by having several
cleavages on the one crystal which allowed a direct comparison of the adsorbtion characteristics. The
oxygen exposed surfaces were annealed in a preoutgassed furnace heater which only directly heated
the crystal surface.

The O-ls signal has been used to determine the total amount of oxygen sticking to the InP(llO)
surface. We have found the rate of oxygen uptake to be independent of cleavage quality above cov-
erages of 10* L O2- The rate of oxygen uptake was found to be cleavage dependent in the range 106

L 0 2 to 10s L OrThe low coverage in this exposure range corresponds to the initial chemisorbtion
stage observed by Hollinger et al who estimates the coverage to be equivalent to 0.2 inonolayers.
There is no evidence from the In or P core levels at this coverage to suggest that surface oxidation is
occuring. Typically above a coverage of 108 L O2 the rate of oxygen up take increases to a coverage
of 10t2 L O2 where it subsequently appears to saturate for higher exposures. The overall form of the
curve is similar to that derive by Bartels et al for oxidation of the GaAs(llO) surface although the
oxygen exposures are substantially higher for InP. The increase in intensity of the O-ls peak above
10* L corresponds to the appearance of the strong chemically shifted component on the phosphorus
2p core level The chemical shift of this oxide component 4-5 eV is indicative of a phosphate forma-
tion consisting of PO4 units, and not higher phosphorus oxides which have been shown to have a
larger chemical shift. This implies that back bonds of the surface phosphorus atoms have been bro-
ken and that the oxidation is occurring in a three dimensional phase, and this is the way that the
oxidation proceeds. Figure l(a) illustrates the phosphorus 2p core level for an exposure of 3.5 X
10" L O2. There is evidence of intermediate phosphorus oxides but we were unable to determine the
precise nature of these components. Hollinger et al reports the formation of only one intermediate
phosphorus oxide shift- J 1.4 eV and this work was preformed in a more surface sensitive mode that
the present study. The overall form of the oxygen uptake agrees with that proposed by Hollinger et
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al however the exposures necessary to obtain a comparable oxidized state are substantially higher
in the present work.

P2pC(yetavst

314 316 318 320 322
Kiietic Energy inV)
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Figure 1. Photoemission spectra of the P2p core level, (a) following oxidation and (b) following
annealing of the surface.
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Figure 2. Photoemission spectra of the deconvolved O-ls core level, (a) before and (b) follow-
ing annealing.
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The O-ls peak, illustrated in Figure 2(a) for an exposure of 3.5 X 10" L O2, has a well defined
shoulder shifted by 1.8eV to the higher binding side of the main emission peak. The relative intensjty
of this peak compared with the main component decreases with exposures above 108 L O2 which
coincides with the appearance of the chemically shifted phosphorus oxides on the 2p core level. This
shoulder peak emission may well correspond to the surface bonded oxygen which Hollinger et al re-
ported as being due to a chemisorbed surface oxygen. Comparable studies on the oxidation of the
Si(lll) surface have also shown that the O-ls emission can be resolved into two component peak
structures of intensity ratio 4:1 separated by 1.4eV. In this case the main component at lower binding
energy was identified with bridging oxygen atoms and the smaller component was related to surface
atomic non-bridging oxygen atoms.

The oxygen exposed surface which was annealed to approximately 350 C in a small furnace is illus-
trated in Figure 2(b). This was performed so as the data could be compared with some of the work
done on thermal InP oxides. The amount of oxygen on the surface does not decrease with heating
but the Ols core level narrows considerably into a much more symmetric peak which can be best
fitted by one curve of halfwidth 1.55eV. The peak appears to narrow from both sides which would
indicate that the broader emission from the unheated surface emanates from a variety of
oxides.Variations in the width of the O-ls emission have been observed for different cleaved sur-
faces, reflecting the varying concentrations of the surface oxides present on the unannealed
surface.The intensity of the higher binding energy component is severely attenuated after heating.
Heating of the surface also has an effect on the distribution of the phosphorus oxides as can be seen
from Figure l(b). There is evidence that more than one intermediate oxide forms at room temper-
ature especially when the surface is oxidized by excited oxygen. The intermediate phosphorus oxides
decrease in intensity while the higher oxides corresponding to InP04-like compounds increase in in-
tensity, la fact if the surface is annealed long enough these intermediate oxides completely disappear
which is consistent with a single phase oxide being formed at the interface. There is no net loss of
phosphorus oxide , just an alteration in the relative intensities of the oxides present The disappear-
ance of the higher binding energy peak on the O-ls emission following .-innealing is also consistent
with it being attributed to intermediate phosphorus oxides.Annealing of the oxygen exposed Si(lll)
surface led to a decrease in the width of the O-ls peak and a loss of the higher energy component.

The measurement of model compounds by Hollinger demonstrate that O-ls emission originating from
an indium oxide like I n ^ would be shifted 1.5eV towards lower binding energy as compared with
emission from a phosphate. Since we have definite evidence from the P2p core level that phosphorus
oxides exist it is clear that the O-ls emission observed relates a phosphate.Tberefore we can almost
certainly rule out the formation of well defined indium oxides in the oyerlayers investigated in this
study. While a chemically shifted oxide component is observed on the indium 4d core level with in-
creasing coverage at room temperature, no change is detected in the peak width following heating.
The phase diagram for InP and oxygen interactions determined by Schwartz indicates that InPO4 is
the only native oxide which grows assuming thermodynamic equilibrium. Studies by Wilmsen et al
on thermal oxidation of the InP surface have found that the primary oxide formed in the temperature
range (340-650 C) is a phosphate. Wagner and Wilmsen have also reported that the initial oxide
growth at 400 C was primarily composed of InPO4 but as the oxide grew thicker the surface became
a InjOj / InP04 mixture. Therefore it is possible to correlate the formation of primarily a single phase
InP04-like oxide from the phosphorus 2p core level emission with the well defined single oxygen Is
core level emission. Heating the interface results in an increase in the stoichiometry of the oxide
present and the data seems to indicate that this oxide consists almost exclusively of InPO4, however
there is no direct information in the present study on the crystalline nature of this homogenous
overlayer. Exposure of the surface to excited oxygen led to dramatic increase in the rate of oxidation
however the pbotoemission data indicated similar behaviour as the unexcited oxygen. Tbe oxygen
overlayers in these studies are no more than several monolayers thick so these results are only appli-
cable to the immediate interface and Dot the thick thermal oxides which have been investigated else-
where.

The present investigations find that a phosphate is me primary oxide formed at room temperature,
which agrees with the thermodynamic data. The oxidation seems to proceed via an initial chemisorbed
phase followed by a nucleation phase which results in a three dimensional oxidation of the surface.
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Carbon Is Photoemission Study of Cr/Polymer Interfaces

J.L. Jordan, P.N. Sanda, J.F. Morar, C.A. Kovac,
F. J. Himpsel, and R.A. Pollak

IBM T.J. Watson Research Center, Box 218, Yorktown Heights, NY 10598

The adhesive interface between metals and insulating polymers is important to
the electronics industry and of fundamental interest to surface scientists. A detailed
understanding of the relationship between chemical bonding and adhesion quality
may provide new opportunities for optimizing metal/polymer adhesion. Adhesion
strength measurements and ESCA analyses1 have demonstrated that oxygen-
containing polymers similar to polyimidet interact strongly with chromium, but
weakly with copper, suggesting adhesion strength is correlated with the amount of
charge transfer from the metal to the polymer as shown by binding energy chemical
shifts. Previous studies have used XPS, UPS, TEM, model compounds and molecu-
lar orbital calculations2"4 to investigate the structure of the polyimide/metal inter-
face. Ho et <rf.2-3 suggest that the carbonyl groups on the polymer are likely sites for
interaction with chromium, which results in formation of metal-organo compounds.
In this study we have used synchrotron radiation excited photoelectron spectroscopy
to investigate both polyimide (PI) and two model polymers (Fig. 1) containing
structural fragments of the PI protomer. This technique probes the top surface mo-
lecular layers of the sample while maintaining high energy resolution of spectral
features from different chemical species. We have used the technique to obtain new
information about the chemical nature of the Cr/polymer interface.

„ __, _ _ I FifM:Snaaf»of»)t»orepei«i^|pre(oiiefin«aofpolT(pliei»]r)eiieoiiifc)
CH,-CH—CH,—CH—|- a ppO; b) two itputaif pnxoaer units of paty(vinyl methyl keioae) or

C O C O J n PVMK;iiidc)!liepn>ioinerofPMDA-ODAj)olyiinideocPLC-0 CO
CH,

Samples consisted of polymers spun onto Cr-coated Si wafers. PPO samples
were annealed and PVMK samples were outgassed at room temperature in UHV.
The PI samples were polyamic acid which was imidized in vacuum. Evaporations
were done using a tungsten wire basket evaporator charged with 99.99% Cr pieces.
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Carbon Is photoemission spectra were measured using 350 eV photons at the
6m/10m toroidal grating monochromator and high resolution display spectrometer
beamline at the National Synchrotron Light Source.5-6 Data were analyzed by using
a least-squares fitting routine to decompose each spectrum into equal width Gaussian
peaks that increased from 1.1 eV for clean polymers to 1.8 eV for maximum Cr
coverage. Fig. 2 shows a sequence of fitted C Is core level peaks for polyimide with
increasing coverages of deposited Cr. Each peak was assigned to specific carbon
atom chemical environments on the protomer. The total spectral area was normalized
to unity. For each of the three polymers, Fig. 3 shows the variation of the peak areas
with Cr coverage.
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The clean poly(phenylene oxide) (PPO) C Is spectrum contains two peaks.
Peak A, at a binding energy of 284.9 ± 0.4 eV, is assigned to the phenyl carbon at-
oms not bonded to oxygen. Peak B, at 286.0 eV, is assigned to phenyl carbon atoms
participating in ether bonds. As Cr is deposited on the polymer, both peaks decrease
in intensity while a third, peak C, appears at 282.6 eV. The presence of peak C at
this unusually low binding energy indicates a large increase in electron density at a
carbon atom. P. Bodo et alJ have reported a C Is peak at 281.4 eV for
polyethylene/Ti interfaces and have assigned it to a Ti carbide species. Peak C in
the PPO spectrum may similaiiy reflect the formation of chromium carbide-like
species at the PPO/metal interface.

The clean poly(vinyl methyl ketone) (PVMK) spectrum contains two major
peaks. Peak A, at 285.1 eV, can be assigned to aliphatic CH, CH2, and CH3 groups.
Peak D, at 287.8 eV, is assigned to carbonyl carbon atoms. Additional small peaks
can be resolved by fitting at 286.2 eV (peakB) and 2S1.4 eV (peak C). These are
likely from impurities in the PVMK samples, which were not annealed but only
outgassed at room temperature for several hours. As Cr is evaporated onto PVMK,
the carbonyl peak intensity decreases abruptly for coverages up to much less than
one monolayer. During the initial reaction peak B increases at about the same rate
that the carbonyl peak decreases and has approximately the same binding energy as
that attributed to carbon singly bonded to oxygen. After the initial Cr/carbonyl re-
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action has taken place, peak C, the carbide-like peak, increases gradually and there
is concurrent diminishing of the aliphatic carbon peak (peak A), as in the case of
PPO.

The clean polyimide C Is photoemission spectrum contains three peaks. We
base peak assignments on results of model-compound studies and molecular orbital
calculations.4-8-9 Peak A at 284.6 eV is assigned to PPO-Iike phenyl carbon atoms
not bonded to N or O. Peak B at 285.7 eV contains contributions from carbon atoms
in the phenyl ring sandwiched between the imide rings and from carbon atoms in the
PPO-like phenyl rings which are bonded to N or O. The third, with a binding energy
of 288.6 eV (peak D), is assigned to the carbonyl groups. As in the case of PVMK,
initial Cr attack affects the electronic structure at the carbonyl sites, and results in a
sharp decrease in that peak intensity. Peak B also decreases abruptly and, based on
the Cr/PPO results described above, this may result from a change in the imide
phenyl carbon atoms rather than the PPO-like phenyl carbon atoms bonded to O.
At the same time, the PPO-like phenyl carbon peak (peak A) increases in intensity.
Cr interaction with the carbonyl groups appears to disrupt the electron delocalization
throughout the di-imide structure, causing the imide-sandwiched phenyl ring to have
an electronic structure more like that of a normal benzene ring. After the initial re-
action, once again a carbide-like peak appears at 282.6 eV (peak C) and the other
carbon peaks gradually diminish.

In conclusion, our results strongly suggest that carbonyl groups on polymer
surfaces are targets for reactive metals during the initial stages of metallization. It
appears that the ether oxygen atom is much less susceptible to reaction with Cr than
is a carbonyl oxygen. After this initial reaction stage, a gradual formation of an
electron rich species (possibly carbide-like) ensues for all polymers studied here.

tPoIyimide is used in a wide variety of applications for the manufacture and packaging of semicon-
ductor devices.
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Observation of a Cls Core Exciton in Diamond

J.F. Morar, F.J. Himpsel, G. Hollingert, G. Hughes and J.L. Jordan
JBMT.J. Watson Research Center, Box 218, Yorktown Heights, NY 10598

Though core excitons (an electron bound to a core hole) have been studied ac-
tively, persistent inconsistencies remain between theoretically-predicted core exciton
binding energies for bulk semiconductors (Si, Ge, GaAs) and measurements reported
in the literature. In the case of diamond, however, a clearly-resolved Cls bulk core
exciton is observed1 with an excitonic binding energy which agrees closely with the-
oretical predictions. These results have broad implications for other bulk semicon-
ductor systems (i.e., Si, Ge, GaAs) where the same theoretical framework used for
interpreting the diamond results should be even more accurate.

Absorption measurements intended to observe core excitons in bulk semicon-
ductors have not revealed well resolved discrete excitonic levels, but only an en-
hancement of the absorption edge. This is not entirely unexpected since the discrete
excitonic states have a lifetime approximately equal to the core hole lifetime, which
for Si, Ge, and GaAs corresponds to a FWHM which is larger than the expected
excitonic binding energy. Nevertheless, excitonic shifts of 0.1 - 0.4 eV2 have been
reported by comparing the energy of the absorption edge with the sum of the core-
level binding energy (measured with photoemission relative to the valence band
maximum) and the band gap. These previously-reported excitonic binding energies
all far exceed theoretically-predicted values.

Bulk diamond is an excellent candidate for observing discrete core excitons
which could be used to test theories. It has a low atomic number, a simple structure,
a Cls core level width which is smaller than its theoretically-anticipated excitonic
binding energy
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(S 0.1 eV Auger lifetime broadening in molecules) and falls into the category of
materials which should be reasonably described by simple first principles approxi-
mations. Experimentally, however, the task is complicated b? r£e need for well-
monochromatized soft X-rays at the Cls edge (photon energy hv = 289 eV). Using
a new high-resolution monochromator3 at the National Synchrotron Light Sovirce
we were able to measure the diamond Cls absorption edge with a resolution com-
parable to the Cls intrinsic width. At the threshold for Cls excitation, we observed
a well resolved sharp Lorentzian shaped peak which we interpret as a bulk core
exciton.

Figure 1 shows a broad scan over the Cls absorption edge in diamond. It was
obtained by monitoring the partial yield ( electrons with energies > 2 eV above the
conduction band minimum ) from the surface of a naturally conductive type lib dia-
mond. The partial yield is proportional to the absorption coefficient, provided that
the mean free path of the collected electrons is small compared to the photon ab-
sorption length. All features were found to be characteristic of bulk diamond since
they remained essentially unchanged for data taken on clean, hydrogen-terminated
and fluorine-terminated diamond(lll) surfaces prepared and maintained in ultra-
high vacuum.

In order to obtain an accurate excitonic binding energy AEgx w e modeled the
Cls excitation in the vicinity of the threshold by the Elliott form4 convoluted with a
Lorentzian line shape to account for the core-hole lifetime. The simple parabolic
density of states assumed by this model provides an adequate approximation near the
band gap, i.e., near threshold. The resulting theoretical absorption probability
<&(hv), was then convoluted with a Gaussian line shape to represent the instrumental
response of the monochromator used for the measurement.
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Figure 2 shows both the data and the model spectrum in an expanded view of
the threshold region. The dots are the raw data (after the normalizations described
above) and the solid line is the fit assuming a Lorentzian width of 0.17 eV , a
Gaussian width of 0.225 eV, and an excitonic binding energy AE^x = 0.189 eV.
The long-dashed line indicates the contribution of the discrete excitonic levels and
the short-dashed line the contribution of transitions to the continuum. The triangles
are the result of subtracting the discrete excitonic states (long-dashed line) from the
data. The bars at the top of the spectrum, show the energetic positions and relative
weights of the n = l and n=2 discrete excitonic states, as well as the threshold for
continuum excitation.

For comparison to first principles approximations, it is useful to start with the
effective mass approximation5 (EMA) which predicts AEgx = 0.191 eV,
gratifyingly and perhaps fortuitously close to the measured 0.189 eV. Bassani5 has
given a criterion for the validity of this approximation in terms of a parameter J
which should be large compared with unity if the approximation is to be valid. One
finds f = 8 for Si, f = 22 for Ge, £ = 28 for GaAs, and f = 3 for diamond, indicating
the EMA should work even better for Si, Ge, and GaAs than it does for diamond.
For other semiconductors one obtains much smaller estimates for the exciton binding
energy, e.g., 0.03 eV for Si, 0.007 eV for Ge, and 0-008 eV for GaAs. In view of
these results, one must ask whether the reported excitonic shifts of 0.1 - 0.4 eV2 for
Si, Ge, and GaAs highly overestimate the electron hole interaction or if they indicate
a breakdown of the EMA for core excitons.

t Present address: Institut de Physique Nudeaire, Universite CL Bernard Lyon-1
43, Bddu 11 Novemkre 1918, 69622 Villeurbanne Cedex, France
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Structure and Bonding at the
/S i ( l l l ) Interface

D. Rieger, F.J. Himpsel, U.O. Kaxlsson, J.F. Morar,
F.U. Hillebrecht, G. Hughes, J.L. Jordan and F.R. McFeely

IBM T.J. Watson Research Center, Box 218, Yorktown Heights,,NY 10598

Calcium fluoride is a simple insulator that is lattice-matched with silicon to a high
degree (0.6% lattice-mismatch at room temperature). This property makes CaF2 a
prime candidate for silicon-on-insulator technology which is a prerequisite for
achieving the long-range goal of three-dimensional devices. Most studies1 have been
carried out by molecular beam epitaxy (MBE) since CaF2 evaporates as a molecule
making it easy to obtain proper stochiometry. CaF2 on various Si surfaces and Si
grows epitaxially epitaxially top of CaF2- Various techniques have been used to
probe the quality of epitaxy of thick overlayers (0.1 to 1 /im) obtaining a depth re-
solution of hundreds of A The bonding at the interface has not been addressed so far.
But for applications as an insulator in silicon-based devices the quality of the inter-
face is crucial of determining the electrical properties. Several basic questions have
remained unanswered, e.g how CaF2 bonds to Si and whether or not the interface is
atomically abrupt.

In order to address the questions we use high-resolution core level spectroscopy.
The synchrotron radiation was dispersed by the 6m TGM at the beamiine U8 and the
electrons were measured with a display-analyzer. CaF2 was grown on Si( l l l ) and
Si(lQO) substrates by two methods: i) MBE at substrate temperature of typically
750°C with deposition rates of 20 A/min. ii) deposition of a disordered film at room
temperature and recrystallization by annealing. Both methods give similar results
(see Fig. 2). ForS i ( l l l ) substrates a layer-by-layer growth is observed. ForSi(lOO)
substrates we find that Caf2 forms islands with patches of fluorine-terminated silicon
between. The tendency of CaF2 to form its stable (111) surface explains this be-
havior.

In Fig. 1 photoelectron spectra are shown from the Si ^Vxfi^/i levels for the
CaF 2 /Si( l l l ) interface and for the Cl /S i ( l l l ) ( lxl) surface (taken as a reference
for calibration of the absolute number of Si-interface atoms). In contrast to
Cl /Si( l l l ) , where only one shifted surface is seen (full curve), the spectrum for
CaF2 on Si(l 11) is more complex with interface core levels on either side of the bulk
Si 2p lines (full curves). This shows that both Ca and F atoms bond to silicon at the
interface. The F atom causes a shift of the Si 2p levels to higher binding energy be-
cause it induces a positive charge on the adjacent Si whereas the Ca atoms shift the
Si 2p levels to the lower energy side due to its opposite electronegativity. the shifts
are -0.8 eV (F induced) and +0.4 eV (Ca induced) for all films grown (see Fig. 2).
The interface properties are not sensitive to the method of preparation provided the
film is annealed above 700°C. This is demonstrated in Fig. 2, where the Si
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peak subtracted and only the Si 2p3/2.peak is shown. In order to establish that the"
interface properties are independent of the overlayer thickness films of about 3.2 A
to 14 A were grown. No marked differences between thin and thick films are seen.
The extra week core level at -3 eV for the 14 A film corresponds from emission from
pinholes or cracks where the Si substrate (terminated by SiF3 groups) is exposed.

The interface established is therefore atomically sharp and both Ca and F atoms
bond to the Si surface. Models for the interface are proposed are proposed in a fur-
ther publication2.

1. L.J. Schowalter, R.W. Falthauer, R.P. Goehner, L.G. Turner R.W DeBlois, S.
Hashimoto, J.L. Peng, M.W. Gibson and J.P. Krusius, J. Appl. Phys.58(l)
(1985), 302

2. F.J. Himpsel, F.U. Hillebrecht, G. Hughes, J.L. Jordan, U.O. Karlsson F.R.
McFeely, J.F. Morar and D. Rieger, submitted to AppL Phys. Lett.
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Photophysical Properties of Liquid Tetrakis(dimethylamino)Ethylene

Richard A. Holroyd and Jack M. Preses
Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973

Tetrakis(dimethylamino)ethylene (TMAE) photoionizes in the ultraviolet.
Because of its extremely low ionization potential, 5.36 eV, TMAE is the
material of choice to detect photons in Cerenkov counters, for example. TMAE
has also been used as a liquid photocathode.1 Thus a determination of the
photoconductivity spectrum and threshold is relevant to these detectors. The
measurement of the threshold is also related to the conduction band energy of
excess electrons in the liquid. The band energy generally correlates with
the mobility of electrons. Since the mobility of electrons was recently
found to be exceptionally high,^ we measured the threshold energy to check
this correlation.

Photoconductivity. The window of the photoconductivity cell consisted
of LiF with a gold coating on the inner surface to serve as one electrode.
The other electrode was parallel to the window and separated from it by
0.5 mm. Light from the U9A port of the VUV ring at the National Synchrotron
Light Source (NSLS) was used. • The photoconductivity spectra were collected
automatically and stored in a multichannel analyzer. The spectra were
corrected for absorption by the Au-coated LiF window. The resolution with
the NSLS monochromator for 1 mm slits was 1.6 nm.

Figure 1 shows a plot of the photoconductivity of TMAE as a function of
wavelength. The ordinate is the relative quantum yield, in arbitrary units.
In the vacuum UV, i.e., below 200 nm, the yield is approximately a factor of
two larger than at 235 nm. This spectrum is for a field of 4 keV/cm. The
conductivity is linearly dependent on the light Intensity and increases with
field. Below 200 nm the yield is higher than at 235 nm, but accurate yields
are not available because of difficulties with light intensity measurements.
To determine the threshold for pure liquid TMAE a plot was made of the
photoconductivity data in the threshold region; that is for wavelengths
between 295 and 327 nm. The normalized photocurrent to the 2/5ths power is
••" _~ci vs photon energy. This is similar to the method used for determining
conductivity thresholds for pure liquid hydrocarbons. The intercept gives
E t h = 3.77 ± 0.02 eV for pure TMAE.

Fluorescence. Fluorescence spectra as well as lifetime measurements
were obtained at the NSLS-U9A port. An RCA-C31034A photomultiplier tube was
used with a filter cutting out wavelengths shorter than 420 nm. The VUV-ring
operated in a 3-bunch-mode so that light pulses were separated by ~ 56 ns.
A single photon lifetime apparatus was used.

Fluorescence. Fluorescence of TMAE was studied only in solution. The
sample cell was positioned in the light beam so that fluorescence was
observed from the front window. Care was taken to avoid reflection of the
incident beam into the photomultiplier. The fluorescence was recorded as a
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Fig. 1. Spectra of TMAE. Solid line is conductivity observed for neat TMAE
at 4 keV/cm, normalized to light intensity and corrected for
absorbance by LiF window. Dashed line is fluorescence excitation
spectrum (in arbitrary units) for 1% solution of TMAE in TMS, dotted
line is absorbance for 2 nm TMAE in 2,2,4-TMP.

function of the exciting wavelength. The resulting excitation spectrum for a
1% solution of TMAE in TMS is also shown in Figure 1. The fluorescence yield
decreases with increasing photon energy. In the region around 300 nm both
fluorescence and ionization are observed. Below 260 nm ionization is
dominant and fluorescence rather unimportant. Apparently when ionization
becomes an important channel (as in TMS and 2,2,4-TMP) the fluorescence yield
is suppressed. This is in accord with the suggestion that ion-pairs do not
lead to fluorescence. In the present case the absorption band at 270 nm
shows up only as a shoulder in the fluorescence excitation spectrum.

The lifetime of the fluorescent state was found to be independent of
solvent and excitation wavelength. For both TMS and 2,2,4-TMP as solvents
and for excitation between 270 and 420 nm a single exponential lifetime of
14 ± 1 ns was observed. A non-linear least squares fit to the experimental
data in shown in Figure 2.

Summary. The photoionization of liquid TMAE onsets at 3.77 eV and
extends to 10 eV. The fluorescence lifetime is 14 ns.
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Photoionization of Laser-Excited Atoms

J. M. Preses
Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973

and

C. E. Burkhardt, R. Corey, T. Daulton, R. Thomson, W. P. Garver
and J. J. Leventhal

Department of Physics, University of Missouri-St. Louis, St. Louis, MO 63121

These experiments were undertaken because our studies of atoms in
high-lying states-'- quite naturally led to continuum states, ionization.
Additionally, this subject has received very little attention, however both
experimental and theoretical techniques now exist that make these
investigations timely. We wish to obtain data for comparison with theory.
One of the most desirable features of any such comparison is to make it over
a wide range of photon ionizing energies. Ideal for this purpose is
synchrotron radiation. Unlike light from a dye laser, synchrotron radiation
is continuously tunable over a wide range above threshold. On the other
hand the intense monochromatic light from a laser makes it possible to
obtain a sufficiently high concentration of state-selected excited atoms to
observe photoionization of the excited atoms by the synchrotron light.

With these goals in mind we undertook an experiment^ in which we
investigated photoionization of Na(3p). While the relative cross section
was determined using synchrotron light from the National Synchrotron Light
Source (Beam Line U9A) we determined the absolute cross section (at
threshold) in the laboratory at UMSL using two lasers, the ionizing laser
replacing the synchrotron light. The results of these experiments together
with a comparison with theory were reported in a Rapid Communication in The
Physical Review A.^

The sodium photoionization experiment was important for several
reasons. It established that our technique would work. The excellent
agreement with theory showed that the theoretical techniques employed are
reliable and may be used with confidence on other systems. However, we wish
to continue these experiments by studying systems in which autoionizing
resonances may occur. For photon ionizing energies less than about 34 eV,
the approximate threshold for inner shell excitations, the only process
possible in the sodium experiment is photoionization of the 3s electron.
Thus, structure other than that associated with a Cooper minimum was not
expected, and, over the range of energies studied, was not observed.

The authors f'rom UMSL wish to acknowledge support from the NSLS/HFBR
Faculty-Student Support Program. This research was carried out at
Brookhaven National Laboratory under contract DE-AC02-76CH00016 with
the U. S. Department of Energy and supported by its Division of
Chemical Sciences, Office of Basic Energy Sciences.
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The first new experiment we are attempting is the investigation of
photoionization of laser-excited barium. This experiment provides the
opportunity to study pbotoionization of both Ba(6p P°) and Ea(5d D)
because, while the 5537 A laser light corresponds to the 6s2 1S + 6p 1P°
transition, the latter state rapidly radiates (in the infrared) to the 5d *D
state. Thus excitation with our cw dye laser produces a mixture of ground
state 1p° and 1D barium atoms. Low frequency (~ 100 Hz) modulation of the
laser beam will permit us to obtain "laser-on" and "laser-off" data
virtually simultaneously. Because the 1P° state rapidly decays to both the
ground state and the metastable *D state the laser-off signal (at
synchrotron radiation wavelengths longer than the threshold for
photoionization of ground state barium atoms) is that from photoionization
of this metastable state. Comparison of laser-o-- and laser-off signals will
then permit the individual photoionization cross sections to be determined.

The experiments are being performed in apparatus that is very similar
to that used in our studies of Rydberg atom ionization at UMSL. The major
difference is of course that only one laser beam is used; ionization will be
effected with synchrotron radiation. This apparatus has already been used
in the Na(3p) work at Brookhaven. Because we mass analyze the photoions our
method to a great degree obviates possible effects of contaminants. This is
in contrast to absorption experiments for which these effects can be quite
serious. The absolute cross sections at threshold will be determined in the
laboratory using two lar-rs. For determination of the 6p cross section the
two lasers will simultan<. lusly irradiate the Ba atoms, but for determination
of the 5d cross section a time delay will allow the 5p state to decay making
phoionization out c? that state possible.

The goal of the experiment is to obtain the absolute photoionization
cross sections of Ba(6p P°) and Ba(5d D) over a wide range of ionizing
energies. In so doing, we expect to observe resonances resulting from
autoionization of discrete states imbedded in the Ba+ + e~ continuum. These
discrete states result from two electron excitation (by one "synchrotron"
photon) as we have previously observed in experiments in which p.ound state
magnesium atoms were photoionized by synchrotron radiation. However, since
we will be studying photoionization of excited barium, promotion of the
remaining 6s electron by the synchrotron radiation will produce
doubly-excited discrete states, many of which lie in the continuum. We then
detect the Ba+ that results from autoionization. These experiments will
therefore provide information on autoionizing states and their coupling to
the continuum as well as absolute phocoionization cross sections.
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Applications of Tunable VUV Radiation*

C. R. Quick, J r . 1 and J . J . Tiee1

Los Alamos National Laboratory, Los Alamos, New Mexico 87545

and

J. M. Freses and R. E. Weston, Jr.
Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973

Synchrotron radiation in the 110-140 nm wavelength region has been used
to produce electronically excited gas-phase radicals via photofragmentation
of suitable radical precursors. In the last year, we have concluded the
first part of our investigation of CF3 fluorescence produced by VUV
photolysis of CF3CI, CF3Br, and CF3I. The spectroscopy of CF3 is of
interest because this radical has been implicated in the stratospheric ozone
depletion problem, and is a chemical etching ingredient found in
semiconductor device fabrication processes. Our measurements of the
quenching rate and collision free fluorescence lifetimes of both the visible
and uv bands of CF3 have been recently'published.^

The fluorescence characteristics of electronically excited CjH radicals
(C2H ) produced via uv photolysis of C2H2 continue to be investigated.
The easy tunability of the synchrotron source has been exploited to measure
the relative C2H production vs. incident wavelength. The initial data
indicated a relatively long fluorescence lifetime (a few «is) which could not
be easily measured given the time characteristics of the synchrotron. To
attack this part of the problem, we have recently measured the lifetime and
quenching rates of C2H* using a VUV laser source based on four-wave mixing
techniques.2»3 ye find the observed fluorescence lifetime depends on the
photolysis wavelength (6.1 ys at 118.22 nm vs. 8.8 us at 128.19 nm).
Analysis of the quenching rate constants by a number of species suggests
that a metastable triplet intermediate (proposed some time ago) does not
play a role in the formation of C2H*.

A few experiments were conducted to search for emission from the SiF3

radical in the VUV photolysis of SiF3CH3. The SiF3 radical is another
species of importance in semiconductor device fabrication. We have not yet
been able to observe emission from SiF3. Other SiF3 sources are being
contemplated.

This research was carried out at Brookhaven National Laboratory under
Contract DE-AC02-76CH00016 with the U. S. Department of Energy and
supported by its Division of Chemical Sciences, Office of Basic Energy
Sciences.

Supported through Los Alamos National Laboratory Institutional
Supporting Research and Development funds.
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A few exploratory experiments were conducted to examine the
applicability of the synchrotron source to the investigation of thin
dielectric coatings which are used in high power laser reflectors. The uv
absorption and fluorescence of such coatings are important factors in
laser-induced surface damage research. Results obtained so far are scant
and inconclusive.
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CIRCULAR DICHROISM SPECTROSCOPY IN THE VACUUM ULTRAVIOLET REGION

D. J. Spandau, G. I. Senum, M. A. WIckramaaratchi, and E. T. Prerauzlc
Brookhaven National Laboratory, Upton, NY 11973

and

P. A. Snyder
Florida Atlantic University, Boca Raton, FL 33431

An experimental setup was constructed for the studies of circular
dichroism spectroscopy using VUV synchrotron radiation from LiF windowed
beamline U9A on the VUV ring a t the National Synchrotron Light Source.

The Synchrotron radiation coming through the LiF window on the beam-
l ine was wavelength resolved by a 0.5 m Seya-Namioka monochromator (f/24)
equipped with a 1200 grooves/mm grating. The beam was then passed through
a pi le-of-plates (LiF) polarizer In order to achieve the maximum possible
l inear polarization. A CaF2 quarter-wave photoelastic modulator (PEK) was
employed to produce r ight - and left-handed circular ly polarized l i gh t at a
50 kHz frequency. The PEM power supply simultaneously provided a 50 kHz
reference signal to a lock-in-amplifier. The modulated, circularly polar-
ized l ight is passed through a 6 cm long sample ce l l containing an optic-
a l ly active compound. The dif ferent ia l absorption of the lef t and r ight
circularly polarized l ight by the compound under study gives r i se to 50
kHz ac signal which is superimposed on a very large dc signal ar is ing due
to the total l ight detected by the photomultiplier tube. The desired CD
signal is proportional to the r a t io of ac and dc signals. A signal pro-
cessor unit which consists of an automatic gain control circuit* was used
to obtain normalized ac signal, i . e . the CD signal . The signal processor
uni t controls and changes the photomultiplier gain appropriately to com-
pensate dc signal variations due to sample absorption and variat ion of
Incoming l ight Intensity with wavelength and time.

Preliminary studies revealed that there is a significantly large CD
background signal possibly due to MgF2 window on photomultiplier and
s t ress on the ce l l windows. A new window assembly for the sample ce l l and
a different photomultiplier wi l l be used in future work to eliminate the
background problem. Fig. 1 shows the uncalibrated CD spectrum of 0.8 torr
of (+)-3-methylcyclopentanone vapor after subtracting the background.
This spectrum was obtained with an excitation beam having a bandwidth of
0.4 nm. The spectrum is in good agreement with previously published
resul ts .2f3 Future work will include CD spectroscoplc studies of optic-
a l l y active hydrocarbons in the VUV region. A modified version of the
system will be used as a chromatographic monitor to selectively detect
optically active compounds.
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U9B Ultraviolet Biophysics

John G. Sutherland
Biology Department

Brookhaven National Laboratory, Upton, New York 11973

The photon beam from port U9B is directed to either a vacuum
spectrometer, which provides wavelengths down to 130nm or to a fluorometer
that exploits the time structure of synchrotron radiation to probe excited
states reactions, conformations and dynamics of biological molecules. The
vacuum spectrometer is used to measure circular dichroism (CD) and magnetic
circular dichroism (MCD). During 1985, it was modified for use as a
radiation source in studies of the photochemical damage produced in DNA and
other molecules by ultraviolet radiation.

CIRCULAR DICHROISH

VUV-CD was used to study the solution conformation of natural and
synthetic DNAs, proteins and polysaccharides.

Nucleic Acids

D. Brown and R. Wartell [Georgia Tech] used VUV-CD to confirm that a
cloned segment of DNA containing the sequence of the lac repressor forms a
right handed, B type, double helix. The VUV-CD results complement Raman
data on the same system. D. Brown, in collaboration with J. Sutherland
[BNL] also measured the VUV-CD of single and double stranded stranded
poly(dC).

Unlike normal double stranded DNAs with Watson-Crick base pairing, the
double stranded poly (dC) has a rather small VUV-CD and a much larger CD
near 300 nm. The structure of double stranded poly(dC) in solution is not
yet known, but these results appear to indicate that the interactions and/or
conformation responsible for the large VUV-CD of other natural and synthetic
DNA are not present in this system.

L. , Marky and K. Brislauer [Rutgers] measured the VUV-CD of the
synthetic DNA poly(dG).poly(dC). The large positive signal they observed at
185nm indicates that this polymer forms a conventional, right handed double
helix. The amplitude of the CD at 185 normalized to the concentration of
the polymer suggests the A rather than the B conformation. A. Chawla and
M. Tomasz [Hunter College, CUNY] extended studies of the conformation of the
double stranded synthetic DMA poly(dG-dC).poly(dG.dc) and also natural DNA
both chemically modified by the drug mitomycin C (MC) to include the effects
of changes in temperature on the structure of the complex. Previous studies
have shown that high levels of MC invert the CD signal in the 240-300nm
region suggesting that the polymer was forced into a left handed double
helical conformation (the Z conformation). VUV-CD data showed no evidence
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for the Z conformation, however. The recent CD studies probed how the two
strands of the DNAs come ap^rt as the temperature is raised. VUV-CD is
particularly useful for such studies since the large signals below 200
(positive at 185 for right handed and negative at 195 for left handed
helicis) disappear almost completely when the DNA "melts" into separate
single stranded structures at elevated temperatures.

J. Sutherland and J. Mugavero [BNL] in collaboration with R. Santella
[Columbia] found that covalent attachment of the carcinogen
acetylaminofluorene [AAF] to poly(dG-dC).poly(dG-dC, forces this DNA into
the left handed Z conformation as judged by VUV-CD, a result consistant with
data obtained using several other methods.

J. Sutherland and J. Mugavero [BNL] studied the VUV-CD of the double
stranded DNA poly(dA-dC).poly(dG-dT) in the presence of cesium ions and
alcohols. Despite large changes in the CD for wavelengths greater than 200
nm, the 185 nm CD is not altered significantly by these treatments. Thus
the VUV-CD suggests that combinations of Cs+ and ethanol do NOT convert (dA-
dC).(dG-dT) to the left handed Z form as other workers using only longer
wavelength CD had proposed. Sutherland and Mugavero also studied a number
of other double stranded DNA that can assume both right and left handed
double helical conformations. They found excellent agreement between the
conformations deduced from VUV-CD and other types of experiments. In
contrast, CD in the 200-300 nm region sometimes gave correct results,
sometimes gave incorrect results and sometimes gives results that cannot be
interpreted.

PROTEINS

B. Lin and W. Mangle [BNL] studied ligand induced changes in the
structure of Plasminogen, a blood protein. The CD showed little-if-any
change in the average short range (nearest neighbor) structure induced by a
ligand that are specific affectors of plasminogen. In contrast, small angle
neutron scattering experiments performed at the HFBR indicate a large change
in the overall conformation. Combining these data results in a model in
which changes in only a few residues change the overall folding of the
protein and hence its global shape, but without significant change in the
secondary structure of most of the amino acids.

F. Ni and H. Scheraga [Cornell] studied the VUV-CD of a series of
synthetic cyclopolypeptides that have been extensively characterized by
NMR. They found that the CD can be very sensitive to small changes in
composition. For example, converting two amino acids between d to 1 can
completely change the CD of a peptide containing a total of 16 amino
acids. These studies will provide: information about the CD of beta-turns, a
type of secondary structure best using wavelengths less than 200 nm.
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Polysaccharides

E. Stevens fSUNY, Binghampton] continued studies of the conformation of
polysaccharides using VUV-CD. Several new bands were confirmed or detected
for the first time. Calculations linking observed spectra with solution
conformations are in progress.

Small Molecules

R. Bowman and D. Smith [Elizabethtown College] studied the VUV-CD of
fenchone and camphor. These small molecules have rigid structures and are
suitable systems for extending the theory of CD to include the effects of
vibrational interactions.

MAGNETIC CIRCULAR DICHROISM

B. Lin [BNL and Biophysics Institute, Beijing] and J. Sutherland
recorded the MCD of thymine and cytosine to 180 nm in D2O. Previously
undetected electronic transitions were detected near 200 nm for each
molecule. The MCD of adenine was extended to 165 nm in solutions of
hexafluoroisopropanol and to 140 nm for samples in the form of sublimed
films. Several transitions were confirmed. MCD data on the number,
relative orientations and strengths of the VUV electronic transitions of the
nucleic acid monomers necessary for theoretical interpretations of the
natural CD of DNA and RNA.

ULTRAVIOLET RADIATION EFFECTS

The vacuum spectrometer was modified so that it can be used to
irradiate biological samples. The high brightness of the synchrotron source
was exploited to achieve acceptably high fluxes of monochromatic radiation
by keeping the total cross sectional area of the target less than 2 mm in
diameter. Total sample volumes are about 6 microliters. J. Trunk [BNL] and
B. Lin developed detectors to measure the dose of UV delivered to a
sample. B. Sutherland [BNL] measured the number of pyrimidine dimers formed
in purified DNA by given doses of UV in the range from 260 to 200 nm. These
studies will be extended to shorter wavelengths and other UV photon induced
lesions.

TIME RESOLVED FLUORESCENCE SPECTROSCOPY

Peptides and Proteins

The conformation of tyrosine models was studied by W. Laws [BNL] and
J. B. A. Ross [Mt. Sinai]. Results were interpreted as indicating different
rotomer populations and correlated with NMR measurements on the same
molecules. These results will be used to determine the conformation of
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tyrosine in peptides and will also be extended to tryptophan, the other
major fluorescent amino acid.

Nucleic Acids

The intensity and lifetimes of the dinucleotide dA-dA and the
corresponding single stranded polymer poly (dA) were measured as a function
of temperature from +20 to -80C by K. Kobayashi [Tsukuba Univ.]. Results at
intermediate temperatures show that the emissions previously associated with
excited state complexes (exciplexes) at +20C and -80C are associated with
different complexes that are populated with varying efficiency as a function
of temperature rather than a single type of complex the energy of which
changes as a function of temperature. Since exciplexes are thought to be
the immediate precursors of UV induced photoproducts, these studies help
characterize the pathways leading from absorption of a UV photon to
formation of photochemical lesions in DNA.

The conformation of the chemical adducts formed when the carcinogen
benzo-a-pyrene diol epoxide attacks DNA were studied by D. Zinger and
N. Giacintoff [NYU] using the time resolved fluorescence of the BPDE
chromophore. The fastest decaying components of the fluorescence of the
heterogeneous population of BPDE adducts could not be resolved by
conventional time resolved fluorescences spectrometers.
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Lifetime of the Fluorescent Excited State in Solid, Liquid
and Vapor Phase Cyclohexane*

M. A. Wickramaaratchi.t J. M. Preses, R. A. Holroyd and R. E. Weston, Jr.
Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973

Further work has been done to elucidate the mechanisms of energy
transfer giving rise to the decay of fluorescence in cyclohexane, following
absorption of UV light. Experiments were performed at the BNL Chemistry
Department's Beam Line U9A.

Last year, experiments were reported in which fluorescence decays in
cyclohexane were measured in the solid, liquid and vapor phases, from -49°C
to +59°C. Briefly, the observed fluorescence lifetimes were strongly
dependent on excitation wavelength in the gas phase, and nearly constant
with respect to excitation wavelength in the liquid phase. In addition, the
lifetimes of liquid and solid cyclohexane were found to be temperature
dependent.*-

The solid and liquid lifetimes are a combination of a temperature
dependent, Arrhenius-type process, and a temperature independent process.
In the indicated temperature range the lifetime (T) can be expressed as:

1/T = [5.3 x 108 + 4.2 x 10 1 2 exp(-5100/1.987 T)] sec"1

where T is the temperature in degrees Kelvin. The temperature dependent
process appears to be associated with internal conversion, and the
temperature independent process appears to be associated with internal
conversion and intersystem crossing.

Reports in the literature^ give various values for the lifetime of
the first excited state in liquid and vapor cyclohexane ranging from 0.3 to
2.07 nsec. If the temperature dependence of the lifetime is properly
considered, the discrepancies are resolved.

If all the experimental data are taken into account, a plausible
hypothetical mechanism for relaxation in cyclohexane can be proposed,
involving the first two excited singlet states in cyclohexane, S, and S2,
where S2 is a repulsive state crossing Sj, and a low-lying triplet state,
T.1

*
This research was carried out at Brookhaven National Laboratory under
contract DE-AC02-76CH00016 with the U. S. Department of Energy and
supported by its Division of Chemical Sciences, Office of Basic Energy
Sciences.

Present Address: Department of Applied Science, Brookhaven National
Laboratory, Upton, New York 11973.
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The dependence of the fluorescence decay rate on cyclohexane pressure
reveals another interesting feature. Normally, the decay rate is expected
to increase linearly with increasing pressure because of collisional
deactivation of molecules in the fluorescent state. Instead, one observes
that the observed decay rates become longer with increasing cyclohexane
pressure, and the decays no longer fit single exponentials well.^ The
explanation for these observations is as follows: Fluorescence is observed
at a particular set of wavelengths through an interference filter. At low
pressure, fluorescence occurs from high-lying states close to those
initially populated. These states have short lifetimes. At high pressure,
molecules relax collisionally to lower-lying states with longer lifetimes.
This explanation also resolves the difference between our measurement of the
cyclohexane lifetime at five torr and Ware and O'Connor's measurement^ at
one torr. In addition, it demonstrates that 1/x versus pressure plots in
this system are not linear, so that extrapolation of the observed lifetimes
to zero pressure in order to obtain the collisionless lifetime is not a
simple task.

Quenching with 0 2 and Xe leads to normal behavior in which the decay
rate is a linear function of pressure of added quencher, and bimolecular
quenching rate constants for these gases were determined.
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Lifetime and Quenching Rate Constants for a Fluorescent Excited State of
Tetramethylethylene(2,3-dimethyl-2-buteue)

M. A. Wickramaaratchiji" J. M. Preses and R. E. Weston, Jr.
Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973

Because mono-olefins have very low fluorescence quantum yields, there
has been only one report describing fluorescence studies of these
compounds.1 However, because of the high repetition rate of light pulses
from the NSLS (5.9 - 52.6 MHz) and because of their narrow width
(500 psec FWHM), we undertook a study of the fluorescence lifetime of
tetramethylethylene (TME"), since it had the largest reported fluorescence
quantum yield (3.5 x 1 0 ) for mono-olefins and olefins are chemically
interesting systems. Experiments were performed using the BNL Chemistry
Department's Beam Line, U9A.

Excitation spectra agreed well with previously reported spectra.
Vapor phase lifetimes (T) were given by the expression:

1/T = 4.81 x 107 + 2.97 x 10"10[TME]sec" l

where [TME] is the tetramethylethylene concentration, in molecules cm .

0 2, CgHg, CCl^, Xe, N2 and CH^ quenchers were also studied,2 and
reveal linear plots for observed decay rate versus quencher concentration.
The quenching rate for oxygen was also determined via a Stern-Volmer method,
where the effect of added quencher on the total observed intensity was
determined. There is good agreement between the quenching rate constants
measured by both methods.

In the liquid phase, precise data were difficult to obtain, but a
lifetime of 10 ± 2 nsec with an excitation wavelength of 235 nm was
determined.

An estimate of 4 nsec was made in reference one for the vapor phase
lifetime of TME, excited at 229 nm. Our experiment was performed using an
excitation wavelength of 235 nm. Because our lifetime determination for TME
was 10 times longer than the estimate, we undertook a very careful
purification of our samples. Lifetimes measured using purified TME agreed
well with our previous experiments. The authors of reference one have

*
This research was carried out at Brookhaven National Laboratory under
contract DE-AC02-76CH00016 wi.'n the U. S. Department of Energy and
supports-< by its Division of Chemical Sciences, Office of Basic Energy
Sciences.

Present Address: Department of Applied Science, Brookhaven National
Laboratory, Upton, New York 11973.
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recently observed, using our purified TME, that the fluorescence quantum
yield (and, by inference, the lifetime) of TME is a strongly increasing
function of excitation wavelength between 229 nm and 235 nm. This result
helps to resolve the very large discrepancy between the original estimate
and our measurement of the TME lifetime.
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Gas Oesorption from a Cold (4.5°K) Beam Tube
by Synchrotron Radiation

Hans Jostlein and Dejan Trbojevic
Fermi National Accelerator Laboratory, Batavia, IL 60510

and
David Bintinger and Peter Limon

SSC Central Design Group, Berkeley, CA 94720

The Superconducting Super Collider (SSC) will be the first particle stor-
age ring in which synchrotron radiation of significant power will strike a
cold (4.5°K) beam tube. Synchrotron radiation results in the release of
large quantities of gases from the inner surfaces of beam tubes. It is the
purpose of the experiments described in this paper to measure this gas
desorption in cryogenic beam tubes and to estimate the effect of these gases
on the circulating beams of the SSC. The preliminary results presented here
indicate that the luminosity lifetime of the SSC will not be significantly
affected by the desorbed gases in the beam tubes.

It is typical in electron storage rings to have ion pumps distributed
continuously along the beam tube in the dipole magnets. Hence, the desorbed
gas is removed permanently from the beam tube, and the bulk material is
eventually depleted of the gas molecules that are present near the surface
of the material. The result of this is that the amount of gas desorbed per
photon (n) decreases with time. This cleanup effect is quite large. With
aluminum, for example, the initial desorption is typically 0.1 molecules per
photon for a clean tube with photons of characteristic energy of a few hun-
dred electron-volts. After exposure to several ampere-hours of circulating
electrons, the desorption will decrease to less than 10~3 molecules per
photon.

In the SSC, it would be expensive to have distributed ion pumps or the
cryogenic equivalent in the dipole magnets1 beam tubes because the magnet
coils would become larger. Hence, the cleanup effect previously mentioned
could be much smaller. The cryogenic beam tube itself, however, does have
considerable pumping speed due to the high sticking probability of the gas
molecules. It is also possible that there are new desorption phenomena that
could exist in cryogenic environments that are not present at room tempera-
ture.

We report here preliminary results from a cold beam tube exposed to syn-
chrotron radiation at the National Synchrotron Light Source (NSLS) at Brook-
haven National Laboratory. Prior to the cold measurements a first set of
measurements was taken with a room temperature aluminum pipe. The purpose
of this first run was to gain experience with the apparatus, normalization,
etc., by repeating measurements which have been done earlier (1). The
second set of measurements was taken with a stainless steel beam tube
inserted in a liquid helium cryostat.

* This work supported-by DOE Contract No. DE-AC02-786CH03001.
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The SSC reference design (2) predicts synchrotron radiation with a
characteristic energy of 280 eV, and a linear power density of 0.1 W/m in
each beam tube, for a magnetic field of 6.4 Tesla, an energy of 20 TeV, and
70 mA of circulating current, corresponding to a luminosity of 1033cm~2s"1.

This spectrum is well represented by radiation from the VUV ring at the
NSLS, which, under normal operating parameters, produces a spectrum with a
characteristic energy of 570 eV and a power density in excess of 0.2 W/m at
300 mA beam current, if the angle of incidence is chosen as 2.2 mr as is the
case in the SSC. We have positioned our beam + <bes at larger angles, 10 mr
for the warm tube, and 11 mr for the cold tubt in order to increase our
sensitivity and to shorten the cleanup time by using the correspondingly
higher power levels thus available (0.9 W/m for the warm tube, and 1.2 W/m
for the cold tube at 300 mA). For the warm measurement and the first half
of the cold measurement, 50% of the light was excluded at 6 eV by vertical
collimation. At lower photon energies, more light is excluded. In the
second half of the cold tube measurement the collimation was opened so that
photons of 0.6 eV were included at the 50% level.

The length of both the warm and cold tubes was in excess of 4m, with the
detectors (Quadrupole Mass Spectrometers) mounted only 0.7m from the down-
stream end. This length is important to allow the scattered photons to reach
the end of their scattering cascade, thus providing a good simulation of the
SSC beam tube where every photon is eventually absorbed. Power exiting the
cold tube was measured to be approximately 10% of incident power.

We present in Figure 1 a plot of n (the number of molecules desorbed per
photon) versus the number of accumulated photons per meter for the room
temperature aluminum tube. The data compare well with the data of reference
(1) in the ratios among the desorption of the various species of gases,
although there is an overall normalization difference of about a factor of
two, with reference (1) being higher.

After an exposure of about 7000 mA-hrs., the aluminum beam tube hori-
zontal angle was changed so that the photons were incident on the other side
of the tube, the fresh side. Figure 1 also shows these data. Note the n
for the fresh side is not as great as the initial n, indicating that some
opposite side desorption has taken place.

From the cold measurements we present in Table 1 room temperature nitro-
gen equivalent pressures in the stainless steel cold beam tube and the lumi-
nosity lifetimes that these pressures imply for the SSC. The pressure
measurements represent the maximums from several data runs normalized to 300
mA beam current in the VUV ring. With present data we can say nothing about
cleanup in cold beam tubes. The characteristic energy of the photon spect-
rum was 570 eV. The pressures listed are not measured in the beam tube
directly, as in the warm case, but are inferred from measurements by a quad-
rupole mass spectrometer observing the illuminated cold tube wall through a
5 mm hole. (This is necessary to keep the heat of the mass spectrometer out
of the cold beam tube and to prevent light from striking the mass spectro-
meter.) This inferrence has been made in a worst case manner so that the
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pressures and lifetimes listed may be considered upper and lower limits-
respectively. The lifetime limits exceed the design requirements for the
SSC (2).

Also from varying the vertical collimation and hence the lower energy
cutoff (as explained above) of the photon energy spectrum it was determined
that although the flux of photons at an energy of 1 eV was decreased by a
factor of four the pressure rise due to H2 decreased by only 0.15 + 0.15.
Hence low energy photons (~1 eV) play at most a slight role in photodesorp-
tion from cold (4.5° K) beam tubes. A cold measurement with a VUV beam
energy giving a characteristic photon energy of 300 eV was also made. This
characteristic energy is very close to the SSC characteristic energy of
280 eV. From preliminary analysis no difference was seen in the H2 pres-
sure rise as compared to the runs at a characteristic energy of 570 eV.

Table 1. Partial Pressures and SSC Luminosity From the Cold Beam
Tube Measurements.

Mass Pressure (Torr) Lifetime (hours)

2
28
44

8.6 x 1Q~9

1.0 x 10"1 0

3.0 x 10"11

150
2300
5000

1000.0

100.0

Eta
X

10**-3 10.0

50 100 150 200 250

Integrated Photons/meter (X 10**19)
300

Fig. 1. Plot of molecules per photon (Eta) versus integrated photons per
meter for the room temperature aluminum tube.
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Dissociation Energy of Benzene Neutral Dimer

J. R. Grover
Chemistry Department, Brookhaven National Laboratory, Upton, New York 11973

and

E. A. Walters and E. T. Hui
Chemistry Department, University of New Mexico, Albuquerque, New Mexico 87131

The longstanding problem of the dissociation energy of the gas phase
neutral dimer of benzene has been addressed by many workers, both experi-
mentally and theoretically, but there has been as yet no definitive result.
Unfortunately the technique recently developed in this laboratory for measure-
ment of the dissociation energies of gas phase neutral dimers cannot be
successfully applied to benzene dimers because no dissociative ionization can
be detected near threshold, due mainly to the strong binding of the dimer
ion.-'- However, since the dimer ion itself can be detected and its dissocia-
tion energy is already known^, it is of great interest to try to measure the
dissociation energy of the neutral benzene dimer via a determination of its
ionization potential. Fig. 1 shows the energy relationships involved and
defines symbols. If I^A can be measured, then the dissociation energy of

C 6 H6H6

C 6 H6H6

C 6 H6H6

C6H6

J

J

\ >

lA

D([C G H 6 ] 2 )

D([C6H6]2+)

*AA

Fig. 1. Schematic energy diagram showing relationships between the
dissociation energy of the neutral benzene dimer, D([CgHg]2),
the ionization potential of benzene, 1^, the ionization
potential of benzene dimer, I^A, and the dissociation
energy of the benzene dimer ion, D([C6H6]2

+).

(CgH6)2 can be calculated from

2+) - I A (1)
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A molecular beam optimized for the density of (C 6H 6) 2 was produced by a
skimaed and recollimated jet expansion, through a nozzle C01 cm in diameter,
of a room temperature mixture of benzene vapor and argon in the proportions
1:9 at a total pressure of 266 torr. The ionizing photon beam, produced by
the normal incidence monochromator using a 1200 lines mm" laminar grating and
filtered through a 2-mm thick lithium fluoride window to remove second- and
higher order radiation, intersected the molecular beam in the ion-extraction
region of an ion lens system that focussed the ions on the entrance aperture
of a quadrupole mass spectrometer set to transmit ions of mass 156, and
equipped with a channeltron detector operated in the ion counting mode (the
apparatus is described in Ref. 4). Preliminary measurements of the
photoionization efficiency function at nozzle pressures of 150 rnd 300 torr
showed that there was no interference from the presence of trimers or larger
clusters in the molecular beam.

The final photoionization efficiency function is shown in Fig. 2.
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Fig. 2. Photoionization efficiency
function for the production of
(C 6H 6) 2

+ from (CgH6)2. The resolution
is 3 A; background has been subtracted.

Fig. 3. Detail of data at left
showing the threshold, which
has a 68% probability of occurring
within the hatched region.

The concavity of the function in proceeding to wavelengths longer than 1390 A
indicates that the Franck-Condon factors become small, and therefore that the
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geometry of the ground state of the ionic dimer differs significantly from the
geometry of the neutral dimer. Indeed, this is expected because the ionic
dimer has a sandwich structure^ with the benzene rings face-to-face, while
the neutral dimer target is a mixture of two structures, mostly one in which
the benzene rings are parallel stacked and displaced (C2h)> but with some
admixture of one in which the rings are perpendicular.? However, the
threshold is quite well-marked, as may be seen in Fig. 3, while there is no
evidence for autoionizing structures. This suggests that the Franck-Condon
factors, though small, are nevertheless still of significant size.

Energy calibration of the data to the known ionization potential for
benzene at 1^ = 9.248 eV (1340.6 A) yields a threshold for ionization of the
dimer of 1 ^ = 8.690 ± 0.023 eV (1427 ± 4 A), near 0 °K. Correction of the
literature value for the dissociation energy of the benzene dimer ion of
D([C6H6]2

+) = 0.737 ± 0.026 eV2 at 300 °K to 0 °K and its use in Eq. 1 leads
to the desired value for the dissociation energy of neutral benzene dimers at
0 °K of D([C5H5]2) = 0.165 ± 0.038 eV or 3.8 ± 0.9 kcal/mole. This compares
very favorably with a recent theoretical estimate for this quantity of
3.5 kcal/mole.8
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Dispersed Fluorescence as a Probe of Photoionization Dynamics

E. D. Poliakoff and Ming-Hang Ho
Boston University, Boxton, Massachusetts 02215

G. E. Leroi
Michigan State University, East Lansing, Michigan 48824

M. G. White
Brookhaven National Laboratory, Upton, New York 11973

We have initiated an experimental program that probes the energy
deposition in molecular photoions by measurement of the dispersed
fluorescence. Studies have been carried out on N 2, N 20, C02, and HC1. In
this summary, we illustrate the capabilities of the method using N 2 as an
example. Experimentally, we determine the vibrational branching ratios by
measuring the intensity of dispersed fluorescence from N 2

+ photoions.

l + hv * N 2

where v1 and v* * are the vibrational levels for the ion in the excited and
ground states, respectively, and hvv»vti is the energy separation between
these vibrational levels. The intensity of fluorescence originating from
ionic level v1 is proportional to the rate of production of the v1 level. So,
measurement of the relative intensities of fluorescence originating from
different v1 levels provides a measure of the branching ratio for production
of these vibrational levels. We show how monochromatized fluorescence of the
N2

 +(B 2£ U
+ + X2£g

+) band system reveals the enhancement of vibrational
excitation near hv e x c = 29 eV, which we attribute to an interchannel-coupled
shape resonance. Most previous studies of shape resonances have probed the
trapping of the photoelectron in the molecular field at the independent
particle level. However, a recent calculation on N 2 by Stephens and Dill*-
predicts that interchannel coupling of the 3<Xg •*• ECTU shape resonance to
the 2o-u * effg channel will result in a dip in the 2cu~

1 asymmetry
parameter (6) near hv e x c = 30 eV. This dip in g was observed by Southworth
and coworkers,^ and showed qualitative agreement with the theoretical
predictions. However, the theoretical study was confined to a fixed
internuclear separation, which is a likely source of the disparity between the
calculation and experiment. It is well known that normal shape resonances
exhibit vibrational branching ratios which depend on the excitation energy,3

which is a breakdown of the Franck-Condon approximation. The purpose of the
present work is to determine the vibrational branching ratios in the region of
the interchannel-coupled shape resonance for N 2 20^^ photoionization, where
we also expect non-Franck-Condon behavior. The effects of atomic
continuum-continuum couplings have been well characterized, " but atomic
systems have no features analogous to molecular vibration. In fact, the
development of theoretical tools for the molecular case is complicated
considerably by the coupling of electronic and nuclear motion, as well as the
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non-central molecular potential. By probing molecular aspects of the problem,
i.e., vibrctional branching ratios, this work provides useful guideposts for
further theoretical and calculation developments.

The experimental arrangement is straightforward. The excitation
radiation originates from the VUV electron storage ring at the National
Synchrotron Light Source at Brookhaven National Laboratory (beam line U-ll).
A 2 mm bore capillary channels; the radiation to the interaction region where
it intersects an unskimmed supersonic molecular beam. The fluorescence is
collected at right angles to both the propagation axis and the polarization
vector of the excitation radiation. A simple optical assembly directs the
collected fluorescence radiation to the entrance slit of an ISA model HR-640
monochromator operated with a 2400 groove/mm grating (6 A/mm dispersion).

Figure 1 shows the portion of the fluorescence spectrum containing the
v1 = 0 + v " = 1 and v1 = 1 + v " = 2 transitions. The intensity ratio of
these two peaks in Fig. 1 is proportional to the partial photoionization
branching ratio for production of the v1 = 1 vs. the v1 = 0 vibrational level
at X e x c = 594.5 A. By carrying out the measurement at different excitation
wavelengths, w^ obtain a branching ratio spectrum, and such a determination is
shown in Fig. 2. At Xexc = 430 A (28.8 eV) the branching ratio O-J/OQ has a
peak, and the position of this peak corresponds well to that of the
interchannel-coupled shape resonance.

The strongest peak in the fluorescence spectrum is due to the v' =
0 + v' ' = 0 transition and we show a high resolution fluorescence spectrum of
this band in Fig. 3. The fluorescence monochromator slit width used to obtain
this spectrum was 80 ym, corresponding to a bandwidth of 1 A, which is
sufficient to partially rotationally resolve the spectrum. To our knowledge,
this is the highest resolution fluorescence spectrum of any molecular photoion
(created by photoionization). The capability of rotationally-resolved work is
very enticing, and vTill form the basis for some of the future studies.

The key point underscored by this work is that selectivity in the
fluorescence channel provides greater sensitivity to weak excitation
features. This point was made in a state-selective fluorescence study
performed by Wu and coworkers' where atomic nitrogen emission revealed
structure in the excitation spectrum of N 2 that were previously unobserved.
The method of dispersed fluorescence gives the greatest selectivity possible,
while insuring flexibility at the same time. The capabilities of the
technique are demonstrated in these N 2 studies, and they show that dispersed
fluorescence is a powerful tool for elucidating fundamental aspects of
molecular photoionization. The method is extremely efficient, so it is useful
for survey work and for studying weak channel. Coupled to this efficiency is
the capability for high resolution fluorescence studies, and we have achieved
rotational resolution for the first time. Additional experimental results on
electronic autoionization, vibrational autoionization, and photoionization in
an external electric fields are currently being analyzed.
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A technique for determining the dissociation energies of weak polyatomic
heteromolecules in the gas phase was recently developed in experiments at
NSLS (1). The dissociation energy D(A»B) is the difference in the threshold
energy for dissociative ionization, A»B + hu -* A+ + B + e, and the ioniz?-
tion energy of monomeric A. We report here the D(C2H4»HC1) determined by
this technique and the results of a photoionization investigation of this
heterodimer.

The efficiency function for the dissociative ionization C2H4»HC1 + hv
-» C2H4" + HC1 + e is shown in Fig. 1. As before (1), threshold function is
observed from which D(C2H4«HC1) = 0.155+0.041 eV = 3.57±0.94 kcal mol"1 is
deduced for T = 15±5 K. A pulsed microwave Fourier transform spectrosopic
study of this complex gave D(C2H4«HC1) = 1.79 kcal mol"

1 (2). The differ-
ence between these values appears to lie outside the uncertainty limits,
though the spectroscopic value was derived assuming the hydrogen bond can be
accurately modeled by a Lennard-Jones 6/12 potential (2). This may not be
reliable for such small dissociation energies.

Direct ionization of C2H4#HC1 gives the photoion yield function shown in
Fig. 2. Expansion of the threshold region reveals a distinct onset at
I(C2H4»HC1) = 10.45±0.05 eV. The structure of the neutral complex is known
to be that in the inset in Fig. 2 (2,3,4). In the direct ionization of
ethylene an electron is ejected from the highest occupied orbital, a
iT-orbital. In the case of ethyl chloride, 0 2 ^ 1 , ionization involves loss
of an electron from a nonbonding orbital on chlorine. Nevertheless, the
ionization potentials of C2H4«HC1 and C2H5C1 are identical; this makes the
heats of formation of the ions identical as well: AHf(C2H4»HC1+) =
AHf(C2H5Cl+) = 230 kcal mo-H. Formation of the stable ion at threshold
stands in contrast to what was observed in photoionization of CsHs-HCl (5)
in which an unstable ion is observed at lowest photon energy.

Combining the ionization potentials for ethylene (10.51 eV) and 2 4
(10.45±0.05 eV) with the dissociation energy of C2H4*HC1 (O.16±O.O4 eV), we
calculate the dissociation energy of the dimer ion (C2H4»HC1+) to be O.216±

*Research at Brookhaven National Laboratory was performed under contract
DE-AC02-76CH00016 with the U.S. Department of Energy and supported by its
Office of Basic Energy Sciences.
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Fig. 2. The efficiency function for
the reaction C2H4»HC1 + hv -»•
C2H4»HC1+ + e over the range
of 600-1400 A in 2 A increments.
The inset shows the molecular
geometry of the complex (3).

0.014 eV = 4.98±0.33 kcal mol"1. This value is similar to the dissociation
energy of the C5H5«HC1+ ionic complex, but much lower than is frequently
found in homo- and heterodimers.

Photofragmentation of C2H4»HC1 by the reaction C^lfy-HCl + h\> - 2 4
+ H + e has been studied. This fragment is significant because it is an
extension of our project of synthesis of reactive intermediates by photoion-
ization of van der Waals complexes (6). The threshold photoion efficiency
function is given in Fig. 3. The threshold is found to be 11.180±0.099 eV.
The energetics of the C2H4 + HC1 system are diagrammed in Fig. 4. The
C2H4C1

+ case differs dramatically from the CsHgCl"1" analog described else-
where (6) in that the reaction C2H2J>HC1 '-» C2H4C1

+ + H is endothermic by
only 0.73 eV (16.8 \cal mol-1) while the reaction C6H&-»HC1 -» C6H6C1

+ + H
is endothermic by 5.67 eV (131 kcal mol"1). Although, it was concluded that
C6H6C1+ is made in an electronically excited state (6), it appears that

+ is a ground state species.

The data in Fig. 4 also reflect the observations that the reaction
C2H5C1+ -• C2Hf + Cl is endothermic by 15.7 kcal mol"l and that the
dissociation C2H4CT1" -» tyfy + cl is a!so endothermic, by 90.4 kcal mol"1.
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Fig. 4. Energy diagram of the C2H4 +
HC1 system. All energies are in eV.
Starred lines are results of this
experiment.

The exchange reaction, C2H^ + Cl -> C2H4C1+ + H, is virtually thermoneutral.
An independent confirmation of D(C2H4»HC1) = 0.16±0.04 eV is possible as a
result of the observation that C2H5C1

+ from C2H5CI and from C2H4»HC1
are identical. This is in excellent agreement with the determination by
dissociative photoionization of C2H4'»HC1 given above.
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BEAMLINE D13-T0K*
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and
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Our group (NSLS/Bell Labs collaboration) is presently building a
wiggler magnet to be inserted in the straight section of the VUV ring
located between superperiods 3 and 4. The purpose is to produce coherent
ultraviolet radiation. The wiggler, called TOK wiggler (for Transverse
Optical Klystron), will allow generation of short wavelength coherent
harmonics from several high power lasers (1). In addition, the TOK wiggler
might be suitable as the central element of a visible-ultraviolet
free-electron laser oscillator. The U13-T0K beamline is being built to
collect the wiggler radiation. It consists of a coherent radiation
beamline, which receives the undeflected light from the wiggler, and a
branch line. A removable grazing incidence mirror will deflect the
spontaneous wiggler radiation into the branch line for other users.

During 1985 the design of the TOK wiggler was completed. The design
and fabrication of all the modified elements of the ring vacuum chamber and
the design of the front end have also been completed. The coherent radi-
ation beamline is now undergoing design. This report describes the TOK
wiggler and the coherent radiation beamline. The branch line will be the
responsibility of another group.

The TOK Wiggler

The TOK wiggler is a permanent magnet hybrid wiggler of the Halbach
design (2). Its parameters are given in Table 1. Random magnetic field
errors are generally present in permanent magnet wigglers due to
inhomogeneities in the material. An exhaustive study of the effect of
field errors on the wiggler spectrum and ultimately on the generation of
very short wavelength coherent harmonics was necessary to specify material
tolerances (3). Design of the wiggler and mechanical support is fully
completed. Both items are now undergoing construction, and are expected to
be ready for testing by April 1986.

*tfork supported by the U.S. Department of Energy, under contract
DE-AC02-76CH0001'.
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Table 1. Parameters of the TOK Wiggler

Material: NdFeB (permanent magnet material)
Vanadium permendur (poles)

Period: 10 cm
Minimum gap: 30 mm (fixed gap vacuum chamber)
Maximum field on axis: 8.6 kG (calculated)
Number of full periods: 22
Maximum value of K^g^: 8.0. (calculated)

Table 2 lists the expected characteristics of the spontaneous radia-
tion from the TOK wiggler at 750 MeV for Kpeak = 8.0.

Table 2. Characteristics of the TOK Wiggler Spontaneous Emission

Fundamental wavelength: 0.8 um
Critical wavelength: 54 A*
Flux: 5 x lO1** photons/s/mrd/A/0.1% BW at 54 A
Brightness: 5 x 101** photors/s/mrd2/A/0.1% BW at 38 A
Brilliance: 5 x 10 1 3 photons/s/mm2/mrd2/A/0.1% BW at 38 A
Total Radiated power: 0.58 kW/A

Figure 1 compares the angle integrated flux (in photons/s/A/0.1% band-
width) from the TOK wiggler and a bending magnet of the VUV ring at 750
MeV. A collection angle of 10.5 mrd has been used for the bending magnet.
For the latter value of the collection angle the peak value of the wiggler
flux is approximately 2NW that of the bending magnet (where 1^ is the
number of full periods), but the wiggler spectrum is softer.

Modifications to the VUV Ring

Insertion of the TOK wiggler in the VUV ring requires replacement of
part of the ring vacuum chamber and some modifications to the magnetic
lattice to compensate for the wiggler.

*When computing on-axis brightness, the peak value of the wiggler magnetic
field should be used to obtain the critical wavelength, as a small collec-
tion angle is assumed. On-axis critical wavelength for the parameters
given is 38 A. The angle integrated flux spectrum can be approximated by
using bending magnet formulas with the critical wavelength computed from
the r.m.s. value of the field for a cosine-like wiggler field, which
yields 54 A here.

- 138 -



A fixed gap insertion chamber and two curved dipole chambers have been
designed. The curved dipole chambers are to replace the ones currently
located immediately upstream and downstream of the straight section. Both
chambers have a 0° port and an increased vertical aperture necessary for
the modulating laser used in the harmonic generation experiment. The
insertion chamber and dipole chambers are being fabricated and expected to
be completed by early 1986.

A front end has been designed for the U13-TOK beamline. It allows
collection of the wiggler radiation over a 10.5 mrd horizontal angle as
well as use of 30 mrd from the D13 bending magnet port. Thermal loading on
the front end elements due to the wiggler radiation is being studied. All
of the ring vacuum chamber elements and the front end will be installed
during the fall 1986 shutdown.

Studies of the VUV ring magnetic lattice are being carried out to
ensure its good performance after the addition of the TOK wiggler. They
include measurements of the ring parameters from 750 MeV to 400 MeV and
computer simulations of the effect of the wiggler. Their purpose is both
to optimize the TOK wiggler output and make the presence of the wiggler
transparent to the other users. Some addditional power supplies, necessary
for the latter purpose, are being acquired.

Coherent Radiation Beamline

In the harmonic generation experiments, a high power laser modulates
the electron beam density as they copropagate through the wiggler. The
emission spectrum of the bunched electron beam differs from that of a
coasting beam. The spectrum now contains peaks of spatially coherent light
at all harmonics of the input laser.

The beamline designed for these experiments consists essentially in
two diagnostics boxes, to ensure alignment of the laser to the electron
beam, plus a monochromator. The first diagnostic box is followed by a
mirror box containing the removeable grazing incidence mirror which is the
joining point with the branch line. A large size hutch is located down-
stream of the straight section on the 0° line to house the laser, second
diagnostic box and raonochromator in compliance with safety requirements.
The laser beam propagates in an enclosed pipe above ring height to the
dipole chamber upstream of the straight section where it is focused and
enters the ring vacuum chamber. A mini-hutch is necessary at that point
for safety. The latter part of our set-up has been reviewed and will be
put in place during the upcoming December maintenance period. The down-
stream part of the coherent radiation beamline is still in design.

Finally, measurements of the VUV ring parameters at 400 MeV during
Spring 1985 have shown that the prospects for an FEL experiment using the
TOK wiggler are quite good. Gain per pass is ~1% at 3500 A and ~2% at
5150 A at the 5th harmonic of the wiggler. Measured values (without the
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wiggler) for the electron beam current and sizes at 400 MeV have been used
in the gain calculation. We plan to install an optical cavity and c-ivty
out oscillator experiments during the winter 1987-88.
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Introduction

The chemistry of tungsten surfaces is known to qualitatively depend on
the presence of non-metallic adlayers, such as carbon or oxygen. Recent
surface chemical studies of a range of organic molecules adsorbed on W(100),
W(100)-(5xl)-C and W(100)-(2xl)-0 have characterized reaction products and
allowed inferrance of the stoichiometry of reaction intermediates.^~4 In
cases investigated qualitative differences in the reaction products were
observed for the different surfaces studied.

An important step in understanding how non-metallic adlayers alter re-
activity is characterization of the adsorption structure of adsorbed parent
molecules and, where possible, surface-stable reaction intermediates.
Recently, the Near Edge X-ray Absorption Fine Structure (NEXAFS) method has
been developed as a tool for studying the adsorption geometry of adsorbed
molecules.J It has been particularly successful in studying complex organic
molecules with some bond unsaturation. The NEXAFS experiment readily al-
lows for a determination of molecular orientation with respect to the sur-
face and an estimate of bond lengths.?

In this study, preliminary NEXAFS data were obtained for cyclohepta-
triene on W(100)-(5xl)-C and CH_CN, CH-NH-, and cycloheptatriene adsorbed
on clean W(100) as a function or coverage and annealing temperature.

Experimental

All experiments described were performed on vuv beam line 14, using a
plane grating monochromater. The operating base pressure was -2x10 torr.
Most data was obtained for X-ray absorption near the C-K edge (275eV^hv. •<_
325eV). X-ray absorption was detected by monitoring the Auger electron
yield. Two detectors were operated simultaneously: a cylindrical mirror
analyzer (Physical Electronics) with a pass energy of ~200V and partial yield
detector, similar to those used by previous workers, mounted directly on
the sample manipular. Data collection was computer controlled using a
Tektronix microcomputer. All reported C-edge spectra are single scans over
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the photon energy range of 275eV-325eV taking energy increments of 0.2eV
and having ^ dvell time of 1 sec./point. Raw spectra were ratioed versus
reference data obtained for clean W(100) or W(100)-(5xl)-C surfaces. No
further data manipulation or smoothing was utilized.

Cleaning was effected by successive heating in oxygen at -1500K and
subsequent flashing to 2500K using electron bombardment heating. Molecules
were introduced into the vacuum system using a directed dosing system con-
sisting of quartz micro-channel arrays (25y diameter x lmm channels).-*
Large exposures of molecules (>2.0L) known to condense multilayers of
adsorbate were used in all cases, in order to compare spectra to known gas
phase data and minimize contamination from background. The multilayer was
subsequently heated to an annealing temperature for ~5 minutes in order to
effect desorption or reaction. Near edge data for the annealed layc-— was
obtained subsequent to the crystal cooling to -120K.

Results and Discussion

I. Cycloheptatriene

NEXAFS data was obtained for cycloheptatriene (C-C-,HQ) adsorbed m
clean W(100) and W(100)-(5xl)-C surfaces. Previously reported chemical
studies, identified benzene as a product of cycloheptatriene reaction on
the -(5xl)-C whereas irreversible decomposition to H9/g\, was the only ob-
served reaction pathway on clean W(100).^ Preliminary NEXAFS data, shown
in Figure 1, suggests that cycloheptatriene assumes a parallel geometry on
clean W(100). The polarization dependence of the C(ls)->-n transition for
cycloheptatriene adsorbed on W(100)-(5xl)-C surface exhibited the opposite
polarization dependence, suggesting a bent or inclined adsorption geometry.
This contention needs to be studied further due to the poor signal to noise
ratio and interference from W-4f peaks near 300eV in our data.

II. Acetonitrile and Ethylamine

Studies of the reaction of acetonitrile and ethylamine on W(100) sug-
gested that ethylamine reacts to form CH_CN (acetonitrile) and subsequently
gaseoue methane. The objective of the NEXAFS studies of these molecules
was to probe for development of C-N bond unsaturation in ethylamine by iden-
tifying a transition to a state of H-symmetry and to compare the data for
CH-CN and reacted ethylamine. No II resonance could be detected for ethyl-
amxne adsorbed on W(100) and annealed to 200, 300 or 500K. Thus, not sup-
porting the hypothesis of reaction to develop C-N bond unsaturation.
Surprisingly, no n* resonance was detectable for CH-CN adsorbed on W(100)
and annealed to temperatures >300K. The acetonitrile result suggests that
our NEXAFS data may not be of sufficient quality to detect weak resonances.
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Fig. 1. NEXAFS spectra subsequent to annealing a cycloheptatriene multi-
layer are shown for two angles of incidence. Spectra a. and b.
were obtained after annealing at 210K on clean
W(100) with the angle of photon incidence being 30° and 90°,
respectively. Curves c. and d. are spectra with incident angles
of 90° and 30° respect'vely after annealing to 450K on the
-(5xl)-C surface. Note the opposite polarization dependence of
the C(ls)-*II transition near 285eV.
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Further investigations have been carried out of photoemission EXAFS
as a surface sensitive technique for structural studies. Some of the
advantages of this technique compared with other EXAFS methods have been
pointed out previously (1,2). Perhaps the most useful feature, however,
has not been discussed, namely that the technique has chemical sensitiv-
ity not afforded by the other methods. Since the EXAFS is obtained from
direct observation of photopeak intensity as a function of photon energy,
if the absorber element in a material is in different chemical environ-
ments with resolvably shifted photopeaks one may do photoemission EXAFS
using each peak and obtain the local atomic structure associated with
each chemical environment.

Preliminary measurements were made on clean evaporated films of
aluminum and after deposition of roughly five monolayers of oxygen. CIS
spectra were obtained over the photon energy range of rougnly 100 to
280eV. The aluminum 2p peak was used. After oxidation this peak showed
two components, one unshifted from the clean position and one shifted to
higher binding energy by roughly 2.5eV. Photoemission EXAFS obtained
with the unshifted peak yielded the same structure as the clean film and
corresponds to aluminum surrounded by aluminum. The shifted peak gave a
more complicated structure corresponding to aluminum with oxygen neigh-
bors. Photoemission EXAFS offers significant promise in studies of sur-
face reactions and this aspect of our work is continuing.

Progress has also been made in developing Spin Polarized EXAFS
(SPEXAFS) as a technique for studying magnetic structure (3). This
proposed technique makes use of the fact that the photopeaks of atoms
with large magnetic moments are split by exchange interaction and are
highly spin polarized, an example being the 3s doublet of Mn + where the

This work has been supported by the DOE under grant DE-FG02-8*)ER45091 .
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peaks are expected to be polarized about 100 percent spin down and about
70 percent spin up. In magnetic materials photoemission EXAFS obtained
from these peaks should differ only in effects of exchange scattering
from neighboring magnetic atoms and within the absorber atom; the symme-
try of backscattering eliminates spin-orbit scattering. The exchange
scattering depends on the orientation of the magnetic moment of the
scatterer with respect to that of the electron. Thus it should be
possible for the first time to extend EXAFS to the study of magnetic
structure.

Preliminary measurements were made on the antiferromagnet MnTe
above and below its Neel temperature of 323K. Both peaks of the 3s
doublet of manganese were used as well as the large P component of the
3p multiplet, which should have a large negative polarization. For these
measurements a multipoint CIS method was used so that the background
could more readily be removed from the data. It was not possible to
obtain enough data to show magnetic effects on the EXAFS. However, two-
point CIS spectra using the 3p peak and the background on the low binding
energy side did show the MnTe atomic structure. This is a significant
result in itself as far as the photoemission EXAFS technique is concerned
because the Te 4d peak, lying at 8eV lower binding energy than the Mn 3p,
goes through a giant resonance at about 100eV photon energy causing a
very large variation in background under the 3p peak over the photon
energy range used here. It is gratifying that a simple two-point CIS was
sufficient in this case.

1. G.M. Rothberg et. al., Phys. Rev. Lett. 53(198H)1183.
2. K.M. Choudhary et. al. in EXAFS and Near Edge Structure III

(Springer, New York, 1981), K.O. Hodgson et. al., eds., p.25M.
3. G.M. Rothberg, J. Mag. Magn. Mat. 15-18(1980)323.
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Photoemission Studies of LiAl and LiGa Zintl Intermetallics.

Irina M. Curelaru and Kuen-Sane Din
Department of Materials Science and Engineering
University of Utah, Salt Lake City, Utah 84112

and

Gwyn P. Williams and Eric Kneedler
National Synchrotron Light Source

Brookhaven National Laboratory, Upton, N.Y. 11973

This work is i continuation of the experiments started in 1984 on photo-
emission of I-II, I-III intermetallic compounds with B32 (Zintl) structure (1).
These materials have recently received considerable attention because of the
use of one of them (LiAl) as an electrode in high energy density batteries (2).

The crystal structure of Zintl compounds can be described as two inter-
penetrating diamond sublattices, one for each component. The nearest neigh-
bors of each atom in the structure are four atoms of the same kind and four
atoms of the other kind. Different variants of band structure calculations
for the I-II, I-III intermetallics have been developed, by using the pseudo-
potential model (3), a self-consistent (non-muffin-tin) numerical basis set
approach to the local density formalism (4), a self-consistent linear muffin-
tin orbital model (5), a relativistic APW model (6), and a molecular cluster
approximation (7). Lithium-aluminum is peculiar in that it is reported to be
a p-type semiconductor, while all the other Zintl compounds have - as expected -
metallic conductivity. The beta-phase of LiAl has a narrow range of stability
around the perfect 50-50 atomic percent stoichiometric composition. Real
LiAl samples have been found to contain a complex defect structure, with
lithium vacancies on its own sublattice and lithium occupancy of some
aluminum sites on the aluminum sublattice. Theoretical calculations and
earlier conductivity measurements have indicated that in LiAl the charge
transfer from lithium to aluminum is minimal, and therefore lithium is in a
typical "non-bonding" state, which would explain its ionic mobility in the
compound. The dual ionic-electronic conductivity of LiAl is in fact an im-
portant quality in its use as an electrode material in lithium based batteries.
Detailed studies of the electronic structure and bonding in the Zintl
compounds are essential for the understanding of the properties of these im-
portant materials.

This work was sponsored by the U. S. Department of Energy under Grant No.
DE-FG02-84ER45143. Additional funding was granted by Brookhaven National
Laboratory under the NSLS/HFBR Faculty-Student Support Program. The sample
materials were prepared at Argonne National Laboratory and kindly provided
to us by Drs. S. Susman and K. Volin. All this support, as well as the expert
assistance of the NSLS staff are gratefully acknowledged.

- 146 -



In the present experiment we studied two I-III Zintl phases, namely LiAl
and LiGa. The sample materials were part of the same materials previously
studied at Argonne National Laboratory by neutron and x-ray diffraction (8,9).
The time scheduled for our experiment, at the end of September 1985, unfortu-
nately coincided with Hurricane Gloria visiting Long Island. During the two
and a half days of continuous, efficient work, we managed, however, to record
complete sets of EDC, CFS, CIS, and total yield spectra for both LiAl and
LiGa. For both samples, fresh surfaces were prepared by "in-situ" fracturing
in an ultrahigh vacuum of about lO"1^ torr. Photons with energies between
20 and 200 eV were selected by the plane grating monochromator of the NSLS
U14A beam-line. Details of the valence band structure and dynamics in LiAl
and LiGa are illustrated by the EDC spectra in Figure 1. These are to be con-
trasted to the available theoretical band structure calculations (e.g. Fig.2
from (6)). Our EDC and CFS spectra show a rich structure, both in the valence
band and the core level regions, and demonstrate beautifully the complementar-
ity of these two techniques (Fig. 3). Detailed interpretation of these data
is in progress. Other members of the I-II, I-III Zintl series are currently
being prepared in our laboratory at Utah, and will be studied at NSLS in the
future.
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Fig.l: EDC spectra of LiAl and LiGa at various photon energies.
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Fig.2: Theoretical band structure of LiAl and LiGa (6).
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Fig.3: EDC and CFS spectra of LiAl.
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X-ray and XUV Tests of Multilayer Coated Optics

Leon Golub, Margaret Davis, Bruce Sams and Robert Simon
Harvard-Smithsonian Center for Astrophysics
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and

Roger Bartlett and Steve Southworth
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Introduction

Typical state-of-the-art soft x-ray imaging using grazing incidence op-
tics can attain angular resolution of the order of 0.5 sec of arc. However,
by employing normal incidence optics, it appears that an order of magnitude
improvement is feasible immediately, and attainment' of 0.01-0.005 sec of arc
seems to be within reach.

We are currently engaged in a program to develop and test fabrication
methods for multilayer coatings for use at soft x-ray wavelengths. The speci-
fic aim of the present program is to understand the basic physics of a new
generation of instrumentation that we seek to build. The development of tech-
niques for the construction of multilayer normal incidence optics depends
to a significant extent on a proper understanding of the x-ray optical proper-
ties of materials on very small spatial scales, especially the values of
optical constants for thin films and the surface quality achieved during the
deposition process.

The reflectivity of a multilayer is determined by the optical constants
of the layer materials, by the sharpness of the boundaries between layers
(which is also influenced by the smoothness of the substrate), and by the
number and thickness of the layers. A wavelength regime which is particularly
important for solar coronal studies is the region around 50 A (~250 eV).
The most successful multilayer mirrors reported to date for the 50-A region
consist of W or ReW and C; reflectivities up to 10-15% have been achieved.(1,2)
The most suitable optical constants for high reflectivity multilayers around
\=50 A are obtained from the transition elements (V, Cr, Mn, Fe, Co, Ni) com-
bined with spacer layers of carbon. (3)

Experimental Procedure

The measurements performed in ultrahigh vacuum (P tT 10 "10 Tnrr) which
allowed direct access to the monochromator and storage ring at NSLS. A reflec-

This work is supported by the National Science Foundation under Grant DMR-
8313070n and by NASA under Grant NAGW-397.
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tometer is housed inside the vacuum chamber with independent sample arid detec-
tor rotation (Fig. 1). Twelve different samples can be examined per fill
of the test chamber by using a large sample wheel with six sample holders,
each holding two samples. Suitable UHV coupling mechanisms allowed direct
mechanical control over all reflectometer elements. The U14 PGM monochromator
is used for these measurements. A single channeltron with micromachined alu-
minum photocathode is used to measure both the reflected and straight-through
photon beam. Data are collected by fixing the angle of the sample with re-
spect to the photon beam and scanning the photon energy.

HB—

Fig. 1. Schematic drawing of the measurements chamber showing
relative orientations of incoming synchrotron beam,
mirror samples, and movable detector.

The data analysis procedure for obtaining the reflectivity values is
relatively straightforward: Each detector signal (reflection and normaliza-
tion) is normalized to the instantaneous storage ring current to remove the
effect of the long-term drop in beam intensity during a given fill of the
ring. The diffracted signal is then divided by the appropriate normalization
scan, yielding a set of reflectivity vs incident energy values for each sample
at each of the measured incidence angles. A background subtraction was per-
formed before the peak energy, peak reflectivity, and resolution were deter-
mined .

We find that the best performance is obtained with coatings of Co-C and
Fe-C. Figure 2 shows the measured reflectivities of two Co-C multilayer mir-
rors, one with 40 layers having a multilayer period (one absorber plus one
spacer layer) of ~ 77 A and the other having 128 layers with a spacing of
-35 A. Theoretically both mirrors should have about the same peak reflectivity,
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Fig. 2. Measured reflectivities for two Co-C multilayer
mirrors, one having coards 2d spacing and 40 lay
ers and another having finer spacing and 128
layers.

although we note that smaller grazing angles are required for the coarser
coating in order to position the reflectivity maximum at the same incident
energy as for the finer mirror. The width of the reflection curves is greater
for the coarser mirror, in agreement with theory.

The peak reflectivity for both mirrors increases with increasing photon
energy as the carbon edge is approached; this increase is due to the reduction
m absorption by the carbon spacer layers. The fact that the peak reflectivi-
ties for the finer coatings are not lower than those of the coarser indicates
that the influence of surface roughness or a gradual transition layer must
be very small; the roughness of these systems is ~3A.
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Fluorescent Efficiency of Sodium Salicylate between 50 and 350 eV

James A.R. Samson and G.C. Angel
University of Nebraska, Lincoln, HE 68588-OIII

and
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The purpose of the present investigation was to measure the relative
quantum efficiency of sodium salicylate over an extended energy range to try
to observe the change from an efficiency constant with energy to one in-
creasing with energy.

Sodium salicylate has been used extensively as a detector of vacuum U.V
ani X-rays. Samson and Haddad (l) have shown that, over the range Il6 A -
600 A its quantum efficiency remains relatively constant, whereas Krokowski
(2) using X-rays of energy greater than 12 keV (lA) found that it increases
linearly with energy. An extrapolation of Krokowski's results to the low
energy work of Samson and Haddad yields an intercept at about 155 $••

The relative efficiency ri of sodium salicylate is defined as the number
of observed fluorescent photons divided by the nuiLber of incident VUV photons.
An apparatus was designed which allowed the output of the monochromator to
pass through two stages of differential pumping and low conductance canals
and then through a collision region where it intersected a constant pressure
target of a noble gas. Photoions formed in the collision region were ex-
tracted with high efficiency, focussed and detected by a particle multiplier
operating in the single particle counting mode. Since the photoionization
cross sections for the noble gases are known absolutely over a wide energy
range (3) the photoions thus produced could be used as a monitor of the pho-
ton intensity. After passing through the collision region the photon beam
fell onto a glass window coated with sodium salicylate, the fluorescent out-
put of which was monitored by a photomultiplier used in the analog mode.

The number N + of photoions produced per second when a number I o of pho-
tons is incident per second on a noble gas target whose number density/path
length product is n£ is given by

N+ = I

Work sponsored in part by the National Science Foundation and in part by the
NSLS.
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.where OJ is the photoionization cross section. The photomultiplier current
I p m is given by Ipm = nJoe where n is the efficiency of the sodium salicy-
late.

Thus n is given by the expression

Hence for a constant n£ product

>m— a.
.+ 1

The photomultiplier current and ion count rate were measured over the entire
spectral range available from the P.G.M. Data were recorded and wavelength
scanning accomplished by the use of the data acquisition system designed by
Gwyn Williams.

Analysis of the results is still incomplete although preliminary results
are shown in Fig. 1. These show a roughly linear increase in the efficiency
above 100 eV until the carbon K edge is reached at 28^.2 eV when a sharp de-
crease occurs. A further increase above the K absorption edge is apparent.

. h

. 3

ffi

200
hv (eV)

Too

Fig. 1. Relative efficiency of sodium salicylate vs photon energy

Although an allowance has been made for visible scattered light detected
by the photomultiplier, a complete analysis must also allow for scattered
U.V. components which were particularly apparent when using the high energy
mirror, and this is now in progress.
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SOFT X-RAY CONTACT IMAGING OF BIOLOGICAL AND SYNTHETIC MATERIALS
RECENT EXPERIMENTS RUN ON BEAMLINE U 15
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D.M. Shinozaki, University o-f Western Ontario

Elemental Mapping by Contact X-ray Imaging

Studies have been completed that indicate contact X-ray
microscopy can be used to determine the distribution of a
particular element within a specimen. Contrast in X-ray images
arises from the differential absorption of photons; by tuning the
wavelength of the incident X—rays above and below the absorption
edge of an element in the sample, contrast can be dramatically
altered. The difference between two such images reflects the
distribution of the absorbing element.

Maps have been produced which show the distribution of
calcium in human hip bone at a resolution of 500 A. The
distribution we observe corresponds well to that determined using
other techniques. Features such as lamellae and canaliculi are
readily recognizable in the X—ray images. Bone samples were
exposed at two X-ray wavelengths, one where calcium absorption is
high, the second where absorption is low, determined
experimentally by measuring specimen absorption as a function of
wavelength. In order to accurately compare two images, it was

to refine the procedure for resist development,
temperature and agitation of the development

Polystyrene latex spheres added to the bone specimens
served as a grey scale for scaling the two images and facilitated
their alignment. Further studies directed toward the
quantitative determination of the distribution of an element in a
specimen are in progress.

Differential X-ray Absorption In Muscle

In order to test the capabilities of X-ray contact
microscopy it is necessary to use a test specimen that includes a
known distribution of an element with an absorption edge in the
wavelength region of interest. Calcium distribution in skeletal
muscle was chosen as an appropriate example. In our most recent

necessary
regulating
solutions.
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experiments, we used 0.9 to 1.2 microns of copolymer spin coated
on 1000 A silicon nitride windows. The irradiations were at 35-
36 A in 0.1 A steps for times of approximately 6 minutes.
Following chemical development and coating with a thin layer of
metal, the X-ray images were examined in a transmission electron
microscope, and difference images around the calcium L III edge
were prepared.

High Resolution Soft X-ray Contact Imaging

It has been demonstrated in the literature that very high
resolution images may be produced using the contact method. A
set of experiments designed to enable biologists systematically
to produce interpretable x-ray images has been started. This
essentially involves investigating the quality of the resist
surface before and after irradiation and/or development; studying
the possible changes in the ultrastructure of the biological
specimen with soft x-ray irradiation; perfecting a two stage
metal shadowed carbon replica technique to examine the electron
beam sensitive resist surface; attempting to capture the image in
the near surface region of the resist-specimen interface with
ultra-light development.

The most recent Brookhaven runs in these experiments
involved exposing biological specimens such as human fibroblast
or mouse 3T3 at a variety of wavelengths for short exposures,
recording the images, then exposing for very high x-ray doses to
produce radiation damage in the specimen and re-recording the
image. A series of low dose images was also taken to produce the
light relief images for examination using the two stage
replication method. In addition, the role of specimen to film
distance was examined by recording images of a specimen at
different separations at a number of wavelengths.

These experiments have just been started and will continue
in future runs at the beamiine.

Soft X-ray Contact Imaging Applications in Materials Science

The feasibility of using the contact method to image
synthetic materials such a polymers, composites, semiconductor
materials, interface structures etc., has been started.
Estimates of the thicknesses of a variety of materials which can
be used suggest that there are a number of interesting materials
problems which can be usefully addressed with this technique.
Some experience in producing images from synthetic films was
gained by running a set of trial exposures. These experiments
continue.
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The testing and use of high resolution zone
plates at the U15 beamline
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C. Jacobsen, J. Kirz, I. McNulty, and R.J. Rosser
Physics Department, SUNY, Stony Brook, N.Y.

D. Shu and H. Rarback
NSLS, Brookhaven National Lab., Upton, N.Y. 11973

Zone plates, fabricated by contamination writing with a scanning
transmission electron microscope at King's College London (l) were
tested using the U15 beamline, and the scanning soft x-ray microscope
(2). The zone plates have a focal length of about 1 mm in the 30-35 A
wavelength range, a central stop of about 13 microns in diameter, and
finest zones of 750 A and 1000 A width.

The zone plates were shown to perform well. They were used to
obtain high resolution images of fixed, hydrated nerve cells provided
by J. Pine of Caltech. Attempts were also made to look at live nerve
cells. Although these were frustrated by not being able to keep the
cells alive for the 2 or so hours required to align, focus and take high
resolution images, the attempt has meant that the beamline is now
equipped with the appropriate incubators and microscopes for handling
live cell cultures. Quantitative evaluation of the results to determine
efficiency, resolution, signal/noise characteristics, etc. await detailed
off-line analysis of the data.

The efficiency of the zoneplates may be limited by the relative trans-
parency of the carbonaceaous material that makes up the zones. To
improve the efficiency , attempts have been made to replicate the struc-
tures by soft x-ray lithography into gold.
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X-RAY HOLOGRAPHIC MICROSCOPY
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We have established in past years^1""3) that using the technique of
visible light reconstruction of an x-ray Gatoor hologram recorded on
photographic, film we could get images as theory predicted and with
resolution limited by the film and the use of a visible light laser.
This was an important first step but it was only a rehearsal for the real
aim of the program which is achievement of resolutions in the sub 1000A
region which is not accessible by the film-plus-laser method. Our first
step toward the high resolution regime was to try to record holograms on
high resolution resist and this has been our main goal in 1985. This is
a big step from film since the resists with the best resolution
properties are slower than film by factors of the order of a million.
The fact that we could make recordings at all is due, in part, to a
reduction in the working distance but also to the unprecedented
performance of the storage ring source. We have been making exposures of
the order of a few amp. hours and this has become practical only in the
past year or so. The results of these experiments have been somewhat
inconclusive. We have obtained recordings which develop and show good
structure under the light microscope and we have also verified that finer
structures not shown in the light microscope can be seen in the scanning
electron microscope. However, the contrast and overall information
content of these recordings appears at first sight to be disappointing
and we have experienced unexplained failures of the recording process
even at exposures that were previously quite adequate. We are pursuing
these questions and plan further runs in 1986 together with more serious
activity than hitherto on the question of Fourier Transform holography.
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Core Level Excitation and Relaxation in Molecules
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Our research program is directed at learning about the chemical
consequences of core level excitation in molecules. With tunable,
monochromatic synchrotron radiation, it is possible to excite selectively
not only the core electrons of different elements, but also core electrons
of the same element in different chemical environments in the molecule. In
addition, different types of excited states can be prepared, with an
electron in an antibonding valence orbital, a Rydberg orbital, a shape
resonance, or the continuum. Auger decay, accompanied by fragmentation of
the molecule, usually occurs following such excitation in the gas phase. It
is our objective to learn how and why the fragmentation varies with
molecular structure and depends upon the nature of the initial core hole
excited state. The techniques of photoelectron, mass, and fluorescence
spectroscopy are being used in these studies. During the past summer, we
obtained ion and electron yield spectra and mass spectra for benzene,
acetonitrile, dichloroethylene, trichloroethylene, carbon monoxide, carbonyl
sulfide, fluorobenzene, furan, trifluorotoluene, acetone, and nitrous oxide.
This work was done on U15 and was supported by the National Science
Foundation.
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Soft X-ray Microscopy at the U15 Beamline
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During 1985, 25 percent of the available beamtime at U15 was de-
voted to to scanning soft x-ray microscopy. Part of this work was done
in collaboration with King's College London, and is reported separately.

Briefly, a zone-plate, made by IBM, is used to demagnify a pinhole
source. The specimen is scanned in a raster pattern through the fo-
cussed spot of light while the transmitted light is collected with a gas
flow proportional counter. The apparatus remains essentially that set
up by Rarback and Kenney (1), and used successfully for biological ele-
mental analysis in 1984 (2). Minor, but significant improvements to the
equipment have included the design, construction and implementation
of a new, improved Csl I-zero monitor.

The use of the microscope falls into two parts:

1) Exploring the biological uses.
2) Improving the apparatus, in particular the zone-plate.
Biological exploration has included the following collaborators and

experiments.
1) F. Cinotti (BNL) - Looking at calcium concentrations in patho-

logical bone specimens at 0.2 micron spatial resolution. This was done
by the subtraction of images taken at and away from the Ca absorption
resonances near 3.5 nm. The technique is dicussed in detail in reference
2, and is an extention of previous work done at the U15 beamline.

2) K. Shinohara (Toyko Medical Institute ) - Looking at whole and
sectioned meta-state cells. The specimens were fixed, and both stained
and unstained subjects were viewed.

3) J. Hamos (SUNY at Stony Brook) - Looking at fixed, stained
nerve cells.
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P31 as a detector for Soft X-ray Spectroscopy
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Spectroscopy, especially EXAFS, in the soft X-ray region has been

limited by many factors. Among them the lack of adequate detectors is
an important one. Recently scintillation detectors have been shown to
provide high signal to noise ratio and smooth spectral response in this
energy range(l,2).

1. Phosphor P31
A green phosphor, P31, composed of ZnS(Cu), outperforms many

other scintillators in the energy range 300-1000 eV.
The optical output of the phosphor is analyzed with a grating mono-

chromator and found similar to that from electron bombard-ment(3).
Its spectrum consists of two broad bands. The main features are inde-
pendent of the energy of the incident X-ray photons but sightly depen-
dent on the intensity.

The scintillation yield of P31 vs. incident X-ray flux is measured
in conjunction with an ion chamber (0.100 torr argon gas) and found
linear within 2.5to 10exp(l0) photons/ (sec.mm2). The lifetime of the
dominant light output is in the 10exp(-4) second range (3), while the
lifetime and relative amplitude of the afterglow from P31 is found to
be about 4 seconds and 1.4

2. Transmission measurement of solid films
Transmission measurement of absorption spectra in the soft X-ray

region has been limited to a few UHV compatible materials in the form
of self supporting films, only a few thousand angstroms in thickness (4).
To date, most spectral data are derived from various X-ray induced elec-
tron yield measurements. Although there have been attempts to study
at least theoretically whether the data from these electric techniques
reveal the same information as those obtained from th°. transmission
measurement (5), systematic exprimental data has been lacking.

We have designed a special multilayer sample-detector assembly
for studying the electron yield and transmission spectra of a solid film
simultaneously (Fig. 1). The X-ray beam is incident upon the top
surface. A cylindrical tube collects the electrons emitted from the sur-
face. The transmission spectrum is obtained by dividing the spectrum
recorded with a 300 nm SiO evaporated film on the top of the multilayer
structure and that recorded without.

The spectra derived from total electron yield and from the trans-
mission measurements produce similar EXAFS oscillations, while more
significant differences are obsserved in the near edge region. (6).
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V/////////7 SiO . 3000 A

Gold, 1000 A

ZnS <Mn), 1,5 um

InQ . 1500 A

Glass substrate

fig. 1. Sample-Detector assembly.

Gas phase EXAFS at oxygen K-edge
We recorded the spectra of O2, CO, and C02 up to about 1000 eV

m three different modes : transmission, total ion yield and scintillation
yield.

The EXAFS spectra derived from these modes are similar. It is
also found that the EXAFS spectra of these small molecules reveal
marked difference from that predicted by Teo and Lee phase shifts and
amplitudes, (fig 2) (7).

References

Ji I:?' JT
utave rn ' S-E- Schnatterly, E.Kallne, C.P. Franck, T.Aton,

and J.Rife, Nucl. Instr. and Meth. 172, 352(1980).

? ? Yang J ̂ ^ and TK Sh N1 I t d Meth"
3) Optical Characteristics of Cathode Ray Tube Screens, TE-PAC

i-ub-hcation 116 (Electronic Industries Assoc, Washington, D.C., (1980) I
Our material is obtained from U.S. Radium Corp., Hackettstown, N.J..
PI, } S - D C ^ P - P e ^ e t t i ' ?-S- Williams, D.A. Shirley, and J. Stohr,
Phys. Rev. B 21, 2267(1980)

557l/l98<tftOhr' ° ' N ° g U e r a ' a n d T l Kendelwiez, Phys. Rev. B, 30,

6) B X. Yang,Y.K Kao, J. Kirz, C.X. Gu, R.N. Bhargrva, D.A.
Cammack, and R.J. Dalby, private communication.

(1985) Y a n g ' J" K I r Z ' a n d T ' K - S h a m > P h y S * L e t t > l l 0 A ' 3 0 1

- 161 -



2 3 * 5 6 7 8 9 1 0 11

Z 3 4 5 6 7 8 9 1 0

2 3 4 5 6 7 8 9 1 0 1 1

fig. 2. Comparison of EXAFS spectra of 02, CO, and CO2.
Data are shown as crossos. The dashed curves are computed using

the results of Teo and Lee. The solid curves include additional phase
shifts to improve agreement with the data, (from Ref. 7)

- 162 -



Soft X-ray Diffraction Experiment
on the U15 Beamline
W.3. Yun, J. Kirz, RJ . Rosser

Dept. of Physics, SUNY, Stony Brook, NY 11794
D. Sayre

IBM Research Center, Box 218, Yorktown Heights, NY 10598
Since W.L. Bragg's introduction of x-ray crystallography in 1913,

the standard method of obtaining high quality images of atomic as-
semblies' has been the Fourier inversion of 1.5 A x-ray, or neutron,
diffraction paterns of crystalline specimens. The present work is part
of a program to extend the technique to microscopic non-crystalline
specimens, such as single biological cells.

In earlier publications (l), (2), we suggested that the use of longer-
wavelength x-rays from synchrotron sources might permit the recording
of diffraction patterns from general microscopic specimens, opening the
way to the possibility of detailed x-ray imaging of structures which
are not available in precisely duplicated form. Important examples of
such structures occur both in biology (e.g. nuclei, mitochrondria, whole
cells) and in other areas, e.g. materials science. The longer wavelength
would preclude imaging at atomic resolution, but at the wavelengths
suggested (ca 3.0nm), the resolution would still be 1.5nm if the entire
diffraction pattern could be obtained and used.

Recently, part of the diffraction patterns from a single diatom; a
single muscle fibre and a microscopic portion of human bone (150 mi-
cron cube) have been recorded. Figure 1 shows the diffraction pattern
from a single diatom. The exposure time was half an hour at 100mA
(approx.) in the VUV storage ring. Figure 2 is a schematic drawing
of the apparatus used. Important considerations in the design of the
equipment were the need to have very little stray light reaching the
recording film and reasonable ease of use. The 3-pinhole system was
found to be the minimum number of pinholes necessary to block out
light scattered by things other than the specimen. The three pinholes
are aligned using micrometers and a photomultiplier tube with an ex-
tendable phosphor finger. This phosphor finger is placed beyond the
third pinhole during alignment, then withdrawn during the exposure so
that the radiation can reach the film plate. The specimen is centered on
the third pinhole with the aid of an optical microscope. The alignment
of the 3 pinholes in the x-ray beam can be accomplished in about two
hours, and is only done once, at the beginning of the run. Specimens
can then be introduced and aligned in about 15 minutes.

The current experimental aim has been to collect diffraction pat-
terns from a variety of different biological specimens. One specimen
of particular interest is muscle, which we are studying in collaboration
with Dr. Fan of SUNY at Stony Brook.

Having collected diffraction patterns, they require interpreting to
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fig 1. Diffraction pattern from a single diatom.

UHV
BARRIER

TGM

n

SPECIMEN

3-PINHOLE
COLLIMATOR FILM PLATE

fig 2. Schematic drawing of the diffraction apparatus used.
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obtain the 3-d image. This requires phasing the patterns. We are con-
sidering the isomorphous replacement or anomalous dispersion phasing
techniques used in protein crystallograpy as means to this end.
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EXXON X-ray Facil ity X1OA

R. Hewitt, M. Sansone, S. Constantino, G.K. Sorensen, and D.E. Moncton
Exxon Research and Engineering Co.

Route 22 East
Annandale, NJ 08801

Over the past year we have implemented a very general computer control-
led beamline at X10A. A Platinum coated fused si l ica toroidal mirror at 12
meters is used for 1:1 focussing. The toroidal shape is obtained with a cy-
linder of 80 mm radius bent to a radius of 1800 M. At the grazing incidence
angle of 6.67 mradians i t wi l l accept about 5 mradians of horizontal radia-
t ion and have a cutoff in energy at 12 Kev. A double crystal monochromator
with mechanical linkage (Golovchenko type) is used to select and scan the en-
ergy required. (A piezoelectric driver with suitable feedback keeps the two
crystals in parallel alignment.) The monochromator can be scanned over a
range of incident angles from 7 to 68 degrees or for Si<l l l> crystals from
15.2 to 2 Kev respectively. Other computer controlled adjustments of both
crystals are coarse Theta and Chi ( r o l l ) . Both the f i r s t crystal and mirror
are water-cooled by means of a thermal strap designed to handle 200 watts.
In i t i a l testing of the monochromator using a computer-controlled feedback
loop to maintain parallel crystal alignment yielded the Copper EXAFS spectrum
shown in Figure 1.

1.0

en
LJ

0.5

0.0

Cu K EDGE EXAFS SPECTRUM

B950 9000

ENERGY (eV)

9050

Fig 1. Cu K-edge EXAFS Spectrum.
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Preceding both optical elements is a set of water-cooled s l i t s . The
s l i t s can be apertured or positioned in three micron steps both horizontally
and vertically. The beamline also includes a programmable set of attenuators
and a shutter. Programmable beamline supports enable four modes of opera-
tion: reflected or direct in combination with monochromatic or white beam.
In the hutch a computer-controlled experiment support table provides for
X,Y,Z translations as well as rotation about these axes, with the origin
being user-definable. The table, although initially designed to support a
six-circle Huber diffractometer, can handle loads of up to 2000 pounds with a
three micron step resolution.

The first use of the beamline involved characterization of the source
emittance by configuring the beamline as a pinhole spectrometer. The s l i t s
at 11.5 meters were adjus^d to have a vertical aperture of 10 microns and a
horizontal aperture of 20 microns. At 23 meters the direct white beam was
observed using another set of s l i ts and a detector scanned through the 1:1
image of the source. The source widths were measured to be CFO.123 mm verti-
cal (Figure 2a) and o=0.375 mm horizontal (Figure 2b). By scanning both the
s l i t s at 11 meters and the detector s l i ts in the proper ratio the divergence
of the beam in the vertical direction was measured to be .1 mradians.

i.e _

B.5

-2.5

X-ray ring beam parameters measured with a pinhole camera.
a. Vertical half width sigma equals 0.123 mm.
b. Horizontal half with sigma equals 0.375 mm.

In another application of the pinhole spectrometer, the mirror surface
was investigated. By stepping the s l i ts before the mirror vertically, and
simultaneously stepping a photographic plate horizontally at the 1:1 focus in
the hutch, sequential photographs of mirror surface reflections provided a
direct measure of surface irregularities. For one particular mirror studied,
this method revealed a vertical stratification of the image of about 40-50
arcseconds per image. Examination of about 30 multiple images demonstrates a
figure error of about 60 arcseconds, measured with a resolution of about 1
arcsec. Thus we have developed a sensitive test of mirror perfection which
can be useful in developing specifications for vendors and assessing their
performance.
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EXAFS and Xanes Determination of Lattice Distortion
and Impurity Site in Implanted Semiconductors.

Pathikrit Bandyopadhyay and Bruce A. Bunker
University of Notre Dame, Notre Dame, IN 46556

This research centers on the use of fluorescence detection to study
dilute impurities in single-crystal semiconductor samples. The implanted
layer is much shallower than the penetration depth of x-rays in the sample,
and is therefore better studied using a grazing-incidence x-ray beam.
Because of the single-crystal samples, the data is contaminated with
spurious peaks. In the worst cases, these Bragg reflections may be hundreds
of times the size of the absorption edge. By rotating the sample during
data acquisition, thus averaging over azimuthal angle, the diffraction
peaks are reduced by several orders of magnitude. Diffraction peaks
remaining after the rotational average are eliminated by an electronic
gating scheme. A schematic view of the apparatus is shown in Fig. 1.

Ion Chamber

Incident monochromatic
X-ray beam Fluorescence

X-rays

Implanted Si wafer

Fig- 1 Schematic of experiment, showing grazing incidence of x-ray beam,
fluorescence ion chamber, and rotating sample to minimize Bragg
reflections from single-crystal sample.

Work supported in part by the Office of Naval Research,
N00014-85K-0614. /

under contract
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Work to date has concentrated on Fe, as a prototype transition metal,
in Si. Our results have confirmed the tetrahedral interstitial site, and
have shown lattice expansion about the iurity of approximately 0.1A.
Further experiments will concentrate on improving the data quality so as to
study the second shell lattice distortion and to embark on the systematic
study of many different implanted species, studying the impurity site as a
function of implantation and annealing conditions. This work will also be
extended to III-V and, possibly, IV-VI semiconductors. The techniques being
developed here are applicable to fluorescence studies of any single-crystal
sample.
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XANES and EXAFS Studies of Metallic Systems
and Interfaces

M. Choi, G.H. Hayes, D.M. Pease and J.I. Budnick
University of Connecticut, Storrs, CT 06268

Our initial studies have focused on the very interesting magnetic alloy
systems based on binary nickel platinum (Ni-Pt) and the metallic glass system
(NivPt]^_v)75P25

 and on metastable polycrystalline solid solutions of iron boron
(FeB) with boron concentrations varying from l-12at.%.

In addition to their own intrinsic interest, Pt based alloy systems are
an important testing ground of relativistic alloy band structure calculations.
Our previous study1 of the Pt L n i ^ i XANES in (NiyPtl-y)75P25 metallic
glasses showed consistency with such calculations in that the addition of
nickel was found to reduce the relativistic spin-orbit effects found in Pt 5d
holes. We have initiated studies of Pt and Ni EXAFS and near edges at Beam
Line X-11A to better understand aspects of the electronic structure related to
the specific heat behaviour in such materials. The Ni EXAFS oscillations in
Ni-Pt random solid solutions studied by us are found to die out much more
rapidly with k than do the oscillations of the Pt EXAFS in the same alloy or
the EXAFS oscillations for Ni in pure Ni. From our XANES data on the Ni-Pt
random solid solutions, we find that the number of Pt d5/2 holes, as well as
Pt dg/2 holes per Pt site, increases with Ni concentration. The systematics
of our initial results suggest that the EXAFS results would be of theoretical
significance to relativistic band structure calculations for the Pt-Ni alloy
system.

Ray and Hasegawa^ have prepared metastable polycrystalline body centered
cubic FeB alloys for B concentrations up to 12at.%. We have obtained prelim-
inary data for both the EXAFS and the near edge structure at the Fe site on
alloy samples provided to us by R. Hasegawa of Allied Corp. Our goal in these
experiments is to determine the site occupancy for the B in this metastable
composition range. From their bulk measurements, Ray and Hasegawa were able
to conclude that three B atoms replaced two Fe atoms in a more or less sub-
stitutional fashion. Our goal is to complete analysis of our EXAFS data in
the light of both MHssbauer and NMR studies of these same alloys, carried out
at the University of Connecticut by Hines, Zhang and Sanchez. This system pro-
vides us with a very good opportunity to compare different local probes to
determine the atomic environments about both Fe and B sites. The EXAFS data
analysis is being performed with the aid of Fe-B parameters obtained from
J. Wong (G.E.) from his work on ordered Fe2B. From our results thus far, we
believe that studies of this type will provide interesting information on the
co-existence of crystalline and amorphous phases within the transition metal-
metalloid systems.

Work supported by U.S. Department of Energy, Division of Materials Sciences,
under contract No. DE-AC02-76Ch00016.
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During this period a study of Interfaces in Ion Beam Mixed Systems was
begun. High purity Nb with good superconducting properties covered by a
thin aluminum layer was deposited on float glass by Y. Brunserade at Leuven,
Belgium. Studies of the Nb EXAFS by glancing angle techniques were carried
out in cooperation with S. Heald and J. Tranquada on unreacted samples as well
as upon samples which were only slightly ion beam mixed by low dose Al implan-
tation. In samples mixed with doses of " 5 x 10-" Al/cwr at 150 KeV clear
evidence was found for a reduction in the Nb-Nb nearest neighbor distance
suggesting the initial formation at the interface of Nb-Al coordination.
Normal incidence Rutheford Backscattering experiments on this system do not
show evidence of ion beam mixing. Careful thermal and ion beam processing of
the Nb-Al system are being continued to enable us to carry out a detailed
study of interfacial compound formation in these systems.
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Manganese Studies

J. Faj er
Brookhaven National Laboratory, Upton, New York 11973

The purpose of this work is to use biological mechanisms as guides to the
development of synthetic catalysts.

The focus of the research presently is on the mechanism of water oxida-
tion in photosynthetic organisms. The process is believed to be catalyzed by
two or more manganese ions undergoing multiple oxidation steps. The work per-
formed on X-ll to date thus has attempted to develop edge energy markers to
identify Mn(II), III and IV oxidation st-^es and to acquire EXAFS data on
model Mn compounds for calibration.

Work supported by U.S. Department of Energy, Division of Materials Sciences
under Contract Nos. DE-AC02-76CHoool6 and DE-AS05-80-EF10742.
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EXAFS of Non-Heme Iron Proteins and Metal Imidazole Complexes

R.H. Felton, L.R. Furenlid, S.W. May, and P.A. Morris
School of Chemistry, Georgia Institute of Technology, Atlanta, GA 30332

and

E. Stern
Department of Physics, University of Washington, Seattle, WA 98195

The non-heme dioxygenase , protocatechuate 3,4-dioxygenase (PCD), is
well characterized by spectral techniques. These have shown that active
si te Fe(III) is ligated by two tyrosyl and two histidyl residues as well as
OH- or HoO

)
Under anerobic conditions an enzyme-substrate complex

x

(PCD.PCA, PCA=protocatechuic acid) is stable, and considerable uncertainty
as to the structure has developed. One may envisage alternate forms of
coordination between iron and substrate
(Fig. 1). Structures I and II show
symmetrically and asymmetrically chelated
ligand, while III and IV exhibit monodentate
forms. By substituting Br at C(5) we have
shown that EXAFS provides direct evidence for
I or II and excludes III or IV as
alternatives in the PCD.PCA or PCD.5-BrPCA
intermediates. In Fig. 2, EXAFS transforms
display distinctive features in peaks 2 and 3
for both enzyme-substrate samples and a new
feature 4 at 4.7 A for PCD.5-BrPCA.
Comparison with native PCD in Fig. 2a and
standards of known structure in Fig. 3
permits identification of peak 4 as arising
from Br backscattering, while peak 2 i s
second-shell scattering from 0(1) and 0(2) of
chelated PCA. In contrast, monodentate
phenolates 1 do not exhibit features 2 and 3.
Br backscattering which confirms the bidentate nature of 5-BrPCA binding.
Comparison of both transformed and filtered fourth shell data with that of
the authentic chelate 3 (Fig. 3c) shows full agreement. Indeed, the
presence of Br backscattering at an Fe-Br distance of 5.0-5.1 A reflects
the unique aspects of structures I or I I , but not I II and IV: (1) rigidly
chelated structures decrease Debye-Waller damping of the EXAFS amplitude,
and (2) the Fe-0(2)-Br bond angle of 174° allows enhanced EXAFS due to
forward scattering. Peak 3 in native PCD (Fig. 2a) has been assigned to
third-shell scattering by two histidyl residues . For PCD.PCA or PCD.5-
BrPCA, filtered data is fit with chelated standards, 2 or 3, and PCD. The
results are shown in Table 1, where i t is apparent that these data again
confirm substrate chelation. Intriguingly, a large Aa and small Ar is
found for the PCD component of PCD.PCA, and one interpretation suggests
movement of the two histidyls, relative to their placement in native PCD,
*Supported by PHS (GM-23474)

CO
Fig.l Enzyme.substrate
binding structures.

It is the large magnitude of

- 173 -



such that one is displaced inwards by 0.1 A and the other outward by a
similar distance. In PCD.5-BrPCA, only one iraidazole moves outward.
Whether this rearrangement of histidyls in the enzyme-substrate complex can
be related to suggested asymmetrical binding5 of PCA as shown in II is,
problematic, since the only change in this ligand is a decrease in Aa ,
arising from binding of the C(l) carboxylate to a residue. However, the
EXAFS study has demonstrated that only I or II are viable structures.
First and second shell analyses are in progress.

The iron-storage protein transferrin has clear spectral similarities to

1.0

a:
o

0 1 2 3 4 5 6 7 8
RADIAL COORDINATE (ANGSTROM)

Fig.2 EXAFS transforms of a)PCD.
b) PCD. PCA, c) PCD. 5-Br PCA. kn weighting:
2( ) , 3( ) , 4 ( . . . ) .

PCD arising from ligation by histidine and
chemistry are quite distinct as are EXAFS
transforms . In an effort to understand
these differences, x-ray absorption of the
diferric and N-terminus, active-site
loaded monoferric species has been
measured on beam line X-11A. Although the
photon flux at the sample is about five
times less than that of a wiggler line at
SSRL, low background counts in the X-ll
hutch have permitted us to measure a 3mM
sample of the raonoferric species. We are
in the process of analyzing the data.

In a program of ascertaining the
quantitative accuracy of EXAFS amplitudes

0 1 2 3 4 5 6 7 8
RADIAL COORDINATE (ANG5TR0M)

Fig.3 EXAFS transforms of a) I,
Ph4Fe;b) 2, (catechol) 3Fe;
c)3, (5-BrPCAester)3Fe.

tyrosine; yet its function and

1.0 2.0 3 0 4 0 5.0 6.0 7.0
COORDINATION NUMBER. N

Fig.4 Cor re l a t i on of EXAFS ampli-
tudes with l igand number in MImn.
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of third-shell imidazole or histidine scattering, we have obtained x-ray
absorption data for a large number of metal-imidazole complexes, M(Im)n.
The ra t io method for extracting amplitudes was used and the results are
shown in Fig. 4. Good agreement i s found for n=2,3,4,and 6, but n=l i s
consistently overestimated. A possible source of the disagreement may be
an intr ins ic EXAFS contribution at third-shell distances. Thus 00(^3)5 ,
which has no third shell atoms, does show a real feature in i t s transform
at the same distance at which imidazole scattering i s observed. However,
difference EXAFS, in which the CotNH )̂̂  amplitude is subtracted from
Co(NHo)c(lm), does yield n=l. XANES has been measured for the compounds
with a goal of locating features arising from third-shell imidazole
scattering and interpreting them by multiple scattering theory .

During the preparation of model complexes, the f i r s t tetrakisimidazole
Co(II) complex was synthesized and i t s crystal structure determined by x-
ray diffraction. Prior EXAFS results were borne out by the structure.

Table 1. Results of least-squares f i t s (e.s.d) of third and fourth shel ls

Complex
PCD.PCA(3rd shell)

PCD.5-BrPCA(3rd shell)

PCD.5-BrPCA(4th shell)

Standard
PCD
2
PCD
3
PCD
3

Ar(A)
0.01(5)
0.00(1)
0.06(2)

-0.02(2)
-0.01(2)
-0.01(2)

Ao/'xl0"'(A'
13(3)
-9(3)
6(2)

-7(1)
-1(2)
-5(3)

") AE (eV)

-2.1(9)
-0.8(8)
-3.0(8)
-1.0(9)
-1.1(5)
2.0(5)
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R.H. Felton, L. D. Cheung, R. S. Phi l l ips , and S.W. May, Biochem. Biophys.
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Displacement of Nb Atoms in KTN

Olivier Hanske-Petitpierre and E.A. Stern
University of Washington, Seattle, Washington 98195

and

Y. Yacoby
Hebrew University of Jerusalem, Israel

Much progress has been made in the last year in understanding the ai-omic
structure of the mixed ferroelectric KTaO3:Nb (KTN), which has the perovskite
structure. This system has been studied intensively as a model for quantum
ferroelectricity and as a possible ferroelectric glass.^ By varying its
composition it can be changed from a pararlectric to a ferroelectric with
second-order and first-order transitions. The interpretation of the properties
of this material has ambiguities because of its unknown underlying atomic
structure. By making EXAFS measurements about the K-edge of Nb and the L3-
edge of Ta as a function of temperature and composition we have discovered an
unexpected result. The Nb atoms are displaced off center in both the para-
electric and the ferroelectric phases. The surprising result is that about
half of the time the Nb atoms are displaced and for the rest of the time the
Nb is centered. These puzzling results deserve further investigation to fully
understand their significance.

Besides EXAFS, which can directly determine only the magnitude of the
radial displacement but not its direction, we are employing a new technique
of electric field modulated EXAFS. By varying the electric field direction
relative to the x-ray polarization and the crystal axes, it is possible to
determine directly the direction of the Nb displacement. Initial measurements
indicate that the Nb is displaced in the (111) direction. Further measure-
ments will be made to confirm this result. The measurements in KTN have been
made mainly at SSRL, but last August some measurements were made at our PRT
beamline.

1. R. Oppermann and H. Thomas, Z. Physik B TL, 387 (1975).
2. T. Schneider, H. Beck, and E. Stotl, Phys. Rev. B 13, 1123 (1976).
3. R. Morf, T. Schneider, and E. Stotl, Phys. Rev. B 1(3, 462 (1977).
4. G.A. Samara, Phys. Rev. Lett. 53_, 298 (1984).
5. 0. Petitpierre, E.A. Stern, and Y. Yacoby, in "EXAFS and Near Edge

Structure III," edited by K.O. Hodgson, B. Hedman, and J.E. Penner-Hahn
(Springer-Verlag, N.Y., 1984), p. 509.

This work was sponsored in part by NSF grant DMR80-22221 and in part by
a subcontract between North Carolina State University (through a grant to
NCSU from the DOE) and the University of Washington.
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Surface and Interface Studies Using Grazing Incidence X-Ray
Absorption and Reflection

S. M. Heald, J. M. Tranquada, and H. Chen
Brookhaven National Laboratory, Upton, New York 11973

The properties of x-rays at grazing incidence make them very suitable
for surface and interface studies. Below a critical angle, 0 C, characteris-
tic of the material being studied, the x-rays undergo total external reflec-
tion. This can occur at the surface, or in the case of an overlayer on a
more dense substrate at the interface between the two materials. In both
cases the penetration of the x-rays into the surface or interface can be
small (20-30 A for many systems) and can be controlled by varying the inci-
dence angle.

Measurement of the x-ray reflectivity as a function of angle can pro-
vide information about the surface and/or interface roughness and film thick-
nesses. Measurements of the x-ray absorption by monitoring the energy depen-
dence of the reflected and fluorescence signals from the sampla can provide
microscopic structural information from analysis of near edge and EXAFS fea-
tures. At beam line X-11A we have begun a series of experiments testing the
possibilities of applying these techniques to the study of interface and sur-
face structures. Earlier work on thin films of Au has already demonstrated
submonolayer sensitivity (l).

A comprehensive set of measurements was made of Al-Cu bilayers consist-
ing of 1000 A Al films on 1000 A of Cu deposited on float glass substrates.
These samples were annealed at temperatures from 100-200°C, followed by x-ray
reflectivity and EXAFS measurements at the Cu K-edge. No change was observed
until the 160°C anneal when clear indications of CuAl2 formation were seen in
the EXAFS, along with distinct changes in the reflectivity signal. Figure 1
shows examples of EXAFS data taken for the 180°C anneal at three different
angles. At 4.4 mrad the beam just begins to penetrate the Al layer and is
reflecting from the Al-Cu interface. In this case the penetration depth is
less than the CUAI2 layer thickness, and the EXAFS signal is quite similar to
the CuAl2 standard. At 5.8 mrad there is greater penetration into the Cu and
the signal is a mixture of CuAl£ and Cu metal. At 8.0 mrad the beam exceeds
the Cu critical angle and the signal is due to the entire Cu layer. There is
little evidence of a CUAI2 component indicating that the CuA^ layer is in-
deed thin and confined to the interface.

X-ray reflectivity measurements were also made and are currently being
analyzed. Early indications are that the reflectivity is quite sensitive to
the growth of thin amounts of CuAl2 at the interface. It appears that these
techniques should have better depth sensitivity in this case than more tradi-
tional techniques such as RBS or low angle x-ray diffraction. Also, complete

Work supported by U.S. Department of Energy, Division of Materials Sciences
under Contract Nos. DE-AC02-76CH00016 aud DE-AS05-80-ER10742.
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analysis of the reflectivity will allow us to calibrate the penetration,
depths for the angles shown in Fig. 1.

The EXAFS in Fig. 1 is plotted in arbitrary units since for measurements
made at glancing angles there are some amplitude distortions. To better
understand the problem and to learn how to obtain correct amplitudes we have
also undertaken a study of pure Au surfaces. A number of measurements were
made which are now undergoing analysis.

Initial work has al/isb begun on Zr-Ni bilayers. This system is interest-
ing since upon annealing the first reaction product is an amorphous alloy.
Of particular interest is whether there is a thin amorphous interface region
in the unreacted films which nucleates the growth of the amorphous phase.

References
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An Investigation of Chromate Inhibitors on Aluminum Using Fluorescence
Detection of X-Ray Absorp'ion

H. S. Isaacs, S. M. Heald, and J. Tranquada
Brookhaven National Laboratory, Upton, New York 11973

and

J. Hawkins, G. E. Thompson, and G. C. Wood
UMIST, Corrosion and Protection Center, Manchester, UK

Chroraates and dichromates are excellent corrosion inhibitors for alu-
minum and its alloys in aqueous solutions and are frequently incorporated in
aqueous systems and paint primers for this reason. Many studies have been
carried out to clarify the mechanism of inhibition which may act by reduction
from the chromium VI to the III state and incorporation to form a mixed ox-
ide. Alternatively the chromate ion may adsorb directly and passivate the
surface preventing aluminum dissolution. Initial work (1) using X-ray Photo-
electron Spectroscopy (XPS) indicated that reduction to CrIII had occurred on
specimens with air formed films (20-25 A thick) which had been immersed in
chromate solutions and was supported by more recent work (2). However, XPS
work on aluminum bearing a barrier anode film (3) (estimated thickness 760 A
prior to immersion) indicated only the presence of CrVI. Unfortunately,
experimental procedures (such as solution concentrations, the presence or
absence of chloride ions, immersion times, the aluminum specifications and
its initial surface preparation) differ considerably in the above studies
making direct comparison difficult.

While XPS is very useful to determine the chemical composition of the
outer 15-20 A of a film (the escape depth of the photoelectrons), sputtering
is needed to examine thicker films which has been shown to reduce CrVI to
CrIII (3), and measurable conversion from CrVI ti CrIII has been shown to
occur when the specimens are left in the vacuum within the XPS machine for
relatively short periods (e.g., 24 hours (3,4)).

Experimental Procedure

Super pure aluminum (99.99%) surfaces electropolished in a perchloric/
ethanol solution were studied in the as prepared/air exposed condition or
anodized in a 0.5M boric acid, 0.05M Na2B2O7, 7H2O solution at pH 7.8 at a
constant current of 1 mA cm"2 to form anodic barrier films at 5 V and 30 V
(corresponding to an approximate film thickness of 75 and 450 A respectively,
assuming 15 A V" 1). All specimens were then immersed for one hour in lmM
NaCl, 2mM ^CrO^, washed in distilled water and dried in a cool air stream.

Work supported by U.S. Department of Energy, Division of Materials Sciences
under Contract No. DE-AC02-76CH00016.
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Two standards were used (a) a Grill standard of finely powdered C^O-j.
and (b) a CrVI standard of a 1M solution of K2/Cr04.

The standards were analyzed using a transmission X-ray absorption mea-
surement arrangement while the aluminum specimens were analyzed using a
glancing angle fluorescence technique (5).

Results and Discussion

The CrIII and GrVI standards revealed considerably different X-ray
absorption characteristics. Not only was the edge shifted several eV as
expected, but a large pre-edge peak, due to a bound state transition char-
acteristic of chromate, was observed. This peak, since it was not seen in
the CTIII standard, provides a more useful discrimination between CrVI and
Grill than the edge shift alone.

Analysis of the specimen bearing an electropolished (air formed) film
yielded a near edge spectrum with the characteristics of those of the CrIII
standard clearly showing chromium present predominantly as CrIII. For a
specimen anodized to 30 V, the chromium was to be present primarily as CrVI.
The specimen anodized to 5 V also showed the characteristic peak of CrVI.
However, the ratio of the height of the pre-edge peak to the edge height is
far less than in the standard and also the edge itself is shifted in the
direction of the CrIII edge position. Both facts indicate that CrVI and
CrIII were present.

These results show that characteristic near edge structure and edge
shift leads to easy discrimination between the CrIII and CrVI states. Fur-
ther, comparison of the height of the pre-edge peak and the edge itself for
CrVI provides at least a qualitative idea of relative amounts of CrVI and
CrIII present. Work with standards of known CrVI to CrIII .atio is necessary
to see if any semiquantitative relationship can be determined between the
pre-edge peak to edge height and the CrVI to CrIII ratio.

It is clear that increasing the thickness of the oxide film on aluminum
by anodizing decreases the amount of chromate reduction - the chromium is
present In an air formed film primarily as CrTII, in a ~450 A anodic film as
CrVI and in a ~75 A thick anodic film both valancies are apparently present.
This could be explained by the "flaw" model in that growing an anodic film
decreases the number of flaws. The thicker the film, the less flaws are
present and thus less sites for ch jate reduction are present, so only the
unreduced chromate, uniformly penetrating the outer layers is detected. On
an aj.r formed film, the number of flaws is such that all the chromatc is
reduced.

Alternatively, it can be argued that with increased anodic film thick-
nesses, transport of species through the anodic film is more difficult so
that reduction of chromate at the outer surface of the oxide or within the
bulk oxide itself, is increasingly difficult.
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A follow up study of these preliminary results will incorporate a number
of improvements. These include the use of optically flat rather than elec-
tropolished aluminum surfaces to reduce noise and obtain depth resolution
as a function of glancing angle and the use of fluorescence as opposed to
absorption standards.
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EXAFS and XANES Studies of Disordered Semiconductor Alloys

Shaheen M. Islam and Bruce A. Bunker
University of Notre Dame, Notre Dame, IN 46556

In this project, we explore "non-randomness" in disordered alloys:
Correlated site occupation in III-V quaternary alloys. Although most
electronic structure theories treat a disordered alloy as perfectly
disordered, there are almost certainly deviations from totally random
behavior. For example, in the quaternary Ga In As Sb , the "average" Ga
atom will have some mixture of As and Sb nearest neighbors. Because of
differences in bonding energies and in atomic sizes, it is unlikely that
the number of As atoms as nearest neighbors to the Ga would simply scale as
the concentration y.

EXAFS is an almost ideal probe for this problem and can determine, for
example, the number of As and Sb atoms about the Ga atom as a function of
concentration. This particular system was chosen because the x-ray
absorption edge energies of &11 the constituent atoms are accessible and
therefore these same correlations may be determined about each atomic
constituent, giving a number of consistency checks on our results. These
compounds have also been shown to be completely miscible and stable
against clustering or spinodal decomposition at all temperatures.

Our preliminary experiments involved measurements of the As edge EXAFS
and XANES for the alloys Ga In, As Sb, , with x =» 0, 0.25, 0.50, 0.75.

x 1—x y 1—y
and 1.0, and y fixed at 0.5. Analysis of the data shows large deviations
from randomness, with Ga-As pairs being clearly preferred over In-As pairs.
Fig. 1 shows the number of Ga atoms about the As as a function of
composition x. The results are important to electronic structure
calculations, models for epitaxial crystal growth, and phonon properties.

Work in progress includes measurement and analysis of the EXAFS from
the other three atomic species to further understand the alloy
microstructure; studies as a function of annealing conditions; and
measurements of single crystals grown by molecular beam epitaxy.

L.M. Foster, "Preparation and properties of Solid State Materials", vol.
3, W.R. Wilcox and R.A. Lefever, eds. (Marcel and Dekker Inc.,1977)
p. 153; E.K. Muller and J.C. Richards, J. Appl. Phys. 35, 1233 (1964).
G.B. Stringfellow, J. Electron. Mat. H., 903, (1982).
Work supported in part by the Office of Naval Research, under contract
N00014- 85K-0614. These measurements were largely made using the Xll beam
line at NSLS.
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Study of Defects in IV-VI Semiconductors Using EXAFS and XANES

Quazi T. Islam and Bruce A. Bunker
University of Notre Dame, Notre Dame, IN 46556

Group IV-VI semiconductors, of which PbTe is a member, exhibit a number
of unusual vibrational and electronic properties, and have application as
infrared detectors and lasers because of their narrow band-gaps. It is
possible to change the electronic properties of PbTe systematically by
alloying it with elements of different groups of the periodic table.
Ge Pb Te, for example, has a wider band-gap than PbTe and it has been
used to fabricate diode lasers with shorter wavelengths. An understanding
of many of the electronic, optical and transport properties of alloys of
PbTe requires the knowledge of the local structure about the impurity
atoms.

Ge Pb. Te undergoes a phase transition from the cubic structure of
x 1 —x

PbTe at high temperature to the rhombohedral structure of GeTe at low
temperature, the lattice parameter and rhombohedral angle varying smoothly
with Ge concentration x. The transition temperature,T , increases with
increasing x. The structural phase transition is accompanied by a
resistance maximum in the alloys . and an anomalous increase in the
capacitance in the p-n junction diode . It has been suggested that the host
lattice becomes unstable against the displacement of substitutional Ge
ions (radius=0.73 Angstrom) from the regular cation site of Pb (1.2
Angstrom) along one of the eight equivalent [111] directions in the
lattice . The off-site Ge ions interact mutually through the lattice
polarization fields of PbTe medium as well as via pure dipole-dipole
interactions. Below T these local dipoles undergo a second order
ferroelectric phase change accompanied by bulk crystal distortion.

Dilute alloys of PbTe with group III elements (In, Ga and Tl) have
differing electronic properties. In and Ga act as donors while Tl doped
alloys are acceptors. Optical absorption measurements show the existence of
two impurity levels (at 0.2 and 0.3 eV) above the conduction band edge in

T. Suski, I. Ortalli, A. Szczerbakow, LetL.»re Al Muovo Cimento,39, 81
(1984).
T. Suski, M. Baj, K. Murase, J. Phys. C, 1_5,L377(1982).
Yu. A. Logachev, B. Ya. Moizhes, Sov. Phys. Solid State, 1JJ,1635(1977);
S. Katayama, K. Murase, Solid State Comm.,36,707(1980).
Work supported in part by the Office of Naval Research, under contract

N00014-85K-0614.
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Ga Pb Te, with x™1.5 . A possible explanation of the two different energy
x 1 ~x

levels is that Ga occupies positions both at the regular cation sites and
the interstices in the host lattice. At low temperatures anomalies in
dielectric, galvanometric and the photoelectric properties in Ga doped Pbfe
alloys suggest a structural phase change. Similar phase transitions have
also been speculated in In doped PbTe alloys. Rosenberg , from an analysis
of the x-ray diffraction, density and electron density in In Pb Te (x up
to 0.2) suggested that about 33% of In atoms occupy the tetrahedral and the
rest occupy octahedral holes in the Te sublattice in PbTe.

So far, only preliminary data have been taken for this project. We plan
to further investigate local structure about Zn (Group II), Ga and In
(Group III) and Ge (Group IV) in alloys of these elements with PbTe, as a
function of impurity concentration x and temperature. These more extensive
experiments are planned for December of 1985.

4
A. N. Veis, V. I. Kaidanov, N. A. Kostyleva, R. B. Melnik, Yu. I.
Ukhanov, Sov. Phys. Semicon.,7,630(1973).
A. J. Rosenberg, F. Wald, J. Phys. Chem. Solids,26,1079(1965).

- 185 -



Unusual Eu Valence in Eu A Magnetic and X-Ray Absorption Study

S. K. Malik and G. K. Shenoy
Argonne National Laboratory, Argonne, IL 60439

and
Steve M. Heald and John M. Tranquada

Brookhaven National Laboratory, Upton, NY 11973

Recently, rather interesting magnetic behavior has been reported for some
of the RERh3B2 (R=rare-earth) compounds (hexagonal CeCo3B2 type structure)
(1-4). For instance, CeRh3B2 and E u R h ^ have been noted for their low
magnetic moments and high magnetic ordering temperatures(2 ,3). In CeRh3B2, Ce
is nearly trivalent (5-8) having a moment of only 0.4 ufi, while this compound
has the highest ordering temperature (Tc) of 115K among the Ce-based inter-
metallics formed with non-magnetic elements. In EhRh3B2, the Eu ions have
been inferred to be in the non magnetic 3+ state from a vareity of measure-
ments (1,3,9,10) but this compound is reported to order magnetically (1,3)
below 43K rather than showing the expected Van Vleck paramagnetism. The
origin of the unusual magnetism in such systems is of utmost interest. We
have studied Eu Rh 3

B
2 (0.65<x<1.0) by structural, magnetic, Mossbauer

spectroscopy ana x-ray absorption measurements. We find that the nonstoichio-
metry dramatically alters the valence state of Eu from 2+ to mixed valent (and
perhaps eventually to 3+). The
presence of intermediate valent Eu
atoms in nonstoichiometric samples
weakens the magnetic ordering in
these compounds in a very
significant fashion. Details of
this work have been published in
Physical Review Letters (11).

We report the results on three
Eu Rh3B, samples with x=1.0, 0.81 S65| _ ,3.2
and 0.65 referred to as I, II and
III, respectively. The samples have
hexagonal CeCo3B2 type structure;
only sample III had about 5% extra
phase. Nonstoichiometry results in
changes in the lattice parameters,
especially that in the 'c'
direction. The lattice parameters
and the unit cell volumes of the
three Eu samples along with those of
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FIG. 1. Lattice parameters and the unit-cell volume of
RERhjBi (RE-La-Gd) compounds.

*Work supported by the U.S. Department of Energy, BES-Materials Sciences,
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separation of about 2.9A which is much too short even to accomodate trivalent
Eu atoms in the lattice.

The Eu L T T T x-ray absorption studies were performed at the X-ll beam line
at the National Synchrotron Light Source (NSLS) at Brookhaven National
Laboratory using a unique four crystal monochromator (12).

The results of magnetic measurements on the three samples of Eu RhoB- are
shown in Fig. 2. It is seen that
both the magnetic moment and the
ordering temperatures are strongly
dependent on the composition. The
sample with x=1.0 (nearly
stoichiometric) has the highest
saturation moment per Eu (5.7Ug)
and also the highest T c (85K).
The average moment/Eu decreases
with decreasing x. This, of
course, is possible if the Eu ions
change from divalent (J=7/2) state
to the trivalent (J=0) or to the
mixed vaient state. The unit cell
volume of sample I (x=1.0) is
larger than that expected on the
basis of trivalent rare earth ions

o.o <— 150 200

(Fig. 1), suggesting strongly that
in the stoichiometric sample the
Eu ions are dominantly in a

100

Temperature (K)

FIG. 2. Magnetic moment per Eu atom vs temperature
for EuxRh3B2 compounds. Inset shows the magnetization-
field isotherm at 5 K. Samples I, II, and III refer to .v = I.O.
0.81, and 0.65, respectively.

divalent state. The 'c' lattice parameter decreases with decreasing x indi-
.3+ 151,

1.5

1.0 h

eating an increase in the Eu population. The Eu Mossbauer results are
consistent with the general conclusions drawr. from the magnetic studies (11).

The x-ray absorption (XANES)
data for sample I at 80K (Fig. 3)
reveal a single dominant peak
which represents the divalent Eu
ion. The trivalent peak, if
present, is some 3 eV higher
hidden under the coninuum
absorption since no definitive
peak is seen. The results are
very similar at room temperature.
From the analysis of the data, we
could put an upper limit of 10%
for the presence of Eu in this
sample, which is in agreement with
the Mossbauer and susceptibility
results .

The XANES of sample II
(Fig.3) shows the presence of a
Eu peak along with a very large
component of Eu peak at 297K.
The relative population of Eu

f -̂1...;

0.0
30.0-30.0 -20.0 -10.0 0.0 10.0 20.0

Energy Rel. to Edge (eV)
FIG. 3 /.HI XANES spectra of Eu,RhjB2 samples I and II

at 80 K and of sample II at 300 K.
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decreases on cooling the sample to 80K. The changes in the isomer shift,
electric quadrupole interaction (e qQ), and XANES intensities very definitely
indicate that the Eu -like component in the Mossbauer spectra is in fact a
fluctuating valence state. The XANES measurement provides the relative popu-
lation of the individual states. The results on sample III can be discussed
on the same basis of a valence fluctuation model.

In Eu Rh,B?, we thus have a very unique system in which the nonstoichio-
metry increases the mixed-valent state and in turn weakens the magnetic inter-
action. This may be pictured in the following way. The stoichiometric sample
has a very closely spaced divalent atoms forming a magnetic chain which orders
below 85K. Introduction of Eu nonstoichiometry maintains the same structure
at least upto x=0.65 with a large decrease in the 'c' parameter. Those Eu
atoms with a missing Eu neighbor show a mixed-valent behavior while the Eu
atoms deep in the chain still retain their divalent character. In addition,
the mixed-valent ions in this compound participate in the magnetic coupling in
some fashion.

In conclusion, we have, for the first time, presented a very unique
system Eu Rh^B,, in which the valence state of Eu and the magnetic ordering
can be varied by composition variations. For x < 1.0 the vacancies alcng the
Eu chain produce the mixed valent Eu atoms. The interaction between the
ordered magnetism and mixed valent behavior is intriguiging. This new system
should be investigated further to understand this unusual phenomenon.

We would like to acknowledge useful discussions with B. D. Dunlap, and
Pedro Montano.
t Visiting Scientist, permanent address: Tata Institute of Fundamental
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Studies of Amorphous Binary Alloys

T. I. Morrison
Argonne National Laboratory, Argonne, IL 60439

A primary requirement in understanding the physics of amorphous binary
systems is knowing the Local ordering of the constituent elements„ EXAFS
studies of binary amorphous materials, using both absorption edges and ac-
counting for asymmetries in near neighbor distributions, currently appear to
be the best means of determining local order.

Since the beginning of operation of beam line X-11A, EXAFS spectra of
Fex-Sii_x, FexZr^_x, and FexY^_x have been successfully obtained and are cur-
rently being analyzed. Initial analyses have revealed some intriguing and
stimulating results. First, there is an apparent dependence on ordering with
rate of quenching, manifested by different amplitudes and phases for 2 alloys
of the same composition (Fe 1/2) prepared by 2 means (splat cooling and sput-
tering). Secondly, it seems that the degree of ordering may be composition-
ally dependent in amorphous bimetallic alloys (Fe

x
Zrl-x^ wi-th higher degrees

of order near intermetallic compositions. Thirdly, there may be a variation
in intermediate range order with composition manifested in the K edge of the
metal in metal-metalloid alloys (FexSij__x). Further analysis and ancillary
studies (Mossbauer, EELS) are underway at Argonne to check the validity of
these early results.

Work supported by U.S. Department of Energy under Contract No. DE-AS05-80-
ER10742.
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Electron Yield Detectors for Near Surface EXAFS

K. Pandya, C. Natarajan, and R.W. Hoffman
Case Western Reserve University

W.E. O'Grady
Brookhaven National Laboratory

and

D.E. Sayers
North Carolina State University

Simple He filled electron detectors have been developed by Kordesch and
Hoffman as a method for near-surface detection of EXAFS using a reflection
geometry.1 A detailed comparison of transmission photon and reflection elec-
tron or ion current detected EXAFS data has been given by Guo and denBoer.2

A significant point in their comparison was that the electron detected ampli-
tudes were considerably reduced for photon energies just above the edge for
the case of a nickel foil. In fitting by usual procedures this led to less
than satisfactory agreement with the amplitudes and hence coordination number
measurements,although excellent agreement (< 0.005 A differences) in bond
length among the three detection techniques. The effect appeared to be
material dependent in the three metals (Ni, Fe, and Cr) that were compared.
Their electron detector differed only slightly from that reported earlier1,
and mainly in their 10 times larger e" collecting wire diameter.

We wish to report our experience on Xll for the gold L3 edge. These data
were taken during August and September, 1985 with the goal of optimizing the
operating conditions for such electron detectors.

A 0.7 mil gold foil was mounted so that the transmission and electron
detected data could be obtained simultaneously. The Xll monochrometer was
operated in the two crystal mode and a number of scans were taken, primarily
as a function of helium flow rate in the electron detector and to a lesser
extent, the positive voltage applied to the electron collecting wires. No
change in the actual geometry of the detector was made. The electron detector
output was connected directly to the Keithley Model 427 current amplifier and
was in the 10 9 A range. Preliminary data analysis in the form of background
subtraction and transformation to k was done essentially on line.

Typical data is shown in Fig. 1 in the form of background subtracted
relative yield vs. k for both transmission and electron detection. Unlike the
experience of Guo and denBoer for nickel, the amplitude of the low energy
electrons is not depressed. In fact an overlay of the scaled absorption and
electron detected signals indicates agreement within the linewidth of the
plots and the vagaries of the optics of the copying machines used to prepare

Supported in part by NSLS.
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Figure 1 Electron yield (a) or absorption (b) EXAFS signal
ratioed to I and with background subtracted. Single scan data.

overlays. The second point to be made is that the signal-to-noise is suffic-
ient to obtain usable data from a single scan covering the range in fe from
2A to 14A within the collected energy range of 1.5 KeV above the edge.

We varied the electron detector helium flow in order to find an optimal
condition to minimize the noise at higher energies. Surprisinaly to us, as
the flow rate increased the signal-to-noise ratio improved. This was unanti-
cipated and may be related to the constructional details of our detector.
Although an increase in flow rate necessitated a small pressure increase, the
detector essentially operated near atmospheric pressure in all cases because
of i t s minimal constriction in the helium path and additional helium leakage
from the detector. For our conditions a further increase in the flow rate
above the optimal value led to an increase in signal-to-noise perhaps arising
from the pressure fluctuations or from turbulent effects.

- 191 -



Because such detectors are in their infancy the energy distribution of -
electrons contributing to the signal is not known. As a result, the informa-
tion depth in the Au sample may be estimated at some hundred nm anticipating
electrochemical applications. -The promise of such detectors for near surface^
applications is very high, and we are actively pursuing their development.

We have successfully detected an electron signal through a thin water
layer using the emersed detection technique.3

1. R.W. Hoffman and M.E. Kordesch, Phys. Rev. B 29, 491 (1984).

2. Tie Guo and M.L. denBoer, Phys. Rev. B31_, 6233 (1985).

3. R.W. Hoffman, M.E. Kordesch, J. Eldridge, and D. Scherson, J. Electro-
anal. Chem., 164, 393 (1984).
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Trapping of Interstitial Hydrogen Atoms by Substitufcional
Impurities in Metals

Michael A. Pick
Brookhaven National Laboratory, Upton, New York 11973

and

Bruno Lengeler
Kernforschungsanlage Julich, West Germany

During the f irst operating period of the EXAFS-Beam Line we made a
number of measurements related to our program in the area of hydrogen in
metcls. Most of these experiments were performed in collaboration with
Dr. Bruno Lengeler from the Kernforschungsanlage Jlilich, Germany, who was a
visit ing scientist at BNL during the summer months.

One of the problems which we are attempting to address is the question
of hydrogen trapping at substitutional impurities in metals. We made sam-
ples of and took EXAFS scans of the following materials, both with, as well
as without, dissolved hydrogen:

Niobium with 1-2% of:
V, Fe, Cr, Co, Ni, Cu, Ge, Zr, Mo, Hf, Ta, W and Au

Nickel with 1-2% of:
Ti, V, Cr, Fe, Mn, Co, Nb, Pd, Pt and Au

Vanadium with 1-2% of:
Ti, Fe and Pt.

In addition to studying the trapping of aydrogen in these dilute al-
loys we also investigated the trapping of oxygen in a large number of the
mentioned alloys.

The purpose of the experimental work is to try to understand the na-
ture of the interaction between the substitutional and interst i t ial impu-
rity atoms. The results should also provide a good test of the theoretical
work in this area in particular that of Norskov, et a l . In addition, i t is
hoped that we will be able to demonstrate that making use of the forward
scattering of the hydrogen atom (the so-called 'lens effect') wil l enable
us not only to determine whether or not hydrogen is trapped at the substi-
tutional impurity s i t e , but also where i t is actually located with respect

Work performed under the auspices of the U.S. Department of Energy, Divi-
sion of Materials Sciences, Office of Basic Energy Sciences under Contract
No. DE-AC02-76CH00016.
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to the surrounding host atoms. We have previously demonstrated that this
is feasible in the case of oxygen trapped at substitutional zirconium impu-
rities in niobium (1).

Another set of experiments which we undertook during the last exper-
imental run was to investigate the distortion field created by metallic
impurities in an ionic crystal. We chose to study various amounts, ranging
from 1000 to about 10,000 ppm, for each of the following:

Ti, V, Cr, Mn, Fe, Co and Ni in MgO.

References

1. B. Lengeler and M. A. Pick, Solid State Commun. 53, 297 (1985).
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EXAFS Studies on Metalloproteins

E.A. Stern and Ke Zhang
University of Washington, Seattle, Washington 98195

J. Sanders-Loehr
Oregon Graduate Center, Beaverton, Oregon 97006

and i

J. Gilboa (Kalb)
Weizmann Institute of Physics, Rehovot, Israel

Last August EXAFS measurements were made at our PRT beamline on the Fe
K-edge of the protein azidomethemerythrin and on some model compoundsl recently
synthesized to simulate the protein. Particular attention was given to
temperature dependence of the EXAFS from 10 K to •> oom temperature. The goal
of these measurements was to test the capability of our PRT beamline compared
with the SSRL facility and to clear up some strange results obtained pre-
viously so as to refine the structure of the hemerythrin protein about the Fe
active site. We found that the PRT beamline has less electronic noise than
the one at SSRL, but we are suffering from an approximate factor of ten less
in intensity. As both the beam at NSLS and our beamline are upgraded, the
intensity should become greater than that at SSRL, at which point it appears
our beamline would be superior to that at SSRL for biological studies.

The measurement of the temperature dependence of the EXAFS permits a
determination of the thermal vibrational amplitudes. This serves two
important purposes. One is an absolute determination of the mean square
vibrational amplitude a2, which then eliminates this as an unknown parameter
in a model fitting to the EXAFS data. Since the number of parameters that
can be fit is usually limited to about 8, and there are typically two or three
different values of Oz in a complicated first shell of atoms such as in heme-
rythrin, determining a2 by the temperature dependence produces a significant
improvement in the ability to define a first shell.

The other benefit of determining oz as a function of temperature is the
determination of the thermal vibrational contribution to the free energy.
This is important in understanding the energetics of the binding and unbinding
of O2 in hemerythrin. Our EXAFS measurements show that the type and number of
ligands do not change appreciably about the Fe atoms in the active site as O2
binds or unbinds. The main changes are in the vibrational free e.iiirgy and in
the binding energies. To a reasonable approximation the change in free energy
as O2 unbinds can be written as

This work was sponsored in part by NSF grant PCM82-04234 and in part by
a subcontract between North Carolina State University (through a grant from
the DOE) and the University of Washington.
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where V2± and U-^ are the binding energies of the ith bond in the active site
before (subscript 1) and after (subscript 2) the 0£ unbinding. The normal
modes of vibration have Einstein temperatures of 8^ and mean square amplitudes
of vibration due to thermal excitation of Ao|. The absolute temperature is T
and k is Boltzmann's constant. Changes in 0^ and Aa? will be localized about
the active site and thus can be measured by EXAFS.

The Table lists the measured values of 0 and Aa2 at room temperature of
the Fe-Fe radial distance for various forms of hemerythrin. Also listed is
the change in vibrational free energy of the Fe-Fe vibrational modes as O2
unbinds. As noted, this AF is quite large, indicating the significance of
measuring Aa2.

Measurements at our beamline were also made on various atoms placed in
the transition metal site of the protein concanavalin A. These measurements
were made to elucidate the structure around this site and to understand how
the site can accommodate such a large variety of different atoms. Analysis
of these data has yet to be made.

TABLE. Fe-Fe thermal vibrational contributions in
various forms of hemerythrin at room temperature.
Aa2 is the radial mean square vibration, 0 is the
Einstein temperature, and AF is the change in
vibrational free energy as O2 unbinds.

Hemerythrin
Type

Azidomet

Met

Oxy

Deoxy

Aa2 (A2)

0.0031(13)

0.0041(6)

0.001(2)

0.007(3)

0 00

300(40)

275(20)

4-oo

4 7 0 - 1 7 0 -

225(40)"''

AF

-

(eV)

.06

1. W.H. Armstrong, A. Spool, G.C. Papaefthymiou, R.B. F ranke l , and S.J .
Lippard, J . Am. Chem. Soc. 106, 3653 (1984); W.H. Armstrong and S.J . Lippard,
J . Am. Chem. Soc. 106, 4632 (1984).
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The Incipient Crystallization Stage

E.A. Stern and Y.-J. Ma
University of Washington, Seattle, Washington 98195

and

C.E. Bouldin
National Bureau of Standards, Gaithersburg, Maryland 20899

Further analysis and measurements have been made on amorphous Ge in a
recently discovered state-'- called the incipient crystallization state. In
this state small ordered regions of approximately 10 A in dimension exist in
metastable equilibrium with the amorphous phase. The analysis of samples
prepared at different times and heat treated in different ways gives evidence
that the interface between the ordered regions and the amorphous matrix can
change in a reversible manner and that the ordered regions have a columnar
shape.^ The recent EXAFS measurements have varied the x-ray polarization
relative to the sample normal to try to detect the columnar structure
directly. Analysis of these recent measurements remains to be made.

1. C.E. Bouldin, E.A. Stern, B. von Ro'edern, and J. Azoulay, Phys. Rev. B
7J_, 6557 (1983).

2. C.E. Bouldin, E.A. Stern, and J. Mustre de Leon, in preparation.

This work was sponsored in part by NSF grant DMR80-22221 and in part by
a subcontract between North Carolina State University (through a grant from
the DOE) and the University of Washington.
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The Structure of Quasicrystals

E.A. Stern and Yan-Jun Ma
University of Washington, Seattle, Washington 98195

and

C.E. Bouldin
National Bureau of Standards, Gaithersburg, Maryland 20899

EXAFS measurements have been made on the newly discovered state of matter
of nonperiodic structure with long-range order.-'- These quasicrystals have
elicited much interest in order to understand their unusual structure. The
location of the atoms in such structures is still not known, so we undertook
an EXAFS study to determine their short-range order to give some additional
information which will be useful to solve their structure.

Last Augusts measurements on the Mn K-edge were made at our PRT beamline
X-ll at NSLS on the icosahedral forms of Al-Mn and Al-Si-Mn alloys and on a
very recently discovered T-phase of Al-Mn which has tenfold rotational
symmetry about an axis, along which occurs one-dimensional periodicity. In
the plane perpendicular to the axis there is no periodicity, consistent with
the tenfold symmetry, although there is long-range order. In June, measure-
ments on the Mn K-edge were performed at SSRL on the icosahedral form of the
Al-Mn alloy.

Based on these measurements it was determined^ that the Mn atom is in two
different sites in the ratio of the golden mean, x, within experimental error.
The more populous site is similar to that in the AlgMn crystal but with bond
angle distortions and elimination of an unusually short-Al-Mn bond, while the
other situ has additional bond stretching distortions. The EXAFS measurements
together with density measurements indicate that the volume per Mn-site is
independent of the type of site and is the same as the crystal.

1. D. Shechtman, I. Blech, D. Gratias, and J.W. Cahn, Phys. Rev. Lett, .5J3,
1951 (1984).

2. E.A. Stern, Y. Ma, and C.E. Bouldin (accepted by Phys. Rev. Lett.).

This work was sponsored in part by a subcontract between North Carolina
State University and the University of Washington, from a grant from the DOE.
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EXAFS Studies of Models for the Ferritin Iron Core

E.C. Theil, D.E. Sayers, C.Y. Yang
Biochemistry and Physics Department, North Carolina State University

Raleigh, North Carolina 27695

Oxygen evolution from photosynthesis, which began approximately 2.5
billion years ago; coincides with the need for ferritin. The profundity of
the enviromental impact of O2 evolution was particularly great for iron which
was converted by oxygen from soluble ferrous to insoluble ferric. Life
forms developed complex interacting systems for stable ferric transport and
storage. However metallurgical forms of iron-containing compounds have con-
tinued to be affected by the conversion of ferrous to ferric, i.e. corrosion.

Ferritin is a large multi-subunit protein which stores polynuclear-
complexes of ferric iron in biological material, achieving effective con-
centrations -10*13 x greater than monoatomic ferric. The reversible formation
of the "iron core" is controlled by the protein and is correlated to needs of
cells and organisms to synthesize enzymes and other iron proteins needed,
e.g., for DNA synthesis, oxygen transport, electron transport and nitrogen
fixation. In the early stages of ferritin core formation, reactions occur
which are anlagous to corrosion of organic surfaces, i.e. the interaction,
oxidation and hydrolytic polymerization of ferrous ions with organic acids.
For example, previous EXAFS and EPR studies by our group have shown the
binding of FE*-"- to carboxylate like ligands followed by oxidation in situ to
form a small polynuclear iron nucleation complex. Zinc retards ferritin core
formation, as it does corrosion. By studying core formation in ferritin we
can simultaneously gain more understanding of biological iron storage and
corrosion.

Part of our program includes a detailed examination of properties of the
complex. Parallel to our activities has been the study of synthetic poly-
nuclear iron complexes in which the size of the complex is defined by organic
ligands. The first in the series, a binuclear complex with a p-oxo bridge
has been made available to us by Stephen J. Lippard at MIT. The exchangibi-
lity of one of the iron ligands, carboxylate, has also permitted Lippard to
synthesize a phosphate derivative (phosphate is known to alter ferritin core
formation invitro and is present in variable amounts in vivo). Tht dimenc
complexes are good models for the early stages of ferritin core formation.
Our first experiments at NSLS compared the bridged iron complexes with car-
boxylate and phosphate at two temperatures. Preliminary analysis indicates
that disorder in the system was reduced at lower temperatures for both
complexes. Future plans involve more detailed analysis of quantitative dif-
ferences between the phosphate and carboxylate complexes, measurements of a
defined iron complex with 11 iron atoms and of different ferritin proteins
reconstituted in vitro with phosphate and with zinc. The results will make
accessible for the first time a view of the initial stages of ferritin core
formation and corrosion.

Acknowledgements: Supported in part by the North Carolina Research Agricul-
tural Grant from the NIHCAM 2025 and G M 346756 and DOE AS05-80ER10742.

- 199 -



Lattice Dynamics of the Heavy Fermion Compound

J. M. Tranquada, S. M. Heald, and M. A. Pick
Brookhaven National Laboratory, Upton, NY 11973

and

J. L. Smith and Z. Fisk
Los Alamos National Laboratory, Los Alamos, NM 87545

is an intermetallic compound with unusual electronic properties due to the contribution of two
5 / electrons per uranium atom to the conduction band.(l) For example, the heat capacity of UBeis is
anomalously large at low temperatures indicating a very large effective mass for the conduction electrons.
Because of the large separation between uranium atoms (5.13 A) a magnetic phase is expected at low
temperature; instead, superconductivity is observed below 0.85°K.(2)

The superconducting behavior suggests that electron-phonon interactions may be important. In high
Te superconductors such as NbjSn, electron-phonon couplings lead to significant softening of interatomic
forces. Indeed, in a theoretical model designed to describe many of the experimentally observed features
of UBeis, Overhauser and Appel(S) have assumed that an unusually low Debye temperature can explain
part of the anomalous specific heat. It is therefore of interest to study the lattice dynamics of UBeis
and to compare its behavior with that of the structurally identical, non-superconducting and normally
behaved compound

One way to study the interatomic forces in these materials is by looking at the temperature depen-
dence of the EXAFS Debye-Waller factors. At beam line X-11A we have measured the EXAFS at the U
and Th L s edges in UBeis and ThBeis, respectively, at five temperatures between 10 and 308°K. The
magnitude of the Fourier transform of fc2x(&) f° r * n e U £3 edge in UBeis (fc-range of 2-20 A"1) is shown
in Figure 1. The first peak at ~ 1.6 A corresponds to the nearest-neighbor shell of 24 Be atoms. The
U atoms form a simple cubic lattice and are responsible for the peaks at ~ 5.0, 7.2, 8.8, and 10.2 A.
The many higher Be shells are relatively insignificant due to the weak backscattering amplitude of the
Be atom and the large thermal motion resulting from the low Be mass.

The first and second shells were filtered separately for both the UBeis and ThBeis data, and the
filtered data was analyzed using the ratio method. From this analysis, the changes with temperature of
the mean square relative displacements, IT3, for the first and second shells were determined. The same
quantities have also been calculated using a simple generalization of the one-dimensional "cage" model
of Overhauser and Appel. The results are shown in Figure 2. The experimental values are indicated by
circles for the first shell and triangles for the second; the solid lines represent the model calculations. The
experimental values have been shifted so that the points at 10° K match the calculation. The zero-point
relative motions of-the U-Be pairs are much larger than those of the U-U pairs because of the large mass
difference between Be and U atoms. While a good fit for the temperature dependence of a\ is easily
obtained, the model does a poor job of describing a\. A better fit for the first shell is obtained from an
Einstein model, indicated by the dashed lines. The results of our analysis are in good agreement with
the inelastic neutron scattering work of Renker et al. (4)

Work at Brookhaven supported by U. S. Department of Energy, Division of Materials Sciences
under Contract Nos. DE-AC02-76CH00016 and DE-AS05-80-ER10742, and at Los Alamos by the U. S.
Department of Energy.
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The major conclusions of this work are that there is very little difference between the interatomic
forces in UBeis and ThBeu, and that the lattice makes an insignificant contribution to the low tem-
perature specific heat in UBeu. The slight differences that do exist can be explained by the differences
in atomic radii and lattice parameters between the two compounds. We conclude that electron-phonon
coupling is not very significant in
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EXAFS Studies of the AsxSj_x Chalcogenide Glasses:
The Role of Rapid Quenching and Composition

C.Y. Yang, D.E. Sayers, M.A. Paesler
Physics Department, North Carolina State University

Raleigh, North Carolina 27695-8202

We have examined the effect of the thermal quenching rate and com-
position on the structure of chalcogei.ide glasses in the As-S system.
Structural differences among glasses are discussed on the basis of results of
EXAFS measurements. A Fourier analysis of the EXAFS data of A S Q ^ S Q . S shows
that no gross structural differences are seen among samples quenched in ice
water from a broad range of temperatures above the melting temperature.
Small changes are observed, however, among samples quenched from annealing
temperatures below the melting temperature, with the disorder decreasing with
increasing annealing temperature. Structural changes associated with com-
position indicate that with increasing S content, i.e. for AS0.3SQ.7, the
glass has a structure similar to ASO.4S0.6 but with deformed local structures
of the form ASS3. In As-rich glasses a breakdown of the A S Q ^ S Q ^ structure
is observed and the formation of As-As bonds is evident. Further comparison
between As-rich glasses and crystalline AS4S4 (realgar) suggests that As^S^
molecules are contained in this As-rich glass.

Research supported by DOE contract #AS05-80ER10742 and NSF contract
t DMR-8407265.
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Fig. 1 The magnitude of the Fourier transform of glassy ASQ.ASO.6 quenched
at 650°. The transform range was from 2.6 to 14.4 A"-"- and the data
were weighted by K before the transform. The vertical bars in the
figure indicate the range of r space used to isolate the contribution
to only the first shell.

Table 1 Relative disorder values, AJ^, in nearest-neighbor peak of the EXAFS
transforms for various samples at different quenching temperatures,
Tg. Acr2 is determined from the slope of the ratio

In [X(K, TQ)/ X(K, 650°C)]
A glassy Asg^SQ^g quenched at 650° is used as a standard. Note the
degree of disorder among the samples decreased below the melting temp-
erature, 310°C.

TQ(°C)

400

350

300

200

A C J 2 ( 1 0 - 4 )

- 0 . 1 ± 0 .4

- 0 . 4 ± 0 .4

- 2 . 0 ± 0 .4

- 1 . 0 ± 0 .4
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Fig. 2 The magnitude of the Fourier transform for a), S-rich glassy Asg OSQ 7;
b) , crystalline As2S3 (orpiment); c) , As-rich glassy As Q 45S0 55">d),"
crystalline AS4S4 (realgar). As expected, the Fourier transform of
crystalline AS2S3 shows one major peak at 1.8 A due to the contirbu-
tion from three As-S bonds and the Fourier transform of crystalline
As^S^ shows two major peaks, one at 1.9 A due to the contributions
from two As-S bonds and one at 2.4 A due to the contribution f£om_.one
As-As bond. From qualitative comparisons it can be seen that first
coordination shells of S-rich glass and crystalline As 2S 3 are very
similar as well as As-rich glass and crystalline AS4S4.
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Progress in Development of X-Ray
Scattering Facilities for the Study

of Biological Structure

Robert M. Sweet, Paul D. Levin, David M. Wise, Benno P. Schoenborn
Jerome B. Hastings, William C. Thomlinson

Department of Biology and
National Synchrotron Light Source
Brookhaven National Laboratory

Beam Line X-12B; Low Angle Scattering

Construction is nearing completion on an extraordinarily versatile dif-
fractometer and detection system. Positions of specimen and detector are
continuously variable along the beam path. Detectors are mounted on a 29
arm that may be raised to 45° above the horizontal plane; specimen-to-
detector distances may be chosen in the range 0.5 - 3 m. In addition to
film as a detector, gas-filled proportional counters are available. One
linear detector is built to optimize speed; another, spatial resolution. A
two-dimensional counter is being constructed. All of these electronic
detectors are serviced by a histogramming memory capable of time-slicing at
1 kHz.

The focussed X-ray beam is produced by a three-part optical system. A
one-to-one focussing mirror of toroidal shape produces a focussed image at a
set of slits lying 7 m from the electron orbit. These are followed by a
two-crystal monochromator and a longitudinally bent cylindrical mirror that
produces a focus a further 18 m down the beam line. The second crystal is
dynamically adjusted by a feed-back mechanism to keep it tuned to the dif-
fraction maximum of the first crystal.

The facility will be used for scattering studies on solution prepara-
tions of individual proteins, multi-enzyme complexes, and large particles
such as ribosomes and virus fragments. It will be especially useful for
study of oriented specimens, such as membranes packed by sedimentation, or
of muscle. Its unique capability will be the convenient and fine resolution
of time-dependent processes in any of these studies.

Beam Line X-12C: Single Crystal Diffraction

Final testing is under way on a rotation photographic system. The
camera and associated beam monitoring and conditioning apparatus are mounted
on a single optical bench for easy interchange of components. This bench
res ts on a 5-motor orienter, and alignment of the camera to the beam is
semi-automatic under computer control. As many as eight film packs in flat
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cassettes can be changed automatically. The crystal axis rotation rate is
controlled to be proportional to the instantaneous flux on the specimen.

The double-focussing beam optics are identical to the final two-thirds
of those for X-12B: a two-crystal monochromator and bent, cylindrical mir-
ror.

With the storage ring running at 2.5 GeV and 50 mA, and the monochro-
mator set to produce 1.49 8 radiation, we measure a 2a width for the
focussed beam of 0.6 mm vertical (the mirror is bent only by gravity bend-
ing) and 0.84 mm horizontal. When a square beam of approximate dimensions
0.3 mm is measured, we found a flux density of xt least 4.10 photons per
second per mm . We have measured the polarization of this conditioned beam
by the method of Suortti and Kvick and found the value (Ij| - Ii)/(I|| + Ii)
to be 0.9.

The facility will be used to measure diffraction intensity data from
single crystals of biological marcomolecules. It will be most useful for
crystals with unit cell dimensions on the range 30 8. to 600 ft. Such
specimens will likely include single chain proteins, nucleic acid fragments,
oligomeric enzymes, supramolecular assemblies such as ribosomal fragments,
and intact or fragmented virus particles.

(Research carried out at Brookhaven "itional Laboratory, Upton, NY, under
the auspices of the U. S. Dept. of Energy.)
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Powder Diffraction on Beam Line X13A

D.E. Cox, L.P. Cardoso and J.B. Hastings
Brookhaven National Laboratory*

Upton, NY 11973
and

L.W. Finger
Geophysical Laboratory"*"

Carnegie Institute of Washington
Washington, D.C. 20008

X13A is a white radiation beam line suitable for a wide range of powder
diffraction experiments. It is equipped with a diffractometer consisting of
two goniometers which rotate about a vertical axis, the lower of the two car-
rying a horizontal arm on which is mounted a conventional four-circle dif-
fractometer for scattering experiments in the vertical plane. An analyzer
crystal can be mounted on the scattering arm if desired. This whole assembly
can be moved along the horizontal arm over a distance of about lm.

With this instrument, it is very simple to change the configuration to
enable several different kinds of experiment to be carried out, such as (a)
energy-dispersive diffraction with a white beam and a solid state detector.
This arrangement is particularly useful for rapid data collection from small
samples in a constrained environment, such as a high pressure diamond-anvil
cell (1) (b) energy-dispersive diffraction with a crystal analyzer, which
permits much higher resolution than that of a solid state detector to be
achieved, although at the expense of counting statistics, and is thus useful
for detailed studies of selected regions of the energy-dispersive spectrum
(c) diffraction studies with a monochromatic beam and an analyzer crystal.
This technique gives much higher resolution than is possible with convention-
al x-ray sources (2) and has many applications, for example, structure analy-
sis by the Rietveld profile technique (3), studies of strain, particle size
and texture from line broadening, automatic indexing of unknown phases, phase
transitions involving subtle changes of symmetry, and differential anomalous
scattering experiments.

During the initial commissioning stage of the beam line, we have inves-
tigated some of the resolution and intensity features likely to be of impor-
tance for these kinds of experiments, (i) For general survey work, a combi-
nation of a Ge(lll) monochromator and Ge (220) analyzer appears to be most
useful. At a wavelength of 1.3A, a focussing minimum is observed at a scat-
tering angle, 20, of about 20 , with a full-width at half-minimum of roughly
0.015 (about a factor of ten better than typical Cu Ka data). An example is
given in Fig. 1, which shows some data for a reference sample of CeO2. It is
important to emphasize the high peak-to-background signal which can be real-

*Work supported by the Division of Materials Sciences, U.S. Dept. of Energy
under contract DE-ACO2-76CHOOO16.

-Work supported in part by the National Science Foundation under grant no.
EAR-8419982.
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ized with this technique (about 3000:1 in this case), which is potentially
very useful for detection of minority phases or small superlattice peaks.
For special applications, this focussing minimum can be shifted to higher an-
gles by use of a Ge(440) analyzer (at some sacrifice of intensity) (ii) Data
sets have been collected from several flat plate and capillary specimens.
The latter are particularly useful for air and moisture sensitive materials
and give greatly reduced preferred orientation effects, an important consid-
eration in quantitative intensity work, (iii) An analysis of peak shapes
shows that these can be adequately modelled by the so-called "pseudo-Voigt"
approximation for the convolution of Gaussian and Lorentzian functions (4),
which is very simple and convenient for use in line-broadening studies and
profile analysis, (iv) Implementation of a variety of programs for analysis
of powder diffraction data (e.g. automatic indexing, Rietveld analysis, peak
shape fitting) with interactive user-friendly graphics is continuing along
with experimental studies.

3. GO 23.6B 23.7G 23.BLI

RNELE (DEG-)
23.92 211.00 21.07

Fig. 1 (111) diffraction peak from CeO2 taken at X13A, A=1.29A.
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Ab initio Determination of the Structure of
a-CrPO. from Powder Diffraction Data

J. Paul Attf ield* and A. W. Sleight
E. I. du Pont de Nemours and Company, Central Research and

Development Dept., Experimental Station, Wilmington, DE 19898

The synchrotron light source opens the door to a new era in the
determination of crystal structures using data collected from
polycrystalJ.ine samples. The high resolution and intensity of the light
source enable many more diffraction peaks to be resolved than with
conventional instruments, so that the number of independent observations
obtained becomes comparable to those from single crystal data sets. We
have demonstrated these advantages by solving the structure of a-OrP04, the
first unknown structure to be determined using synchrotron radiation.

Two structural modifications of CrPO4 are known, but neither form has
been prepared as single crystals for structure determination by
conventional single crystal diffraction techniques. 0-CrPO. is
isostructural with CrVO. [1] and its atomic and spiral magnetic structure
have recently been refilled using low-tenperature powder neutron data [2].
To compare the magnetic properties of the two polymorphs, it is necessary
to know the structure of o-CrPO..

The published x-ray powder pattern of arCrPO. was indexed on a body-
centred orthorhombic unit cell with a= 10.405A, £F 12.898A, C= 6.297A, and
Z= 16 was assumed [3]. Our preliminary experiments suggested that the
condition h,k= 2n was also present, making Iirma the highest synmetry space
group possible. A highly-crystalline powder sanple was prepared and mixed
with an equal volume of amorphous silica to minimize the effects of
preferred orientation. Light source data were collected from 10.50° to
64.50° 20 at 0.01° intervals with a count time of 2s per step. A Ge(lll)
monochromator crystalo and a Ge(200) analyzer crystal were used; the
wavelength was 1.3275A. All the observed reflections could be indexed in
Inina, and integrated intensities were obtained for 68 well resolved peaks.
After multiplicity and Lorentz corrections, these were used to generate a
Patterson map which yielded two heavy atom positions (Cr(2) and P(2)).
These were used to start phasing the data and the remaining atoms were
located using several Fourier maps; during this process it was realized
that only 12 formula units were present in the unit cell. The positions of
these atoms were refined giving an unweighted R-factor of 11.13%, and these
coordinates were used as the starting model for a Rietveld refinement,
using a modified version of the standard Rietveld/Hewat program with peak
shapes described by the "pseudo-Voigt" function [4].

*0n leave from the Chemical Crystallography Laboratory, Oxford University,
U.K.
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The results of the refinement are shown in Tables 1 and 2. The high
profile R-factors result from poor counting statistics, which also account
for the large uncertainties in the atomic coordinates. The refined cell
parameters are precise to 10 p.p.m., reflecting the extremely high
resolution of the instrument, but can only be considered accurate to 150
p.p.m., the precision of the wavelength used. The Gaussian (instrumental)
component of the linewidth is greater than, but of comparable magnitude to,
the Lorentzian (particle-size) component across the profile. 3.0
Half-widths of data were used about each reflection position in order to
fit the "tail" of the Lorentzian.

The structure consists of an infinite network of octahedra and
tetrahedra, and includes the unusual sharing of a common edge between a PO^
tetrahedron and a CrOg octahedron, resulting in a short non-bonding Cr-P
distance of 2.63A. Tne bond distances and angles given in Table 2 show
that the polyhedra are distorted, although this may also reflect errors in
the coordinates of some of the oxygen atoms, especially 0(4).
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Table 1. Profile Parameters from the Rietveld refinement (e.s.d.s in
parenthesis)

Halfwidth parameters
Gaussian U= 143(11) V= -52(5) W= 7.6(5)
Lorentzian(*) X= 6.44(14) Y= 0.00

Zeropoint= -3.967(2)

Cell Constants (A)
a= 10.40184(10), b= 12.89486(12) c= 6.29674(6)

Volume= 844.584(18)1"*

R-Factors(%)
11.83 Rp= 19.38 RRp= 24.07

Expected R-Factor= 19.88

*The Lorentzian FWHM= Xtanfl + Y/cos0; the latter term was found to
make no significant contribution to the refinement and so was set to zero.
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Table 2. Structure Parameters from the Rietveld Refinement (e.s.d.s in
parenthesis)

Overall Isotropic Temp. B'actor= 0.12(6)A

Fractional Coordinates in Imma (No. 74)

Atom
Cr(l)
Cr(2)

P(2)
0(1)
0(2)
0(3)
0(4)

0.
0.
0.
0.
0.
0.
0,
0,

X
,50000
,25000
.50000
.25000
.3777(11)
.3612(7)
.2211(7)
.50000

Interatomic Distances (A)

Cr(2)-Cr(2)d
Cr(2)-P(2)
Cr(l)-0(2)
Cr(l)-O(4)
Cr(2)-0(l)
Cr(2)-O(2)

Intramolecular

O(2)-Cr(l)-O(2)c
O(2)-Cr(l)-O(2)b
O(2)-Cr(l)-O(2)a
0(2)-Cr(l)-O(4)a
O(2)-Cr(l)-O(4)
O(4)-Cr(l)-O(4)a
0(l)-Cr(2)-0(l)e
O(l)-Cr(2)-O(2)
O(l)-Cr(2)-O(2)f
O(l)-Cr(2)-O(3)g
O(l)-Cr(2)-O(3)a
O(2)-Cr(2)-O(2)f
O(2)-Cr(2)-O(3)a
O(2)-Cr(2)-O(3)g

3.024(8)
2.630(9)
1.956(8)
1.88(1)
2.02(1)
1.99(1)

Angles (Deg)

O(3)a-Cr(2)-O(3)g

ranetry Operation

a Xfl-Y,-Z
b 1-X,1-Y,-Z
C 1-X,Y,Z
d X,l/2-Y,Z

95
180
85
87
93
180
83
102
174
89
90
73
88
93
179

Codes

0
0
0
0
0
0
0
0

y z
.50000 0.00000
.3672(3) 0.25000
.25000 0.0819(13)
.5712(4) 0.25000
.25000 0.2190(17)
.4917(6) 0.2088(12)
.6346(6) 0.0571(11)
.3562(8) -0.0450(17)

Cr(2)-O(3)a
P(l)-O(l)
P(l)-O(4)
P(2)-O(2)
P(2)-O(3)

O(l)-P(l)-O(l)c
O(l)-P(l)-O(4)
O(4)-P(l)-O(4)d
O(2)-P(2)-O(2)f
O(2)-P(2)-O(3)f
O(2)-P(2)-O(3)
O(3)-P(2)-O(3)f
Cr(2)-O(l)-Cr(2)d
Cr(l)-O(2)-Cr(2)
Cr(2)-O(l)-P(l)
Cr(l)-O(2)-P(2)
Cr(2)-O(2)-P(2)
Cr(2)a-O(3)-P(2)
Cr(l)-O(4)-P(l)

e l/2-X,l/2-Y,l/2-Z
f l/2-X,Y,l/2-Z
g l/2-Xfl-Yfl/2+Z

1.96(1)
1.54(2)
1.59(2)
1.57(1)
1.49(1)

112
106
119
98

110
112
113
96
124
126
128
94
140
141
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Current Studies of Software Development and Molecular

Sieve Studies on Beam Line 13a

J.M. Bennett
Union Carbide Corporation, Tarrytown, New York 10591

and

D.E. cox
Brookhaven National Laboratory, Upton, New York 11973

The work has been performed in two areas: software development
in order to process the X-ray data, and evaluation and Interpretation of
the X-ray data. The work has been supported by the U.S. Department of
Energy (DE-AC022-76CH00016) and Union Carbide Corporation.

The software to process the data from crystalline samples is
incomplete at the present time but currently includes the following:

1. A. program to combine data collected in small sections and
to plot out a composite powder pattern.

2. A program to identify the peak positions using a top of
peak algorithmn.

3. vlsser's program to automatically index an unknown powder
pattern.

4. The Treor program to automatically index an unknown powder
pattern.

5. Appleman's program to refine a known unit cell.

6. A simple Rietveld refinement program.

7. An interactive user friendly program, that removes the need
for a user to know the intricacies of doing a Rietveld
refinement.

These programs and others to be added in the future will give the users
of beam line 13a the capability of processing collected data and
determining the structure of a crystalline phase once a model has been
proposed.
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Data have been collected from
two molecular sieve samples both in
order to estimate the capabilities
of the difEractometer and in order
to estimate any advantage in using
synchrotron data for a powder
structure determination. The
samples were chosen because o£ the
complexity of their pc**Ser patterns
when collected on a standard
dlffractometer fitted with a
conventional tube, the first data
set was collected from a sample
having the 41 topology with the
sample in a glass capillary. This
method of data collection does not
yield the best resolution of the
diffracted peaks, increases the
background counts because of the
capillary and has long counting
times because of the small amount
of sample. Kven with these
disadvantages, the data are far
superior to anything that can be
obtained from conventional
equipment. A second flat 41 sample
was studied and showed a noticeable
improvement in all regions over the
first data set. Figure 1 shows the
region between 26° and 30°29
which Illustrate both the excellent
peak to background ratio and the
excellent resolution that is
possible.

The second sample studied had
the 31 framework topology. Figure 2
shows the region near 7° 20; data
collected using a conventional
X-ray tube did not resolve the two
peaks. Figure 3 shows the
complexity of the pattern between
24° and 28°6. The analysis of
the data is Incomplete at the
present time. However, it can be
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stated that:

1. The peak to background
ratio is superior to
that obtained with
conventional equipment
at Union Carbide.

2. The resolution is
superior to that
obtained with
conventional equipment.

More time is required to answer
the question of whether
synchrotron data or conventional
X-ray data is more eCEicaclous in
determining a structure from
powder data.
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o
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Rietveld Powder Pattern Analysis of Dolomite

D.A. McKeown and C.T. Prewitt
Department of Earth and Space Sciences, SUNY Stony Brook*

Stony Brook, NY 11794
and

D.E. Cox
Brookhaven National Laboratory"1"

Upton, NY 11973

Rietveld analysis of crystal structures has been used mostly for neutron
powder diffraction data, where peak shapes are Gaussian in nature [l]. Re-
cently, Rietveld refinements have been performed on X-ray powder data from
synchrotron sources, since such data generally have higher resolution and
signal-to-ncise quality compared with data from conventional X-ray sources-
[2,3J. Due to the potentially higher quality of synchrotron powder profiles,
structural studies should be feasible with the use of Rietveld refinements
where only small amounts of sample are available. This will be especially
useful in mineralogieal studies, where single crystals are often unavailable,
and in diamond anvil cell studies of phase transformations at high pressure.
An important part of this type of analysis is related to the shapes of the
X-ray diffracton peaks, as well as preferred orientation effects on the peak
intensities from the sample. These problems are investigated in the present
study, where a powder profile has been collected and_analyzed for a previous-
ly characterized dolomite (CaMg(CO3)2, space group R3) [4j.

A lmm diameter capillary, containing 10pm particle size dolomite powder,
was mounted on a Huber 4-circle goniometer, where an InSb(lll) monochromator
(set for X=1.2926A) and a Ge(220) analyzing crystal were used. The capillary
axis, parallel tc the X-ray polarization and to the <j>-axis of the goniometer,
was oscillated about the <j> axis during each scan to increase the randomiza-
tion of the sample particles. The diffraction profile was gathered at 10
second counting times per each increment of 0.01° in 20. 32 independent re-
flections were gathered for the analysis.

The Rietveld analysis used the "pseudo-Voigt" function which is a convo-
lution of Gaussian and Lorentzian peak shapes; these peak shapes were used to
fit the data. Initially, weighting and normalizing of the diffraction
counts with respect to the incident beam intensity were carried out. During
the refinement, unit cell dimensions, oxygen and carbon fractional coordi-
nates, isotropic thermal vibration parameters, 20 zeropoint, overall scale
factor, Lorentzian (I"L) and Gaussian (Tg) peak widths were varied.

The analysis refined tae fit to the data with an R of 4.94%, where
R=(I I(obs)-I(calc)|)/£l(obs). The dolomite structural parameters determined

*Work supported in part by U.S. Dept. of Energy

supported by the Division of Materials Sciences, U.S. Dept. of Energy
under contract DE-AC02-76CH00016.
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from a single crystal study [4 J can be compared with parameters determined
from the Rietveld analysis in Table 1. TQ versus 20, for the peaks in the
dolomite pattern, approached Y versus 20 observed for a reference sample of
Si powder, which is determined mainly by the instrumental resolution. T%
versus 20, which is determined mainly by sample effects, shows a tan 0 depen-
dence, which may indicate stacking defects of the Mg, C03, and Ca layers in
the dolomite structure [_5J - The overall fit (Fig. 1) shows no major differ-
ences between observed and calculated patterns, and indicates little, if any
of the pronounced preferred orientation effects that were encountered for da-
ta obtained from a flat plate of dolomite powder [2j. In conclusion, it ap-
pears that capillary samples can reduce preferred orientation effects, and
that the TQ and I^ character of the peak shapes for dolomite are due pri-
marily to instrumental and sample peak broadening respectively.
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Fig. 1. Rietveld refinement: calculated curve versus observed data points
(upper plot) Difference plot (I(obs)-I(calc)) is the lower plot.
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Table 1. Comparison of dolomite parameters from Rietveld
and single crystal analyses.

Structural Parameter Rietveld* Single Crystal*

a0 4.8199(1)A 4.8038(9)A
c0 16.0566(l)A 16.006(4)A

oxygen
x 0.2444(8) 0.24762(9)
y -0.0340(10) -0.03535(9)
z 0.2441(5) 0.24406(2)
B 0.81(15)A2 O.86(1)A

carbon

Z 0.2486(11) 0.24266(5)
B 0.19(25)A2 0.57(l)A2

magnesium

B 0.80(21)A2 0.53(l)A2

calcium

B 0.38(15)A2 0.66(l)A2

•Standard deviation in parentheses.
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Structure Factors of Some "Forbidden" Reflections of Si by Multiple
Diffraction of X-Rays

Lisandro P. Cardoso*
National Synchrotron Light Source

Brookhaven National Laboratory, Upton, New York 11973

and

S. Caticha-Ellis
Instituto de Fisica - UNIGAMP
13100, Campinas, S.P., Brazil

The forbidden reflections (h+k+1 = 4n+2, i'here n is a integer) of dia-
mond-type structures have been the subject of many investigations and in
the last decade have been measured for Si, and Ge (1-4). The purpose of
these studies was the determination of the antisymmetric part of the electron
density, i.e., that of bonding electrons, whose geometry does not conform
with atomic spherical scattering factors. In previous investigations the
occurrence of simultaneous reflection conditions (Multiple Diffraction) was
avoided.

The idea in this work is to make use of the multiply scattered intensi-
ties (6). The intensity of an n-beam case in the Multiple Diffraction scheme
involves n^ structure factors: those of the reciprocal lattice points that
are located in the vicinity of the Ewald sphere, and in addition n(n-l)
structure factors related to the difference/vectors connecting any two of
these reciprocal lattice points. These structure factors can be calculated
by solving a set of n^ algebraic simultaneous equations (5). The intensity
measurement of a single Multiple Diffraction peak involves several structure
factors. The same structure factors can be measured in a different combina-
tion several times independently. In this way the consistency of the method
is tested.

In the measurements performed at NSLS (X-13A) on September 11-15, a
Ge(lll) single crystal was used as a monochromator with its incidence plane
in the horizontal plane whereas the sample, Si(226), was positioned to scat-
ter in Qthe vertical plane. Two wavelengths were used in the experiments:
1.5998 A. and 1.5405 A. Our measurements were performed for a crystal config-
uration, where both the primary reflection and either the secondary or the
coupling reflection are forbidden by the Si space group, but the remaining
reflection Is strong. We rotated the crystal around a crystallographic
direction which does not coincide with any symmetry axis in the crystal and
corresponds to a forbidden reflection. This simplifies the calculations by
decreasing n, the number of structure factors, involved in any one diffrac-
tion pattern.

*0n leave from Instituto de Fisica-UNICAMP-13100, Campinas, S.P. Brazil.
Work partially supported by Conselho Nacional de Desenvolvimento '"".ientifico
Tecnologico (CNPq).
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The coupling reflection effect (Fig. 1) becomes more important when one
works under these conditions. The observed pronounced difference in intensi-
ties between the (lT5) and the equivalent (Tl5) reflection is due to the dif-
ferent coupling reflections involved: (131) and (332), respectively.

In addition, attempts were made to measure some forbidden 3-beam cases,
such as (000)(226)(420)/(205"); (000)(226)(444)/(222) and (000)(226)(442)/
(22~5). Since the intensities are very low and experimental time limited we
could not measure their contribution, but we hope to be able to measure next
time, with better statistics.

81 (0.0.0K2l2.eX1,-«M-1.-3,-1)
l«tnbda-1.5405 A

11M 11T.0

ction
.Xa.MVtV(
lambdtH.5405 A

7000

117.08

pNftfegraM)

Fig. 1. The coupling reflection effect in X-ray Multiple Diffraction.
The secondary equivalent reflections show pronunced difference in inten-
sities _due to the different coupling reflections involved. a) (000)
(226)(115)/(13l) and b) (000)(226)(Tl5)/(33l).
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Symmetry of Superconducting Compositions in the BaPb^^ijjO^ System

D. E. Cox*
Brookhaven National Laboratory, Upton, NY 11973

and

A. W. Sleight
E. I. du Pont de Nemours and Company, Central Research and
Development Dept., Experimental Station, Wilmington, DE 19898

Superconducting compositions in the BaPb-j_Jix03 system have been the
subject of controversy since their discovery (1). Cox and Sleight (2,3)
indicated that the room temperature symmetry for the superconducting
compositions was tetragonal. Others (4,5) have concluded that such
compositions possess orthorhombic symmetry. We have reexamined the
symmetry issue using the synchrotron light source because of the
exceptional resolution offered.

The x-ray diffraction patterns were collected using a Ge(lll)
monochromator crystal (A=1.2900A) and a Ge(200) analyzer crystal. Peak
splittings on a sample of BaPb.725Bi.275O3 are consistent with tetragonal
symmetry. The pseudocubic reflections (220)c and (222)c are especially
sensitive to the question of tetragonal vs. orthorhombic symmetry. For
tetragonal symmetry, the (220)c would be expected to be a doublet with
roughly a 2:1 intensity ratio and the (222)c should remain unsplit. This
is in accord with our results (Figure 1). For orthorhombic symmetry, the
(220)c would become a triplet and the (222)c would become a doublet.
Although the true symmetry of BaPbi-xBixO3 superconducting compositions
might be lower than tetragonal, we have confirmed that there is no
diffraction evidence for such lower symmetry.

We have also reexamined a sample of BaPb.761.303 and conclude that it
is not single phase. For example the (100)c and (200)c peaks should be
split into doublets with a 1:2 intensity ratio as shown in Figure 2 for the
8^^.72561.27503 sample. However, the diffraction spectrum for BaPb.781303
in this region can only be explained by an overlapping of more than two
peaks. Comparison of our (200)c spectrum for BaPb.725Ei.275^3 with that of
Oda et al. for BaPb.75Bi.25O3 illustrates the much better resolution
obtained with synchrotron radiation.

We believe that many compositions which have been studied in the
BaPbi_x Bix03 system have been two phase materials. According to the phase
rule, two phase regions should exist at about x~0.1, x~0.3 and x~0.9.

*Work at Brookhaven supported by the United States Department of Energy
under contract No. DE-AC02-76CCH00016.
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Definition of these two phase regions by diffraction experiments is
difficult because lines of the two phases are necessarily overlapped. The
two phase region at about 0.3 is of particular interest with regard to
superconductivity since it is close to this composition that the
superconducting properties (e,g. Tc) are maximized. We believe that
compositions near x=0.3 are frequently mixtures of a metallic tetragonal
phase and a semiconducting orthorhombic phase. Thus we suggest that the
two (222)c peaks observed by Oda et al. are due to two phases rather than a
distortion of a single phase to orthorhombic symmetry. Consistent with
this view, we find that samples quenched from high temperatures are more
likely to be single phase.

There are other observations in this system which we believe are best
explained as resulting from a two phase material. Several groups have
noted materials which possess a superconductor-to-semiconductor transition.
Indeed the material on which superconductivity was first discovered in this
system possessed such a transition. This sample was a sintered
polycrystalline pellet, and similar behavior has also been observed for
other sintered compacts, e.g. the tungsten bronzes. The obvious
explanation would seem to be that while most of the material was metallic
and superconducting, high resistance grain boundaries caused semiconducting
behavior above Tc- More recently the superconductor-to-semiconductor
transition has also been observed in single crystals (6). However, this
behavior was observed at high values of x(0.35 to 0.41) and we suggest that
it is due to inhomogenites of x within a crystal. By analogy with the
sintered compacts, superconducting regions are separated from each other by
semiconducting regions.

Other evidence for inhomogenities of BaPb-^_xBixOo samples comes from
Raman scattering experiments (7). The spectrum of a composition
BaPb yBi ,0, could not be accounted for on the basis of tetragonal
symmetry! Although the authors suggest the symmetry of the sample is lower
than tetragonal, we suggest that the extra bands are the result of two
phases being present.
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DIFFRACTION STUDY OF QUASICRYSTALLINE Pd6()U20Si20 PERFORMED ON X13A

D. D. Kofalt , S. Nanao and T. Egami

Department of Materials Science and Engineering,
University of Pennsylvania, Phi ladelphia , PA 19104

The icosahedral quas icrys ta ls recently discovered by Shechtman et al
[1] appear to represent a new s t a t e between glassy and c r y s t a l l i n e phases,
and natural ly are focus of much current a t t en t ion . Although th* poss ib i l i ty
that such a phase with a quasiperiodic ' l a t t i c e 1 s t ruc ture can exi t has been
theore t ica l ly shown [2-4] , l i t t l e has been known with respect to the actual
atomic posi t ions in th i s s t ruc tu re . The purpose of t h i s study i s to obtain
detailed information regarding the atomic pa i r corre la t ion through the high
resolution powder di f f ract ion and the anomalous x-ray sca t t e r ing experiments
on the quas ic rys ta l s .

The sample studied i s a quas ic rys ta l l ine Pd5oU2()Si2O provided by
S. J . Poon of University of Virginia and A. J . Drehman of Iowa State
University. Thd sample was f i r s t melt-spun into a glassy s t a t e , and then
annealed to a t t a i n the quas ic rys ta l l ine s t ruc tu re [5 ] . Unlike the Al-Mn
type alloys t h i s sample i s completely free of other c r y s t a l l i n e phases,
which makes the analysis much simpler and more r e l i a b l e . The size of the
quas ic rys ta l l ine grain i s smaller than that of Al-Mn, by an order of magn.
The ribbon sample contains a large number of such grains with random
or ien ta t ions , so that the d i f f rac t ion from the ribbon sample was analyzed
as powder d i f f rac t ion .

A Ge (220) crys ta l was used to monochromate X-rays in the energy
range j u s t below the L J J J absorption edge of urnaium, so tha t the anomaous
scat ter ing of uranium can be studied. The sample was enclosed in a chamber
f i l l ed with helium, and mounted on a Huber 4-axis spectrometer. An i n t r i n s i c
Ge detector was used to detect the scattered photons ra ther than the usual
combination jf an analyzer c rys t a l and a s c i n t i l l a t o r , so tha t the f luores-
cent radia t ions from the sample can be cleanly separated without losing
in tens i ty . The diffract ion was studied a t the incident energy of 17.150 keV
(15 eV below the edge), 17.135 keV (30 eV below the edge) and 16.75 kev.

The s t ruc tu re factor determined at 16.75 keV i s shown in Fig. 1. Over 50
sharp peaks were observed, a l l of which can be indexed by the vertex model,
i . e . by mapping the 6-dimensional simple cubic l a t t i c e onto the 3-dimensional
space which i s lying in the 6-dimensional space at an angle to produce the
icosahedral symmetry. As was predicted by Sachdev and Nelson [ 6 ] , the i n t e n -
s i ty of the s t ruc ture factor i s strongly corre la ted with the distance between
the 6-D l a t t i c e point and the 3-D rea l space. I t i s noteworthy that S(Q) a t -
tenuates r a the r strongly with Q, perhaps par t ly because of the alloying effect .

This work was supported by the National Science Foundation through Grants
DMR83-18816 and DMR82-16718.
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Fig. 1 Total structure factor of quasicrystalline
at the incident X-ray energy of 1&.75 keV.

determined
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Fig. 2 Pair distribution function of P d g o ^ O ^ O * obtained by the direct
Fourier transformation of the structure factor.
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The pair correlation function (PDF) was calculated by the direct Fourier
transformation of the structure factor. The PDF thus obtained is very similar
to that of a glass, with a wide first peak and a split second peak. Thus the
structure contains many, and possibly infinite as in the glass, inequivalent
crystallographic atomic sites. Also if the nearest neighbour distance
(= 2.98 &) is a, one might expect ot see a peak at T*a, where T is the
golden mean (= 1.618), but there is no such peak in the PDF. Therefore a
naive picture of the structure made of stacked local icosahedra may be
incorrect. Instead, the local structural units of a quasicrystal and those
of a glass may be very similar, and the two structures differ only in the
manner with which these units are Interconnected. This is reflected in the
PDF in the medium distances, from 5 to 20A. In this range the quasicrystal
shows much more correlations than the glass.

The result of the anomalous scattering study has not been fully analyzed
yet, but it is clear that the peak intensities of the uranium partial
structure factor are substantially different from those_of the total struc-
ture factor. _In particular the peaks at 1.458A^~1 (110100) and at
3.761 A~l (lllOOO) are much stronger for the urnaium partial structure
factor, suggesting a possibility of some sublattice formation. Further
details are under study at present.
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Crystallographic Research at the X-13B Beamline

A. Kvick
Brookhaven National Laboratory, Upton, New York 11973

Early operation of the X-13B crystallographic beam line at the NSLS
started in May 1985. The experimental station is equipped with a 6-circle
diffractometer as well as an oscillation camera for data collection on film.
The optical components installed during this year include a high-vacuum,
double-crystal (Si) fixed exit monochromator with piezoelectric feedbacl
control and an aluminum post-mirror coated with Rh for horizontal focussing of
3 mrad of radiation. A pre-mirror (Rh on SiC) intended for vertical focussing
was delivered but did not fullfil specifications and is being modified.
Further testing of crystal cooling and piezoelectric materials is needed
before long term stability is achieved.

Early experiments with unfocussed radiation included the collection of
partial oscillation data for the proteins metallothionein,. aconitase and
ferredoxin in collaboration with Drs. C. D. Stout and A. Robbins, University
of Pittsburgh.

Focussing of the beam was performed successfully during the summer and
diagnostic experiments in collaboration with Prof. P. Suortti, University of
Helsinki, confirmed a high horizontal polarization of the resulting beam. The
polarization measurement showed a 96% horizontal component.

Initial alignment work on the diffractometer was performed in
collaboration with W. Dytrych (from the University of Chicago.

The first complete data collection was performed on the b2 component of
the iron containing protein ribonucleotide reductase out to a resolution of
3 A. This protein crystallizes in an orthorhombic space group with a unit
cell of a = 73 A, b = 116 A, c = 78 A. It; contains two subunits with a
molecular weight of 43.000 daltons each. The active site contains two iron
atoms as well as a tyrosyl free radical, and is active in DNA synthesis. The
data collection was performed ^n collaboration with P. Nordlund from the
Agricultural University of Swed> n.

*Work performed at Brookhaven National Laboratory under contract
DE-AC02-76CH00016 with the U.S. Department of Energy and supported by its
Division of Chemical Sciences, Office of Basic Energy Sciences.
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XI4A - ORNL's X-Ray Scattering Beamline

G. E. Ice and C. J. Sparks, J r .
Oak Ridge National Laboratory, Oak Ridge, TN 37831

and

A. Habenschuss
Oak Ridge Associated Universities, Oak Ridge, TN 37831

Beamline XI4A is the first to incorporate X-ray optics based on
sagittal-focusing with crystals. These sagittal focusing crystals will
focus five times more horizontally spread radiation than a mirror at 10 keV
and 30 times more at 40 keV. In addition, excellent momentum transfer and
energy resolution are maintained even for large horizontal acceptances.1 To
maintain a fixed exit beam, the focusing crystal is used as the second
crystal of a two crystal non-dispersive monochromator. These optics make
X14A suitable for experiments requiring high intensity from 2.5 to 40 keV
while maintaining the resolution and convenience of a parallel crystal mono-
chromator. Most of our beam time for this initial period of X-ray operation
has been used to test and characterize oui: bearaline and optics for various
experimental programs. We report on the performance of our X-ray optics and
some preliminary experiments at our beam line.

Beamline Description

Beamline XI4A is shown schematically in Figure 1. A cantilevered
mirror located seven meters from the source focuses the vertical beam diver-
gence. Both the magnification and critical angle are adjustable. The mono-
chromator and all remaining beamline elements are supported on a rail which
pivots about the mirror center. This design allows rapid realignment of the
beamline with changes in the mirror reflecting angle. The monochromator is
a two-crystal fixed-exit system with the second crystal being a
dynamically-bent conically shaped crystal intercepting 4.5 mrad presently.
The bender has the capability of focusing up to 15 mrad.

WAI Etl COOLED
Bo WINDOW 7

BREMSSTHAMLUNG
SHIELD No. t- i

BEAMLIME
ISOLATION

BELLOWS VALVE-i

MOMOCHnOMATOFW
TANK

Fig. 1 Schematic drawing of the ORNL XI4 beamline showing the placement of
the various components and the pivoting support for the beamline.
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Initial tests were made with the smaller five milliradian focusing
crystal. The values of the four sigma horizontal and vertical focuses were
measured to be 1.45 and 0.96 mm respectively, Figure 2. The theoretical
limits based on the predicted electron source is 1.1 and 0.61 mm for per-
fect imaging. Studies of the mirror reflecting properties revealed topo-
graphic features a few mm apart that could account for the observed aberra-
tions in the vertical focus.

Measurements were made of the absolute photon flux at 8.33 keV and at
14 keV. With the machine operating at 2.4 GeV and 50 mA, a flux of
3 x 1011 photons s was measured at an energy of 8.333 keV. When
corrected for Be and Kapton window absorption, and for mirror and crystal
reflectance this number compares well with the theoretical value of 6.6 x
10 photons s~* for 100% transmission.

The mirror was found to be 67% efficient in reflection at a glancing
angle of 3 mrad aiid at 8.333 keV. Under similar conditions, a doubly
focused 14 keV flux of 5 x 10*^ photons s~* was measured. When corrected
for adsorption, this value compared well with the theoretical flux of
1.4 x 10**. A larger crystal capable of intercepting 15 mrad of horizontal
divergence is being prepared.

Experimental Program

A number of users have begun their experimental programs on XI4A.
X-ray scattering measurements were made on krypton gas to determine the
angular dependence of the anomalous scattering term in the X-ray atomic
scattering factor. As the angular dependence of the anomalous scattering
factor is important to our scientific studies, several experiments are
underway.

6.t«t 2.get

a. b.

Fig. 2. The intensity profile of the focused radiation at 8.33 keV
(a) Measured horizontal intensity distribution, (b) measured
vertical intensity distribution.
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There is considerable interest among our users in measuring powder
patterns from catalysts, quasi-crystals, and from very small samples.
Because of the high intensity and extreme collimation of our beam, dilute
phases and small powder samples can be investigated with low backgrounds.
The first-time user of synchrotron radiation is fascinated when viewing the
very narrow peak profiles approaching 20 arc seconds in well crystallized
powders. This high angular resolution has proven useful in a study of the
icosahedral phase of rapidly solidified metals.

Although not optimized for use as an X-ray fluorescence microprobe,
the 1 to 1 focusing has proven useful in providing intense photon beams of
several urn diameter. X-ray fluorescence induced by monochromatic X-ray
beams is a well-known technique for trace element analysis in bulk
samples. Research is underway to develop intense microbeams of mono-
chromatic x-rays for high spatial-resolution image reconstruction of trace
elements both on the surface and in the interior of small samples. We
report here on the first trial using a 150 um beam to measure trace
elements at <500 ppm concentrations in millimeter size samples (Ref. 2).
The success of these simple experiments show that with the ONRL XI4A
focused beam, tomographic fluorescence techniques can be effective at 25
micrometer resolution to measure trace concentration levels of <10 ppm
level in the Ti-Zn region in millimeter size samples.

Fig. 3. Iron distribution in the circular cress section of the abdomen of a
bee. Some internal organs are found to contain high concentrations
of iron. The outer ring depicts the smaller concentrations found
in the body wall.
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Initial experiments were performed at an energy of 7.2 keV, just above
the Fe .v-edge. The slit controlled beam width was 150 ura. The samples were
raster scanned across the beam; for each of 50 linear positions, the sample
was rotated through 50 angular increments. The resulting 50x50 image
reconstruction spanned about 1 square cm of area in the plane of the beam.

Reference

1. C.J. Sparks, Jr., G.E. Ice, J. Wong and B.W. Batterman, Nucl Inst.
Methods _194 73-78 (1982).

2. L. Grodzins and P, Bouisseau, Mass. Inst. of Tech., Boston, MA.
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Progress Report for X15 and X16

G. Aeppli, B. Buntschuh, P. H. Citrin S. C. Davey
A Jayaraman, B. M. Kincaid, W. P. Lowe, D. B. McWhan
M. E. Melczer, S. Mochrie, L. S. Powers, I. K. Robinson,

J. M. Vanderberg and W. K. Waskiewicz
AT&T Bell Laboratories, Murray Hill, NJ 07974

P. H. Fuoss and L. Norton
AT&T Bell Laboratories, Holmdel, NJ 07733

H. Ratzke
National Synchrotron Light Source, Upton, NY 11973

The AT&T Bell Labs beamlines are being assembled sequentially starting from the
ring. Beamline 16C was commissioned in May and is operational with a two crystal,
Si(ll l) , monochromator and a two circle diffractometer. Several materials science
problems which utilize this beamlii;e are described below. Beamline 16B is aligned out
to 15m and is assembled out through the monochromator tank at 20m. A four circle
Huber diffractometer is installed in the hutch. This beamline has an asymmetrically
cut, singly bent monochromator which focuses 2 mrad of radiation in the horizontal
plane at fixed energies of ~ 8 KeV or ~ 16 Kev. Beamline 16A is aligned through the
7m point and assembled out to 10m (Be window). A UHV surface diffractometer is
installed in the hutch. This beamline is a focused end line station with a double
crystal monochromator and Pt coated, bent, cylindrically cut mirror. Beamlines 15A
and 13B are for soft x-ray and SEXAFS studies respectively and various components
have been assembled.

Several UHV compatible x-ray monochromators of the Golovchenko-Levesque-Cowan
design were purchased from Princeton Research Instruments, and one of these was
installed in the white beam hutch of beamline 16C. This is a double crystal, constant
offset, scanning monochromator with an electronic feedback circuit to stabilize and
adjust a piezo pusher on the second crystal. It presently uses Si(ll l) crystals to
accept ~ 2 mrad of radiation. The monochromator has beam scanned through an
energy range from 5 KeV to 15 KeV and is driven by a stepping motor giving a
resolution of 0.15eV per step. A scan through the Cu-edge is shown in the figure.
This data was collected using an Ar ion chamber with a 3cm by lmm slit opening
before the detector while the ring was run:,; ig at 2.4 GeV and 56 mA. It is estimated
that the flux at 9 KeV and 71 mA is 3X 1010 sec"1.
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After testing the two crystal monochromator, a portable two circle diffractometer was
built and installed in the 16C hutch. To date four different projects are in progress
using this facility. The include a powder pattern on a quasicrystal; a search for
superlattice reflection in an order GeSi overlayer on Si; the use of anomalous
scattering to study a strained layer superlattice, and a powder pattern of a sample of
Pbl2 in a high pressure diamond anvil cell. There is considerable interest in the
structure of quasi crystals, and V. Elser at AT&T Bell Labs has made considerable
progress in calculating the complete diffraction pattern for a full structural model
including the positions of virtually all of the atoms. This coupled with the availability
of high quality samples of Al24 Si6 Mn20, made by H. S. Chen, which are virtually
free of excess aluminum led us to collect a fuil set of integrated intensities at E = 12
KeV from a ribbon of quasicrystal. There is good agreement between the observed
and calculated intensities and this indicates the validity of Elser's model.

Recently, A. Ourmazd and J. C. Bean have observed a strain driven and stabilized
order-disorder transition in an annealed layer of GeSi grown on a Si substrate by
molecular beam epitaxy (PRL 55, 765 (1985)). The proposed ordered structure leads
to a doubling of the of the unit cell along [ill]. We have tried to confirm this result
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using x-ray diffraction. In one sample we hf.ve been unable to observe the (1/2 1/2
5/2) superlattice reflection between the (004) and (115). Our signal to noise was such
that an upper limit of 10~5 could be set for the ratio of the intensities of the (1/2 1/2
5/2) to the (004). This is a value well below that expected for the ordered structure
As the ordering is sensitive to the thermal history, more samples are presently under
investigation.

In the study of strained layer superlattices, a full structural determination requires
separating the charge and interplanar spacing modulations. This usually leads to
more parameters than there are observed intensities. By using anomalous dispersion
several data sets can be obtained in which the scattering power varies while the
positional parameters remain fixed and a better structural determination can be
obtained. We have collected data on 2in'(InQ^GaQ^jAs) (InP) superlattice grown on
InP and are currently refining the structure.

An important area of research using synchrotron sources is x-ray scattering at high
pressure. We have used a Merrill-Bassett diamond anvil cell to obtain powder
patterns from Pbl^ at high pressure. There is a phase transition, which was observed
in raman studies, at 6 kbar and we are trying to solve the structure.
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MATRIX PRT BEAMLINE STATUS
Gerald L. Liedl, Director

Purdue University, West Lafayette, IN 47907

MATRIX is a PRT composed of midwest institution scientists who have developed
and are now operational for experimentation employing beamline X-18A. A basic four-
circle diffractometer system with low temperature capability and full software support
has been in operation since June 1985.

Special systems for the beamline are in final testing for installation in early 1986.
These systems include a Surface Diffraction and Characterization Chamber, Time
Resolved Detection System, and High Temperature Environmental Chamber. The Sur-
face Chamber is a fully computer controlled ultra high vacuum chamber with digital
LEED, sputtering, and AES for characterization. This chamber mounts on the
diffractometer for surface diffraction studies at low and high temperatures, plus surface
characterization. The Time Resolved Detection System provides a high speed variable
channel width (30 nsec minimum) system for a wide variety of experiments.

Initial testing of an economical and simple focusing crystal for the double crystal
monochromator proved bo be successful. This focusing crystal was developed by P.
Georgopoulos using a diamond shape with ribs. The crystal was cut from a standard
silicon wafer and the ribs were cut using a numerically controlled dicing saw. This
development is based on the thick anticlastic crystal developed by Sparks et al.

In addition to the beamline development, a number of projects utilizing the beam-
line have been initiated since June 1985. Two completed projects are reported else-
where in this report. Some of the other research projects that are in progress at this
time include the following.

Work supported by DOE Grant DE-FFG02-85ER45183

The Aging of Cu-Be Alloys Y. M. Koo and J. B. Cohen, Northwestern University.

Cu-Be alloys are us^d for springs and non-sparking tools. Cu-rich alloys owe their
strength to the age hardening process. However, the nature of the metastable states
(GP zones) that form during aging is not clear. Therefore, we have initiated a study of
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this process. The diffuse scattering from a single crystal is being examined in a volume
in reciprocal space at various stages of aging. The measurements are in absolute units
(the first such study at NSLS) and the data is separated into components due to chemi-
cal fluctuations and those due to local atomic displacements. Computer simulations
with large groups of atoms are employed to match these components and obtain a
three-dimensional image of the alloy. To date, we have completed a study of the as-
quenched state. With the transmission electron microscope others have detected modu-
lated strain contrast at this stage, called TWEED. It was believed that this was due to
some sort of phonon softening and preceded the aging process. Our results indicate
that this is not the case; there are small Be clusters present which apparently trap pho-
nons. Three more measurements are underway of various aging times, and these should
be completed in the fall of 1985. It is expected that these data will give us a complete
picture of the entire aging sequence.

Work supported by NSF, Grant No. DMR 8417961.

Residual Stresses Under Coatings P. Georgopoulos, J. B. Cohen (Northwestern Univer-
sity) and H. Herman (Stony Brook)

Residual stresses can be measured nondestructively from the peak shifts in
diffraction patterns; this is a well established technique widely used by industry. How-
ever, with "in-house" sources, it is not possible to sample the stresses that develop
beneath coatings, or surface layers and this is quite important in examining the
behavior of such things as turbine blades. Furthermore, there is interest in sampling
the stress gradient as well as the stress at the interface below the coating. In a
diffraction pattern taken with a crystal monochromator at a storage-ring source, there
are several wavelengths (the harmonics) at each peak position, and many of these have
quite strong intensities. With a solid-state detector and single channel analyzers set for
each wavelength the peak from each harmonic can be recorded all in the same scan.
Each wavelength penetrates a different depth and the results should provide a complete
picture of the stress gradient below a layer. Work is underway on aluminum coated
steel, after which zirconia coatings will be examined.

Work supported by DOE (MATRK)
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Atomic Distributions in Chalcogenide Glasses J. Westwood, P. Georgopoulos and D. H.

Whitmore. (Northwestern University)

The mechanisms for conduction in fast-ionic conductor inorganic glasses is still
unclear. This research involves attempts to separate the radial distribution function
(RDF) for each element in a ternary system: this is the Grst time that such a separation
has been attempted for a ternary. The alloy chosen is GeSa-AgSe. The partial RDF's
are being obtained by measurements of the scattering pattern at several different
wavelengths near the adsorption edge of each element. This will yield the differential
of the scattered intensity with respect to the species in question and thence the partial
RDF.

Work supported by DOE Grant DE-FG02-85-ER45198

The Structure and Layering of Fe(CO)5 Adsorbed on Graphite J. R. Dennison and H.
Taub (University of Missouri-Columbia) with H. Shechter and R. Brener (Technion,
Haifa, Israel)

Synchrotron X-ray diffraction is being used to complement elastic neutron scattering
studies of the layering behavior of Fe(CO)5 adsorbed on graphite (0001) surfaces. At a
coverage of 1.6 layers and at low temperatures, solid compressed monolayer and bulk
phases of Fe(CO)5 are observed to coexist (incomplete wetting). The onset of a layer-
ing transition in which the bulk solid disappears and a bilayer fluid is formed is
observed near 200 K well below the bulk triple point at 252 K. This transition is com-
plete at 245 K. In addition, we observe the melting of the monolayer near 175 K.
There is evidence that the amount of the bulk solid increases at the monolayer melting
point. This differs from the wetting behavior observed in other systems where upon
heating layer-by-layer film growth proceeds at the expense of the coexisting bulk solid.
We' suggest that this behavior may result from the steric properties of Fe(CO)5

molecule?.

Work supported by DOE and, in part, by NSF and Israel-U.S. Binational Science Fon-
dation.
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Determination of Dispersion Curves of Phasons in a Modulated Structure, (lT1-TaS2).
R. Colella, (Purdue University) D. L. Chapman, MATRIX (Brookhaven National
Laboratory)

Very little is known about vibrational excitation in modulated structures. The
present situation is comparable to that of the 1920's, when X-ray diffraction was well
known, thermal atomic vibrations were known to exist, but the effect of the latter on
the former was not under'stood, until Debye and Waller solved the problem. In 1971
Overhauser introduced the concept of phason, a low frequency excitation typical of cry-
stals with Charge Density Waves (CDW's). Phasons are normal modes of phase
fluctuations, and play the same role on satellite intensities as phonons do on Bragg
reflections. It was predicted that the action of phasons on satellite reflections should
consist of an attenuating factor, called here Phason Temperature Factor (P.T.F.), simi-
lar to the Debye-Waller factor (D.W.F.), with two important differences: (i) the P.T.F.
is much more important than the D.W.F. in attenuating intensities, (ii) no k2 depen-
dence is present in the P.T.F. (k = scattering vector). Both of these predictions have
been very clearly verified experimentally in lTi-TaS2 (incommensurate phase) by use
of X-ray diffraction. It has also been found through analysis of second-order satellites,
that in the IT! phase TaS2 is a good example of a modulated structure, in which the
simple sinusoidal model of CDW's is valid.

We are now determining the dispersion curves of phasons by measuring the diffuse
scattering near first-order satellites. We expect to get phason frequencies directly from
intensity data because only one branch is involved.

Work supported by NSF-MRL with current work supported by DOE (MATRDC).
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X-RAY SCATTERING FROM ORGANIC MONOLAYERS
OF THE LANGMUIR-BLODGETT TYPE

J.M. Bloch, National Synchrotron Light Source,
Brookhaven National Laboratory, Upton, NY 11978

and
Exxon Research and Engineering Company, Annandale, NJ. 08801

and
L.D. Chapman, MATRIX-Purdue University, West Lafayette IN. 47907

and
S. Garoff, M. Alvarez, and P. Eisenberger,

Exxon Research and Engineering Company, Annandale NJ. 08801.

Diffraction experiments were done on beamline X-18A from monomolecular organic
films formed as surfactant on the surface of liquid. They are then withdrawn from the
air-liquid interface and deposited on solid flat substrate using a technique named after
Langmuir and Blodgett. The molecules of these materials are organic salts composed of
long hydrofobic chains sticking out of the surface of the liquid with a metal ion attached
to the polar end adsorbed on the surface liquid. By repeating the deposition process
any predefined number of layers can be deposited on the substrate.

The purpose of these experiments was to study the long range order that the artifi-
cially deposited molecular films acquired on the substrate. The high surface seasitivity
needed to study monomolecular structures required a nonconventional scattering scheme
- the grazing incidence geometry. This allows one to scan, in reciprocal space, a rod
expected from a two dimensional system.

The x-ray scattering patterns, obtained here for the first time ever, reveals the
order in which the molecules choose to acquire when forming a single mono-molecular
plane. The results indicate that when a single layer of these molecules is allowed to self
assemble, it forms an almost perfect triangular lattice. When more layers are deposited
on top of the first one then the simple arrangement of each monomolecular layer distorts
slightly and creates an Orthorhombic lattice. This probably happens to accomodate the
long organic chains of each molecule facing now another chain from the next layer.

The first figure depicts a part of reciprocal space along a [l,l,q] rod perpendicular to
the plane of artificially deposited 99 layers of Mn-Stearate. It reveals that the deposited
layers maintain not only strict in-plane Orthorhombic structure but also have some
inter-structure long range order -note the 4 peaks along the rod. The derived repeat
distance here is twice the one expected from simple layering and has to do with a specific
thi se dimensional structure that the layers choose to aquire. The second figure gives the
reciprocal space of the corresponding [l,l,q] rod of a single monolayer. The structure
here is strictly trigonal and the shape of the scattering rod contains the information
regarding the conformation of the molecular chain.
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These organic monolayers serve as prototypes of more complex bilayers known as
biological membranes. Such membranes play an essential role in all biological entities.
The study of their structure using x-ray scattering is done here at ambient pressures and
humidity, this can not be done by other techniques such as electron microscopy where
vacuum is required. This we hope will help in understanding the complex function of
membranes of living cells in their natural enviroment.

In addition, the controlled number of monomolecular layers that can be deposited
allows one to investigate an intriguing question in basic physics : The effect of dimen-
sionality on the nature of the multiparticle order. We hope that studies of samples
with small number of layers will allow us to cross experimentally smoothly from the
two to the three dimensional regime. In the near future we plan to study the structure
of these monolayers when they assembled directly on the surface of the liquid. It is
also worthwhile noting that this experiment was done with a fixed incidence angle of
the x-ray beam toward the sample surface. This, to avoid the angle dependent surface
enhancement effect and thereby enabling us to obtain intensity information indepen-
dent of sample size and scattering angle. For this purpose we implemented a new set of
equations to run the diffractometer scanning programs.

0 0

fig. 1 Scan around the [l,l,q] rod
of 99 layers of Manganese Stearate.

fig. 2 Scan around the [l,l,q] rod of
monolayer of Manganese Stearate.
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SPATIAL ORDER OF GAMMA-PRIME PRECIPITATES IN NI-SI ALLOY
Haydn Chen

Department of Metallurgy & Mining Engineering
University of Illinois at Urbana-Champaign

Urbana, Illinois 61801

In all the Ni-based superalloys containing gamma-prime precipitates, there are
marked differences in the morphology of these particles which have shapes ranging from
spherical through cubic to flat plates. Preferred alignment of these precipitates along
certain elastically easy axes (e.g. <100>) has i»een observed during early stage of coar-
sening in Ni-Al, Ni-Ti, etc. The driving force for this spatial order originates from the
elastic interaction between precipitates in an anisotropic matrix. Theoretical develop-
ments concerning this effect have been carried out by Johnson et al. and Miyazaki et al.
for two particle interactions using the continuum theory of Eshelby and the microscopic
theory of Yamauchi and de Fontaine, respectively. The primary findings of these
theories are that the elastically stable state for the distribution of precipitates is the
one with modulated arrangement of particles along <100> directions and the interpar-
ticle distance to the average particle radius ratio somewhere in between 2 and 3. This
conclusion is true for spherical precipitates as well as for cuboids and platelets.

Ni-Si system is one of the few binary alloys that show negative lattice mismatch
between the disordered matrix and the gamma-prime phase. The gamma-prime precip-
itates in this system remain coherent and spherical until their radii exceed 250 A. Pre-
ferred alignment of those coherent precipitates has never been found before since the
side bands (satellites) characteristic to the spatial order were not observed in the vicin-
ity of the fundamental Bragg reflections. The purpose of this work is to examine the
possible spatial order using synchrotron radiation technique. A high- resolution, triple-
axes diffractometer was employed at the MATRIX station (X-18A) at the National Syn-
chrotron Light Source (NSLS). The horizontal and vertical beam divergences were less
than 10 arc seconds. A Ni-12.5 at.% Si single crystal specimen was used which has
been aged at 550°C for 22 hours. The alloy was well into the coarsening stage with the
average particle radius about 45 A as previously measured using a laboratory x-ray
unit. Anomalous scattering technique was used with a selected wavelength

Work supported by DOE Grant DE-FG02-85ER45183
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(7=1.489lA) located slightly below the Ni K-absorption edge. Consequently, an
enhancement of the side band intensity was expected. This is so because the side band
intensity is proportional to the difference in scattering between Ni and Si.

Figure 1 is a theta-2theta scan along the [100] direction, showing a broad 100
superlattice reflection (Fig. la) and a sharp 200 fundamental reflection with a pair of
satellite peaks clearly resolved (Fig. ib). A wealth of information can be derived from
this data. First of all, the average precipitate radius can be determined from the full
width-at-half-maximum of the superlattice peak using the well known Scherrer formula.
The particle size is found to be 45 A consistent with the measurement obtained in the
laboratory. Secondly, the stronger scattering for the low-angle satellite peak as com-
pared to the high-angle one indicates that a negative lattice mismatch is in effect with
the lattice parameter of the gamma-prime phase being smaller. Thirdly, the modula-
tion wavelength corresponding to spatial order can be determined from the separation
distance between the satellite and the fundamental peak. A value of 320 A was found.
This value represents the average interparticle distance. The ratio of this interparticle
distance to the average particle radius is over 7 which is far bigger than the theoretical
prediction based upon the two-body interaction analysis. It appears the long range
elastic interactions involving many particles must be considered.

Similar theta—2theta scans were performed adjacent to other fundamental peaks
including 020, 003, 022, 220 and 131. Side bands were observed in all cases with similar
intensity profile. This observation suggests that the spatial order of the precipitates in
Ni-Si is spherically symmetric. No preferred alignment along elastically easy axes is
present. This fact is uniquely different from the behavior of other Ni-based alloys. It is
believed that this isotropic spatial order is due to the relatively weak coherent strain
produced by the small lattice mismatch as well as the weak anisotropic nature of the
matrix phase.

The present work is an important demonstration of the synchrotron radiation tech-
niques. The beneficial features of the synchrotron radiation such as high-resolution,
high-flux and wavelength tunability, have been fully utilized to make this study possi-
ble.
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Figure 1 theta-2theta scans for (a) 100 Superlattice Reflection, and (b) 200 Funda-
mental Reflection. The Ni-12.5 at.% Si specimen was annealed at 550°C for 22 hours.
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LATTICE ROTATIONS ASSOCIATED WITH CRACK-TIP STRUCTURES
IN MO AND Mo-Nb ALLOY CRYSTALS

A. B. Hmelo and J. C. Bilello
Department of Materials Science and Engineering

SUNY Stony Brook, Stony Brook, NY 11794

It is important to fully characterize the plastic deforma-
tion which accompanies crack opening to understand the semi-
brittle fracture of the BCC transition metals. A previous
application1 of white beam fractography to Mo (001) cleavage sur-
faces demonstrated that the distorted crack-tip region could be
successfully imaged due to the high collimation of the
synchrotron x-ray emission and the intense , continuum of
wavelengths which are available. The severe aster ism which was
reported characterized the crack-tip structure as continuously
rotated from the matrix orientation, indicating the presence of a
high excess edge dislocation density of one sign.

These experiments have been extended at NSLS to cover a
range of Mo-Nb alloy concentrations. The goal of these experi-
ments is to nondestructively characterize the crack-tip opening
process in terms of dislocation densities exceeding the range of
conventional surface characterization techniques.

<001> oriented single crystal specimens were prepared at the
alloy compositions Mo1-xNbx where x = 0, 0.25, 0.50, 0.75 and
1.00.2 Precursor cracks were introduced and the specimens pulled
to failure at 77°K. All specimens cleaved on the (001) cleavage
plane. The specimens were mounted in the White Beam Camera such
that the fracture surface was illuminated via a narrow slit at
glancing incidence by the x-ray beam. The continuous spectrur> of
the synchrotron emission allows up to 20 diffraction topographs
to be collected simultaneously.

In general, the cleavage surfaces are found to be too
damaged to allow the resolution of individual dislocations.
However, contrast from the severely distorted precursor crack
region is apparent. This contrast arises from the greater angular
range of reflection which is available in the distorted crack-tip
region compared to the bulk crystal.

X-ray aster ism at the crack-tip is due to the continuously
varying position of (hkl) normals in direct space. The (011) and
(101) reflections of a 75% Nb and 25% Mo single crystal are shown
in Figs. 1 and 2. The semicircular region at the top of the image
is that of the precursor crack. As part of the crack opening
process, an excess edge dislocation density was deposited in the
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bulk, impressing a lattice curvature. It is observed that the as-
ter ism is predominantly aligned with the trace of the plane of
diffraction in each of the images. In this way the x-ray beam may
be used as a probe to measure the lattice curvature as a func-
tion of incident beam direction in the lattice.

Preliminary analysis of the x-ray asterism suggest that a
tensor description of the lattice curvature is appropriate. Fol-
lowing an analysis suggested by Nye^ linearly independent reflec-
tions may be used to compile a curvature tensor, describing this
state of distortion. This process has been applied to a pure Mo
end member of the alloy series, and has revealed an excess edge
density on {Oil} type slip j?lanes which intersect the crack front
to be approximately 1 x 10'cm"^. This corresponds to a radius of
curvature of ~ 2 cm for {Oil} planes in the plastic zone at the
crack-tip. This analysis is currently being extended across the
alloy series with the intent that the information obtained may be
eventually generalized to a wide range of materials problems.
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Figure 1

White Beam (101) Reflection
Topograph of a 75% Nb 25% Mo
Alloy Specimen. Arrrow near
the top indicates the aster ism
due to the c r a c k - t i p i s
aligned with the incident x-
ray beam SQ.

Figure 2

White Beam (Oil) Reflection
Topograph of a 75% Nb 25% Mo
Alloy Specimen. Asterism
maintains alignment with SQ as
the incident x-ray beam direc-
tion is changed.
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INFLUENCE OF LATTICE IMPERFECTIONS ON THE
CHEMICAL REACTIVITY OF INORGANIC SOLIDS

Patrick J. Her ley
Department of Materials Science & Engineering

SUNY Stony Brook, Stony Brook, NY iJ.794

Studies are currently underway using white beam x-ray topog-
raphy at the National Synchrotron Light Source to determine the
nature of growth imperfections in solution grown sodium nitrate
crystals. These studies are necessary to characterize the
defects in the crystal prior to reaction.

Rhombohedral single crystals (3x3x3)cm were grown from
aqueous solution by slow cooling. Specimens (3x4x20)mm were
cleaved from the original crystal to conform to the beam
dimensions. Transmission Laue topographs were taken with the
habit (112) rhombohedral cleavage face normal to the incident
beam. The beam current varied between 100 - 20 mA and the cor-
responding exposure times were adjusted accordingly.

The resulting topographs contain at least 10 reflections
which were useable for analysis. These are typically, for_ the
primitive rhombohedral unit cell, the (200), (310), (220), (130),
(020), (402), (422) ,__j242) , (042) and (442) reflections. Atypi-
cal topograph (g = 2ii) is shown in Fig 1.

The topographs show growth dislocations, dislocation tangles
which are believed to be associated with growth impurities or
precipitates, and surface damage. Growth sector boundaries are
not observed._ The straight line growth dislocations have line
directions <0li> and [ill] Burgers vectors. The tangles could
not be resolved by extinction criteria and probably represent
mixed dislocations. Dislocation loops emitted from cleavage
steps are also observed.

Preliminary analysis of these dislocations indicate that
they are of the {112} < ±n> type. _ Slip bands were observed and
were found to be of the {ilO } < ill > type. Several growth dis-
locations were observed emanating from the seed to the external
habit face of the crystal using conventional Lang topography at
Stony Brook (these images were recorded on a 2 Kv sealed beam
unit where the entire crystal could be imaged).
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Surface damage (i.e. strained regions around surface
imperfections) can be removed by careful washing in distilled
water followed by a 5 sec. etch in glacial acetic acid. The
resulting strain-free surfaces have an average dislocation den-
sity of ^lO2cm~.

Experiments are continuing to determine the role of both
growth and induced dislocations on the decomposition process.
Decomposition will be induced photolytically (U-V light),
radiolytically (X rays), and thermally.

1mm

Fig. 1. The (2ll) reflection for a NaN03 crystal. The primitive
rhomb was used to label the reflection. Note the dislocation
networks in the center of the crystal, which also contains
(surface) cleavage steps and some surface damage. The crystal is
optically transparent.
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Trace Element Determinations Using X-Ray Fluorescence*

K. W. Jones, B. M. Gordon, A. L. Hanson, and J. G. Pounds
Brookhaven National Laboratory, Upton, New York 11973

and

J. V. Smith, M. L. Rivers, and S. R. Sutton
Department of the Geological Sciences, University of Chicago

Chicago, I l l inois 60637

Introduction

Synchrotron radiation makes possible the measurement of trace elements
with very high sensitivity and excellent spatial resolution.
Synchrotron-produced photon beams are used to produce vacancies in the K-
and L-shells of the elements in question. Detection of the resulting
characteristic x rays is then used to deduce the elemental abundances in the
sample. Synchrotron radiation-induced x-ray emission (SRIXE) is a powerful
new method which will open many new fields of sciencific research.

Our group is now working on the development of the SRIXE technique and
on i ts uti l ization in several scientific areas. The development of the
techniques is funded by DOE. The use of these techniques in biomedical
areas is funded by the National Institutes of Health as a Biotechnology
Research Resource for a X-Ray Microprobe. This resource is made available
to groups from many other institutions for particular experiments. A
similar arrangement is in place for the geosciences. The NSF through the
University of Chicago funds the use of the equipment for geological
applications, and NASA funds uses related to extraterrestr ial materials.

We are now developing beam lines on Port 26 at the NSLS x-ray ring for
SRIXE work. Completion of the first phases of the work is not scheduled
until the last part of 1985. Accumulation of substantial amounts of data on
several experiments earl ier in the year was made possible by making
temporary use of white light radiation from the X-19A beam l ine. The work
described here was carried out on that beam l ine.

*The development of analytical techniques is supported by the DOE Office of
Basic Energy Sciences, Division of Chemical Sciences, Processes and
Techniques Branch, Contract No. DE-AC02-76CH00016. Application of the
techniques is supported by the NIH as a National Biotechnology Research
Resource under Grant No. P41RR01838-02. Application to problems in the
geosciences is supported by the NSF through a grant to the University of
Chicago, Grant No. EAR-8313683, and by NASA, Grant No. NAG-9-106.

- 250 -



Experimental Equipment

Beam line X-19A was used to provide a beam of filtered white light.
The beam that was available in the hutch therefore had a low energy cut-off
at about 4 KeV. After i t emerged into the atmosphere, the beam was defined
by adjustable Ta collimators. The photon intensity was determined with a
nitrogen gas flow ion chamber, and finally, after passing through the
experimental sample, the beam was stopped in a lead beam dump at the rear of
the hutch. The samples were mounted on an x-y-z stepper-motor-driven stage
that could be adjusted in one-micron steps. A microscope and TV monitor
were used to locate particular regions of the sample for examination.

A Si (Li) detector located at 90° to the incident beam was used to
detect the x rays emitted by the sample. The detector was 30 mm and had a
resolution of 160 eV at 5.895 KeV. The detector was one that had been
chosen for use in atomic physics experiments and was not optimum for the
present purpose, and we plan to replace i t in the near future.

Sensitivities for determining trace elements were found by running
various samples of National Bureau of Standards Standard Reference
Materials. Values in the range of 300 parts per billion by weight were
found for runs with spot size around 100 microns for exposure times of
300 s. The values obtained were consistent with limits found previously by
ourselves in previous experiments at the Cornell synchrotron facility and by
other groups.

Biomedical Experiments

Work began with the examination of microscopic trace element
distributions in the normal hepatic lobule (rat) and brain cerebellum
(mouse). Determinations of trace elements on a micron scale in tissue
sections with ppm sensitivity is essentially impossible using ordinary
electron microscopy or other techniques. The results of this work will
therefore be essential to understanding biological processes in the normal
organs as well as to understanding interactions between trace elements and
toxic elements. A spectrum obtained from the examination of the rormal
brain is shown in Fig. 1.

Synchrotron radiation permits the examination of cells in a wet
environment. We made a wet cell which provides for the perifusion of
isolated cells in a thin-film sandwich. Trace element analysis of cardiac
myocytes were successfully obtained as a first step in this project.
Examination of elect rophoresis gels for trace elements w:'11 also have
important implications for biological experiments. The feasibility of this
was investigated using a crystal spectrometer to measure the Fe
concentration as the specimen was moved through the x-ray beam at a rate of
1 cm/s. The preliminary results were encouraging, and further experiments
to optimize sensitivity and analysis speed are being developed. (These
experiments were in collaboration with the group of R. Beeuwkes at Smith
Kline & French Laboratories.)
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Experiments in Geochemistry and Cosmochemistry

Work on geosociences started with the holding of the "Workshop en
Trace Element Geochemistry with Particle and Photon Beams." Some thirty
visiting faculty and students from all over the US and Canada were given a
set of introductory talks and then allotted beam time to analyze their own
samples. This work combined the use of ion beam analysis at the BNL
Research Van de Graaff Accelerator, an indispensable complementary
technique, with SRIXE analysis at the NSLS. This approach turned out very
well with significant contributions made to several thesis projects and
other existing research works. Several of the workers plan to return for
further use of the facilities.

Particular experiments that have been done were the examination of
trace element signatures in quartz as an indicator of crystallization
conditions (1) and the study of the partitioning of platinum group elements
in economically-important sulfide deposits (2). A spectrum obtained from
the examination of pentlandite is shown in Fig. 2.

1) 1 2 3 4 5 6 7 8 9 10 0 Z 4 6 B 10 12 14 16 18 20 22 24 26

X-my MiK-rgy (KiV)

Fig. 1. Typical spectrum from sec-
tion of frozen, lypholyzed
mouse cerebellum.
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(Fe-Ni sulfide; Still-
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palladium content of the
specimen is 190 ppm by
weight.
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ENERGY SELECTIVE WHITE BEAM SYNCHROTRON TOPOGRAPHY
OF GaAs CRYSTALS

C. L. Kuo*, J. C. Bilello
Department of Materials Science and Engineering

SUNY Stony Brook, Stony Brook, NY 11794
and

R. B. Shalvoy
Eastern Research Center
Stauffer Chemical Company

Dobbs Ferry, NY 10522

White beam synchrotron topography produces images which are
determined by the Laue diffraction conditions. A given crystal at
fixed orientation can yield a different Laue pattern when the
spectral distribution1 of incident x-rays is changed. The advan-
tages of using specific wavelengths include eliminating harmonics
iri the image and varying the energy of the incident beam to ob-
tain depth profiling of the defects and/or residual strain fields
of the sample.

Energy selective x-ray diffraction is usually accomplished
via a monochromator which is both slow and expensive even on a
synchrotron source. In the present case for studies of GaAs crys-
tals under various processing conditions depth sensitivity is
required. To achieve this, in a rapid survey mode, it is possible
to selectively filter the incident synchrotron beam to change the
intensity distribution and observe spots with different depth
penetrations and at the same time reduce fluorescence.

In studies of GaAs crystals with either Zn-doped GaAs or
GaAlAs epilayers, the defect information of the surface film and
the substrate layer near the surface is of interest. Grazing
angle incident reflection topography may be accomplished with
suitable filtering enabling one to study the surface and ""near1

surface region. According to detailed calculations it was found
that either GaAs or Cu filters in conjunction with 4 meters of
deliberate air attenuation of the long wavelength components of
the synchrotron spectrum was effective. This spectrum change is
shown in Fig. 1.

The change in the incident spectral distribution leads to
different relative intensities of the various Laue spots thus
modifying the whole diffraction pattern. The intensity of a given
hkl spot in reflection topography is proportional to2, 3 .

O J_ll
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where Fhkl i s t n e structure factor, \ is the selected
wavelength, Io( x) is the intensity of incoming radiation at the
reflection wavelength A ; w and <j> are angular coordinates of the
reflected beam, a and B are the angles between the crystal sur-
face and the incident beam and the reflected beam, respectively.
Noting that p is the absorption coefficient of the crystal at
wavelength A , with p'f p' , and t' being respectively, the ab-
sorption coefficient, density and thickness of the SR-5 x-ray
film emulsion.

Studies were made on GaAs crystals that had been processed
in a variety of ways. Figs. 2 and 3 are reflection synchrotron
topographs of a GaAs crystal with measured low etch-pit density
of defects. Fig. 2 is without filtration and Fig. 3 is in the
same orientation relative to the incident beam, but with a GaAs
filter. The different Laue patterns in these two cases are at-
tributed to the spectral change produced by the filtration. The
observed intensities of the various Laue spots in each case are
in good agreement with the data calculate^ from the formula
presented above. A more detailed tabulation will appear in a
later publication.4 \

Calculations of the depth penetration T, indicated that the
GaAs reflection topographs without a filter are at relatively
long wavelength ~ l.l A ° which gives the defect information for a
thin surface layer of the sample about 3 micrometers thick.
However, with the GaAs filter reflection topographs are obtained
for the short wavelength about 0.4 A° which gives defect informa-
tion to a depth of 40 micrometers below the surface. A number of
dislocations are seen at this depth in Fig. 4. Furthermore, using
transmission synchrotron topography the entire thickness (0.33
mm) of the wafer can be imaged as shown in Fig. 5. This
technique, combined with a precision goniometer stage allowing
various degrees of tilt, should permit observations of the
specimen defect structure from a few micrometers below the sur-
face to - 0.5 mm; thus presenting a visual profile of the effect
of processing on the defect structure of the sample.
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CHARACTERIZATION OF THIN FILMS VIA SYNCHROTRON TOPOGRAPHY

W. Ng, M. Namaroff, C. L. Kuo* and J. C. Bilello
Department of Materials Science and Engineering

SUNY Stony Brook, Stony Brook, NY 11794

The control of the growth process for thin films to maintain
reliability in service has important implications in many areas
of materials technology. Various methods of producing thin films
on crystalline substrates often result in residual strains which
may be due to either elastic or plastic processes, or both. The
magnitude and location of these strains is an important feature
of the microstructure which is necessary for ultimately control-
ling the behavior of such films to maintain mechanical integrity
during subsequent processing and final applications. Synchrotron
topography is useful for such characterization since it is non-
destructive and is capable of detection of the relevant phenomena
over a large sample area. At a later stage of this project it is
planned to combine these advantages with the high geometric
resolution of TEM to obtain a comprehensive analysis of thin film
processing problems.

The present experiments used Si (100) single crystal wafers,
75 mm in diameter, polished on one side and cleaved into
quarters. This procedure produced 4 pieces of 'pie' per wafer
which was suitable for thermal vapor deposition at pressures of
~ 10"^ torr for thin films of such materials as: Cu, Al, Ni and
Cr. Several sets of samples with different film thicknesses rang-
ing from 1000 - 5000 A° and substrate temperatures varying from
25° - 150° C were made. Some uncoated and uncleaved wafers were
retained as control samples.

Preliminary experiments have been made using white beam
synchrotron topography. The aim of this initial phase of the
program is to look at the overall quality of the various samples
prepared under a variety of conditions and lay the foundation for
future observations including utilization of the monochromatic
facility to make high resolution strain studies.

White beam topographs were taken in the transmission mode
with the surface plane of the sample 10° from the vertical plane
and the film plane normal 20° from the incident beam. Topographs
were also obtained in the reflection mode with the surface plane
of the sample in this case 10° from the horizontal plane and the
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film detector normal again 20° from the incident beam direction.
This configuration permitted a shallow depth penetration of the
incident x-ray beam thus assessing the substrate microstructure
in the near surface region immediately below the film.

Topographs in both modes were recorded on Kodak SR-5 film
with a specimen-to-film of 10 cm. Exposure times with this film
varied from 30 sec to 10 minutes depending on the topographic
mode and instantaneous beam parameters at the time of recording.

The white beam topographic technique is capable of quickly
examining samples and locating important features over a large
area. This is shown, for example, in Fig. 1 which is an image
taken of a Si substrate with a 1550 A° Ni film deposited at 150°
C. The dark contrast may be due to impurity clusters which can be
further explored by STIM or EDAX techniques. Fig. 2 is of an un-
coated Si substrate which exhibited well-known grown swirl
phenomena due to thermal fluctuations during crystal growth. Such
wafers make poor substrates for studies of the mechanical in-
tegrity of thin films. Eliminating such samples with a few
minutes of synchrotron topography observations saves considerable
time and effort later.

Figs. 3 and 4 reveal white streaks of depleted contrast
against the general background. These streaks appear similar in
nature to those observed on elastically bent crystals previously
viewed in white beam topography by others who attributed the
phenomena to "double diffraction".1, 2 These observations may
provide a method for determining the radius of curvature and
hence the local strains solely by using white beam topography.
Experiments are under way to study this possibility and compare
with our previously devised high accuracy (but slow data rate)
double crystal method.3
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•*« f Fig. 1. Transmission
topograph of a Si (100)
with 1550 & Ni.
Impurities can be seen
across the sample.

Fig. 2. Transmission
topograph of a Si (100).
Growth swirls can be seen.

Fig. 3. & 4. Transmission
topographs of Si (100) with
1550 8 Ni. White lines
can be seen across the
sample.
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A STUDY OF CREEP FRACTURE MECHANISMS USING
MICRORADIOGRAPHY AND X-RAY TOPOGRAPHY

D.P. Pope and J.E. Benci, Department of Materials Science and Engineering,
University of Pennsylvania, Philadelphia, PA 19104.

Metals, many of which are ductile at room temperature, often undergo
very little plastic deformation before fracture at high temperatures and at
relatively slow strain rates (or low stress levels). This high temperature
"brittle" fracture is usually due to the nucleation, growth and eventual
coalescence of cavities on grain boundaries. This study is examining the
high temperature fracture process using the techniques of microradio^raphy
and x-ray topography. Samples of an iron alloy exhibiting limited ductility

at high temperatures were used in creep crack growth expei ints at 700 C.
These tests were interrupted after various times (different crack lengths).
The samples were then thinned to a thickness of 1 mm and polished to a
finish of better than 1 urn. They were then taken to NSLS to begin the x-ray
experiments.

Since a resolution of better than 10 /zm is desired, the recording
medium must be a photographic emulsion. Kodak High Resolution Plate (HRP)
Type 1A, with a resolution of approximately 0.5 /un, was used as the
recording medium. The initial phase of this project was limited to
microradiographic observations. The experimental set-up for
microradiography is relatively simple. The sample is mounted on a sample
holder which is loaded onto the goniometer. A high resolution plate is
loaded into a film cassette which is then brought into contact with the back
surface of the sample. In this manner the specimen-to-film distance is as
small as possible, which is necessary for resolution requirements. The
sample is then irradiated with a beam 5 mm high and wider than the width of
the sample. Since voids and cracks will not absorb x-rays, the presence of
these defects in a through-section of a sample will result in a darkened
region on the photographic plate having the same size and shape as the
projection of the defect. The entire length of the sample can be examined
by taking succesive micrographs on separate plates after raising or lowering
the goniometer several millimeters.

Figure 1 is an optical micrograph of the surface of an iron sample

after a creep crack growth experiment at 700 C interrupted after 42 hours.
The main crack and the presence of large voids above, below and ahead of the
main crack are easily seen. Figure 2 is a microradiograph of a region near
the crack tip in the same sample as fig. 1. It is clear that much more
damage is evident in the microradiograph than in the optical micrograph.
This is due to the fact that the optical micrograph views a surface whereas
the microradiograph samples a volume. The microradiograph is therefore more
representative of the whole sample than optical and SEM micrographs.

Acknowledgement-This work was performed on the Synchrotron Topography
Project beamline, X-19C, which is supported by the U.S. Department of Energy
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Future Work
One of the more immediate projects is the development of a scanning

stage so that a microradiograph of an entire sample can be obtained on one
plate. In the next phase of this study topographic examinations will be
carried out on the grain boundaries and on the dislocation structures within
the grains. A tensile stage for use on the beam-line will be constructed
and dynamic experiments correlating dislocation structure and grain boundary
migration with the formation of voids and cracks will be performed.

Prior to the availability of synchrotron sources, such experiments as
these have not been possible. Microradiography has been used to observe
voids in thin sections using standard x-ray sources. The use of synchrotron
radiation allows the use of thicker samples. Dislocation populations near
grain boundaries in thick samples can only be studied by the topographic
technique mentioned here. Of course, x-ray topography has been widely used
in the study of dislocation structures. The use of the synchrotron simply
allows the use of a relatively thick sample (1 mm) and still allows
acceptable exposure times (on the order of seconds). HRP's require 80 times
longer exposure than a standard x-ray film (SR5), yet fig. 2, a
microradiograph on an HRP, required only 15 seconds exposure. A short
exposure time is one of the main benefits of using high intensity
synchrotron radiation and is essential for performing dynamic experiments.

Fig. 1 Optical micrograph of an Fe
sample after a creep crack
growth test.

Fig. 2 Microradiograph of the out-
lined region in fig. 1.
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QUALITY AND GROWTH OF SINGLE CRYSTALS:
A COMPARISON OF LAUE METHOD AND SYNCHROTRON X-RAY TOPOGRAPHY

R. Rebonato, C.L. Kuo and J. C. Bilello
Department of Materials Science and Engineering

State university of New York at Stony Brook
Stony Brook, New York 11794

The recently developed technique of secondary recrystalliza-
tion to obtain large, thin single crystals of, e.g., transition
metals1 has revived the problem of assessing the quality of these
crystals, with emphasis on the problem of detecting the possible
presence of isolated inclusions, or the size of nonrecrystallized
domains. These imperfections, even if present in very low con-
centrations and of minute dimensions, can significantly effect
the behavior of the single crystal when such properties are in-
vestigated as the slip initiation2, or the magnetization3. In
greater generality, the conventional Laue technique and
Synchrotron X-ray Topography, are compared on the basis of their
capability to detect the possible presence of sub-domains of dif-
ferent orientation - or of inclusions - in a large single crystal
matrix, however obtained, when crystals of high quality are
required.

Three 99.97% pure Mo single crystals were prepared by secon-
dary recrystallization technique at temperatures between 4000°
and 4100°F under UHV conditions (~ 10"^ Torr). The recrystal-
lization times were of approximately two hours. Laue pictures
were then taken of the three specimens, scanning across their
length, with an exposure time of 15 min., current of 20 mA, and
voltage of 35 kV, making use of a Mo target.

Subsequently, x-ray reflection and transmission topographs
were taken at the NSLS/BNL facility by illuminating the specimen
in a 40 x 3 mm beam of 40-60 mA at 2.5 GeV for 0.2 seconds.

The Laue pictures of the three crystals show apparently
single orientation across the whole sample, or across a con-
siderable fraction of it (60-80%) . The Laue spots of the
"perfect" regions appear free of substructure, seemingly pointing
to the existence of a high-quality single crystal.

The SXRT pictures indicate a different situation for the
three specimens. The first crystal shows a large number of small
regions of different orientation, and several patches of non-
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recrystallized regions. Furthermore, by focusing the attention
on the off-position diffraction spot generated by one grain it is
possible to observe whether, inside this grain, a further sub-
grain of different orientation exists. In addition, knowing the
orientation of the matrix, it is easy to calculate the misorien-
tation of the grains with respect to the matrix.

The second crystal is of more homogeneous overall
orientation. The fine non-recrystallized domains do not repre-
sent themselves as "holes" in the main diffraction spot, but
rather as a granular pattern in the region of the film between
the spots. Since X-ray Topographs afford a unitary magnification
of the sample, use of an optical microscope immediately gives the
sizes of the sub-domains.

Finally, the third crystal presents a situation intermediate
between the first two, with additional presence of aster ism due
to the bending of the crystal naar the edges.

Discussion

It has been shown that SXRT allows one to discriminate, on
the basis of uniformity of orientation for the possible presence
of inclusions, amongst crystals that the conventional Laue tech-
nique would classify as "perfect". In particular, it has been
shown that SXRT allows i) the detection of Laue-invisible
subgrains, ii) the measure of their dimensions, iii) the detec-
tion of their position in the sample and of their possible
preferred orientation, and iv) the measure of the rotation of
these domains with respect to the matrix.

Taking into account the SXRT of the second specimen, it is
interesting to note that, under similar conditions, the detection
of the sub-domains would be utterly impossible with conventional
Laue technique. It seems also worthwhile remembering that it
takes approximately 100 Laue pictures to sample the same area ex-
plored by a single SXRT, for typical dimensions of both beams.
Considering that the exposure times are approximately 10 times
longer for the Laue method, a reduction in time of five orders of
magnitude is easily achieved with the Synchrotron Topographic
method.

Furthermore, SXRT offers a unique way to investigate the
growth dynamics of the subgrains in the secondary recrystalliza-
tion process. According to conventional theory, in fact, the
maximum obtainable grain size should not exceed the thickness of
the sample, unless special conditions are met, regarding the
geometry of the grain boundaries, and the dimensions of the
grains (4) . Since these theories predict the exaggerated growth
of one grain at the expense of all the others, the SXRT method,
allowing the analysis of the whole specimen with one picture,
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ideally lends itself to the detection of such grains in situf
whereas use of more conventional methods closely resembles, from
this point of view, the search for the proverbial needle in the
haystack.
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Fig. 1 Crystal No. 1 showing the nonrecrystallized regions (x 6)
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MAPPING OF STRAIN FIELDS AROUND NIOBIUM HYDRIDE PRECIPITATES

S. R. Stock and S.R. Hedayat
School of Materials Engineering

Georgia Institute of Technology, Atlanta, GA 30332
and

H. K. Birnbaum and Haydn Chen
Department of Metallurgy and Mining Engineering

University of Illinois, Urbana, IL 61801

The individual components of the strain tensor may be
measured as a function of position using the x-ray topographic
method of contour mapping (1,2). In deformed samples only narrow
"contours" of material will diffract radiation of a given
wavelength. Rotation of the specimen allows a set of contours to
be recorded, and comparison of contour maps recorded with dif-
ferent diffraction vectors and rotation axes allows one to ex-
tract the separate components of the strain tensor. The tech-
nique is applicable to both elastically and plastically deformed
specimens.

Double crystal topography was originally used in the
laboratory for contour mapping of the strain fields around
niobium hydride precipates (1,2). Contours analogous to TEM bend
contours were used. These measurements were, however, laborious
and time-consuming. A second disadvantage was due to the
presence of the Ka doublet which led to overlap of the two con-
tours and to decreased precision: suitably cut niobium crystals
are not readily available.

Synchrotron white beam topography was used in the present
experiments to improve both the precision and the efficiency of
the contour mapping technique. The same crystal and precipitates
were studied using absorption edge contours (AEC) instead of bend
contours. Topographs recorded as part of AEC mapping show an
abrupt change in contrast, associated with the change in
transmittance, at positions where the crystal is diffracting the
absorption edge wavelength of one of the elements in the
specimen. Four AEC maps were recorded during the present
experiments, and a set of such topographs are shown in Figure 1.

The strain field measurements are important for several
reasons. First, there is little experimental information avail-
able on the distribution of strain around any type of
precipitate. The strain field around hydride precipitates is
particularly important because it will determine the rates at
which hydrogen will diffuse to the precipitate, at which the
hydride precipitate will grow and at which a crack might
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propagate through the brittle hydride precipitate. The interac-
tion of neighboring precipitates is also of great interest. When
one extends the technique to the study of smaller precipitates or
stress concentrators, the maximum precision will be required if
meaningful results are to be obtained. In this case synchrotron
radiation must be used.
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3 mm

Figure 1. Synchrotron white beam topographs of a niobium crystal
containing niobium hydride precipitates. These topographs were
recorded at NSLS Line X-19C during August, 1985. Each topograph
was recorded at a slightly different angular position, and the
AEC is at the position of the abrupt change in contrast.
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STRAIN FIELD AROUND A NOTCH IN AN ELASTICALLY
BENT SILICON CRYSTAL

S. R. Stock and S.R. Hedayat
School of Materials Engineering

Georgia Institute of Technology, Atlanta, GA 30332
and

G. E. White and Haydn Chen
Department of Metallurgy and Mining Engineering

University of Illinois, Urbana, IL 61801

The individual components of the strain tensor may be
measured as a function of position using the x-ray topographic
method of contour mapping (1,2). In deformed samples c-J.y narrow
"contours" of material will diffract radiation o± a given
wavelength. Rotation of the specimen allows a set of contours to
be recorded, and comparison of contour maps recorded with dif-
ferent diffraction vectors and rotation axes allows one to ex-
tract the separate components of the strain tensor. The tech-
nique is applicable to both elastically and plastically deformed
specimens.

Double crystal topography was originally used in the
laboratory for contour mapping of the strain fields around
niobium hydride precipitates (1,2). Contours analogous to TEM
bend contours were used. These measurements were, however
laborious and time-consuming. A second disadvantage was due to
the presence of the K a doublet which led to overlap of the two
contours and to decreased precision: suitably cut niobium crys-
tals are not readily available. In the case of semiconductor
crystals, the second difficulty can be avoided; if reflections
from different families of planes are needed, one must replace
the monochromator crystal.

Synchrotron white beam topography was used in the present
experiments to improve both the precision and the efficiency of
the contour mapping technique. It is not possible to use the
silicon absorption edge for the mapping. A niobium filter was
placed in the beam before the sample, resulting in an abrupt
change in transmitted intensity at the wavelength of the niobium
absorption edge. Topographs recorded as part of absorption edge
contour (AEC) mapping show an abrupt change in contrast, as-
sociated with the change in transmittance, at positions where the
crystal is diffracting the absorption edge wavelength of one of
the elements in the specimen. Four AEC maps were recorded during
the present experiments, and a set of such topographs are shown
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in Figure 1.
The present experiments are an important demonstration of

AEC mapping for specimens which do not have a convenient absorp-
tion edge. The efficiency of contour mapping using white beam
topography is an important advantage which cannot be realized ex-
cept at storage rings.
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Figure 1. Synchrotron white beam topographs of a notched and
elastically bent silicon crystal recorded at NSLS Line X-19C
during August, 1985. The absorption edge contour is at the posi-
tion of the abrupt change in contrast.
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IN-SITU X-RAY SYNCHROTRON TOPOGRAPHY OF SLIP INITIATION IN Mo
SINGLE CRYSTALS

V. Wakharkar and J. C. Bilello
Department of Materials Science and Engineering

SUNY Stony Brook, Stony Brook, NY 11794.

A key factor in controlling the elastic-plastic crack be-
havior of semi-brittle materials such as molybdenum is the ease
of plastic relaxation at the crack tip. The forces which inter-
act with slip initiation and propagation are sensitive to the lo-
cal environment and depend on such factors as: the slip system
orientation, solute impurities, interstitual impurities, and
radiation induced defects. Direct observations of slip initia-
tion and mobility under a variety of conditions are of con-
siderable interest. Previous work has been performed by Ng Kwok1

on bulk Mo crystals using etch-pit techniques and by Kobayashi
and Ohr2 using transmission electron microscopy. In the former
case it is difficult to relate the surface etch-pits taken in the
unloaded condition to the actual state of the defects through the
depth of the crystal under load. While in the latter case, for
TEM studies, it is not certain that the behavior of thin foils
adequately represents the situation for bulk materials. With this
in mind a program has been initiated to use synchrotron x-ray
topography as an in-situ probe of slip initiation in Mo single
crystals which were 150 to 200 micrometers thick. This represents
a factor of ~ 10 4 thicker than usually amenable to TEM
observations. Thick section in-situ synchrotron topography
studies of Fe-3%Si have proven the viability of this approach.-*

The first phase of this program has concentrated on building
a miniature axial loading tensile stage suitable for the white
beam camera on the Synchrotron Topography beamline X-19C at NSLS.

Preliminary studies were performed on several Mo single
crystals to align the tensile stage and check sample mounting
procedures. Both of these goals have been achieved during the
current operating period of NSLS. A brief description of the
results of these preliminary experiments follows below.

The tensile stage reported is not the original one designed
for STP which was reported in an earlier paper by Bilello et
al.4. The current design is specifically intended to produce
axial loading and very low stress relaxation from machine-sample
coupling which could seriously affect high sensitivity measure-
ments necessary J,o determine slip initiation and correlate such
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observations directly to topographic images. A photograph of this
stage is shown in Fig. 1.

This axial loading tensile stage is designed for crystal
sizes of 1.0 x 1.8 cm, although small variations in size from
this optimum can be accommodated. A maximum force of 300N can be
applied which is found sufficient to plastically deform crystals
of a size suitable for synchrotron topography. The sample thick-
ness can vary over a range from 50-500 micrometers. The load can
be measured to an accuracy of 0.1% of full range while the dis-
placement can be measured to a precision of 5 x 10"^ cm with a
maximum displacement range of 2 cm for the standard sample
specified above. Some preliminary observations using this stage
at the Synchrotron Topography Project station at NSLS will be
described.

Foil specimens of Mo were cut from a large strain annealed
single crystal by spark machining and then thinned down to 150
micrometers by electropolishing. Synchrotron topographs were
taken to view the unstrained crystals prior to deformation as
shown in Fig. 2. Many reflections could be obtained on a single
topographic plate such that between 15-20 hkl planes could be
simultaneously studied. Each hkl spot recorded was indexed and a
suitable experimental geometry was determined for carrying out
in-situ deformation experiments using the miniature axial loading
tensile stage described above. Experiments are now in progress to
directly observe slip initiation in the Mo single crystals. Fig.
3 shows slip lines in Mo at two different load levels. The cur-
rent observations using synchrotron topography to study deforma-
tion in single crystals indicates that it has several advantages
over other methods for example, imaging several reflections at
the same time, substantially reduced exposure times compared to
conventional x-ray topography and relatively high resolution im-
aging of 'thick1 specimens. These features combine to allow real-
time observations of samples under 'slow' strain rates comparable
to incrementally loaded creep conditions. These preliminary ex-
periments also indicate that rapid dynamic studies could easily
be performed once high speed digital image processing became
available.
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Fig. 1 Tensile Stage

Fig. 1

Fig. 2 Unstrained Mo
Crystal

Fig. 2

Fig. 3 (a) F i9-

Fig. 3. Mo crystal at different load levels (a) 17N (b) 31N
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MEASUREMENT OF THERMAL STRESS IN Pd2Si FILM ON Si (111)
BY ABSORPTION EDGE CONTOUR MAPPING

A G.E. White,* S.R. Stock'** and Haydn Chen*
Department of Metallurgy and Mining Engineering and

Materials Research Laboratory
University of Illinois at Urbana-Champaign

Urbana, Illinois

School of Materials Engineering
Georgia Institute of Technology

Atlanta, Georgia

Film stress can be determined from the bending radius
measurement of the underlying substrate together with the well
known Stony's equation. When the substrate is a single crystal,
as in the present case, the radius of curvature can be con-
veniently measured using the x-ray topographic methods of contour
mapping. In deformed samples, either elastically or plastically,
only a narrow band of the sample will diffract radiation at a
given angle for a given wavelength. Rotation of the specimen al-
lows the contour band to move across it, thereby enabling the
sample curvature to be determined from the ratio of the angular
rotation to the separation distance betwaen the two contours due
to that rotation.

While a double crystal topography or a Lang topography
camera is usually employed in the laboratory with a monochromatic
x-ray beam, the continuous spectrum available in a synchrotron
radiation source permits the use of a novel new technique for the
bending radius measurements. This new technique, having a
similar experimental arrangement to the classical transmission
Laue method, requires the use of a spatially wide but highly col-
limated white x-ray beam and a properly chosen filter, or simply
the specimen itself as a filter, with its K absorption edge at
the desired energy. In such an experiment, the single crystal
specimen itself acts as a monochromator and selects a narrow
slice of energy for a given Laue spot. When the specimen is ap-
propriately aligned with the incident beam it is possible to have
one or more of the Laue spots diffracting radiations close to the
absorption edge of the filter resulting in an abrupt change in
transmitted intensity on the recording medium. This absorption
edge contour can then be used to measure the curvature of the
specimen in much the same way as the laboratory technique using
constant wavelength. This synchrotron radiation technique,
properly named the Absorption Edge Contour (AEC) mapping, is su-

ACKNOWLEDGEMENTS
This work was performed on the Synchrotron Topography

Project beamline X-19C which is supported by the U.S. Department
of Energy under Grant No. DE-FG02-84ER45098.

- 273 -



perior to the laboratory methods because of its high precision
and faster data acquisition that makes the in situ observation
feasible.

Film stress due to thermal mismatch between the silicide
film and the Si substrate is a subject of much interest.
Silicide film of ±420 A° thickness was obtained by annealing a
1000 A° thick Pd on Si(111) at 250°C for 45 minutes in a purified
He environment. For this annealing condition, the Pd film has
completely reacted with Si resulting in an epitaxial Pd2Si film.
This specimen was then placed in a miniature hot stage and AEC
mappings were performed at various elevated temperatures at the
X-19C (STP) station of NSLS. Figure 1 shows a typical set of AEC
maps with a 0.0025° rotation between two successive photographs.
The abrupt contrast change in the 220 Laue spot from Si is in-
dicative of the absorption effect across the K edge of a Nb
filter. The curvature (1/R) of the Si substrate can then be
plotted as a function of temperature. If the thermal mismatch is
the only operative mechanism for film stress, a linear relation-
ship would then be expected with the slope (m) related to the
thermal expansion coefficient (a) as below.

6 Ef(l - V B ) tf
m " 9 Uf - as)

Es(l -vf) (t s)
2

in which E, v , and t are the elastic modulus, Poisson's ratio and
thickness, respectively. The subscripts refer to film (f) and
substrate (s) . Utilizing this equation and Fig. 2, the dif-
ference of the thermal expansion coefficients between the film
and the substrate is found to be ^17 x 10~° (OK~1). Assuming as-
= 3 x 10~ 6 {°K~l) one obtains a d s i - 20xl0"6 ^K" 1) , a
reasonable value for silicides. 2

The present experiments are an important demonstration of
AEC mapping 'Techniques. The efficiency of contour mapping using
white radiation is an important adgantage which can only be real-
ized at the synchrotron radiation storage rings.
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Fig. 1 AEC Maps of the 220 Si Reflection at 100°C. A Nb filter
was used with a hole drilled for reference.
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Fig. 2 Curvature (l/R) vs. Temperature (T) Plot for a 1420 A°
Pd2Si Film on Si(±n). The dashed line represents the best fit.
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SUNY X21 BEAMLINE: CONTRIBUTION TO NSLS ANNUAL REPORT FOR 1984/85

BEAMLINE COMMISSIONING

J.C. Phillips, Chemistry Department, SUNY Buffalo,
K.J. Baldwin, H.F. Lehnert, Alan D. Legrand and C.T. Prewitt,

Earth and Space Sciences Department, SUNY Stony Brook.

This year marked the end of the long wait for light from the NSLS x-ray
ring. The SUNY X21A beamline was operated all year and some alignment of the
X21B line was performed. During the Spring first the monochromator, then the
doubly-focusing mirror on X21A were commissioned, interspaced with first
experiments in spectroscopy and diffraction. This line became the world's
first operating focusing beamline on a high brightness storage ring and gave
the first direct evidence of the source size and vertical divergence during
this period (see figures 1 and 2).
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Fig. 1 Ho LIII edge x-ray absorption
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After focusing the radiation, the first trials of single crystal
diffractometry at NSLS were carried out, giving encouraging results (figure
3). The spectral range of the monochromator, mirror reflectivity and source
have been examined. Spectra in the focused mode have been obtained at the
Calcium K edge (longest wavelength so far, figure 4) and Arsenic K edge
(shortest wavelength, figure 5). Unfocused, spectra at the Iodine K edge (33
keV, figure 6) have been obtained.

Fig. 3 Reproducibiity of reflection
profiles from a ruby single crystal
is shown by (104) peak, one of 10
reflections measured 13 times. The
integrated intensity of the (104)
varied 3.5%, the average of all 10
reflections was 4.7%

0.41000000E+04 0.47000Q00E+04
?H0T0N ENERGY CEIO

Fig. 4 EXAFS 3pectrum at Ca K edge in
calcium oxide. Focused radiation from
Ge(lll) double crystal monbchromator
was used for this spectrum.

.l2l427l4C.lt

Fig. 5 Arsenic K edge EXAFS of pure
arsenic powder obtained with Si(220)
double monochromator and gcld-coated
double focusing mirror.

° 0.33I00000E+05 0.33400000E+05
PHOTON ENERGY CEU)

Fig. 6 Iodine K edge (33 keV) EXAFS
of potassium iodide. Spectrum was
obtained with unfocused radiation
from a SK220) double monochromator.

The further development of the beamline is making progress in some
areas. The X21B monochromator is ready for tests. The X21A' hutch for SAXS,
has not been wired into the interlock system by the NSLS staff however, so
this important component of the overall structural studies capability of the
beamline remains untested.
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EXPERIMENTAL PROGRAM

Despite the need to commission the beamline optics and apparatus, 56%
of the beamtlme was used for the experimental program. Spectroscopy
measurements have been made on semiconductors, proteins (static and time-
resolved), ionic conductors, met-glasses, glasses and DNA-antitumour drug
complexes. Diffraction experiments and trials have begun on alloys, high
pressure phases, magnetic materials and substrate-overlayer interfaces. Some
26 SUNY faculty, 3taff and students have been involved in these studies,
with a further 12 faculty, students and scientific staff in other
Universities and institutions participating. Some results in these areas are
detailed below.

X-RAY SPECTROSCOPY OF ALKALI GALLIOSILICATE GLASSES

Paige L. Higby and James E. Shelby, Alfred University,
Alan D. Legrand, SUNY, Stony Brook and
James C. Phillips, SUNY, Buffalo.

Ga K edge EXAFS and near edge structure were measured on alkali
galliosilicate glasses. Structural models for these glasses and structurally
similar alkali aluminosilicates suggest a change in coordination of the
gallium ion as the gallium/alkali ratio changes. Data was measured at the
X21 beamline during 8/26-9/21/85. The beam conditions were 20-80 mA, with
initially 2.421 GeV, then 2.523 GeV. High quality spectra were obtained up

9000 -

3000 -

-3000 -

-9000 -

8 10 12 14

Fig. 1 EXAFS of 20(\Ta20).20(Ga203).60(Si02) (stronger oscillations) and
20(K2O).20(Ga2O3).S0(SiO2). X-axis - k (recip. angstr.), y-axis - k3chi(k).
The spectra i l lustrate the quality of the data to high k, the similarity in
the bond distances of the nearest ligands and the difference in the
coordination number.
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to 900 eV above the.'Ga K edge wit>. a Si(220) double monochromator and
toroidal double-focusing mirror wen for the most dilute samples (1.3
atomic H). Composition series examined were -

20(Na20).X(Ga203).(80-X)(SiO2) X=2-30
(40-XMNa20).X(Ga203).60(Si02) X=5-24
X(Na20).X(Ga203).(100-X)SiO2 X=10-30

plus four potassium galliosilicate glasses and three models. A total of 22
samples were examined. Figure (1) shows a comparison of a potassium and a
sodium glass.

This work was supported by a grant from the National Science Foundation
the SUNY X21 PRT.

and

X-RAY DIFFRACTION STUDY OF NiSi2 ON Si(111)

J. Zegenhagen, M.A. Kayed, K. Huang, H.M. Gibson, SUNY, Albany,
L.J. Showalter, B.D. Hunt, General Electric and

J.C. Phillips, SUNY, Buffalo.

We performed an x-ray diffraction study on epitaxial layers of NiSi2 on
Si(lll). With 10.35 keV photons from the SUNY X21A Si(220) double
monochromator, mirror focused, we recorded Bragg ptaks from the Si substrate
and the NiSi2 overlayer for the (111), (222) and (333) reflections to
determine the (111) lattice plane spacing, d(NiSi2, 111), of the overlayer.
He investigated four samples (1) 250 ang. NiSi2, type A (2) 600 ang. NiSi2,
type A (3) 250 ang. NiSi2, type B (4) 600 ang. NiSi2, type B. With a Si
lattice constant of 5.431 ang. and a NiSi2 bulk lattice constant of 5.406
ang. there is good epitaxial growth of NiSi2 on Si. Nevertheless, the small
mismatch of 0.46% causes strain in the overlayer, changing its lattice unit
cell slightly compared with the NiSi2 bulk lattice unit cell.

Si(222)
NiSl2(222)

Fig. (1) Substrate Si(222) and NiSi2(222) overlayer Bragg peaks.
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Figure (1) shows a 9-28 scan for the (222) reflection, sample 2. The Si
peak was attenuated by proper positioning of an Al foil absorber, despite
being a forbidden reflection (an indication of the high flux in the X21A
focused beam). Its true height is 25 times that of the overlayer peak.
Analysis of the relative peak positions gives a (222) spacing of 1.556 ang.
for the overlayer, 0.3% smaller than for bulk NiSi2.

A preliminary data analysis indicates that the (111) lattice spacing of
the NiSi2 epitaxial layer is different for the two thicknesses investigated
and both types A and B (for equal thickness).

This work was supported by the National Science Foundation under grant # DMR
801730303 and the SUNY X21 PRT.

X-RAY SPECTROSCOPY AND REFLECTIVITY TECHNIQUES IN MATERIALS DEVELOPMENT

Y.H. Kao, E. Canova, S. Woronick, G.H. Su, C. Hirschmugl,
SUNY, Stony Brook and

J.C. Phillips, SUNY, Buffalo.

We have been doing experiments at X21A for studies in two areas. The
first is the investigation of the structural changes in CuInS2 under various
sample preparation conditions by x-ray absorption spectroscopy. This
chalcopyrite material is an important compound for the development of
efficient solar cells, hence it is of great significance for energy
research. He have studied the near edge structure (NEXAFS or XANES) in
various samples around the Cu K edge (figure (1)), including some model
compounds CuO, Cu20, CuS and Cu2S. These are useful fcr comparison purposes.

a

z

O. 0 io. a a. a 30.3 CI. 3 so. a

Fig. (1) Near edge structure at the Cu K edge in (from top to bottom at RHS
of plot) CuS, Cu2S, CuInS2 (sample 1), CuInS2 (sample 2).
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We have also measured EXAFS in these samples (figure 2) from which we are
attempting to correlate the interatomic distances with sample preparation
parameters. The structural information obtained in our experiments should be
useful for a better understanding or the electronic properties of these
materials and also it may provide guidelines for more efficient material
fabrication for large scale golar cell3.

0.67S39230E+07 0.S794177OEK17
STEPS

Fiq. (2) Cu K edge EXAFS in a CuInS2 sample.

The second study is of x-ray reflectivity at the surface and interfaces
of semiconductors. Measurements of the x-ray reflectivity can provide useful
information about the structure and composition of surfaces and interfaces.
We are interested in developing a new technique which can be used to
investigate the impurities, imperfections and surface irregularities in
semiconductor thin films which are closely related to the fabrication of
superlattices and heterostructures. Preliminary investigations have shown
that the high brightness of the NSLS source and SUNY X21A optics is
extremly useful in these studies. Sample sizes are small and the sample must
be oriented at glancing incidence to the beam. Horizontal focusing is useful
and the vertical focusing is vital to achieving good count rates. More
experiments are in progress.

- 281 -



A Progress Report on the X22 Beamlines
J.D. Axe

The X22 beamport is comprised of three beamlines, A, B and C with char-
acteristics shown below:

Horizontal
Acceptance Optics Instrumentation

X22A 2 mrad -
X22B 1 mrad unfocussed a) 6 axis d i f f ractometer

20jvf3O° b) x-ray ref 1 ectometer
horiz. scatt.
plane

X22C 6 mrad bent cylindrical a) 6 axis diffractometer
mirror b) surface structure
double mono- diffractometer
chrometer

X22B was approved for stand alone operation on 7/22/85. A (111) asym-
metric cut Ge monochrometer is installed and satisfactori ly tested for ther-
mal stabi l i ty at 100 ma-2.5 GeV operation. Final line up of the 6 axis Huber
diffractometer is in progress, and in i t i a l x-ray scattering experiments are
expected before 11/85.

The x-ray ref1ectometer is being developed in collaboration with Prof.
P. Pershan and the Harvard University Materials Research Laboratory. The de-
sign has been finalized and some components are ordered. I t is scheduled for
assembly and preliminary testing on or about 1/15/86. One concern at the
present time is that surface reflectometry wi l l require an unusually high de-
gree of control of the vertical source position. We have ini t iated tests of
the spatial beam stabi l i ty and hope to be able to provide useful informaton
to NSLS which wil l help in optimizing the source stabi l izat ion.

The f i r s t experiments planned for the X22B beamline include studies
magnetic x-ray scattering in rare earth metals, order-disorder
transformations of physisorbed binary mixtures on graphite and surface
ref lect iv i ty of simple fluids and liquid crystal phases.

The C beamline design is complete except for details within the hutch.
The design incorporates a continuously scanning optical system using a UHV
compatible double monochrometer of novel design. Some hardware has been
fabricated, but cr i t ical components cannot be fabricated and tested before
6/86, I t has therefore been decided to begin operation with a less sophisti-
cated interim solution with manual wavelength selection and without UHV com-
pat ib i l i t y . This should allow useful operation on or about 1/15/86, more
than doubling the time available for experiments before Phase I I shutdown.
The upgrading of the C-line optics wil l take place during shutdown. The sur-
face structure spectrometer is also of novel design. The UHV sample chamber
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is currently undergoing f inal acceptance tests, and delivery of the spectro-
meter i t se l f is imminent. Delivery of a cylindrical Al mirror is promised in
Dec. '86. The major task necessary to meet projected start up is assembly
and testing of the NSLS designed mirror bender.

The X22A beamline is in conceptual design. Present plans call for the
f i r s t element to be a large radius spherical deflecting mirror positioned 6m.
from source to act as a horizontal collimator and a beam at the sample posi-
tion approximately 6 x 6 mm2. The monochrometer would be of a double crystal
vertical deflecting design, and the spectrometer/computer control system of
conventional design but adapted to special requirements of our project.
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Effects of Diffusion Bonding on the Crystal
Perfection of Copper Single Crystals

D.R. Black, G.G. Long and M. Kuriyama
Institute for Materials Science and Engineering

National Bureau of Standards, Gaithersburg, MD 20899

In the study of interfaces in metals and alloys, the crystal
perfection of substrate materials often affects the structure and
microstructure of films deposited on the substrates and these effects
obscure the nature of interfaces. It is a serious problem to find a way to
hold these ductile substrate crystals without introducing deformation
during cleaning of the substrate surface and deposition of films in a
vacuum chamber.

This experiment was conducted as part of a series of experiments
concerning the study of interfaces. The objective is to establish a method
to secure the crystal perfection of the substrate crystals from further
damage during sample preparation. Copper was chosen as a material, because
this is most susceptible to deformation.

Disks of copper, 0.5 mm to 1 mm thick, were prepared by acid sawing
and acid polishing from a boule grown by the Czochralski method [1, 2],
The surface normal of the disks is almost parallel to a <111> direction.
They were annealed in a hydrogen furnace at 1000°C for a week. They showed
the remarkable anomalous transmission effect in the asymmetric 111
diffraction condition.

Oxygen free copper plates which have a hole 11 mm in diameter were
prepared by lapping, first by sandpaper to 600 grit followed by diamond to
1 ym with a final polish by alumina. These plates were then annealed in
the hydrogen furnace for 2k hours at 1000°C. Then, a single crystal copper
disk was positioned en the hole of the copper plate, and then placed in the
hydrogen furnace at room temperature. The furnace was turned on and
allowed to heat to 900°C. After 2k hours, the power was turned off and the
furnace was allowed to cool to room temperature. The resulting diffusion
zone is expected to be approximately 15 um after this process.

The monochromator system at X23-A was operated with a symmetric 111 Si
crystal (m=1) and an asymmetric 111 Si crystal (m=13), to create a large (2
cmx2.5 om) parallel beam. The tunable energy range was limited to 7 to 9
kev because of the use of large asymmetricity (m=13). Topographs were
taken with a monochromatic beam operated at 7, 8 and 9 keV, using 111
asymmetric diffraction in transmission. An example of the topographs is
shown in Figure 1, for which the photon energy was 7 keV. Anomalous
transmission is ev' .ent, and the topograph shows the same quality of

This research has been funded solely by NBS.
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perfection as before diffusion bonding. Enlarged views of the dislocation
arrangement in Figure 1 are shown in Figure 2 a and b.

This experiment has confirmed that the diffusion bonding technique
does not deteriorate the quality of crystal perfection for the copper
single crystals which are to be used as substrates for further processing.

1. M. Kuriyama, J.G. Early and H.E. Burdette, J. Appl. Cryst. ]_ 535
(1971).

2. {W.J. Boettinger, H.E. Burdette and M. Kuriyama, Phil. Mag. _3^ 119
(1976).

Figure 1. Asymmetric 111 transmission topograph of copper with 7
keV. The large diameter corresponds to 11 mm.
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Figure 2. a and b Enlarged views of the dislocation arrangement.
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Real Time Orientation and Microstructure of Adjacent
Grains in Polycrystalline Materials During Processing*

R.C. Dobbyn, D.R. Black, H.E. Burdette and W.J. Boettinger
Institute for Materials Science and Engineering

National Bureau of Standards
Gaithersburg, Maryland 20899

The purpose of this experiment was to establish a real time
selected-area diffraction/microradiography technique for the study of bulk
(S 1 mm thick) multigrained materials during processing. The ability to
determine and follow the relative orientation of growing (or' shrinking)
adjacent grains and their grain boundaries during heating is valuable in
elucidating various processes in materials science, such as Ostwald
ripening, liquid phase sintering, grain boundary migration, and
recystallization [1].

A.i imaging detector was positioned to view a radiographic image of an
Al-5 wt. % Sn polycrystalline alloy sample, 1.5 mm thick, when illuminated
with a white S.R. beam, 1.5 mm in diameter (Figure 1 a ) . In the specimen,
aluminum grains are surrounded by thin layers of Sn. Differsnt groups of
grains can be imaged at will by scanning the sample in the beam. Laue
spots from the sample were observed by the same detector and recorded on
video tape and film (Figure 1 b ) . A pinhole aperture ( =; 0.1 mm diameter)
was positioned to illuminate a single selected grain in the radiographic
image (Figure 1 c).

The number and size of the Laue spots seen on the screen was greatly
reduced and sufficient data were available to give the orientation of this
grain (Figure 2a). The probe beam aperture was repositioned successively
over other adjacent grains, thereby mapping the orientation relationship
between the various grains (Figures 2b, 2c, 2d).

White beam topography [2], microradiography and microbeam Laue
orientation combine naturally and allow one to follow microstructural
changes in real cime while subjecting the specimen to the thermomechanical
environments of processing.

The feasibility of this technique was confirmed in early March, 1985,
using "alignment" beam (5-9 mA, 2GeV), and taken to its present stage in
early May, 1985 (fills to 60mA, 2.4GeV). The experiment was conducted on
the NBS-IMSE beamline X-23-A3.

1. P.W. Voorhees, W.J. Boettinger, H.E. Burdette and R.C. Dobbyn, to be
published.

2. W.J. Boettinger, H.^. Burdette and M. Kuriyama in "Applications of
X-Ray Topographic Methods to Materials Science," S. Weissmann, F.
Balibar and J.-F. Petroff, eds. Plenum, NY, pp. 283-293, (1984).

This research has been funded solely by NBS.
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Figure 1. Microradiographic images and Laue diffraction of an Al-5 wt. %
Sn alloy, 1.5 mm thick. These images were recorded on film;
they were also observed with equal or greater clarity in real
time via an imaging detector having spatial resolution of MO ym,
and recorded on video tape.
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Figure 2. Mierobeam Laue diffraction patterns from adjacent grains,
identified in Figure 1 , produced by a white S.R. beam, 0.1 mm
diameter. Relative orientations are mapped in real time with
the aid of a point plotter and a Laue orientation computer code.
Sample-to-film distance was 9 mm and stored electron currents
were typically 15-25 mA at 2.H GeV.
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X-Ray Topographic Examination of Bi12SiO2o Single Crystals*

G.G. Long, M. Kuriyama and B. Steiner

Institute for Materials Science and Engineering
National Bureau of Standards
Gaithersburg, Maryland 20899

Single crystals of bismuth silicate (Bi12Si020)
 are of P r i m a r v

importance in spatial light modulator technology. The property of greatest
interest is its photorefraction. Much effort has been devoted to the
growth of good crystals, but it has thus far been difficult to obtain
detailed information on crystal quality. In this work, high sensitivity
monochromatic topography was used to examine the nature of both bulk and
surface crystal structure, and to observe defects not detectable by
traditional optical inspection.

The three samples, all from the same boule, were oriented along the
<001> direction. Two, samples I and K, were thin (approximately 250
micrometers) and the third, sample E, was twice as thick (approximately 500
micrometers). Under a polarizing microscope, they each appeared to be free
of birefringent strain. There were, however, visible scratches and pits in
the polished faces, due to incomplete surface preparation.

Topographs using the (006) reflection are shown in Figure 1. They
were taken with the 8 keV x-ray beam perpendicular to the nuclear emulsion
plate, so the 8 mm X 8 mm crystals appear foreshortened.

Two important properties of the samples are immediately apparent:
there are significant surface imperfections, and there is a segmented
appearance to the diffracted image. Crystal growth bands are evident in
the four outer segments, and fringes are seen in the central segment.
Since the (100) and (110) crystal faces grow at different rates, this
introduces characteristic stresses. Sharp boundary lines are clearly
visible between each of the segments. As one proceeds further in the
boule, from sample E to sample I and finally K, the dimension of the
central region increases from 23% to 35? of the linear dimension. Thus
eac'.. crystal topograph contains information on a slice in the thermal
history of the growth of the crystal. The nature of the fringes in the
central region are the subject of a continuing study.

Real time depth profiling of these crystals was carried out based on
principles developed in References 1 and 2.

1. M. Kuriyama and G.G. Cohen, Z.F. Naturf. J7a, 465 (1982).
2. M. Kuriyama and G.G. Long, in "Applications of X-Ray Topographic

Methods to Materials Science," ed. by S. Weissmann, Plenum, NY pp.
97-109 (1984).

Work supported entirely by the National Bureau of Standards.
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Fig. 1. The (006) reflection topographs at 8 keV of
sample crystals E (top), I (center) and K (bottom).
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X-Ray Topographic Examination of LiNbOo Single Crystals*

G.G. Long, M. Kuriyama and B. Steiner
Institute for Materials Science and Engineering

National Bureau of Standards, Gaithersburg, Maryland 20899

Single crystal lithium niobate (LiNbO^) is currently the
nonphotorefractive, electrooptic material of choice for optical switching
and modulation technology. Its electrooptic coefficient is relatively
large. The prominance of lithium niobate technology has very recently been
enhanced by the announcement of laser action in doped samples. In the work
described below, however, only results from undoped material is presented.

High sensitivity monochromatic (8 keV) x-ray topography was carried
out on two z-cut (0001) crystals from z-grown boules, and two y-cut (0110)
crystals from y-grown boules. We also examined one z-cut crystal from a
boule grown in the y-direction.

The major type of defect observed was a filamentary structure which
appeared with different density in different crystal samples. For example.
Figure 1 (top) shows an x-ray topograph taken from an optically
unsatisfactory crystal and Figure 1 (bottom) is a topograph from a good
crystal. Both samples were z-cut samples from z-grown boules. The density
of filaments is quite different for these two samples, and the defect-free
volume appears much greater in the good sample.

Figure 2 shows an x-ray topograph of a good y-cut crystal taken from a
y-grown boule. The defect-free volume may be even greater than that in the
z-cut crystal (Figure 1 (bottom)).

Figure 3 shows an x-ray topograph of the z-cut crystal taken from a
boule grown in the y-direction. The size of the filament is to be compared
with those in Figure 1 (bottom).

In addition to the filamentary defects mentioned above, there was also
evidence of periodic striations in topographs from some of the crystals.
Both types of defects (filaments and striations) were reported by Vreeland
and Speriosu (in "Applications of X-Ray Topographis Methods to Materials
Science," ed. by S. Weissmann, Plenum Press, N.Y. (1984) pp. 501-509.)

This work was entirely supported by the National Bureau of Standards.
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Fig. 1 (top) X-ray topograph of an optically unsatisfactory
Z-cut crystal taken from a Z-grown boule.

Fig. 1 (bottom) X-ray topograph of a good Z-cut crystal
taken from a Z-grown boule.
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Fig. 2. X-ray topograph of a good Y-cut crystal taken
from a Y-grown boale.

Fig. 3. X-ray topograph of a Z-cut crystal taken from
a Y-grown boule.
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PERFORMANCE RESULTS FOR A HIGH ENERGY RESOLUTION BEAMLINE, X-24A

DATES: JUNE 20~28, 1985 BEAMLINE: X-21A

Experimenters present: P. L. Cowan, S. Brennan, NBS; B. Karlin, NSLS
Offsite collaborators: R. D. Deslattes, A. Henins, E. G. Kessler, T. Jach

The NBS Quantum Metrology Group has brought NSLS beamline X-21A into
operation for high energy resolution x-ray speotroscopy. The linkage
based "boomerang" monochromator has feedback control and has been used to
produce absorption edge scans. A collimating mirror upstream of the
monochromator improves energy resolution while a focusing mirror
downstream concentrates an 8 mrad fan of radiation into a < 1 mm spot.
The accompanying figure shows measurements of the "white line" resonance
near the argon K-edge. The measured width of the X-2^A data taken with
the full 8 mrad horizontal acceptance (circles) agrees with the predicted
energy resolution of Si(lil) monochromator crystals, For comparison
similar data taken at SSRL beamline IV is shown. At beamline IV it was
necessary to reduce the horizontal fan from 5 mrad (broken line) to 2 mrad
(solid line) to improve energy resolution since the focusing mirror is
upstream of the monochromator. Beamline X-24A delivers 3x10 photons/sec
at 3.2 keV with 100 mA stored beam, the most intense beam of photons at
this energy in the world.
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This research has been funded in its entirety by the National Bureau of
Standards.
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X24C - Beamline Development and
Early Experiments

J.C. Rife, W.R. Hunter, and M.N. Kabler
Naval Research Laboratory, Washington, D.C. 20375

Since late spring, when beam became regularly available on the x-ray
ring, we have concentrated our efforts on aligning and characterizing the
Grating Crystal Monochromator (GCM). The instrument design has been out-
lined in three previous papers (1,2,3) and the results of our recent perfor-
mance tests will be more fully discussed elsewhere (4) . At this stage, the
GCM is operating with a single gold-coated, grating-mirror pair. Initial
alignment of the optics was accomplished with theodolite, autocollimator,
and laser. Final alignment consisted primarily of orienting the parabo-
loidal mirrors properly between themselves and with respect to the source
to obtain the ideal 1:1 image of the source at the exit slit. The orienta-
tional accuracies required are 0.3 mrad in pitch and haw, 2 mrad in roll,
and 2mm in position perpendicular to the beamllne. During alignment, the
source was found to be displaced towards the center of the storage ring
from where expected by the survey marks on the floor and to be higher by
about 2mm than expected. The best exit slit image attained to date is about
800p FWHM in the horizontal and 670u FWHM in the vertical. We had hoped
that the vertical image height would be closer to the 330yFWHM height
measured on X10; but, for grating operation, the observed size still repre-
sents a resolving power of 1260. The larger image seems due to a small
error (about 2 seconds of arc) in the figure of one or both of the parabo-
loidal mirrors. Recently, with higher electron beam currents, we have also
observed that the vertical image size also increases with the temperature
of the first paraboloidal mirror. To minimize the change and thermal dis-
tortions in general we intend to run that first mirror hot and cool only
radiatively. We have also made preliminary flux measurements with the
600 g/mm, 2° blaze angle grating from 20eV to 50eV and are gratified to
find state-of-the-art performance close to our calculated values of greater
than 10 1 1 photons/sec/lOOmA/0.1% bandpass.

This summer saw the first experiments using our newly designed and built
ref lectometer (5) . The ref lectometer is encased in a large 18 inch cylindri-
cal chamber and operates in ultra-high vacuum. It accommodates specimens up
to 3 inches by 1 inch and provides a variety of orthogonal motions. The
sample can not only be rotated to alter the angle of incidence but also
rotated about its own normal. The detector can be moved at a fixed distance
from the sample to almost any angular position independently of sample
orientation. Finally, the whole reflectometer chamber can be rotated
about its optical axis on differentially-pumped, teflon seals to alter
the polarization of the light relative to the plane of incidence. In
collaboration with Ray Cruddance and John Meekins of the NRL Space Sciences

Work sponsored by Office of Naval Research
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Division and Margret Lewis of Ferranti Astron Ltd. we have made preliminary
measurements of the efficiency of a holographic, ion-etched SiC laminar
grating supplied by Astron. The results are shown below.
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First results were also obtained this summer in our other experimental
chamber, a 18 inch UHV bell jar with a PHI double pass CMA. Dick Williams of
Wake Forest University and Vic Burmudez of NRL measured photoelectron energy
distribution curves from sputtered and annealed GaAs surfaces both clean
and with an absorbed layer of NO.
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1) W.R. Hunter, R.T. Williams, J.C. Rife, J.P. Kirkland and M.N. Kabler,
Nucl. Instr. and Meth. JL95 (1982) 141.

2) J.C. Rife, Nucl. Instr. and Meth. 222 (1984) 279.

3) W.R. Hunter and J.C. Rife, Applied Optics 23_ (1984) 293.

4) J.C. Rife, W.R. Hunter, and R.T. Williams to be published in Nucl.
Instr. and Meth.

5) W.R, Hunter and J.C. Rife to be published in Nucl. Instr. and Meth.
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USER PUBLICATIONS BASED ON WORK AT THE NSLS
DURING FISCAL YEAR 1985

Cabri, L., Rivers, M.L., Smith, J.V., and Jones, K.W., Trace Elements
in Sulfide Minerals by Milliprobe X-Ray Fluorescence Using White Synchro-
tron Radiation. American Geophysical Union Mtg., San Francisco, CA,
Dec. 1985.

Chen, J.R., Gordon, B.M., Hanson, A.L., Jones, K.W., Kraner, H.W.,
Chao, E.C.T., and Minkin, J.A., Scanning Electron Microscopy. 1984/IV,
1483, SEM Inc., AMF O'Hare, Chicago, IL.

DiCenzo, S-D., Bennett, P.A., Tribula, D., Thiry, P., Wertheim, G.K. ,
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