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Abstract
This year was the fifth in which LANSCE ran a formal user program. A call for proposals
was issued before the scheduled run cycles, and experiment proposals were submitted
by scientists from universities, industry, and other research facilities around the world.
An external program advisory committee, which LANSCE shares with the Intense Pulsed
Neutron Source (IPNS), Argonne National Laboratory, examined the proposals and
made recommendations.

At LANSCE, neutron* are produced by spallation when a pulsed, 800-MeV proton beam
impinges on a tungsteti target. The proton pulses are provided by the Clinton P. Anderson
Meson Physics Facility (LAMPF) accelerator and an associated Proton Storage Ring (PSR),
which can alter the intensity, time structure, and repetition rate of the pulses. The LAMPF
protons of Line D are shared between the LANSCE target and the YJeapons Neutron
Research (WNR) facility, which results in LANSCE spectrometers being available to extemal
users for unclassified research about 80% of each annual LAMPF run cycle. Measurements
of interest to the Los Alamos National Laboratory may also be performed and may occupy up
to an additional 20% of the available beam time. These experiments are reviewed by an
internal program advisory committee. One hundred sixty-seven proposals were submitted
for unclassified research and tzvelve proposals for research of a programmatic interest to the
Laboratory; six experiments in support of the LANSCE research program were accomplished
during the discretionary periods. Oversubscription for instrument beam time by a factor
of three was evident with 839 total days requested and only 371 available for allocation.

Proposals

submitted

accepted

I done

I discretionary

1988 1989 1990 1991 1992
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Overview

The Manuel Lujan, Jr. Neutron Scattering Center
(LANSCE) is a pulsed spallation neutron source
equipped with time-of-flight spectrometers for
condensed-matter research. Neutron scattering is a
powerful technique for probing the microscopic
structure of condensed matter. Both the energies
and wavelengths of thermal neutrons closely
match typical excitation energies and interatomic
distance in solids and liquids. Because neutrons
have no charge, they penetrate bulk samples of
material to give precise information on the position
and motions of individual atoms. The magnetic
moment of a neutron interacts with unpaired
electrons, making neutrons ideal for probing
microscopic magnetic properties. Because neutron-
scattering cross sections do not vary in a systematic
manner with the atomic number of the scattering
nucleus, neutrons and x-rays can provide comple-
mentary structural information. This technique is
particularly effective for structural problems in
biological studies; both hydrogen and deuterium
scatter neutrons strongly but with different
cross sections.

LANSCE offers a range of instruments for deter-
mining the atomic and magnetic structure and
dynamics of polycrystalline and crystalline materi-
als, such as high-temperature superconductors,
Pharmaceuticals, and polymers; and the structure
of molecular coatings of solid and liquid surfaces.

One instrument at LANSCE—a powder
diffractometer—has a higher resolution than any
other instrument of its type in the United States.
Important industrial uses of the facility include the
measurement of residual stress in metals, ceramics,
and composites; the determination of texture
in metals and alloys; the characterization of void
and precipitate sizes in alloys and ceramics; and
the examination of layer structure of protective
surface coatings.

At LANSCE, neutrons are produced by spallation
when a pulsed, 800-million-electron-volt proton
beam impinges on a tungsten target. The pulses
are provided by the Clinton P. Anderson Meson
Physics Facility (LAMPF) accelerator and an
associated Proton Storage Ring (PSR), which can
alter the intensity, time structure, and repetition
rate of the pulses. Spallation produces neutrons
of relatively high energy, so moderators adjacent
to the target must be used to reduce the energies
to those required for condensed-matter research.
Because of the unique design of the split-target,
flux-trap moderator, reflector-shield, LANSCE
yields a higher neutron beam flux than any other
spallation neutron source used for condensed-
matter research. This means that scientists can
perform experiments more quickly, more
accurately, and with smaller samples at LANSCE
than at any other similar facility.

Nickel reflector-shield

Neutrons (flight path
penetration)

LANSCE Target-Moderator System



Mission

The Manuel Lujan, Jr. Neutron Scattering Center
(LANSCE) is a pulsed-spallation neutron source
for neutron-scattering investigations in physics,
chemistry, biology, and materials science. A DOE-
sponsored facility, LANSCE has two main mis-
sions: it serves as a national user facility with peer-
reviewed access for scientists from academia,
federal laboratories, and industry; and it is a
resource for condensed-matter researchers
at Los Alamos.

To support its primary missions, LANSCE
• designs and builds new and powerful

neutron-scattering spectrometers,

designs and builds targets/moderator
systems for optimal production of neutrons,
designs and builds electronic and computer
hardware and software for data
acquisition and analysis,
performs forefront research in neutron
scattering,
assists users of the facility during data
collection and analysis,
promotes the application of neutron-scatter-
ing techniques to new areas of science and
technology, and
provides an educational resource for under-
graduate and graduate students.

Manuel Lujan, Jr. Neutron Scattering Center
LANSCE

1. Proton beam from LAMPF
2. Proton Storage Ring (PSR)
3. Target area
4. Neutron Scattering Experimental Hall
5. Laboratory/support building

An artist's conception of the proton beam from LAMPF (1) feeding into the PSR (2),
which then sends it to the LANSCE neutron production target (3). The support building
(5) is shown on the right.



Student Programs

Students are an active part of the operational and
organizational elements of LANSCE. Students
from local high schools and undergraduate and
graduate programs from around the world have
the opportunity to learn aspects of experimental
design and instrumentation; computer simulation;
computer programming; data and numerical
analysis; and administrative office operation,
which includes office management, technical
design and illustration, and organizational devel-
opment. Student appointments range from 90 days
to one year (with possible extensions depending
on funding and programmatic impact). LANSCE
encourages students to work independently and
to develop their ideas to fruition.

Student employment is coordinated through
the Human Resources Division Special Programs
OfHce (HRD-2) and Community Outreach
(HRD-5). Some of the programs at the Laboratory
are

• Science andTechnology Alliance (STA)
• Science and Engineering Research

Semester (SERS)
• Service Academies Research Associates

(SARA)

• Historically Black Colleges and Universities
Program (HBCU)

• High School Co-operative Program
• Undergraduate Student Program
• Graduate Research Associate
• Special Education Working Experience

Program (SWEP)
• Internships Programs

In addition, LANSCE participates in the
Laboratory's Postdoctoral Research Program.
Postdoctoral candidates must have received their
doctoral degree less than three years before the
appointment at LANSCE. Candidates are nomi-
nated by LANSCE scientists and reviewed by a
Laboratory-wide committee before the awards
are given.

Each appointment is for a period of two years,
with a discretionary third year for researchers
with good potential. The post doctoral program
is active; the Laboratory views it as a means
of attracting new scientific talent. LANSCE supple-
ments this program by paying part or all of the
overhead for suitably qualified candidates.

Students and post docs
12 Y

High School

Undergraduate

Graduate

Postdoctoral
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Upper left: Paul Romero, an undergraduate at the University of New Mexico, reviews the installation plans
for the PHAROS detectors. Upper right: Kiistin Bennett, a doctoral candidate at UC Berkeley, adjusts the valving
on the nitrogen cryostat on NPD. Lower left: A Los Alamos post doc, Simon Billinge, notes the sample position
change in the sample chamber on NPD. Lower right: Fabian Macias (top), a graduate student from Highlands
University, and Phil Seeger analyze data taken from LQD.
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User Program

Research programs at LANSCE cover a broad
range: solid-state physics, chemistry, metallurgy,
crystallography, structural biology, materials
science, and nuclear physics. About 80% of the
available beam isi intended for unclassified,
nonproprietary research, and the remaining 20%
is for support of the Laboratory's programmatic
mission. Of the time available for condensed-
matter research, three-quarters is distributed to a

formal user program. Advice on experiments to be
performed in this category is provided by the
external program advisory committee. DOE cost-
recovery rules apply to proprietary experiments.
LANSGE sponsors piirticipating research teams
(PRT), which are guaranteed access to a beam line
for a negotiated period in exchange for financial
participation in constructing a neutron spectrom-
eter or ancillary equipment.

Kurtteihen%ebier (left) and Donald J. Weidner of State University of New York
at Stony Brook marvel at the data collected from a high-pressure (95 kbar) experiment
done on brucite (magnesium hydroxide) using HIPD.



Instrument days requested

• SCD

Bros

• SPEAR

Burn

SNPD

i HIPD
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Mike James of Rockwell International Science Center
calculates residual strains in metal-ceramic laminates
(alumina-alumina) from data collected on the NPD.

A LANSCE associate, Angus Lawson of MST-5
(Materials Research and Processing Science)
mounts an x-ray diffraction sample at the Center
for Materials Research facility.

10



Users visiting LANSCE during 1992

Last name
Albinati

Allison
Aranda
Argyriou

Barthes

Beancage
Berman

Besson
Brisson

Burke

Burkel
Butler

Cooper

Curro
Dreux

Egatni
Elcombe
Forsman

Gill
Glaeser
Gratz

Gray
Hamel
Hamilton
Harrison

Heidelbach

Hellstrom
Hoffer

Hurd

Imai
Jayasooriya

Kalceff
Kamiyama

Kearley

Kent
Klotz

Kuht
Kumar

Kuppers

Loveday

Maddaford
Magnera

Mang
Marking

Martin

Martina

Mayes

First
Alberto
John
Miguel
Dimitri
Mariette

Greg

Alan

/ •

Catherine

Matthew
Eberhard

Paul
Elizabeth

Nick
Peter

Takeshi

Margaret

W.
Richard
Robert
Andrew
George

Gerard

William
William
Florian

Eric

James
Alan

Brian
U.
Walter

Takashi
Gordon
Michael

Stefan
Tonya

Satyen
Horst

John
Paul

Thomas
Joseph

Greg

J.
Tony

Anne

Affiliation
Universita di Milano

Ford Motor Company

University of Cambridge

Australian Nuclear Science & Technology Org.
Universite des Sciences et

Techniques du Languedoc

Sandia National Laboratories
University of California - Santa Barbara

LASIR Centre National Researche Scientifique
LASIR Centre National Researche Scientifique

University of Technology - Sydney

Universitat Munchen

University of Tennessee - Knoxville

Los Alamos National Laboratory
Sandia National Laboratories

University of Pennsylvania

University of Pennsylvania

Australian Nuclear Science & Technology Org.
University of Pennsylvania
University of Groningen

University of California - Berkeley
Lawrence Livermore National Laboratory

Los Alamos National Laboratory

Universite de Paris VI
Oak Ridge National Laboratory
University of Houston

Los Alamos National Laboratory
University of Wisconsin - Madison

Los Alamos National Laboratory
Sandia National Laboratories

Los Alamos National Laboratory
University of East Anglia

University of Technology - Sydney

University ofTsukuba - Tennodai

Institut Laue Langevin
Sandia National Laboratories
Universite de Paris VI

University of California - Santa Barbara

Kent State University
Universitat Kiel

University of Edinburgh
University of Cambridge

University of Colorado
Kent State University

Iowa State University

Sandia National Laboratories

Sandia National Laboratories

MTT

Country
Italy

USA
United Kingdom

Australia

France

USA
USA
France
France

Australia

Germany

USA
USA
USA
USA
USA
Australia

USA
The Netherlands

USA
USA
USA
France

USA
USA
USA
USA
USA
USA
USA
United Kingdom
Australia

Japan
France

USA
France

USA
USA
Germany

Scotland

United Kingdom
USA
USA
USA
USA
USA
USA
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Last name
Nakotte

Odinek

Olah
Parise
Pruss

Reis
Robl

Rossetti

Russell
Rzeznik

Sabine
Salazar
Schmidt

Schmitt
Scsnick

Steinberg

Straty
Stride
Szvope

Triebes
Vigil

Wilcoxon
Wilson
Wilson

Wlassich
Yau
Yoshizawa
Young

Zhang

Zocco

First

Heinrich
Judy

Glenn

John
Eugene

Kenneth
Christian

George

Thomas

Maria

Terence

Mike
Paul

Franz-Josef
Tobin

Suzi

Gerald

John
R. Jeffrey
Thomas

Fidel

Jess
Charles
Rory

John
Peter
Hisae
Victor

Jie
Thomas

Affiliation
Van der Waals-Zeeman Laboratorium

Sandia National Laboratories
Los Alamos National Laboratory

State University ofNexo York - Stony Brook

University of California - Berkeley

University of Houston
Universitiit Miinchen

Princeton University

IBM
University of California - Berkeley

Australian Nuclear Sciem e & Technology Org.
Los Alamos National Laboratory

University of Missouri - Columbia

University of California - Santp Barbara

Los Alamos National Laboratory
University of California - Sa.ita Barbara
National Institute of Standards & Technology

University of East Anglia

University of Colorado
University of Colorado
Los Alamos National Laboratory

Sandia National Laboratories
Rutherford Appleton Laboratory

University of Edinburgh

MTT
University of California - Davis
University of California - Santa Barbara
Ioiva State University

Arizona State University

Los Alamos National Laboratory

Country
The Netherlands

USA
USA
USA
USA
USA
Germany

USA
USA
USA
Australia

USA
USA
USA
USA
USA
USn
United Kingdom

USA
USA
USA
USA
United Kingdom

Scotland
USA
USA
USA
USA
USA
USA

1992 user affiliation

20%
Los Alamos

it
15% Industry ^ ^ f l

4% Government

•1
Bi

19%

m•
Foreign

^ 3 3 % Ac

|

8% Other
DOE Labs



High Intensity Pozvder
• Diffractometer (HIPD)
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High Intensity Poioder Diffractometer (HIPD)

The High Intensity Powder Diffractometer (HIPD)
is designed to study the atomic structures of
materials that are available only in polycrystalline
or noncrystalline form. In the HIPD, the pulsed
neutron beam is directed through a collimator onto
a cylindrical or flat plate sample supported in a
vacuum chamber. Neutrons are detected by banks
of detectors located at various angles to the inci-
dent beam. The data from each detector are col-
lected as a function of time of flight (TOF) and
stored in a FASTBUS memory module, which is
controlled by a micro-VAX II computer. Because
the neutron TOF is directly proportional to the
neutron wavelength, the measured diffraction
pattern yields exact information on the atomic

arrangement in the sample. The HIPD offers
exceptionally high data rates with nearly three
decades of range in momentum transfer or
d-spacing. An ambient-temperature, high-intensity
water moderator provides a usable neutron flux at
wavelengths out to 10 A. Low backgrounds permit
the routine use of wavelengths down to 0.2 A. The
HIPD is intended primarily for studies of liquids
and amorphous solids, for magnetic diffraction
studies, and for crystallographic studies of samples
that are either very small or are in extreme envi-
ronments of temperature, pressure, or magnetic
fields. This instrument is also appropriate for
experiments that require time-resolved diffraction
measurements.

Detectors

Incident neutron beam

Incident beam monitor

'153-1
12" long
1/2" diameter

3" long
1/4" dlan eter

Viang-
t « " diameter
Ad/d = 3%

90° ,
12" long
T/2* diameter

-rJ< Ad/d=,0.5%

40"
6" long

/1/2" diameter

Moderator to sample distance = 9 meters

15



Instrument Details

Wavelength range, k 0.20 -10.0 A
Beam width 1.0 - 0.3 cm, variable
Beam height 2.54 - 5.08 cm, variable 5.0 - 0.3 cm, variable
Q range 0.1 - 60 A 1

Range of scattering angle 5° -153°
Moderator Chilled water at 10° C
Sample environment 13 - 300 K, closed cycle refrigerator
Sample size 0.005 - 4 cm3

Experiment duration 5 minutes - 1 day, depending on sample size

Robert Von Dreele, instrument scientist
Eric Larson, instrument technician

16
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Instrument used: (please type)

HIFD

Local contact:

R. A. Robinson

Title:

Crystal structure determination of UCu3 AI2

Proposal number:
(for LANSCE use only)

5001
Report received:
(for LAN SCI: use only)

7/29/93
Authors and affiliations:

H. Nakotte, F. R. de Boer, E. Bmck; University of Amsterdam

R.A. Robinson, A. Purwanto; LANSCE

ExPeriHPflBtdi5ifflprcunds UCU3AI2 and UCU3.5AI1.5 have been claimed to exhibit heavy fermion
behaviour with an electronic contribution to the specific heat of about 400 mJ/molK2 and 380
mJ/molK2, respectively / I / . Both compounds were thought to crystallize in the hexagonal
CaCu5 structure (space group P6/mmm) with the Cu and Al atoms randomly distributed on the
Cu sites. Assuming a random occupation of the 2c and 3g sites in the CaCus structure one should
expect no discontinuity in preparing compounds with Cu concentrations intermediate between 3
and 3.5. Preliminary results on intermediate compositions, however, show that compounds with
x=3.2 and x=3.3 do not form in a single phase. Therefore a change or a modification of the
crystal structure is to be expected. As UG13.5A1.5 crystallizes in the disordered CaCus structure,
changes from this structure are to be expected for UCU3AI2. Furthermore the question whether
'he low-temperature anomaly observed in specific-heat, susceptibility and electrical
resistivity measurements at about 8-12K for UG13AI2 has a magnetic origin will be the basis for
future experiments.

In order to determine the crystallographic struture we took neutron diffraction data at room
temperature. Using the program GSAS we were able to prove unambigiously, that an ordered
structure with the 2c sites of the CaCus structure occupied by Cu and the 3g sites occupied by Al
and the remaining third of Cu is preferred. For this structure we obtained a value of 4.698 for
reduced x2, while the best fit for the completely disordered structure yields in value of 14.9.
The atomic positions for UCU3AI2 are:

x y z frac

U 0 0 0 1

Cui 1/3 2/3 0 1

Cu2 1/2 0 1/2 1/3

Al 1/2 0 1/2 2/3

18



Experiment report (awnnuctli:

UCU3AL2 AT RT
BANK 1 , 2-THETA 153 4, L-S CYCLE 47 OBSD AND DIFF PROFILES

UJ

o

UJ
1/1
3

z o
ou

in

oc o
O Iz

11 1 I • »

JU
1 0

0-SPACING. A
2 .0 3 0 4 0

Figure 1: Portions of diffraction patterns from UCu3A12 taken at room temperature in one of the
banks of HIPD. The solid line in the upper plot represents the fit for the ordered crystal
structure mentioned above, while the solid line in the lower plot represents the fit for the
completely disordered structure. Note the poor fit for the disordered structure especially for
the reflections indicated by an arrow.

References:

/ ! / H. Nakotte et. al, 20iemesjournees des Actinides, April 1990, Prague, CSFR
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Instrument used: (please type)

mpn

Local contact:

R.A. Robinson
Title:

Magnetic and structural properties of UlrGe

Proposal number:
(for LANSCE use only)

5004
Report received:
(for LANSCE use only)

7/29/93
Authors and affiliations:

H. Nakotte, F. R de Boer; University of Amsterdam

K.H J. Buschow; Philips Research Laboratories; Eindhoven

V. Sechovsky, L. Havela; Charles University; Prague

R.A. Robinson, A. Purwanto; LANSCE

Experiment report:

This work is part of a program to study the magnetic properties of ternary (1:1:1) uranium
intermetallic compounds. Varying the degree of 5f-d hybridization for compounds forming in
the same crystallographic structure, by moving across or down in the periodic table, leads to a
progress from itinerant magnetism towards the formation of localized 5f moments / I / . The
series UTSi and UTGe (T = transition metal) were found to crystallize in the orthorhombic
CeCu2 structure (space group: Imma). UPtGe, which belongs to the latter series, was already
studied at LANSCE. This compound exhibits a cydoidal structure with an uranium moment of
0.98 UB and a propagation vector of (0,0.554,0) IV. Similar results have been reported by a
Japanese group, which studied UPdGe and UNiGe / 3 / .

In this experiment we concentrated on another member of this series, namely UlrGe. This
compound was found to exhibit antiferromagnetic ordering below 16 K / 4 / . As there is also some
doubt whether these compounds form into the NiSiTi structure (space group: Pnma) the
experiment was splitted into two parts: first to resolve the crystallographic structure and
second to determine the nature of the ordered magnetic states. Therefore we collected data at 30
K, which is above the ordering temperature, and at 11 K. Concerning the crystallographic
structure we were able to prove unambigiously, that UlrGe forms in the NiTiSi crystal structure.
This structure accounts for the seven reflections (3,0,2), (3,1,1), (3,3,2), (5,0,2), (5,1,1), (5,2,2),
and (6,1,0) indicated by arrows in figure 1. The refined Atomic positions were:

U x 1/4 z x = 0.00585; z = 0.20119

Ir x 1/4 z x = 0.18567; z = 058606

Ge x 1/4 z x = 0.77813; z = 0.58685

Concerning the magnetism the experiments were less successful. No additional peaks were
found for the data taken at a nominal temperature of 11 K. As the ordering temperature of
UlrGe is close to this temperature we can not exclude, that the temperature of the sample
during this run was above the ordering temperature due to bad heat contact and/or poor

20



Experiment report (continued):

calibration of the thermometer. Therefore, we plan to repeat this experiment using a helium
cryostat.

BANK 1 2-THETA 153.4. L-S CYCLE 161 OBSD AND DIFF PROFILES
-y-= [ 1 | I I I I I T I

o
UJ
in

sa.o

IIIIGHHlll 1111(11 H I I I I I ! M i l II I > • ! < ' I H I M " I I I HI I I II I I II

_L _L _L _L _L _L _L _L
9 2 01.0 1.1 1 2 1 3 1 4 1 5 1 6 1.7 1.8

D- S P A C I N G . A

BANK 1. 2-THETA 153.4, L-S CYCLE 54 OBSD. AND DIFF. PROFILES

UJ
in
3

8°

o

"T T T" "T T T T T" T"

IIIMHIi ii m i i i i i i i i II H I

^^f^\^A^^K^

1 0 1 1 1 . 2 1 . 3 1 . 4 1 . 5 1 . 6 1 . 7 1 . 8 1 9 2 0
D - S P A C I N G . A

Figure 1: Portions of diffraction patterns from UlrGe taken at 30 K in one of the 153.4° banks of
HIPD. The solid line in the upper plot represents the fit for the ordered crystal structure Pnma.
Note that the space group Imma does not account for the reflections indicated by arrows.

References:

IM V. Sechovsky and L. Havela, in Ferromagn. Mater. Vol.4 (1988), ed.: E.P. Wohlfarth and
K.H.J. Buschow, p. 309

IV R.A. Robinson et. al., submitted to Phys. Rev. B (1992)

III S. Kawamata et. al., J.Magn.Magn.Mater. (1991)

/ 4 / E. Brack, Ph. D. thesis, Amsterdam, 1991
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Instrument used: I please n/>n

HIPD
Local contact:

Dr. R. Von Dreele
Dr. T. Rieker

Title:

Neutron Scattering Investigation of Non-ideal Behavior of Binary
Liquid Mixtures Using Contrast Variation

Proposal number:
(for LANSCli use onhi

5010
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Experiment report:

The object of the experiments was to obtain information on the partial
structure factors of molecular species in binary liquid mixtures in which the species
differ in size and conformation. During our allotted time, however, technical
problems with the beam limited the experiments to about 5 hours of reduced intensity
beam on sample. These limited data were not sufficient for meaningful analysis.
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Experiment report:

Three samples in each of three crystallite size ranges (0.2-0.5|a.m, 3-5(.im and 10-20u,m) were
prepared having general stoichiometry ( C e ^ D y ^ C ^ , with x (the Dy composition) taking values
ofO, 0.05 and 0.1.

These sample characteristics were chosen to facilitate the understanding of the simultaneous
extinction and absorption effects active in the neutron scattering process: the varying particle sizes
determine the degree of extinction, while absorption is controlled by the Dy composition.

Nine HIPD runs were completed on the samples, averaging several hours per specimen. This was
somewhat less than had been planned, but was necessitated by the loss of about 30% of the
allocated time due to unscheduled outages.

Analysis of the data has not yet been completed, with strong correlations between extinction,
absorption and temperature factors contributing to the difficulty of its interpretation. A detailed
electron microscopy study of the samples is in train in order to justify the constraint of various
refinement parameters in the GSAS analysis.
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Experiment report:
Kaolinite, Al2SiO5(OH)4, is one of the most common and important clay minerals on

the surface of the earth. The mineral has a layer structure in which the hydroxyl groups of
one layer interact with the oxygen surface of the adjacent layer. Many of the properties of the
mineral depend on the nature of the interlayer bonding, and there are several aspects of the
interlayer bonding in kaolin minerals that are poorly understood. A naturally hydrated
species of kaolinite, known as halloysite, exists in which water molecules occupy interlayer
sites and result in an expanded c unit repeat. Unfortunately, this material is without fail very
poorly crystalline, with poor layer stacking order so that no three-dimensional structural
information is available for this phase. Recently, Costanzo et al. (1982; 1984) successfully
synthesized a material resembling halloysite using a well-crystallized kaolinite as a starting
material. The synthesized product has several stable hydration states, just as does halloysite.
However, the synthetic material differs from halloysite in one crucial and unusual aspect; the
8.4A complex exhibits very good three-dimensional order, yielding a diffraction pattern
without appreciable two-dimensional diffraction effects and that is sufficiently resolved to
allow the application of the Rietveld method. We recently determined the structure of the
8.4A complex using X-ray powder diffraction data coupled with distance least-squares,
Rietveld, and difference-Fourier methods (Bish et al., 1992). We were able to locate the
position of the interlayer water(?) molecule but were unable to determine the orientation of
the water molecule or if any of the inner-surface hydroxyl groups were replaced by the
fluorine used in the synthesis process.

Our powder neutron diffraction experiment was designed to determine the orientation of
the interlayer water molecules and the possibility of substitution of F for OH. In addition, we •:
intended to investigate the hydrogen bonding scheme from the interlayer water molecule to
the kaolinite interlayer surface oxygens. This was the first ever attempt at refining the '
structure of a clay mineral with a hydrous interlayer component. Unfortunately, limited ,v
beam time and the large portion of H in this material resulted in data with a very poor peak to
background ratio (Fig. 2). Data were obtained at room temperature using a small silica glass
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Experiment report (continued):

capillary (<1 day collection time). To date, we have been unsuccessful in attempts to extract
information from the very.poor powder pattern. Refinements including the final positions
from the X-ray refinement and modeled positions of most of the H atoms in the structure also
were unsuccessful. In summary, our failure to perform a successful refinement is probably
related to two factors: 1) poor quality data; and 2) a large amount of H is unaccounted for in
the model structure, probably resulting in many incorrect phases.
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Figure 1. Time-of-flight neutron diffraction pattern of kaolinite-hydrate
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Experiment report:

The purpose of this proposal was to study the effect of applied pressure on an f-electron system in
which hybridisation with conduction electrons is important. Ideally, we wanted to study UNiSn,
in which the Neel temperature is raised by 10K on the application of 20kbar of hydrostatic
pressure[l], in order to determine the effect on the moment. This turned out to be impossible from
a bureaucratic point of view, so we decided to study CeRh2Si2[2] instead. In this case, the Neel
temperature is depressed significantly on the application of pressure.

1.5g of powdered sample was loaded into teflon cup, along with sodium chloride powder pressure
calibrant and fluorinert pressure medium. This was in turn loaded into a Be-Cu clamp-type
pressure cell, which was mounted on HEPD. The resultant signal, in one of the 90° banks is
shown in Figure l(a). For the sake of comparison, Figure l(b) shows the sams sample in a simple
vanadium tube - the peaks in this pattern can all be indexed as from the published structures of
CeRb.2Si2[3] and NaCl. Clearly, the results in Fig. l(a) are dominated by other scattering - the
reflections around 2.0A are from the copper of the Be-Cu cell. At this point, we have not
identified the origin of the reflection at 4.9A. Clearly, before we attempt similar experiments
again, we need to work on shielding the cell properly and on defining the incident and final
collimations in an accurate and reproduceable way.

Figure. Scattering into the +90° bank of HIPD (a) from CeRh2Si2 and NaCl in a Be-Cu pressure
cell and (b) from CeRh2Si2 and NaCl in a vanadium can. Both measurements were at
room temperature.
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Experiment report (continued):

CERH2SI2 + NACL IN BECU CELL, RT. AMBIENT PRESSURE
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Experiment report (continuted):
Report on: "A New Approach to Neutron Texture Measurements:
profile Analysis and Combination with Structure Refinements"

In Fall 1991 a new concept of texture analysis by continuous profile analysis was
proposed, analogous to the crystallographic Rietveld method. It had enthusiastic
response. In January 1992 a detailed program was established with support from LANL
for local system development (Von Dreele, HIPD and GSAS) and from UCB-NSF for
development of new texture codes to be incorporated into GSAS. Professor S. Matthies
visited Berkeley for 6 months to work on the project. Also we were awarded beam time
on the HIPD.

The specific plan was:
1) Prepare a synthetic texture for tests with GSAS.
2) Use already measured ILL data to test newly developed software.
3) Measure a standard sample with the HIPD and analyze results.

The Berkeley team completed its software development and interacted with the
LANSCE team during 3 visits. The results are the following:
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Experiment report (continued):

1) It was so far not possible to generate synthetic texture data with GSAS nor could
texture information be extracted. Part of the problem were computer failures which
coincided with our Los Alamos visits and the difficulteis in modifying the complex
GSAS package.

2) LANSCE was so far unable to read the ILL data tape which was provided in March
1992. Requests to retuii; the tape to Berkeley for local processing have been so far
ignored.

3) Three attempts (in July, August, and September) to measure a calcite standard
sample according to a detailed measuring protocol prepared at Berkeley failed because of
stepper motor problems.

We are still excited about this project and pursuing its implementation. While
waiting for positive developments at LANSCE we are collaborating with Italian
colleagues in Trento in implementing texture analysis into Rietveld codes and the calcite
standard sample is presently being measured with TOF methods at Dubna. Results will
be reported at the ICOTOM 93 meeting.
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Experiment report:

We are currently in pursuit of establishing, at LANSCE, the ability for
determining radial distribution functions of amorphous structures. In
particular, we are interested in studying the structural properties of liquid
metals at high temperatures. The problem is to eliminate the complcations
which develop from container contamination[l].

The HIPD has primarily been used to study crystalline structure, but
the availability of an expansive momentum transfer range makes this
spectrometer well suited for amorphous studies as well.

Gallium is a liquid just above room temperature and thus
experimentally a simplified candidate for beginning our journey. We know
of only one earlier neutron diffraction study on liquid gallium where the
data are limited to 10 A"1 [2]. Preliminary reduction of the raw data into
S(Q) are shown below for scattering banks situated at 14°,40°, and 90°.
The data where taken at T=310K, Note, the spectra have not been
corrected for inelastic, multiple scattering or absorbtion effects. Further
analysis will involve making these corrections and transforming S(Q) into
RDF's and fitting a model for the inter atomic potentials.



Experiment report (continued):
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Experiment report:
Ba2Cu3Og.x is a highly oxidized phase in the barium-copper oxide binary system. This

phase has been reported in the literature (1) although determination of its apparently modulated

structure has not been accomplished. Recently, it was shown that this is an extremely important

phase in the Y-Ba-Cu-0 system. (2, 3) Its presence dictates the low temperature stability of the

high transition temperature superconducting compounds this system.

We used a novel low-temperature synthesis technique utilizing the decomposition of

ultrasonically prepared free-dried nitrate precursors to prepare bulk quantities of pure Ba2Cu3Og

for x-ray and neutron powder diffraction studies. By utilizing this method, we also confirmed

that this copper-rich barium cuprate close to the 2:3 ratio was a unique phase; several researchers

have expressed doubts about its existence (4, 5). However, complete structure determination has

been difficult.

^a2^-u3<->6-x m u s t te prepared at low temperatures when synthesis is carried out at 1

atmosphere oxygen partial pressure. Poor crystallinity and preferred orientation is common in

low temperature solid-state synthesis. Structure determination is further complicated because of

the peak broadening attributable to the sub micron particle sizes that are characteristic to the
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Experiment report (continued):

ultrasonic process. (2) We feel that longer integration time would have been helpful in order to

improve data especially in light of the significant beam down-time during this experiment.

Our current model for the Ba2Cu3O^.x structure is based on a NaCuC>2-type structure.

(6) Previous studies using electron and x-ray diffraction (1) suggest that it is closely related to

that of the trivalent cuprate, NaCuC^. This structure, in which infinite one-dimensional chains of

edge-squared cuprate groups are linked by the larger electropositive cations, is adopted by

several highly oxidized cuprates. For example, closely related ACuC>2 phases can be stabilized at

low temperatures for A=K (7), Cs (8), Rb (9). The same arrangement of cuprate chains is also

found in the low-temperature form of calcium cuprate, Caj.xCuO2 (x=0.8-0.85) (6) and in

several ternary calcium-rare earth compounds, e.g. (Ca2_xRE2+x)Cu5O|0 (RE = Y, Gd, Nd)

(10) The reduced occupancy of the larger inter-chain cation sites in these cation deficient

compounds is accommodated by a modulation of the positions of the larger cations. It is these

modulations, which can be commensurate or incommensurate, that have complicated the

refinements of these compounds. The published models for Ba2Cu3Og, or Ban 57CUO2, indicate

that this may be another example of a stable modulated NaCuC^-type structure. However, our

theoretical neutron and x-ray diffraction patterns suggest that there are problems with the current

model.
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Barium doped La2CuO4 undergoes a number of structural phase transitions as a function of temperature
and doping, as well as exhibiting a superconducting transition. At high temperatures it is in the
tetragonal K2NiO4 structure, often known as the high temperature tetragonal (HTT) structure. On
cooling it transforms into a closely related structure which is in the orthorhombic space group Abma.
This structure is often referred to as the low temperature orthorhombic structure (LTO). Finally, for
compositions very close to x=0.125, where x denotes the barium level in the structure, the material
undergoes a further transformation into another closely related phase, the low temperature tetragonal
(LTT) phase. The properties of the material vary significantly between these phases, though the
modification to the crystal structure are very small. Bulk superconductivity with high Tc's has been
observed in the orthorhombic phase over the doping range approximately given by 0. l<x<0.2. On the
other hand, the existence of superconductivity in the two tetragonal phases is less clear cut. In both
cases, Tc's drop to low values and the superconducting fraction becomes very small. The effect is most
marked in the LTT phase which exists at low temperature at a barium doping level which is close to the
optimum doping level for the orthorhombic phase. It is clearly important to understand in what way
such small modifications to the structure have such a large effect on the properties.

Powder diffraction data from x=0.15 and x=0.125 composition samples, collected on HIPD, has been
analysed using a joint pair distribution function (PDF) and Rietveld refinement procedure. The analysis
is still going on, however, a number of things are clear from the initial analysis. The most striking thing
is that the PDF of the sample barely changes with temperature, and there is virtually no signature in the
PDF of the long range structural transitions that are evident in the Rietveld refinements. The PDFs from
the x=0.125 sample are shown in the figure. According to the phase diagram for this material, the HTT
to LTO transition should occur at around 200K and the LTO to LTT transition at around 70K. No large
scale changes in the local structure are evident at either of these temperatures. In particular, it is clear that
in the h T T phase the planes are not crystallographically flat, as is implied by the crystal structure, but are
buckled in a manner that is very similar to the low temperature phases. They are always buckled;
however, the existence of the long-range phase transition implies that the long range ordering of tilts of
the octahedra changes with temperature. The analysis is continuing to extract more specific details of the
local structure.
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Experimeat report (continued):
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Experiment report:
Interpretation, using GSAS software, of the experimental data collected on

the HIPD for proposal #5077 has been difficult but none-the-less, valuable results

have been obtained.

For the K-phase samples in the systems Zr-Ta-S and Zr-Nb-S it can be

concluded that the 6g octahedral sulfur sites are populated with mixtures of

sulfur, oxygen, and vacancies.

X-ray powder and single crystal refinements gave metal site occupancies in

the Zr-Ta-S systems. Additionally, the 6g site was refined as partially occupied

by sulfur. Sulfur scattering factors > oxygen scattering factors for X-rays.

Refinement of the metal occupancies using neutron data gave results

comparable to those obtained with X-ray data, however it was felt that Zr/Ta

ratios obtained from X-ray single crystal experiments were more accurate. The

metal occupancies were fixed accordingly. The 6g site was refined as partially

occupied by oxygen. Oxygen scattering lengths > sulfur scattering lengths for

neutrons. Three equations in three unkowns yield the occupancy of the 6g site.

The 6g site occupancy for the Zr-Nb-S kappa phase was similarly obtained.

In the Hf10Ta3S3 system, the goal was to obtain metal site occupancies for the

novel "stuffed" gamma brass structure. Occupancies less than zero or greater than

one were not allowed. Once a suitable model was obtained, we were able to refine

both Ulao's and fractional populations. The resulting Hf/Ta occupancy ratios

follow the same trends which we have obtained previously in X-ray single crystal

data interpretations using bond orders, distances, and other ideal,1'however the

overall stoichiometry resulting from the neutron experiment is far too Ta rich.

In the Hf10TaNb2S3 system, there are two interesting phases, the "stuffed"

gamma brass phase and a kappa phase. This system is complicated in that all three
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Experiment report (continued):

metals can possibly be found on any one metal site. Presently, the results are

not complete, but it is felt that the S/O/vacancy population of the 6g site in the

kappa phase will be found as above and that the metal occupancies can also be

refined using a combination of neutron and X-ray data and making use of the

following facts. Ta and Nb have nearly identical neutron scattering lengths but

dramatically different X-ray scattering factors. The opposite holds true for Hf

ana Ta although the difference is not so dramatic. A summary of results f .Hows.
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K-Zr/Ta/S

K-Zr/Nb/S*

Hfl0TaNb2Sa*

Y-Hf10Ta3S3

wRp

4.77

6.77

5.71

5.38

Rp

3.23

3.94

4.14

3.81

phase wt. %

85

80

Y 69

94

(2)

(1)

(1) : K 31

(1)

S

S

s

6g

6 5 :

4 0 :

7 2 :

- -

occupancies %

0 18:

0 35:

0 7:

- -

vac 17

vac 26

vac 21

* preliminary

Hf1 0Ta3S3

Hf1 0TaNb2S3*

results

Ml

Ta

Ta

x,x.

100

Gamma Brass

X M2 x,

Ta63(6)

Nb

Site

x,x

:Hf37

Occupancies

M3 x ,0

Hf65(5):

Hf

% (Neutron

, 0

Ta3 5

M4

Hf63

Hf

Data)
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The difficulties encountered in this experiment include the following: 1)

The differences in scattering lengths for the metals is not large. 2) It was

impossible to synthesize perfectly homogeneous samples of the required volume

using our synthetic techniques. 3) The presence of minor phases (< 5 wt%) made

a total Rietveld refinement of all phases impossible. 4) Sample preparation for

X-ray diffraction experiments involved fine grinding of the sample which caused

oxidation and/or decomposition of the sample relative to the same samples which

were coarser ground for the neutron experiments. 5) Sulfur sites for which X-ray

single crystal refinements indicate only 100% sulfur occupancy tend to refine as

non-positive definite and/or > 100% occupied for both neutron and X-ray powder

refinements. These parameters must be fixed at reasonable values.
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Experiment report:
Interest in solid C60 has intensified since it was discovered that it can be doped and becomes
superconducting with high Tc's [1]. As with any new material, one of the most important things to
determine is the crystal structure. The gross features of this were quickly established. In the undoped
state C60 molecules pack, rather like hard spheres, into a close packed FCC structure [2], The
superconducting compounds with composition A3C6O. (A=alkaline earth) have the same packing [3].
However, the neutron scattering pattern contains a large amount of diffuse scattering which is not
analysed in a conventional Rietveld refinement The origin of this diffuse scattering is orientational
disorder of the balls which, unlike hard spheres, are not completely isotropic. One attractive way of
analysing scattering which has a large diffuse component is to obtain the atomic pair distribution
function (PDF), by fouriei transforming the normalised sample scattering function. In this experiment
we have carried out this kind of analysis on data from a superconducting sample of Rb3C60. The
analysis is still in progress.

Figure 1 shows the PDF obtained from data taken at 10K The sharp peaks in the data at low-r originate
from intra-ball atom pair conelations which are well defined in space. Beyond approxiamtely 0.4 nm a
contribution appears from atom-atom pairs in which the atoms originate on neighbouring balls. This
contribtution to the total PDF increases as r increases. Above 0.7 nm intensity in the function comes
entirely from inter-ball correlations. Because of the orientational disorder of the balls, these peaks are
somewhat broad and ill defined in the PDF. The same function obtained from pure C60 at low
temperature has much more structure in the function G(r) indicating a larger degree of orientational order
in the undoped material [3]. A detailed analysis is in progress to extract information about the nature of
the orientational order.
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Experiment report (continued):
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Figure 1. PDF of Rb3C60 from data taken at 10K. The function plotted is G(r).

Rcftraacts:
[1] A.F. Hebard et. al. Nature 350 600 (1991).
[2] P. W. Stephens eL al. Nature 351632 (1991).
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Experiment report:

Titanium disulfide, a lamellar chemical compound that has empty spaces between its slabs,
has been utilized as the cathode material for high-energy-density lithium batteries. Polar molecules
and metals are intercalated between the slabs of titanium disulfide in these application. The
intercalation is accompanied by oxidation of the metal and polar molecules, both as guests between
the host slabs. The design of batteries requires detailed understanding about how the various
chemical species in them interact on the atomic scale. The rate of charging or recharging for the
battery can be limited by how fast the cations can be transported through the electrolyte and the
electrodes. The number of charging cycles that a battery can withstand is strongly dependent on the
strength of interactions between the cathode material and the guest species that are incorporated.
Over wide concentration ranges lithium and the alkaline earth cations form complexes with
ammonia within titanium disulfide, with fixed ratios of ammonia-to-cation. The formation of these
complexes will effect the transport rate of the cations as well as their interactions with the host

The vibrational motions associated with alkaline earth-ammonia complexes intercalated into
titanium disulfide have been intensively studied by our group in the last five years. Many
experiments were performed using the FDS. Structural data is needed, for normal coordinate
analysis, to rigorously assign the many peaks in the inelastic spectra to specific vibrational modes of
the complex. The neutron powder diffraction pattern of a calcium-ammonia intercalate with the
composition (ND3)o.o4[Ca2+o.i02(ND3)o.29](ND4+)o.o4TiS20-24- was obtained using the HIPD, at
300 °K, during the 1992 run cycle. This compound was studied with the NPD during the 1990 run
cycle, at 300 °K and 15 °K. Though the NPD possess high resolution, it is limited by not having
low angle detector banks, which would allow the observation of d-spacings greater than four
angstroms. As a result, none of the 00L lines were observed.

Refinement of the compound's crystal structure using combined x-ray and neutron data sets,
with the aid of GSAS is currently underway. The neutron data indicate that the compound does not
adopt a three-layered rhombohedral structure as suggested by the x-ray data. The unit cell of the
compound is more likely a primitive type with trigonal symmetry, with lattice parameters measuring:
a = 3.421 A and c = 26.17 A. The guest reside between the host slabs as monolayers, suggesting that
the calcium-ammonia complexes in the compound is nearly planar. From the HIPD data, we can
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Experiment report (continued):

rule out the basal plane superlattice hypothesis mentioned in the previous experimental report.
XAFS experiments at Stanford will begin in May 1993, to probe the local environment of

the calcium cation in the complex, to supplement the neutron and x-ray data.

References:
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Experiment report:
Crystal and Magnetic Structures of LiMnniXO4(OD) (X=P, As), and MnmAsO4

In the three days of beam time (four to six of September 1992), in the neutron powder
diffractometer HIPD, we could obtained the diffraction data of three samples: LiMnAsO^OD),
LiMnPC>4(OD), and MnAsO^ These data were collected at room temperature and below the
magnetic ordering temperature. The room temperature powder neutron diffraction data were used to
refine the crystal structure (partially known from previous laboratory X-ray powder data) and to
locate the deuterium/hydrogen position in the hydroxo compounds. The low temperature data has
been used to refine the crystal structure and to resolve the magnetic structure. The ability to fit the
low detector angle data (40°), needed to access the high d-spacing magnetic peaks, and the better
resolved profiles from the 90° and 150° detectors simultaneously, has given a precise refinement of
both nuclear and magnetic structures. The data processing has been carried out by using the GS AS
program.

LiMnAsO4(OD)
a) The Rietveld refinement of the room temperature powder neutron data reveals that the

framework of this compound determined using X-ray laboratory powder diffraction data was
correct. The more outstanding results of this refinement were the confirmation of the lithium position
into the channels and the determination of the deuterium/hydrogen position via a difference of
Fourier map. The refined D/H ratio was 59.9(3)% of D. The D/H are also located into the channels,
and the geometry of the non-linear hydrogen bond has been obtained: 0(3) - D/H 0.976(5) A, O(2a)
- D/H 1.827(6) A, and O(2a) ••• D/H ••• 0(3) 164.0(5) °.

b) From the 10 K powder neutron diffraction data, the magnetic structure of this compound has
been resolved. Magnetics peaks were cleared observed, and could be indexed in the initial C-
centered triclinic unit cell. The two crystallographic independent manganese atoms lie in a special
position and the better refinement was achieved for the following configuration of Mn spins: Mn(a)
(1/4,1/4,0) +; Mn(a) (3/4,3/4,0) -; Mn(b) (3/4,1/4,1/2) +; Mn(b) (1/4,3/4,1/2) -. For the Mn at
(1/4,1/4,0) the refined components of the magnetic moments were Mx = 0.82(4), My = 3.28(5) and
Mz = 0.79(6) HB- Resulting in a total magnetic moment of 3.47(5) | IB- The magnetic structure
consists of infinite chains -Mn(a)-O(3)-Mn(b)- coupled ferromagnetically, being these chains
coupled antiferromagnetically. The Rietveld plot of the high d-spacing data is shown in Figure la.
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Experiment report (continued):

LiMnPO4(OD)
a) The lithium position has also been confirmed, and the deuterium/hydrogen position located

via a difference of Fourier map. The refined D/H ratio has been 44.2(2)% of D. The geometry of the
non-linear hydrogen bond is: O(3) - D/H 1.06(1) A, O(lb) - D/H 1.67(1) A, and O(lb) ••• D/H •••
0(3) 166(1) °.

b) Magnetics peaks were cleared observed in the 10 K powder neutron diffraction data. These
peaks could be indexed in the original C-centered triclinic unit cell. The two crystallographic
independent manganese atoms lie in a special position and the better refinement was achieved for the
following configuration of Mn spins: Mn(a) (0,0,0) +; Mn(a) (1/2,1/2,0) -; Mn(b) (0,0,1/2) +;
Mn(b) (1/2,1/2,1/2) -. For the Mn at (0,0,0) the refined components of the magnetic moments were
Mx = 0.64(3), My = 3.38(6) and Mz = -0.44(5) |Ap. Resulting in a total magnetic moment of
3.46(5) HB- The magnetic structure consists of infinite chains -Mn(a)-O(3)-Mn(b)- coupled
fen-omagnetically, being these chains coupled antiferromagnetically. The Rietveld plot of the high d-
spacing data is shown in Figure lb.

MnAsO 4

The low temperature pattern (10 K) presents magnetics peaks. These peaks can be indexed in
the doubled monoclinic unit cell. The data analysis is still in progress.

Figure 1. Final observed (points), calculated (full line) and difference time-of-flight neutron
diffraction patterns at 10 K from -40 ° detector for LiMnAsO4(OD) (a), and for LiMnPO4(OD) (b).
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Experiment report:

Boron and some boron-rich compounds form a structurally unique class of materials.
In all cases the common structural unit is an icosahedron in which each boron atom is five-
fold co-ordinated. Boron has only three electrons available for bonding and so, with five
nearest neighbours, it is not possible to form conventional covalent bonds. Instead bond-
ing is thought to be achieved by an accumulation of charge at the centre of a triangle
formed by three adjacent atoms leading to the formation of so-called three-centre electron-
deficient bonds.

Boron is rare amongst the common elements in that very little high-pressure work on it
has been reported. In particular, the only static measurement of the bulk modulus until re-
cently was that of Bridgman in 1930 [1].

We have performed high-pressure neutron diffraction studies [2] on (3-boron ( a rhom-
bohedral phase with 105 atoms/unit cell) which determined the value of the average bulk
modulus (B) in the range 0-9 GPa to be 185(7) GPa. Though this value is large, it is signifi-
cantly smaller than in other comparably hard materials such as diamond and cubic boron
nitride, in accord with the notion of relatively weak bonding.

Because of the complexity of the p-boron structure and its stiffness, it was not possible
to determine the value of the pressure derivative of the bulk modulus, B'. The value of B'
is considered to be indicative of the bonding type and our studies of other icosahedral
boron-rich materials suggest that B' is smaller than found in normal covalent materials.
Hence it was decided to repeat the measurements to obtain a more precise equation-of-
state.

The experiments were carried out at LANSCE using a pressure cell of our own design
(the Paris-Edinburgh cell), on HIPD. Samples of 11B-enriched p-boron were loaded into
the cell along with NaCI as a pressure calibrant and a pressure transmitting medium (fluo-
rinert). Spectra were collected from two loadings of the cell at pressures of up to 6 GPa for
the first loading and 11 GPa for the second. Counting times varied between 12 hours at
low pressures and 24 hours at the highest pressure.
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Experiment report (continued):

The spectra were analysed by Rietveld profile analysis using GSAS. The values of the
unit-cell volumes, corrected for the deformation of the pressure cell under load, are shown
as a function of pressure in Figure 1, along with a best-fit Murnaghan equation-of-state
which gave values for the bulk modulus and its derivative of Bo= 192(15) GPa and B'=0(4).
These values are in good agreement with our earlier work for Bo and provide the first de-
termination of B' for any boron-rich material. The result obtained for B' suggests that it is
probably less than the 'normal1 value of 4 for covalent bonding. Further work to > 15 GPa
is now planned to improve the precision.

830-

82CH

"c

780-

770-

/?-Boron

A Previous data
• LANSCE data

Murnaghan fit to data

i

10

Pressure (GPa)
Figure 1: The pressure dependence of the unit-cell volume of p-boron. The val-
ues shown as open triangles represent previous work while those shown as
solid triangles represent values obtained from data collected at L^NSCE. The
solid line represents the best-fit Murnaghan equation-of-state.
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Experiment report:
During 1992 we repeated our determination of the Debye-Waller factors of a-plutonium.

The previous experiment[l] had suffered somewhat from lack of usable beam and consequent
poor temperature control. The present experiment was a complete technical success, and we
obtained data at nine temperature between 15 and 31 OK.

In view of previous findings that the "offset" term arising in the analysis of Debye-Waller
data depends on the number of background terms and that the Debye temperature (theta) shows
and interesting temperature dependence, we decided to make a thorough analysis of the. effect of
the background function on the data analysis. The figure shows a plot of <u2> versus temperature
for each of three different background functions (solid symbols). Two of the curves are for the
GSAS standard background functions, the Chebychev (dashed line) and the Fourier (dotted line).
The discrepancy between the results obtained with the use of these functions is quite
unsatisfactory. However, its source was easy to discover and is shown in the upper part of the
figure (open symbols): the background terms are themselves highly temperature dependent, and
this dependence affects the refined thermal factors.

The cure for this problem is a background function that correctly models the physics of the
background scattering. We are now using a power series in the magnitude of the Q-vector:

BG - Bj + B2 Q2/2! + 83 Q4 /4! + b4 Q
6/6! + ...

This is the correct asymptotic expansion of the thermal diffuse background scattering:

B(t) * (do/dn ) i n c + (do/da ) c o n [ 1 - exp (-2 B sin2e / X* ) ]

as given in Windsor's monograph[2J. (The "B" on the right-hand side of this equation is the thermal
factor.) This background should be only slightly temperature dependent through the contributions
of the sample and its encapsulation.

The temperature dependencies of this background function and of the resulting thermal
factors are also shown in the figure (solid lines). As expected, the background is temperature
independent. For clarity, we have shown only the first, constant, background term, b|. The
temperature behavior of the higher terms is similar for subsequent terms.

It seems to be dangerous to use the older, somewhat arbitrary, background functions in
GSAS for the analysis of temperature dependence of Debye-Waller factors. When we use the Q2

function, we get as reasonable (but different) value for the Debye temperature with only a slight
(but still interesting) temperature dependence.
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Experiment report (continued):
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Neutron Poivder Diffmctometer (NPD)

The sample position for the Neutron Powder
Diffractometer (NPD) is 32 m from the source.
Standard collimation in the beam line produces a
5.0 x 1.0 cm beam at the sample position. Placed
at five points along the beam, variable apertures
permit adjustment of both the beam size on the
sample and the viewed region of the moderator.
The large evacuated sample can (74 cm inside
diameter) has sufficient clearance to handle any
special environment device necessary. Detectors
are placed symmetrically at several angles to cover
short d-spacings (0.25 to 3.9 A) at a resolution
(Ad/d=0.15%) to much longer d-spacings (~34 A)
at lower resolution (Ad/d=0.5-1.5%). Both sides
of the instrument have identical resolution because
the incident beam is normal to the moderator.
The resolution of the instrument can be adjusted
by changing the collimation and the detector-
position resolution.

90°

148°
Bsam dump

Beam
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Instrument Details

Detector banks: ± 20° (future)
± 45° (future)
±90°
±148°

d-spacing range for 12- Hz operation (approximate):
±20° 1.2 - 33.6 A
±45° 0.65 -12.7 A
±90° 0.35 - 7.8 A
±148° 0.25 - 5.2 A

Resolution (determined by collimation):
±20° 0.91 - 1.5%
±45° 0.37 - 0.62%
± 90° 0.25%
±148° 0.15%

Moderator Chilled water at 10° C
Sample environment 10 - 300 K, closed cycle refrigerator;

room-temperature-access iiquid-He dewar,
1.2-300 K;
vacuum furnace, limit 700° C
Manipulation and Collimation System

Maximum beam size at sample:
5 cm (height) x 1 cm diameter

Experiment duration 8 - 48 hours

Joyce Goldstone, instrument scientist
John Thomas, instrument technician
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Experiment report:

Lithium nickel oxide has found application in molten carbonate fuel cell, electrochemical

cells and methane oxidative-coupling catalysis. The solid solution LiiNii-jjO exists over

the complete solid-solution range 0 < x < 0.5. All compositions have structures derived

from cubic rock salt, but a rhombohedral distortion, indicative of Li+ ordering on alternate

<111> planes, occurs for x > O.3.1

Despite the many previous studies on this system, detailed information concerning the

Li/Ni and Ni2+ /Ni3+ cation distributions within the rhombohedral layers is lacking. There-

fore, the structures of three samples of LizNii_s,.O (x = 0.3, 0.32, 0.48) were examined

using the Neutron Powder Diffractomet»;r (NPD) at LANSCE.

Excellent quality data were accumulated in a few hours of ~70^A beam time, for each

sample. The rhombohedral distortion mode was confirmed, and Rietveld profile analysis

was carried out using the program GSAS.2 Excellent agreement (e.g., Figures 1 & 2) was
attained for each sample. We are now carrying out detailed analysis of the cation distribu-

tions within the layers and relating these distributions to the catalytic and other properties

of these materials.



Experiment report (continued):
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Experiment report:

The intermetallic compound UPdSn has been studied by means of high-resolution
neutron powder diffraction at low temperature and both orthorhombic and monoclinic
structural distortions have been observed. The 110 hexagonal reflection is most sensitive
to this effect and it is shown at various temperatures in Fig. 1. In addition to confirming
the previously published noncollinear antiferromagnetic structures with these
symmetries[l], full joint Rietveld refinements including the magnetic cross sections have
been made on the new data, together with older low-resolution data taken on HIPD. The
picture that emerges is of a monoclinic phase below 25K with space group P2i and
magnetic symmetry Pc2i, an orthorhombic phase between 25K and 40K with space
group Cmc2i and magnetic symmetry Pcmc2i, and a paramagnetic hexagonal phase
above 40K with space group Po^mc. The temperature variations of the orthorhombicity

(b/V3 - a) and monoclinicity (90-y) parameters have been extracted (see Fig. 2) and the
monoclinicity is linearly coupled to the x-component of the uranium magnetic moment,
the "magnetic monoclinicity" order parameter. In contrast, the orthorhombicity seems to
be coupled to the total uranium magnetic moment. It has also been possible to determine
the sign of the coupling between \ix and 90-y. It is positive, that is the projected
moments prefer to point across the shorter diagonal of the monoclinic basal plane, rather
than the longer diagonal. The resultant structure is shown schematically in Fig. 3

This work has been submitted for publication^].

56



Experiment report (continued):
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uie structures and cation ordering of three barium bismuth oxide phases, Ba2+xBi2-xO6-y [x

= 0.22,0.28, 0.4], have been determined at ambient temperature from time-of-flight neutron powder

diffraction data collected on NPD. The end member of this series Ba2Bi(III)Bi(V)O6, has a

monoclinic distortion of the simple cubic perovskite structure with an ordered arrangement of the

Bi3+ and Bi 5 + cations on the B sites. The monoclinic structure at x = 0 changes first to a

rhombohedral structure and then to cubic as some bismuth atoms are replaced by barium atoms. The

change in symmetry is shown in Figure 1 for the pseudocubic 440 reflection which splits into 202

and 422 in the primitive rhombohedral cell. At x = 0.22 the splitting is clearly visible but at x = 0.28

is apparent only in line broadening. The rhombohedral cell constants refine to a = 6.1573A , a =

60.247° for x = 0.22 and a = 6.1717A, a = 60.136° for x = 0.28. No departure from cubic

symmetry is observed for the x = 0.40 composition. The data for the rhombohedral phases were

refined using the GSAS programs [1] in space group R3* and the cubic phase in Fm3m with a model

based on 1:1 ordering of the B site cations, A2BB'O6 [2]. The results show that when the additional

barium atoms are introduced into the structure, substitution of Ba for Bi(III) occurs to give phases

with the general composition Ba2[(Bii_xBax)Bi]O6. The replacement of Bi(III) by Ba2+ on one of

the B sites , however, introduces considerable disorder into the structure which is reflected in large

apparent thermal parameters for all of the atoms but especially the oxygen atoms. The disorder limits

the degree of detailed bond distance information which can be obtained. The quality of the fits to the

data also decrease somewhat as the barium content increases. The data for the x = 0.22 phase is

shown in Figure 2. In addition to the Ba/Bi phases, the structure of Ba4Sb3NaOi2 has also been

refined in space group Im3m with a = 8.273(4)A [3].
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Figure 1. Neutron diffraction data for the cubic (440) of Ba2+xBi2-xO6-y at x = 0.22,0.28,0.40.
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Figure 2. Time-of-flight neutron diffraction data for Ba2[Ba0.22BiQ.78]BiO6
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Experiment report:

The spinel-type phase zinc vanadium oxide, ZnV2O4 is Mott-Hubbard insulator, having a

partially-filled d-band which shows a metal-insulator transition and Curie-Weiss magnetic

behavior.1 However, the detailed low-temperature crystal structure and magnetic-ordering

pattern are not known. Low-temperature (15 K) neutron diffraction data for ZnV2C>4 were

collected over a 6-hour period (typical beam current = 70/iA), using the Neutron Pow-

der Diffraxtometer (NPD) at LANSCE. Data analysis was carried out using the program

GSAS.2

All the observed diffraction peaks could be indexed on a body-centered tetragonal unit

cell, with a = 5.95026 (6) A and c = 8.36971 (10) A. The refinement (Figure 1) progressed

very smoothly in space group I4i/amd (No. 141), which is a "well-behaved" symmetry-

lowering transition from the room-temperature Fd3m structure. Other distorted spinels

such as ZnMn2C>4 and NiRh2O4 show similar behavior.

The most significant structural change involves the environment of the vanadium atom

lowering from 3m (cubic) to . 2/m. (tetragonal) site-symmetry, and slight shortening of

two of the six V-0 bonds. There was no evidence for any coherent magnetic neutron

diffraction peaks, perhaps because the neutron flux is weak at the long d-spacings where

such peaks might be observed. However, the low-temperature tetragonal symmetry has

been quite unambiguously established.
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Experiment report (continued):

ZnV2O4 141/amd tetragonal model
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Figure 1: Rietveld profiles for ZnV2O4 (+148° detector bank).
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Experiment report:

Alloys containing two insoluble ductile phases can be heavily cold worked by rolling or swaging
resulting in in-situ composites, termed HDISC for heavily deformed in-situ composites, with
microstructural morphologies similar to those found in conventional lamellar or fibrous
composites[l-4]. Mechanical property studies have revealed that these composites often exceed
that predicted on a "rule-of mixtures" basis which takes into account strengthening produced by
the cold working of the individual phases. In addition, the work-hardening rates of HDISC do
not decrease as processing strain increases. This behavior is drastically different from that of
single-phase alloys and alloys strengthened with non-deforming second phases or dispersoids.
Large-strain deformation of HDISC is accompanied by appreciable increases in the interphase
boundary area per unit volume and dislocation density[3]. A chief cause of this high defect
density is the inherent strain incompatibility between phases. In addition, due to the over a factor
of two difference in the thermal expansion coefficient between copper and niobium, these alloys
in an annealed and quenched condition contain residual stresses prior to deformation.
Understanding of the strength and hardening behavior of HDISC require a knowledge of the
residual stresses and strains within each phase as a function of loading rate and temperature.

The strain distribution in the Cu-Nb alloy as a function of pre-straining history was evaluated
using the NPD facility at the Manuel Lujan, Jr., Neutron Scattering Center (LANSCE) at Los
Alamos National Laboratory. Diffraction data were obtained with specimens( nominally 10mm
in dia. by 13mm in length)with the sample entirely within the beam. The compression axis of the
sample was oriented 45" relative to the beam allowing simultaneous measurement of the
transverse and longitudinal orientations for both the copper and niobium constituents using the
±90 degree banks. The specific purpose of this experiment was to determine: 1) the bulk residual
stresses in a Cu-15 vol.% Nb composite in the as-rolled and annealed conditions, and 2) the
relative strains in the copper and niobium phases as a function of deformation history. In
particular, the strain distribution was evaluated following quasi-static and high-strain rate
deformation at 298 K and 77K for the annealed material.

Comparison of the microstrains in the niobium and matrix-copper revealed three significant
observations. Firstly, consistent with the highly rolled condition of the starting plate material,
parallel to the stress axis the niobium is initially quite significantly in compression (microstrains
of 2000 to 3400) while the copper is slightly in tension (microstrains of 0 to 400). (Figures 1 and
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Experiment report (continued):

7) The sense of the initial strain values was seen to be relatively similar for the data reduction
using a range of plane reflections for the niobium and copper although some anisotropy is
apparent. Secondly, the magnitude of the residual strain values in the niobium was found to
increase with increasing severity of pre-straining, i e., either decreasing temperature during
quasi-static deformation or with increasing strain rate. High-strain-rate pre-straining at cryogenic
temperature displayed the highest residual strains. These findings are consistent with the known
deformation response of BCC metals. Due to the large lattice friction (Peierl's Stress) in
niobium, as in other BCC metals particularly refractory metals, increasing strain rate or
decreasing temperature will lead to a significantly higher flow stress in the niobium phase.
Accordingly, the increased flow stress in the niobium under the high-rate or low-temperature
deformation will lead to increased residual strains in the niobium phase. Micro-mechanical
modeling of this composite system will endeavor to combine composite constitutive response
with the residual strain data from this study to form a detailed composite description.
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Figure 1: Axial Strain in the Niobium
phase as a function of the sample
pre-straining conditions.
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Figure 2: Axial strain in the copper
phase as a function of the sample
pre-straining conditions.
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Experiment report:

We have made neutron diffraction
measurements of the residual elastic strains
neighboring a commercial-purity titanium/beryllium
interface. The interface was constructed by hot
isostatically bonding titanium and beryllium material
that was - 6 x 25 x 50mm. The resulting specimen
was - 12 x 25 x 50mm with the interface in the
middle. The specimen was oriented, for measure-
ment, such that the collimated neutron beam irrad-
iated the specimen parallel to the interfacial plane.
The detectors measuring the diffracted beam were at
90° to the interface and thus normal to the incident
beam. The configuration is shown in Fig. 1. This
experimental set-up allows simultaneous measurement
of the strains at ± 45° to the interface. We assumed
that there were no shear strains either in the plane of

INTERFACE

TOP VIEW

MEASURED STRAIN

+90*
DETECTOR

-90°

DETECTOR

If I-*-1 BORON NITRIDE

"^—3mm SLIT

INCIDENT BEAM
Figure 1 Schematic of the experimental configuration.

the interface or planes normal to it, for the purpose of analyzing the strain state. Additional, we
made the assumption that the principal strains on the interface, ex and E^ were equal and that
the third principal strain, normal to the interface, was negligibly small. The interface principal
strains, Ej and E^ are thus equal to twice the measured strain value at ± 45°, from a simple
Mohr's circle analysis.

A 3mm wide slit was used to collimate the incident beam and 8mm slits refined the data
received by the 90° detectors. By lateral translation of the specimen a finite volume of material,
on either side of the interface was studied at any given position. We first measured a reference
standard for the beryllium and titanium alone, well away from the interface. We expected the
residual strains, if any, to decay exponentially as we moved away from the interface. Thus, we
believe that we truly had a stress free reference. Seven specimen positions were examined with
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Experiment report (continued):

seven different volume ratios of titanium and beryl-
lium. These and the reference configurations are
shown in Fig. 2. One should note that the measured
lattice strains will be an average over the entire
sampled volume. We have thus, presented the aver-
aged results at a dimension equivalent to the mid-
point, from the interface, of the sampled volume.

Preliminary analysis of the experimental data
was done using a Rietveld refinement that fits all of
the lattice peaks simultaneously. Anisotropic elastic
constants and potential textures were not accounted
for by this method. The 45° strains that we show, in
Fig. 3, are volumetric and calculated from those in
and normal to the basal planes of the hexagonal
titanium and beryllium. Data from both the + and -
90° detectors are given. One can see that the only
indication of residual strains are in the beryllium
from the +90° detector at distances of 0.2S and
0.29mm from the interface. At distances of 0.5mm
or greater from the interface none of the measure-
ments, from either detector, indicated residual strain.
One should note that the minimum average distance,
from the interface, that we examined in the titanium
was 0.5mm. This is because the Ti is a very weak
diffracting element, compared to Be, and even at
0.5mm ( - 360mm3 of diffracting material) the count
times were long to obtain even a small signal.

Our data very near the interface, in the
beryllium, is not consistent between the ± 90° detec-
tors. Both detectors should have, at a minimum,
produced the same trends if not the same absolute
numbers. The disagreement could possibly be the
result of the Rietveld analysis. We will be conduct-
ing analysis of individual diffraction peaks to exam-
ine this disparity. The interface strains, and hence
relatively large depending on which detectors data is
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Figure 2 Volumes of material sampled in these experiments.
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Figure 3 The experimentally measured 45° volumetric strains
from both the 0° and 90° detectors.

residual stresses, will be either small or
correct.
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Experiment report:
We have been using the Neutron Powder Diffractometer (NPD) to determine the phase of

shock loaded D2O ice (for phase diagram of ice, see Figure 1). The High Pressure Sciences
Center at Lawrence Livermore National Laboratory (LLNL) has been devoting recent efforts to
introduce laboratory study of meteor impacts on icy bodies of the outer solar system by shock
loading ice specimens, and examining the possibility of achieving the amorphous state at low
temperature. Water ice is an abundant material in many satellites of the outer solar system. For
example, Callisto, Jupiter's moon, is 50% by weight water ice and has a highly cratered surface.
The irreversible transition from ice I to its non-crystalline forms has already been studied in the
laboratory at similar low temperatures and high pressures as in our experiments but by static
compression as indicated by solid arrows in Figure 1. The neutron diffraction results suggest that
shock loading is too dynamic a process to achieve the amorphous state.

The samples were 2.54 cm in diameter and 0.3 cm thick discs of polycrystalline D20 ice.
We deuterated the samples to avoid high incoherent scattering of hydrogen. The ices were shock
loaded in the two-stage light gas gun at LLNL. Dots in Figure 1 represent peak pressures of 6,12,
15,24, and 50 Kbars. Samples were mounted with the axis of the shock front perpendicular to the
incident beam. Neutron diffraction at the Manuel Lujan Jr., Neutron Scattering Center at LANL
enabled a collection of a complete powder pattern almost instantaneously and neutron penetration
through not only the 1/4" thick aluminium capsules but the entire bulk samples.

We were able to measure four out of the five ices. Corresponding diffraction patterns are
shown in Figure 2 and the relevant crystalline ice peaks are indicated. We found no evidence for
amorphization. The results were extremely surprising and not expected. Of course we have to
consider that the samples melted and refroze during shock. We have calculated the Hugoniots for
ice at 77K and they do not intersect the melting curve during the loading path. Theoretically, if
amorphization occurred, the phase should still be present.

We compare the rnicrostructures of the samples to the diffraction patterns which we did
not think would be possible without damaging the samples. We examine the actual ices for
original grain structure. We use mechanical imprints in the aluminium capsule faces to study shock
features. Each sample has vastly different microstructures (see D2O 5, the 50 Kbar shot in Figure
3), adding a new dimension to our neutron diffraction results.

Results of this work were presented at the Annual Fall Meeting of the American
Geophysical Union and were encouraged by the community for funher investigation [Bennett et
ai, 1992].
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Experiment report (continued):
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Fig. 1. H2O phase diagram [front Hemley et al., 1989].
Fig. 2. Neutron diffraction patterns measured at LANSCE. Shot specimens and corresponding peak pressures are
indicated at the top left comer of each pattern.
Fig. 3. Shot specimen microstructures. (a) Ice specimen surface, (b) Aluminium capsule, replicating ice specimen
surface at the front of the shock wave.
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Experiment report:
We have devoted the past two years measuring texture development in high-pressure, low-

temperature ice using the Neutron Powder Diffractometer (NPD) at LANSCE. The project is part of
an extensive study started 12 years ago by Lawrence Livermore National Laboratory (LLNL) to
characterize the rheology of ice for understanding natural deformations of ice on Earth and in the outer
solar system. Other groups such as the US Geological Survey and U Minnesota have joined the study
and the project is now producing most of the leading mechanical research for ice I, its polymorphs,
ana its clathrates [Durham et a/.,1992; Kirby et al., 1991]. It was an honor when we were
approached at UC Berkeley in 1990 by this research group as texture specialists and asked to be
responsible for the measurement of the texture in ice.

To measure the preferred orientation, we chose LANSCE as a neutron scattering facility
because it has the advantage of time-of-flight neutrons. Neutron diffraction is the best method for this
analysis. Neutrons provide bulk sample measurement (1.0" diameter, 1.0" long, cylindrical samples)
at cryogenic temperatures. Ice has commonly been studied by neutron diffraction but never for texture
measurement.

We spent a year designing the pilot experiment in 1991 and preparing deuteraied samples to
avoid the incoherent scattering of hydrogen. We measured one sample and a standard sample in
summer 1991. A diffraction pattern for sample 304 deformed in the intermediate flow regime from the
minus 90 degree detector bank is shown in Figure 1. Three sharp peaks appear between 3 and 4 A and
could be identified. In this first pilot experiment we were not aware that we would not be able to
combine the intensity data of the four detector banks. This was the reason for another year of the
experiment We redesigned the experiment to maximize measurement efficiency and to eliminate
volume and absorption corrections. Unfortunately this year ice peaks intensities between 3 and 4 A
were barely visible. Figure 2 shows a diffraction pattern of sample 321 which is the same starting
material as sample 304 in Figure 1 and deformed at identical pressure, temperature, and strain rate
conditions. Both figures are collected from the same orientation of the sample. Despite graciously
alloted beam time by LANSCE for this second year, much of the run time was spent deciphering why
ice I diffraction peak intensities were so low. Other samples had similar undefined peaks of much
lower intensities within the 3 to 4A d-spacing range, which is diffracted by the 90 degree detector
banks. Ultimately, the poor quality of the spectra in 1992 were attributed to malfunctioning of the
electronics. Moreover, because counting statistics were poor, we were unable to obtain polefigures of
sample 327.
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Experiment report (continued):
Figure 3 shows a diffraction pattern of sample 327 between 3 and 4 A collected at LANSCE

where poor counting statistics prevented polefigure collection. Two months later, die same unaltered,
uncut sample, was measured at National Institute of Standards (NIST) and quantitative polefigures
obtained from which orientation distribution functions could be calculated. The experimental and
recalculated polefigures compare very well as illustrated in Figure 4.

We are dissappointed that unreliable beam and instrumentation inhibited the potential
advantages of time-of-flight experiments at LANSCE for texture determination of ice.
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Fig. 1. Neutron d-spacing spectra of ice I, sample 304 collected at LANSCE in summer 1991. Three sharp peaks
are identified as (100), (002), and (101). Sample orientation is parallel to the incident beam.
Fig. 2. Neutron d-spacing spectra of ice I, sample 321 collected at LANSCE in summer 1992. Sample orientation
is parallel to the incident beam. Three characteristic ice peaks (100), (002), and (101) can be identified but are barely
visible.
Fig. 3. Neutron d-spacing spectra of ice I, sample 327, measured at LANSCE in summer 1992.
Fig 4 Pole figures of ice I. sample 327, measured by neutron diffraction at NIST in November 1992. (a)
Experimental potefigures, (100). (002), and (101) poles, (b) Recalculated polefigures, (100), (002), and (101) poles,
from orientation distribution functions. Densities are represented in multiples of a random distribution (m.r.d.)

Fig. 4.ICE 12» SCAN 15 10 - 6 * 0EC
BANK MO - ) !««> IMEIA . 90 HIJ fUB>EBVEO P « [ « J l l

$ :

Fig. 3.

wMt-wWUrt^W^W
I I I I. I I I I I

I n l l \ J 1 5 J 4 \ •, I S W 1 § 1
(i-SPAi IN>.. A

NlST
™- B 88 !C£l.

log. sule

References:

Durham, W. B., Kirby, S. H., Stem, L. A., Effects of dispersed particulates on the rheology of
water ice at planetary conditions, / . Geophys. Res., 97, 20,883-20,897, 1992.

Kirby, S. H., Durham, W. B., Beeman, M. L., Heard, H. C. and Daley, M. A., Inelastic
properties of ice Ih at low temperatrues and high pressures, / . Phys., 48, suppl., 227-232,1987.

69



Instrument used: (please type)

NPD

Local contact:

Robert Von Dreele

Title:
To determine the structure of Pr 0

Proposal number:
(for LANSCE use only)

5092
Report received:
(for LANSCE use only)

2/22/93

Authors and affiliations:

L. Eyring, Dept of Chemistry & Biochemistry
Arizona State University, Tempe, AZ

J. Zhang, same

R.B. Von Dreele LANSCE

Experiment report:

During 1992 we conducted a neutron diffraction experiment on Pr^C^O'
continuing structural investigation of the Rn02n_2 homologous series of
oxides (R = Ce,Pr,Rb). Although our previous room temperature studies on
the other intermediate phases were successful, a high temperature neutron
diffraction was required for P r i ^ o as it quickly decomposes to other
phases during quenching.

A ten-gram sample with the nominal composition of PrO^ o^g was sealed
into a thin-walled EPR tube under 61 Torr 0 2 at 25°C. Thefused silica
container thus prepared was placed in an evacuated furnace fitted into the
high-resolution instrument (NPD). Four time-of-flight spectra with the
detectors at 2q of 90° and 148° were accumulated for 48 hours after the
furnace had stabilized at 465°C.

Attempts were made to determine the structure of PrijOgn through
Rietveld analysis facilitated by GSAS. The background coefficients and
diffractometer parameters were refined by assuming a triclinic fluorite
cell. Even though the data were acquired at an elevated temperature and the
sample was sealed in a £used silica container, the superstructure lines were
clearly visible after the background subtraction. Further testing indicated
that these superstructure lines were unique, and could not be assigned
either to Pri2°22» or Pr10°18» or a mixture of these two neighboring phases
of Pr nO 2o-

Efforts were then made to verify the space group of Pr^C^o-
Unfortunately, since the reflections with small d-spacings were numerous and
severely overlapped, and those with larger d-spacings had very low
signal/noise ratio, the space group could not be determined. Based on the
observation that the cell of Prn020 only differs from those of its
neighbors in the b axis, it was assumed that the space group for PrnO2o w a s

P2^/c, the same as those for Prio°18
 an<* ^r12^22' ^ e statistics indicated

that the superstructure reflections could be better accounted for by the
monoclinic cell for Pr-nO2o (a = 6.7A, b = 42.5A, c - 15.5A, 0 = 125.2°,
V = 3606A3.

70



Experiment report (continued):

Several models for Pr^C^o *n P^i/c w e r e developed based on the
assumption that the structure of PrnO2o might be an intergrowth of
and Pri2022* With a different vacancy arrangement, each of these models
contained 22 unique Pr atoms and 40 unique 0 atoms, in order to avoid
pseudo-symmetries, atoms in the vicinity of vacancies were distorted from
the ideal fluorite positions according to the patterns previously observed
for the related intermediate phases. However, the refinement of the atomic
positions led to unreasonable short inter-atomic distances, regardless of
the differences in the initial models.

Although the structural analysis is incomplete on Pr^C^o at this point,
it is believed that the problem was not due to the high temperature
diffraction experiment, rather to the uncertainty of the space group,
insufficient modeling, and perhaps too numerous variables. Considering the
size of the unit cell, it is conceivable that the information provided by
the powder diffraction experiment is inadequate for a full structure
determination of P r u ^ o - Yet, farther progress is expected if the space
group of Pr^^O2o can be verified through other methods. In addition, the
current attempts to unveil the structural principles underlying the ordered
intermediate phases will certainly benefit the future modeling efforts on
^r11^20' Again, it is important to realize that this high-temperature
neutron diffraction study will continue to play a vital role in the final
determination or confirmation of the structure of
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Experiment report:

One of the most studied aspects of ferroelectric phase transitions concerns the

extreme broadening of the transition anomalies that is observed in compounds or solid

solutions having complex chemical compositions in which foreign ions occupy

crystallographically equivalent lattice sites. The break in the translational invariance of the

host lattice caused by the foreign ions leads to the observation of "diffuse" phase transition

(DPT) behavior that is characterized by a pronounced smearing of such properties as the

spontaneous polarization, the specific heat anomaly, the refractive index, etc., that would

normally exhibit abrupt changes at a ferroelectric instability.1

In order to systematically investigate the structural features leading to diffuse phase

transition behavior, the extensive perovskite-structured solid solution between lead titanate

and lanthanum titanate was investigated. The end member lead titanate is representative of

a large family of oxygen octahedra ferroelectrics that undergo normal discontinuous phase

transitions from a centrosymmetric cubic prototype (Pm3m) to a tetragonal ferroelectric

phase (P4mm) of the type characterized by the condensation of a Brillouin zone-center optic

lattice mode. The aliovalent substitution of lanthanum (HI) for lead (II) decreases the

crystal tetragonality, dramatically reduces the characteristic first-order discontinuity of the

transition, and ultimately diffuses the phase transition.2'3

Prior to the experiments at LANSCE, high-temperature X-ray diffraction data were

taken at the National Institute of Standards and Technology on samples of general formula
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Experiment report (continued):

TR 3v Q v(2a-l.5) [Ti
3+y(15a) 3+y(15a)L3+y(1.5-a) 3+y(1.5-a) 3+y(1.5-a)L 3+y(1.5-a) 3+y(1.5-a)J

where the lead elimination factor a = 1.5 and the fraction of lanthanum dopant varied in the

range y = 0.00 - 0.15. Careful fitting of selected hkl reflections to split Pearson VII

distributions revealed that systematic changes in the diffraction profile breadth and

symmetry occurred as a function of both temperature and composition (y).

To eliminate the possibility that these observations were associated exclusively with

particle surface effects, and to investigate the possibility of additional low-temperature

lattice instabilities, powder neutron diffraction data on specimens with y = 0.02 and y =

0.10 were collected on the NPD. The data were were collected at 300 K, 200 K, and 10 K

using the ± 90° and ± 148° detector banks and the data collection time at each temperature

was approximately six hours. Approximately 10 g of sample was required to completely

fill the specimen cannister.

Preliminary analysis of the NPD data suggests that, as observed with pure lead

titanate4, the symmetry of the ferroelectric phase remains tetragonal at temperatures as low

as 10 K. As with the X-ray data, the two samples investigated showed differences in the

shapes and breadths of the diffraction profiles. Subsequent analysis of these samples by in

situ transmission electron microscopy indicated that the profile changes are associated

primarily with a nonuniform modulation of the tetragonal c-axis occurring on a nanometric

length scale. Because of this additional complication, refinement of the structure by the

Rietveld technique is not straightforward. However, it is hoped that the excellent

resolution of the LANSCE spectrometer evident at small d-spacings will enable the static

and dynamic aspects of the structure to be separated, and that a more quantitative average

picture of the atomic displacements associated with these modulations can be established.

Furthermore, since the neutron scattering factor for titanium is negative, it may be possible

to determine whether or not any lanthanum (in) and/or lead (TV) incorporates on B-site of

the perovskite structure. More detailed analysis of the combined X-ray and neutron

diffraction data is currently in progress.
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Experiment report:
Measurement of residual and applied strains in metal matrix composites using neutron diffraction

is becoming increasingly prevalent because of the ability of this technique to identify the mean phase
strain in each constituent At a spallation source like LANSCE a specimen is scanned in wavelength to
collect a complete Bragg pattern by a detector in a fixed geometry. The scattering vector for each
reflection lies in the same direction in the specimen. This is important for stress measurement because
it means that the direction of strain measurement for each reflection is in the same direction in the
specimen. Determination of the strain for many lattice reflections offers a comprehensive assessment
of the microstructural stress state and can identify crystalline anisotropy. Thus multiphase and
composite problems are often handled more effectively using pulsed rather than monochromatic
neutrons.

By employing a dedicated stress rig on the NPD at LANSCE we complemented a set of residual
stress measurements on aluminum titanium carbide (1) by also measuring the strain during applied
loading. On the NPD a favorable diffraction geometry offers simultaneous strain measurement
parallel, perpendicular, and at =60° to the loading direction. The specimen orientation relative to the
neutron beam is shown in figure 1. The loading axis is horizontal and at 45° to the incident beam
allowing simultaneous axial and transverse measurements using opposing 90° detectors.

Q(-90°)

-90° detector
measures strain
parallel to load

Figure 1

+90° detector
measures strain
perpendicular to load

Applied Load
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Experiment report (continued)'.
The material that we examined was 15vol% TiC in an artificially aged A12219 alloy. A

cylindrical specimen (10mm diameter) was loaded in uniaxial tension. Measurements were made at the
following static tensile loads:

0-50-100-148-198 - 0 - 199-238-290-327 - 201-102-0 MPa.
The loading sequence was selected to keep the specimen initially in the elastic region then was

followed by an increase in load sufficient to give 1% total strain at 327 MPa. On removal of the final
load the specimen was exhibited a permanent strain of =0.67%. The hold duration at each stress level
was typically 4 hours.
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The strains parallel to the loading direction are shown above. Note the distinct behavior of the
suffer TiC particles and the more compliant aluminum. Anisotropic strains perpendicular to the loading
direction were noted in the aluminum. Permanent peak broadening was recorded for the aluminum
and there were small apparently reversible variations in the width of the TiC particles during loading.
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Experiment report:

The molecular sieve RHO is
known to crystallize from aluminosilicate,
BePO-, BeAsO and gallate
compositions1. This framework is
comprised of a body centered cubic
arrangement of truncated cubo-octahedra
or a-cages linked via double 8-rings (D8R;
Fig 1). A number of investigations of the
aluminosilicate form of RHO have found
this framework exhibits atypical
flexibility2"4. Under different conditions
of cation exchange, temperature and degree
of hydration3l5>6either the centrosymmetric
or non-centrosymmetric forms of AlSiO-
rho can occur. For die BeAsO- and BePO-
forms, strict alternation of the cations
occurs throughout the framework thereby
removing die mirror plane in (110) and
lowering the symmetry to/23. ForAlSiO-
rho, the centrosymmetric and non-centrosymmetric variants possess symmetry Im3m and f43/n,
respectively7*8.

A simple parameter, A, which relates the degree of ellipticity (Fig 1) of the single 8-ring
(S8R) to the unit cell distortion was introduced early on in these studies*. Conditions leading to
unit cell expansion, such as hydration, high temperatures and the exchange of large extra-
framework cations, result in lower values of A. Unit cell contraction, due to dehydration or the
replacement of (Si/Al) in the framework by smaller cations such as Be and P, results in larger
values of A. Previous publications noted the extraordinarily large values of A/a sustained by the
non-centrosymmetric structure of BePO-rho.

While the majority of RHO materials possess cubic cell parameters between 14 and 15A,
those for dehydrated BePO-rho are close to 13A. Most structural studies have been carried out on

Figure 1: Zeolite RHO, D8R-site for 123.
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Experiment report (continued):
materials from the AlSiO-class; there is little information available to define the distortion of the
framework between 13 and 14A8.In order to better define this region, ion exchange and high
temperature experiments to vary the cell volume BePO-rho have been carried out.

For experiments at LANSCE, a sample of Tl-exchanged BePO-rho was studied at 110,
300, and 450°C in a vacuum furnace. Values of the distortion parameter A, derived from Rietveld
structural refinements9 for data collected at 30,110 and 300°C, are summarized in Figure 2.
Compared to data from previous studies7*10, the results from this work confirm:
1) the straight line relationship between A/a and a.
2) the greater flexibility, as a function of temperature, of the BePO's exchanged with singly
charged extra-framework cations (Fig 2).

At 450°C the powder diffraction pattern contains contributions from at least two phases,
with diffraction patterns related to RHO. The possibility of a transition of the type reported1* for
Cd-exchanged AlSiO-rho is being investigated.

0.20

0.19

0.18

0.17

0.16

0.15

Ca-exchanged;Temperature
range = 400°C

• • - • • • - , i
Tl-exchanged;
(LANSCE DATA)

D TI-BePO THIS STUDY
• pahasaphite at temperature
O (K.Li)-BePO at temperature
• Tl- and Rb-BePO from ParHe

et al., (1993), Zeolites, in press

13.1 13.2 13.3 13.4 13.5

Cell Parameter, a(A)
13.6 13.7

Figure 2. Variation of distortion parameter, A/a, a measure of the ellipticity of the
pore opening shown in Fig 1, for various BePO-rhos studied; A decreases as the cubic
unit cell parameter increases. The line is a guide to the eye.
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Experiment report:

Cooperative Jahn-Teller (J-T) effects play an important role in inducing the structural phase
transition of many compounds containing ions with specific electronic configurations. This is
particulJ»'-\y prevalent for those with d4, d9, and low-spin d7, where their electronic states are
strongly coupled to the vibrational modes of the lattice. The divalent copper ion, with a d9

configuration, is a classic example of this. In our present study, we are investigating the effects of
mixing two J-T active ions in the chromites (MG2O4). Nickel and copper ions are mixed in a
NixCui.xCr2O4 solid solution where the J-T distortions of the former competes with those of the
latter. Nickel was chosen because the J-T effect on Ni2+ is weaker than that for Cu2+. The Ni2+ ion
is also flexible in adopting various coordination geometries.

Powder neutron diffraction experiments were proposed for two cooperative Jahn-Teller
compounds this year. The compositions of these ceramic materials were Nio^Cuo.isC^CXj and
Nio.i8Cuo.82^T204 • Due to scarcity of available neutron time, only the former compound was
studied. Diffraction data were obtained using the high resolution Neutron Powder Diffractometer
(NPD), housed in the Los Alamos Neutron Scattering Center (LANSCE), at Los Alamos National
Laboratories. The Nio.82Cuo.isCr204 compound was examined at two temperatures, namely 15 K
and 300 K. An experiment at 400 K was canceled because the furnace which fits into the NPD was
not available during the time allotted. Powder x-ray diffraction experiments were also performed
for this compound at 300 K. The diffraction data were analyzed using the Generalized Structure
Analysis System (GSAS) software package, developed at LANSCE. This program can determine
the crystalline and magnetic structure of the compound using neutron and x-ray data sets.

The crystal structure of the compound was found to be tetragonal, represented by the space
group I42d, at ambient temperature. A summary of structural parameters is listed below:

space group: I42d

lattice parameters: a = h = 5.928(14) A £ = 8.167;i9) A
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Experiment report (continued):

atom type x y z occupancy WykoffPos.

Ni
Cu
Cr
0

0
0
0.5096
0.2756

0
0
1/4
0.0026

0
0
1/8
0.1318

0.82
0.18
1.00
1.00

4a
4a
8d
16e

This result was surprising. The compound's high nickel content would have led one to expect its
crystal structure to be closer to NiCrjCU, with a space group of I4iamd. Instead, its structure is
similar to CuO^O* which is described by I42d. Refinement of the compound's structure is still in
progress at this time. Strong anisotropy was observed in the diffraction pattern. Bragg peaks cor-
responding to reflections from the 202 and 404 planes were much narrower than others.
Anisotropic strain broadening and anisotropic thermal displacement of the atoms will be invoked in
further structural refinement using the data.

The compound was found to under a tetragonal-to-orthorhombic phase transition on cool-
ing. Several of the peaks in the tetragonal diffraction pattern were found to split into multiple peaks
in the low temperature data. Analysis of this data is underway. Low temperature x-ray data is
needed to determine if any of the peaks observed in the neutron diffraction pattern arise from
magnetic scattering, due to long-ranged antiferromagnetic ordering of the magnetic moments within
this compound. In the absence of magnetic peaks, we can more confidently attribute the splitting to
the orthorhombic phase transition.

We will attempt to perform the 400 K experiment, mentioned above, during the 1993
LANSCE run cycle. We anticipate observing the cubic phase at this temperature.
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Experiment report:

In 1989, we attempted to determine the crystal structure of Tj-Puo.9oNpo.io using neutron powder
diffraction on GPPD at JPNS. This phase is only stable at high temperatures, between approximately
325° and 450° C Then we obtained data during an experiment at 375° C. The diffraction pattern was
extremely complex in agreement with available x-ray data. We were unable to solve the crystal
structure tram these data. We proposed to study this sample at three more temperatures: 350°, 400°,
and 450° C We hoped to learn two things from these new data. First, we can verify that the alloy is
really single phase at high temperatures, in agreement with the published phase diagram. Second, we
can determine the thermal expansion coefficient for each peak in the diffraction pattern. We expect the
highly anisotropic thermal expansion behavior that is characteristic of the light actinide elements to be
reflected in these data.

Data were collected on the Neutron Powder Diffractometer (NPD) at LANSCE during the 1992 run
cycles. Four temperatures were studied, in the following sequence 3509C, 450°C, 400°C in the r\-
phase region and finally 290°C in the P-phase region of the phase diagramfl]. Figures 1-4 on the
following page show the diffraction patterns obtained for the fi-phase on the NPD and GPPD.
Diffraction patterns at the three lowest temperatures *rs nearly identical, indicating that it is unlikely
that the sample is multiphase. However, at 450°C s-wae peaks appear to split, indicating a structural
change. Figures 5 and 6 show a selected region oi tK djfaraction patterns from 400°C and 450°C. It
is evident that the peak at 2.576 A has separated into two peaks with an approximately ratio of 1:2 in
intensities. Similar behavior is seen in a peak at 1.531 A. In addition, a new peak is observed at
2.552 A. These peaks are not from the epsilon structure, which occurs at slightly higher temperatures
according to the published phse diagram. All these tantalizing hints have not yet enabled us to solve
the crystal structure of this alloy, but work is continuing.
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Experiment report (continued).
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Figure 5: PuNp data at 400° C Figure 6: PuNp data at 450° C
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Experiment report:

This experiment was performed to complete a study, commenced in 1991, of residual stresses in Ti

continuous fiber SiC systems.

Metal matrix composites (MMCs) develop residual strains after consolidation due to the thermal

expansion mismatch of the reinforcement fibers and the matrix. The stresses are often examined using

X ray diffraction but one recurrent problem is verifying that the surface measurements accurately

portray the state of stress in the fiber/matrix region of the interior (1,2). Neutrons penetrate more

effectively than X rays in most materials of engineering interest and provide bulk residual strain

measurements in continuous fiber composites. Consequently comparison of the two techniques can

validate the X ray measurements.

Measurements have been made on four systems:

SiC/Ti-6Al-4V[O]g

SiC / Ti-24A1-1 INb [Ofe (two different matrix foils)

SiC / Ti-25Al-10Nb-3V-lMo [O]3

Equivalent monolithic samples of tiie metal alloys and a mat of the SiC fibers were also examined.Tlie

thickness of the TiSiC sheets varied between i and 3 mm and the total sampling volume between 500

and 20C0mm3. Count times were typically 8 hours per run. Although the SiC fibers in the reference

mat for the standard constituted a small volume (<10mm3)- because of the texture in ths fibers there

were nevertheless strong diffracted reflections from which strains could be measured. The figure

shows the compressive and tensile strains in the SiC and Ti respectively for the Ti-24-11 system

examined in 1992.
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Experiment report (continued):
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Our results from 1991 and 1992 indicate that for thick (>6 ply) composites X ray surface stress

measurements of the residual stress in the titanium do adequately describe the state of longitudinal

stress. This is not true for thin (3 ply) systems in which the stress has been shown to be not uniform

through the thickness. This non uniformity may be a result of non symmetric lay-up or to the thin

nature of the composite. However most continuous fiber MMCs have symmetric lay-ups which equal

or exceed six plies. The magnitude of the compressive stress measu sd in the SiC fibers compares well

with values measured by independent means.
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Single Crystal Diffractometer (SCD)

The Single Crystal Diffractometer (SCD) can be
used to determine the crystal structures of a wide
variety of materials. Neutrons are scattered from
the crystalline sample into an area detector
(25 x 25 cm2; position-sensitive; 3He gas-filled
proportional counter), and the wavelength of the
neutrons is determined by their time of flight from
the source to the detector. To collect all the re-
quired data for a particular crystal, the orientation
of the sample can be changed by rotations of the
goniometer about <t> and co. The SCD has been used
to study the structure of organometallic molecules

that show a unique binding of H,; crystal-structure
changes at solid-solid phase transitions; magnetic
spin structure twinned or multiple crystals; the
texture analysis of polycrystalline materials that
have been subjected to extreme geological environ-
ments; and crystal structures of materials under
pressures of 10 to 20 thousand atmospheres. The
instrument measures a large volume of reciprocal
space at one time and, therefore, can be used for
studies of unknown incommensurate structures,
diffuse scattering, etc. Nonambient sample envi-
ronments can also be accommodated.

To beam stop

' Beam
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Instrument Details

Wavelength range, X 0.5 -10 A
Beam diameter at sample 1 - 5 mm
Time resolution ~ 1 %
Maximum lattice constant -20 A
Detector 1 multiwire proportional counter (25 cm x 25 cm)

at 90°
Detector resolution 2.5 mm
Moderator Chilled water at 10° C
Sample environment 10 K to 300° C
Sample size 0.5-10 mm3

Experiment duration 2 - 4 days per octant of reciprocal space

Allen C. Larson, instrument scientist
Dennis Martinez, instrument technician
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Experiment report:

The inorganic cryptate (NH4) 1 7Na(NaW21Sbg0g6) • HH 2O has been

reported to possess considerable anti-viral activity (1). It has

to be assumed that hydrogen bonding plays an important part in the

interaction between this heteropoly compound and the biological

substrate.

Thus we attempted to study the proton acceptor properties of the
1 O _

(NaW21Sbg0g6) anion by single crystal neutron diffraction.

Furthermore it was indicated to verify the molecular structure

and composition of this peculiar heteropoly anion which hitherto

merely have been derived from X-ray structure analysis (2).

A single crystal sealed in a glass capillary was mounted on the

SCD diffractometer and cooled to as low a temperature as achievable

in order to minimize thermal motion. However, due to limited beam

stability and further experimental problems the quality of the

recorded histograms was rather poor. Consequently these diffraction

data could not furnish the desired information on the hydrogen
bonding system. Nevertheless the molecular structure of the

1 8-
(NaW21Sbg0g6) anion has been confirmed by this experiment (Fig.1)
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Experiment report (continued):

Fig. 1
18

The (NaW21SbQ0g6) anion. The view direction is sligthly

inclined to the 6 axis of the anion. (Dotted circles=tungsten,

hatched circles=antimony, shaded circles=oxygen.)
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Experiment report:

To investigate the average structure of cubic stabilised zirconia (CSZ) as a function of oxygen
vacancy levels, we collected single crystal time-of-flight diffraction data for a series of CSZ crystals
with oxygen vacancy levels between ~ 4-10% (see table 1). To analyse and refine the data we have
used the suite of programs under GS AS.

The diffraction data was first refined assuming a perfect fluorite structure for all crystals. In these
refinements the temperature factors for both the cation and anion are large, suggesting that the
observed temperature parameters include a large static displacement component. We found that the
observed temperature parameters and therefore the static disorder increases with oxygen vacancies
(see figure 1).

Further analysis concentrated on refining the data on the basis of models which have already
appeared in the literature !'4 , thus displacing the O-atom in the <111> or <100> directions. This led
to slightly lower R factors, however the thermal parameters for the oxygen and the cations were still
large, indicating that these models we~- not entirely successful. We used difference fourier as an aid
to formulating better models for the defect structure of CSZs. The difference nuclear density map,
for crystal A, centred on the oxygen (1/4,1/4,1/4) site (see figure 2 ) shows that the O-atoms are
smeared in the <100> direction. We believe that this is not a thermal or dynamic effect, but it
indicates that static displacements are not of a set magnitude but follow a distribution in the <100>
direction. This is in agreement with recent diffuse scattering results 5. For crystals B and C
difference fourier maps show similar features in the <111> directions, as well as in the <100>.

We have attempted to model this distribution, by displacing the O-atom in the <100> or <111> and
refining with anisotropic thermal parameters the static displacements. This approach was very
successful in describing the low oxygen vacancy crystal A (see table 2). Currently we are working
on improving our models for the high oxygen vacancy CSZs.



Experiment report (continued)'.

Crystal

A
B
C
D

Tablel: Sample Details
Composition

Zro.826Yo.1740i.913
Zro.74Yo.260i «70
ZiO.6lYo.39Oi.8O5

Zro 87sCao 125O1875

%O
Vacancies

4.35
6.50
9.75
6.25

^Number in parenthesis indicates the error on the

Table2; RwF2 for crystals A and C.

Model A
Crystal

a(A)t

5.158(1)
5.171(3)
5.186(1)
5.186(1)

last digit.

B
Fluorite

<lll>anisotronic
<100>

10.3
9.6
9.4
10.3
7.3

11.5
9.6
9.6
10.8
9.6

2.5

£2.0

1.0

0.50

Q Melil

"x

:
: a

X Oxygen

Xj

x :

•

a a-:

. i . . . . i . . . . i . . . . i . . .

5 6 7 8
% Oxygen Vacancies

Figure 1
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Figure 2
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Experiment report:

Rutile, TiO2, is acommon accessory phase in eclogite and peridotite nodules in
kimberlites. It is isostructural with stishovite, SiO2, and may serve as a structur-
al analogue for high pressure silica. Infra-red studies have shown that natural
rutiles may contain up to 50,000 atoms of H per 106 Ti atoms. The crystal struc-
ture of a natural, hydrous rutile containing approximately 0.72 wt% Fe2O3,
0.68% AI2O3,1.16% Cr2O3 and 1.86 % Nb2O5l has been refined from neutron
single crystal data collected at 24K at Los Alamos Neutron Scattering Center.
Previously reported IR studies indicated that the sample contained an esti-
mated 40,000 ppm atomic H.

The position of hydrogen was located by examining the negative residuals in
the difference Fourier. The refined position of H lies just off of the shared oxy-
gen-oxygen edge of the octahedron at x/a=0.4177, y/b=0.5033, z/c= 0. The
refined occupancy of this position is 2.8%, consistent with the H concentration
estimated from IR. The OH vector lies on the mirror pe rpendicular to the c-ax-
is. consistent with the IR observations. The IR absorption due to OH stretching
occurs as a sharp band at approximately 3300 cnrr1 which is strongly polarized
in the omega direction (perpendicular to c).

The crystal chemical effect of the H is both to balance the charge deficiency
due to substitution of trivalent cations and to mitigate efectrostatic repulsion
created by the very short 0 - 0 distance along the shared edge. Stishovite has
an even shorter O-O shared edge, so that it likely that a similar coupled substi-
tution of H with Al may occur in stishovite.



Experiment report (continued):

Single crystal X-ray data for a rutile taken from the same sample as
the crystal used for the neutron study was compared with data for a
synthetic rutile containing little or no hydrogen. Both data sets were
collected on a Siemens single crystal diffractometer equipped with a
rotating anode and an 18 kW generator. The refinements of these
two rutiles show that there is no significant difference in the atomic
positions of the nominally hydrous rutile and the dry synthetic rutile.

References:

95



nstrument used: (please type)

SCD

Local contact;

A. C. Larson

Proposal number:
(for LANSCE use only)

5047
Title:
The Crystallographic Fabric of Mantle Rocks Experimentally
Deformed at Hypersolidus Temperatures

Report received:
(for LANSCE use only)

2/23/93

Authors and affiliations:
G. Y. Bussod Bayerisches Geoins t i tu t

Bayreuth, Germany
H.-R. Wenk Department of Geology & Geophysics

UC Berkeley, 94720-4767
A. C. Larson LANSCE

K. Bennett Department of Geology & Geophysics
UC Berkeley, 94720-4767

Experiment report:
For the past four years, the intent of this project has been to determine die preferred

crystallographic orientation of polycrystalline olivine. Olivine is one of the main constituents of the
upper mantle and its material propeilies are studied by geologists and geophysists to help interpret
upper mantle convection. Recently much study has been devoted to quantifying the Theological
behavior of partial melts of olivine to study processes such as metasomatism, magma mobilization,
and transport which each influence interpretation of convection in the Earth. We present neutron
scattering pole figures of four polycrystalline olivine-rich rocks experimentally deformed and
resulting in varying volume fractions of silicate melt The purpose of quantitative texture analysis
for these samples was to investigate the affect of melt on the structural properties of olivine. There
are numerous natural polefigures already measured [Merrier, 1985]. It was proposed that perhaps
solid grain interaction may be more responsible for the distribution of stress within the polycrystal
when there is more melt in the the sample.

For the past four years we have worked with LANSCE to measure the texture of these
samples accurately. One sample was measured in summer 1990 and three sample were measured
this run cycle in summer 1992. The plan was for Gilles Bussod to supply experimentally
deformed, homogenous fine-grained peridotite samples which contained partial melt. UC Berkeley
was to determine the texture of the samples using the Single Crystal Diffractometer (SCD) at
LANSCE.

A table of the data and description of the samples is listed below. Specific grain
morphology and melt topology and distribution is described in detail by Bussod and Christie,
1991.

Experimentally Deformed Lherzolites Measured by Neutron Diffraction
Sample

Number

GB1183

GB1168

GB1181
GB1182

vol % melt

silicate

10%
6%
6%
2%

Temperature

<°C)

1004

998
985
890

Confining

Pressure (GPa)

0.9
1
1
1

Strain Rate

(1/sec)

2.2x10-6

2.1x10-6

1.7 x 10-7
1.9x10-7

Stress

MPe

182

246
199
250

Strain

(*)

31
40

20.5
15.4

Grain characteristics

random, hot-pressed

highly recrystallized

6% glass, olivine neoblasts

2% glass, olivine neoblasts
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Experiment report (continued):

The reason for measurement this second year was because large intensities were attributed
to coarse grain size and because artifacts related to detector settings were not resolved.
Unfortunately, samples still appear coarse grained. Also, surprisingly, we observed very
uncharacteristic, symmetric pole figures not only for multiple peaks of olivine but for multiple
samples (see Figure la-c). Moreover, this pattern matched our data collection map of the
histograms (Figure Id). In the end these new measurements were useful and we observed that a
few particular low angle peaks that did not have this histogram artifact and their textures could be
determined. We regret that so much time was spent to distinguish between coarse grained sample
artifacts, statistical artifacts, and deconvolution artifacts and has caused such a delay in our results.
We have results for the hot-pressed sample which is fine-grained (Figure 2).

Fig. 1. Measured pole figures of the experimentally deformed peridotites using the SCD at LANSCE.(a) Sample
GB1183, (002) pole, (b) Sample GB1168, (210) pole, (c) Sample GB1168, (lOl)pole. (d) Histogram table for data
collection.

(121) ^~^rr^ (313)

Fig. 2. Measured pole figures of experimentally deformed GB1183, hot-pressed synthetic peridotite. (301), (121),
and (313) poles are shown. Contours are in multiples of random distributions (m.r.d.) and dots represent densities
less than 1 m.r.d..
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Experiment report:
The deformation history of a rock is reflected in the preferred lattice orientation of its main
components. In the deformed granites from the Santa Rosa mylonite zone quartz and biotite are the
main constituents displaying typical microstructures of ductile deformation and recrystallization. In
continuation of our experiments from last year (which were incomplete because of limited beamtime)
we measured the textures of two highly deformed samples from the Santa Rosa mylonite zone. The
main objective was to determine the preferred orientations of quartz (trigonal) and biotite (monoclinic)
which form the dominant components in these rocks beside plagioclase and alkali feldspar (both
triclinic).
The low sample symmetry (triclinic) requires the measurement of a complete half sphere of reciprocal
space which corresponds to 27 detector positions on the SCD instrument. The wavelength
distribution in the primary, beam was relatively deficient of neutrons at large wavelengths so that the
counting statistics for reflections at high d-spacings (>4.5A) were very poor and no meaningful pole
figures could be gained in this range which would have been extremely important for these samples,
e.g. to obtain pole figures for biotite (see fig. 1).
In sample PC282 the strongest quartz peaks could be identified (fig. I) and pole figures were
extracted from the histograms. The sample PC283 could not be fully measured (two histograms
missing). In addition the number of neutron counts per histogram had to be reduced during the
measurement because of the limited beamtime. This decreased the counting statistics and caused E.
poor peak to background ratio in the resulting histograms. The pole figures for quartz therefore show
some irregular strong single peaks in this sample. The diffraction peaks from biotite in both samples
could not be identified as clearly as those in the previous measurements. This is partly due to poor
statistics at high d-spacings where some of the significant biotite peaks are located.
The quartz pole figures from both samples were used as input for the calculation of a complete
orientation distribution function with the WIMV algorithm. The comparison of meaf,!./red and
recalculated pole figures (fig.2) proves the compatibility of the measurements for each lattice plane. In
addition the distribution of poles which could not be measured (extinction) or which are overlapped
with peaks from different phases can be derived from die ODF. As an example the recalculated (001)
and (101) pole figure of quartz are shown in Fig.3. For both samples the quartz texture shows a c-
axis maximum ± in the plane of foliation and a distribution of a-axes in a girdle perpendicular to the
foliation. This texture is typical of dynamically recrystallized quartzites. The peak intensity is low
(2.2x random) and the minimum intensity fairly high (0.5x random), i.e., the preferred orientation is
relatively weak. This may also be caused by low counting statistics. Overall results are similar as
those obtained from a related sample PC82 measured at ILL Grenoble (Wenk & Pannetier 1990).
The results presented here demonstrate that SCD provides an efficient tool for the texture analysis in
polyphase rocks. Still, the reliability of the beam, the limited access time and the insensitivity at high
d-spacings pose a serious problem for a complete and successful data collection of geological
samples.
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PC282 HISTOGRAM 1
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Fig. 1: Diffraction pattern of sample PC282 in histogram 1

(center of the pole figure). Notice the high background noise

beyond 4.5A. Strongest quartz peaks are indexed.

Fig. 2: Measured (top row) and recalculated (bottom row)

pole figures for quartz in sample PC282. Projection is

onto the foliation plane. Contour levels are 0.25 mrd for

measured and 0.1 mrd for recalculated pole figures;

areas with intensities below 1.0 are dotted. D-SPAC

112

7 0

Fig. 3 Recalculated pole figures (001) and (101)

for sample PC282. Projection is onto the foliation

plane. Contour levels are the same as for recalculated

pole figures in Fig.2.
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Experiment report:
The SCD was used to collect data for pole figure analysis of 2212 BSCCO (Bi:Sr:Ca:Cu) high-

temperature superconducting tape. The samples were prepared from Ag-sheathed BSCCO tape that had been
melt processed. Melt processing leads to high alignment of the c-axis perpendicular to the plane of the tape.
This alignment is thought to be critical to develop high critical current density Jc in the tapes. The neutron
diffraction samples were built by stacking then gluing 30 layers of 100 nm thick by 3mm long tape to form
blocks. Data were collected on two samples. Sample A was made using tape with the Ag sheath on the
superconducting core, and sample B was built from tape from which the Ag sheath had been removed by
electropolishing. The tapes used for samples a and b were made at different times, but were processed under
nominally identical conditions.

Sample A, which had the Ag-sheath in place, was the same sample that had been measured previously.1

In the present study a complete hemisphere of diffraction data was collected for sample A, and the signal to
noise ratio was improved by increasing the collection time for each histogram. The new pole figure for
3.83±O.O5A (Fig. la) shows the multiples of random distribution (MRD)>1 in the center of the figure. In the
earlier study this had been identified as the (008) pole. However, in Fig. la, MRD>1 is also present at the
equator, which had not been observed in the earlier study.1 We interpret intensity at the equator to be due to
diffraction from a plane other than (008), whose d spacing is close to that of (008) (3.86A), and whose plane
normal would be close to perpendicular to the c axis. Such a plane is (110) (3.8OA). In our analysis of the
diffraction data these peaks "overlap". Figure lb shows the pole figure for 1.92±0.05A. Again this shows
intensity at the center and equator, which had been observed in the earlier study. However, in the earlier study
this had been interpreted as being due to the (220) peak leading to the equatorial MRD>1, and secondary
alignment of the c-axis parallel to the plane of the tape for the central MRD>1. This previous interpretation is
not consistent with microstructural studies we have done since this earlier diffraction study. We now attribute
the central intensity to (OOJjS).

A complete set of histograms was collected for sample B. Only 10 of the 27 histograms were collected
during the time allotted for these experiments in Aug. 92 and the others were collected afterwards. In mis
sample, two 30 layer thick samples were glued side-by-side and placed in the beam. As expected, removing the
Ag and significantly increasing the diffracting volume in the beam increased the diffracted signal. So far, only
data collected in Aug. 92 have been analyzed. Figure 2a and 2b show the 3.83±O.O5A and 1.92±0.05A pole
figures, respectively. The MRDs are higher for the (008) and (00J6) poles than in sample A (Figs, la and lb),
indicating a greater degree of alignment in this sample. The remainder of the histogram will be analyzed in the
coming months. The I vs d plots show more structure in sample B than in A, so it may be possible to separate
the "overlapping" poles for sample B.
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Kvperiment report (continued):

The successful pole figure studies for sample B have significant implications for neutron diffraction
pole-figure studies of Ag-sheathed 2223 tapes. Specifically, c-axis alignment in 2223 is also crucial for attaining
high Jc. However, the alignment in 2223 is much lower than in melt-processed 2212, and in 2223 the alignment
develops in stages during the inullistep mechanical deformation/thermal heat treaUnent scheme needed to form
2223. The significance of the results of sample B are that we have shown how to maximize the sample volume
and eliminate unwanted scattering from the Ag sheath. This should allow the alignment mechanism to be
studied using neutron diffraction in 2223 tapes.

Vi\«x_"-.-_-;- ,-' '--, ••.. : c > - i - '

. / (

Fig. 1 Pole-figures for sample A for the (a) 3.83±O.O5A and (b) 1.92±0.05A poles. Dotted regions indicate
MRD<1.

Fig. 2 Pole-figures for sample B for the (a) 3.83±O.O5A and (b) 1.92±0.05A poles (histograms 1-6). Dotted
regions indicate MRD<1.
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Kxperiment report:

Two advantages of the time-of-flight Laue technique are the parallel collection of re-
flections within a histogram and the high flux of short-wavelength neutrons that are a char-
acteristic of a spallation source. In this experiment we intended to make use of these fea-
tures to study the structure of deuterated squaric acid (D2C4O4 or D2SQ) just above its
hydrogen-ordering transition at Tc=512 K, as part of a major programme of work on the
relationship between Tc and H-bond dimensions in H-ordering systems. However, on arri-
val at LANSCE we were informed that the cryo-furnace on SCD was not able to achieve
this temperature and so it was decided to study the low-temperature structure instead. The
intention was to look for evidence of residual disorder in the heavy-atom structure, by fol-
lowing both positional and thermal parameters as a function of temperature.

A full quadrant of data was first collected at room temperature for comparison with
data collected from the same sample at I.L.L. on the D9 diffractometer. Refinements of this
t-o-f data-set gave structural parameters that were not significantly different from the previ-
ous work but the quality of fit was significantly poorer, apparently due to difficulties in mod-
elling the extinction. This showed very strong variation over the wavelength range ac-
cessed.

We then cooled to -10 K to gauge the range of variation to be followed. To our sur-
prise, this revealed a wholly unsuspected new phase — indicated by the presence of the
050 reflection (see Figure 1) which is forbidden by the space group adopted at room tem-
perature (P21/m). There was also weak evidence for the 070 and possibly 030 reflections.
Studies of the temperature dependence of the intensity of the 050 reflection (see Figure 2)
show that the transition occurs between 90 and 125 K.

Work is in progress to identify the true structure of the low-temperature phase. We
also expect to obtain very useful results on the X-dependence of extinction from the data
sets obtained in this experiment — a matter of general importance for t-o-f single crystal
work. The outcome of the unplanned direction of the experiment has thus been both inter-
esting and valuable.
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Experiment report (continual):

V

1.0 1.5
D-spacing in A

2.0 2.5 3.0

Figure 1: A plot of intensity versus d-spacing along <0k0> at 10K. The 050 reflec-
tion is marked with an asterisk (*).
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Figure 2: The temperature dependence of the intensity of the 0 5 0 reflection of
deuterated squaric acid.
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Experiment report:

Rare-earth doped YAG single crystals were irradiated with thermal neutrons at
Omega West. Since the rare-earth dopant (Ho, Er, and Sm) has a large thermal
neutron capture cross-section, it was expected that this species would be
preferencially effected by the irradiation and might be displaced from its latti 9
position as well as transmutated, We therefore expected to see some diffuse
scattering from the effected lattice positions from the single crystal neutron
scattering experiment performed at LANSCE using the SCD. However, for the
irradiation doses examined, no clear evidence for this was seen. This could be due
to the relaxation of the rare-earth species back to its original lattice position, or
due to insensitivity of the instrument to the small changes incurred.
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Loio-Q Diffractometer (LQD)

The Lovv-Q Diffractometer (LQD) is designed for
studying structures with dimensions in the range
from 10 to 1000 A. Examples of problems that may
be addressed include the following: structures of
biological membranes; DN A/protein assemblies;
large virus particles; nucleation and growth
of voids in radiation-damaged bulk samples;
phase separation in alloys; and intermolecular
correlations in colloids and polymers. A significant
feature of the LQD is that a broad range of Q (0.003
to 0.5 A1) is measured in a single experiment
without any changes to the physical configuration
of the instrument.

The LQD requires an intense source of long-
wavelength ("cold") neutrons. Therefore, a liquid-
hydrogen moderator is used, which produces a

neutron spectrum that peaks at about 2.4 A and
has usable flux from 0.3 to 20 A. A pair of single--
aperture collimator plates yields an angular
resolution of 0.09° and a penumbra diameter
of 10 mm at the sample. An optional five-hole-
aperture converging collimator allows a four times
increase in intensity without affecting the
resolution.

At 20 Hz, the slowest neutrons used on the LQD
fall 12 mm under the influence of gravity. Rather
than increasing the size of the beam stop, neutrons
whose parabolic trajectories strike the detector at
its center are selected. The gravity-focusing device
accomplishes this task by pushing ^ e collimator
exit plate upward at constant <>rce)i v.ition during
each beam pulse.

Choice of three
collators

B
Automatic sample changer

on optical bench in an Removable
i" sample area section

Transmitted beam
monitor

Beam i •

I In

Support for
gravity focus
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Instrument Details

Wavelength range, X
Scattering angle
Q range
Sample size:

Single-aperture collimator
Multiple-aperture collimator

Detected intensity
(single aperture, 30 |.iA):

Detector
Moderator
Sample environment
Experiment duration

0.2-15 A at 20 Hz
6 - 60 mrad
0.003 -0.5 A •'

10 mm x 13 mm
24 mm x 27 mm

0.2 <X< 1.6 A:
1.6<X<5.0A:
5.0<?i< 15 A:

0.2x10" n/s
8.0x10" n/s
2.0x10" n/s

1 multiwire, 59 cm in diameter
Liquid hydrogen at 20 K
Air, vacuum, closed-cycle refrigerator, or user supplied
10 minutes to 12 hours

Philip A. Seeger, instrument scientist
Rex P. Hjelm, Jr., instrument scientist
Dennis Martinez, instrument technician
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Experiment report:

The side chain polymer liquid crystal molecules (SCPLC) are composed of a long
flexible polymer main chain with small, somewhat rigid molecules, known as side chains,
attached to it by an alkyl linkage group (spacer). Interaction of these three, in the different liquid
crystalline phases exhibited by the SCPLC , determines the overall conformation of the polymer
main chain. In the isotropic phase (I), the side chains are randomly oriented. Upon cooling into
the nematic (N) phase, the side chains become orientational ordered. Further cooling leads to the
smectic-A (Sm-A) phase, which possesses one dimensional positional order along the long axis
of the side chain. The N to Sm-A phase transition has been well studied in thermotropic
monomer liquid crystals and although it is the simplest form of melting, it is still not completely
understood.

In the SCPLC's, the development of the orientational order of the nematic phase partially
restricts the motion of the polymer main chain, thus distorting the spherical conformation found
in the I phase. Depending on the microscopic interactions, the conformation becomes either
oblate or prolate. In the Sm-A phase, because the side chains form w^ll defined layers, the
polymer main chain is expected to be confined at the interface of two smectic layers, making
occasional hops between layers. The radius of gyration, R|j, of the main chain, parallel to the
layer normal is expected to be smaller than the radius of gyration perpendicular, Rj^, to this
direction.

We have studied the conformation of the polymer backbone in the N and Sm-A phases of
two samples of poly(metha)acrylate (PMA-6-OCH3) as a function of temperature. Each sample
consisted of a mixture of partially deuterated (in the main chain) and non-deuterated PMA-6-
OCH3. The only difference between the samples was the amount of deuterated polymer. Sample

#1 contained 75% deuterated polymer while sample #2 contained 50%. Each sample was
aligned, by cooling into the Sm-A phase, in the presence of a 4 Tesla magnetic field. Line shapes
for both samples are shown in figure 1. From these plots, it appeals that the conformation of the
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Experiment report (continued):

Sample #1; 75% Deuterated Sample | 2 ; SOX Deuterated
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Figure 1. Line shapes obtained for the 75% (a) and 50% (b) deuterated samples
in the Sm-A and N phases. In the Sm-A phase, the curves appear anisotropic,
while in the N phase, the anisotropy is much reduced.

polymer main chain is anisotropic in the N and Sm-A phases and that this anisotropy is
temperature dependent. Currently, the data is being analysed using Omstein-Zemike and Debye-
Bueche models, in order to obtain specific values for the radii of gyration.

The LANSCE facility is well suited for this experiment because data can be collected
over a wide q-range, allowing one to gather high-q information pertaining to the degree and
direction of the sample alignment in conjunction with the low-q information on main chain
conformation.
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Experiment report:

The macroscopic properties of the gel state of matter are relatively
well characterized when compared with their microscopic origins. Exactly
what mechanisms are involved during the sol-to-gel transition is at this
time is unclear although it is clear that physical versus chemical gelation
processes are different. In addition, another transition exists below the gel
temperature where the gel undergoes the so-called gel-to-"glass" transition.
This is not a true glass transition in the sense that the system does not pass
from an ergodic to non-ergodic state but rather the state remains non-
ergodic. Furthermore, the system does not experience a sharp volume
change when passing from this gel-to-glass-like state. It is best to refer to
the state of the system as forming a gel-like glass. Not all gel systems
experience this second transition.

We have begun to study the structural properties of a
thermoreversible, physical gel, in both of the above transition regimes. We
have chosen atactic polystyrene(aPS) because in may undergo both
transitions and also because of its ability to gel in a wide range of organic
solvents, thus allowing us to maximize neutron contrast between the
polymer and solvent. For this study, deuterated chains of atactic
polystyrene were dissolved in carbon disulfide, acting as the solvent.
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Experiment report (continued):

Small angle neutron scattering was done on aPS systems of different
concentrations and different molecular weights as a function of
temperature. With our cooling system, we could would reach temperatures
as low as 50K. Problems, however, resulted from these temperatures
because the sample(quartz) cells could not handle the stress. An
alternative sample(aluminum) cell was developed. Below are some of our
results for Mw=103k and c=0.05g/cc (the semi-dilute regime).
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Experiment report:

The troponin complex is found on thin filaments in muscle tissue. The
complex includes troponin C (TnC), the component that binds Ca , troponin T
(TnT), the component bound to tropomyosin, and troponin I (Tnl), the component
bound to actin. Muscle contraction occurs when Ca binds to TnC, inducing
a structural change in the troponin complex. This structural change involves
the release of the inhibition property of Tnl upon the ATPase activity of
actomyosin. This mechanism then allows the sliding of thick over thir
filaments required for muscle contraction.

Neutron scattering data have been measured for 78% deuterated TnC
complexed with natural abundance Tnl in the presence of Ca" . Measurements
were performed at three different DO/HO ratios in the solvent (i.e., 0, 0.4
and 1 ratios). Concentrations were approximately 5 mg/ml. Under
physiological conditions the complex has a strong tendency to self-associate.
The complex tends to self-associate to a larger extent when D̂ O is present
suggesting hydrophobic interacts are the dominant mechanism of association.
High salt concentrations (2 M Urea) were used to minimize this association
effect, however, this did not totally prevent association problems from
occuring in the 100% D O sample. The 0% and 40% D̂ O samples were determined
to be monomeric in solution. The 100% D O sample was not further analyzed.
X-ray scattering data was also measured for the complex in Ĥ O and combined
with the neutron scattering data during analysis.

From the known chemical composition of the sample, the scattering
density match point of the complex was calculated to be 4.3 x 10 cm". As
shown in Fig. 1, this calculated match point together with the zero angle
scattering of the neutron data have a linear dependence as expected.

A Stuhrmann plot (R versus 1^\D ) for the combined neutron and X-ray
data is shown in Fig. 2 (*L). The negative slope of the data indicates that the
higher scattering density component (TnC) is located more toward the inside of
the complex. Three data points were not sufficient to determine whether the
center of masses of the two components are coincident.

At 40% D O in the solvent, the Tnl components' contribution r.o the
scattering is minimized and the signal is dominanted bv the TnC component. The
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Experiment report (continued):

R value of 24 A suggests that the TnC component remains extended when
complexed with Tnl and in the presence of Ca""". This result is different from
that of the evolutionarily related and structurally similar calmodulin
interacting with its target proteins like MLCK. In the latter case,
calmodulin shows a contraction upon binding MLCK.

TABLE: Structural Parameters for TnC/Tnl Complex from Guinier Analysis
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Fig. 1: Dependence of forward neutron scatter for 78%
deuterated TnC compleied with protonoted Tnl (in the
presence of Ca ). Solid circles are from the neutron
scattering data. The triangle is the expected match
point as determined from the chemical composition
of the system.
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Fig. 2: R versus 1/Ap (Stuhrmann plot) for 78%
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Experiment report:
The goal of this experiment was to use small-angle neutron scattering (SANS)

to examine the conformation of polymer molecules confined to the solid-liquid
interface in dispersions of finely divided particles. The polymer conformation
is characterized by the polymer density profile, ^(Z), which is the volume frac-
tion of polymer as a function of the distance Z from the surface of the particle.

The work reported here is an extension of previous experiments on narrow
molecular-weight-distribution poly(n-butyl methacrylate) chains chemically bonded
(grafted) by one chain-end to nearly-monodisperse, 2300 A SiO2 spheres. Grafted
and ungrafted spheres were dispersed in isopropanol (IPA). Experiments were done
in mixtures of hydrogenous and deuterated IPA -- (HIPA and DIPA respectively).

The interfacial polymers used in this work were di-block copolymers of non-
adsorbing poly(n-butyl methacrylate) and adsorbing blocks of poly(dimethyl ami-
noethyl metharylate). Molecular weights of the poly(n-butyl methacrylate) blocks
were 37000, 53000 and 92000. Molecular weights of the adsorbing blocks were
35000, 23000 and 17000. Total molecular wights were 72000, 76000 and 109000. We
arrived in Los Alamos with three sets of samples that we will classify as high-,
intermediate-, and low-coverage in HIPA and DIPA. We had intended to study poly-
mer density profile as a function of coverage and molecular weight of the non-
adsorbing block.

Unfortunately, the Los Alamos facility was plagued with safety and mechani-
cal problems during the period of our visit. For all practical purposes, we got
no new experimental data during this visit. We did, however, re-run some of the
samples from our 1991 visit to clarify some ambiguities.

Because of the problems encountered on our 1992 visit, our proposal for
scattering during the 1993 cycle will be the same as last year.
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Experiment report:

INTRODUCTION
The focus of this study is designed to measure qualitatively the inelastic, multiple

and incoherent scattering contributions present for samples suspended in hydrogenous
solvents when using time-of-flight small-angle neutron scattering techniques.

A sample of uniform silica particles was chosen as the scatterer because of it has
high scattering length density and is well characterized in size and shape. By systematically
varying the ratio of solvent from purely protonated to deuterated, we can change the
coherent cross section of the solvent (background) to match that of the silica and in turn see
small deviations in the cross section from the hydrogen present in the solvent. Our ability to
measure changes in the background is the basis of our understanding of elastic scattering
although all other effects have not yet been characterized. If the silica were not uniform
spheres, their surface deformations would interfere with the final results. Another
phenomenon that hinders results in multicomponent systems is scattering from
inhomogeneities within the individual particles which is reflected in the scattering amplitude
IAI (ref 1).

The other parameter varied for this study is the inclusion of high energy neutrons in
the beam to excite librational modes within the solvent At LANSCE, the Low-Q
diffractometer is equiped with a 15 cm MgO filter that is used to remove high energy
neutrons thus mitigating inelastic scattering contributions. Removal of the filter to include
the epithermal neutrons allows measurements of deviations in the scattering cross section
due to changes in beam energy.

Understanding the magnitude of these changes in scattering cross section is very
important to begin the development of a meaningful correction term that can be applied to
weak or moderately weak scattering systems. It should be noted that this experiment had
been attempted in 1990 but due to the failure of the hydrogen moderator only half of the
experiment was completed (filter-in series). The 1990 filter-in series is being used as a
reference model for the 1992 filter-in experiment.
MATERIALS and METHOD

Commercially available silica gel, Dupont's LUDOX HS-30, was prepared in
varied ratios of ultra pure H2O and 99.997% D2O, and buffered to a pH of 7.60 with
H2O/NaOH. The HS-30 is a 30% silica stock solution and the particles were 12 nm in size
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Experimeat report (continued):

as characterized by the manufacture. The sample preparation involved diluting the stock
solution to .9% W/V for the 0%, 19%, 39% and 78% deuterated samples. A 2.7% solution
at 55% D2O was prepared and measured but not used in the analysis because there is a
concentration dependence of the scattering. (This measurement is still useful for another
study of this system that investigates concentration dependence.) Finally, a .3% sample
was prepared at 96% deuteration. Two scattering measurements on each of the samples
were obtained, filter-in and filter-out.

Fluctuations in the background are probed through the method of Contrast
Variation, utilizing changes of the hydrogen/deuterium of the solvent in which the silica is
suspended. Plots of intensity versus contrast at fixed momentum transfer (Q) are used to
extract terms corresponding to particle shape and distribution, to fluctuations within the
particles, and to interference of these two contributions, all as a function of Q. This method
of analysis has proven to be very versatile and effective in studies ranging from material
science to biological studies.
RESULTS and DISCUSSION

Figure 1 A and B show the scattering intensity as a function of contrast for several
values of Q, respectively for filter-in and filter-out The lines are fitted parabolas, following
the equation 2

= Ap Ifl(Q)+ Ap

Fitting this second order equation at each measured Q extracts the basic scattering
functions. Figure 2 is the quadratic term of the equation and the major term in die overall
scattering intensity. This term is referred to as the shape function. There is no significant
difference in the shape function between filter-in and -out, but what can be seen is the
difference in the shape of the curves between the 1990 data and 1992 data. The 1992
samples were 1/3 as concentrated as the 1990 samples, implying less particle-particle
interaction, which produced the hump between .01 and .03 A. Figure 3 is the internal
scattering function and is the constant term. Although there are negative values in the
intensity, which are meaningless quantitatively. Qualitatively, differences can be seen
between the two scattering functions (filter-in and -out). It should be noted that no negative
values for this function appear in the 1990 data. Figure 4 is the cross-term function and is
harder to analyze. Within this function the shape and internal functions are convoluted. We
have qualitatively seen the inelastic effects. The next logical step of this analysis is to
quantitatively measure the inelastic effects present in time-of-flight neutron scattering.
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Expenir j n j | c ( J op s o m c r c c e n t x-ray scattering experiments performed at the Stanford
Synchrotron Radiation Laboratory, a series of neutron scattering studies were
performed on LQD investigating the phase behavior of dihlock copolymers of
polystyrene and poly(n-butylmcthacrylatc), denoted P(S-b-BMA). The initial
experiments proposed dealt with the investigation of the solution behavior of
P(S-b-MMA) diblock copolymers. However, the importance of the studies on
P(S-b-BMA) required this action.

Iror all diblock copolymcrs studied to date one typically observes an order to
disorder transition of the copoiymer with heating. However, recent x-ray scattering
results on P(S-b-BMA) showed that this diblock copolymcr underwent the expected
order to disorder transition but with further heating the copolymcr ordered again. This
most unusual behavior, which is analogous to thr lower critical solution behavior of
polymer blends, has never been observed previously. Neutron scattering studies were
performed to elucidate the variation in the scgmcntal interaction parameter, y, as a
function of temperature and molecular weight. The analysis of the results arc not
complete as of yet. However, several exciting results on the behavior of the scattering
profile can be demonstrated at this time.

Shown in Figure 1 is the scattering profile of the P(S-b-BMA) having V1W =
6.8xl05 as a function of temperature. The lowest profile was that obtained at SOT.
With heating, the scattering profile is seen to intensify and sharpen. Without question
this results demonstrates that the copolymcr is ordering with increasing temperature.
Shown in Figure 2 is the peak intensity as a function of temperature for a heating and
cooling run. What is evident is that the changes occurring on heating are fully
reproducible and supports the fact that the copolymcr is undergoing a thcrmodynamic
phase transition. In addition, the increase in the intensity is clearly evident.
Decreasing the molecular weight of the copolymcr to 2.<S\10-s produced supporting data
for this. At 60°C, the copolymcr is disordered. The scattering profiles shown in Figure
3 arc typical for a copolymcr in the disordered state where the intensity is weak and the
scattering is distributed in a broad maximum. However, upon heating, the scattering is
seen to increase slightly with temperature. The intensity of'the maximum in the profile
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Ex is shown in Figure 4. Mere, the intensity is seen to increase slightly with temperature,
liven though the scatter in the data is larger, the trend is definitely clear. Experiments
were also performed on a P(S-o-BMA) copolymer wit!) Mvs 'J.'klO^. However, the
copolymcr was never found to disorder over a temperature range from ')(>"(' to 25O°(\

Combining these results we arc forced to draw the conclusion that this copolyincr
undergoes an order to disorder transition at lower temperatures and with increasing
temperature revcrsibly re-orders. As the molecular weight of the copolymer is
increased, the ODT increases and the DOT decreases such that, for the ().l)xl0-s

copolymcr, a disordered phase is never observed. These results dearly demonstrate
that equation of state arguments must be used to describe the variation in x with
temperature. This is a significant new finding in the field of diblock copolymcrs and
promises to open several new areas of research. We are currently in the process of
determining y and extending these studies further.
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Experiment report:

Introduction

The purpose of this experiment was to learn more about the microstructure and interactions
of inverse microemulsion systems. These systems consist of droplet-like structures with
hydrophobic entities forming an interface with the majority oil phase, and an interior hydrophilic
environment friendly to both water and electrolyte species (salts). We are particularly interested
and motivated to investigate these systems since they provide excellent environments to carry out
simple chemical reactions such as reduction and coprecipitation.l~3 Examples of reactions which
we have successfully executed using inverse microemulsions include formation of a wide range of
useful metal sulfides such as FeS2 (cubic pyrite), M0S2, CdS and metal oxides such as Fe3O4.
Nanosize clusters of these materials formed in inverse microemulsions have enormous
technological importance, particularly in the areas of catalysis and photocatalysis. By investigating
the initial size and interactions in several of these systems we hope to gain insight into the
relationship between micelle size, polydispersity, interactions and final metal oxide or sulfide
cluster size, shape, and polydispersity. This is a very ambitious goal in view of the large
complexity inherent to these multicomponent systems, and makes interpretation of scattering data
difficult. Our approach is to use both SANS measurements and static and dynamic light scattering
to investigate structure, dynamics, and interactions on length scales from -500 nm to ~1 nm.

Materials and Methods

The nonionic surfactant systems investigated had the generic formula
CH3(CH2)i(OCH2CH3)jOH, which we abbreviate as CjEj in the following report. We also
examined the effect of substitution of phenyl (C6H3OH) for methyl (CH2) in the above surfactant
system and we abbreviate these surfactants as PhiEj in the following discussion. These surfactants
allow one to adjust the phase behavior and microstructure by varying the ratio of hydrophilic (j
value) to hydrophobic (i value) character of the molecule. The cationic surfactant, CTAB
Hexadecyltrimethylammonium, CH3(CH2)i5N(CH3)3Br was investigated since it has an
exceptionally large single phase microemulsion region when combined with an appropriate
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Experiment report (vontiiwal):

In our previous resort we examined the role of hydrocarbon chain length k on the
microstructure of several CiEj systems, in particular C12E4. We showed that each system formed
inverse micelles and that the average size, as ootained from Guinier analysis of the SANS data
increased from 22.9 to 31.2 A as the k increased from 6 to 16. At the same time 1(0), which in the
absence of interactions is proportional to the mass or aggregation number of the micelles, increases
from 1.7 to 5.7 (arbitrary units). These two measurements are consistent with each other and imply
a spherical micelle structure. However, the limiting slope at the largest values of Q available at
LANSCH is -2, which is more consistent with a two-dimensional disc-like structure. However,
this apparent slope may only be indicative of a slow cross-over to Porod law behavior. In fact, we
favor this hypothesis.

In our first series of experiments we added water to several nonionic inverse micelle
systems and examined changes in the scattering behavior. The changes we observed, even with
very small amounts of added water, were quite dramatic as shown for die Ci2E4/dodecane system
of figure 1. Guinier analysis of the data of figure 1 results in ihe values of Rg and 1(0) shown. The
approximate doubling in micelle size is not enough to account for the increase in 1(0) shown even
assuming a spherical micelle structure, and so we must assume intermicelle interactions (phase
boundaries) play an significant role in the changes observed.^ This is consistent with the observed
phase separation that ensues when additional water is added to this system. Also, note the apparent
change in limiting slope to Porod law behavior as expected for a droplet-like micelle with a sharp
interface between the surfactant and the oil. This argues that the apparent slope of -2 shown in the
figure is likely not the true limiting slope. This is due to the small mass of the bare micelles in these
nonionic systems which means that the scattering intensity decreases below I ~ 0.1 cm"1

 at high Q
which appears to be the noise limit for LQD.

Continued on Attached Pages

References:
1. Wilcoxon, J. P., Baughman, R. J., and Williamson, R. L., Formation of Catalysts in Inverse Micelles, in Novel
Methods for Catalyst Preparation, Symposium S, Proceedings of the Fall Meeting of the Materials Research
Society, Boston, MA, Nov. (1990).

2. Wilcoxon, J.P., DOE patent #5,147,841, DOE control #S 70621, entitled "Method for the Preparation of Metal
Colloids in Inverse Micelles and Product preferred by the method", issued Sep. 15,1992.

3. DOE patent disclosure SD-5102 entitled, "Use of Highly Dispersed Materials as Coal Liquefaction Catalysts",
submitted Feb 28, 1992, by Paul J. Nigrey, A.P. Sylwester, Jess P. Wilcoxon, Mark J. Hampden-Smith, and
Zhibang Duan, assigned number SD-5102, S-75, 545.

4. Wilcoxon J.P.. Critical Behavior of an Inverse Micelle System. Phvs Rev A. 43. 1857. (1991).

123



10*

10*

l o 2

10°

Iff1

r i(o)

1 146
! 3.2

r

%'

.025
.0126

0
00OO00004

. . , ...1

•

120
26.4

Klwmn.iuKIO

• light
- SANS
• Ugh* \

N. • SANS :
' • •*>^\ • SANS -

^k slopc=-4

slope=-2 ^ % -

* o
. o

10"4 io-
A1

10°

Figure 1. The effect of addition of water to the Cl2E4/dodecane inverse
micelle system is shown as a function of water weight fraction, <pw.

As the hydrocarbon number k increases, the amount of water that
can be solubilized without phase separation reaches a maximum at k=12.
At this value of k the microstructural changes with water addition are quite
striking (figure 1). In this system we are far enough from the phase
boundaries after the first addition of water that the changes in Rg and 1(0)
are consistent with an increase in average micelle droplet size with addition
of water. The curve with cpw=.O25 is obviously qualitatively different and
must reflect the presence of the nearby phase boundary. In fact, very
similar scattering is observed in the two phase region of the
Cl2E4/hexadecane system with (pw=0107 shown in a previous report.
The importance of these observations is in emphasizing the role of nearby
phase boundaries in the interpretation of the scattering data, even on these
small length scales.

The cationic surfactant CTAB is interesting since it is not soluable in
either water nor octane by itself, but in the present of a cosurfactant such
as hexanol, and a small amount of water forms transparent microemulsions
in the region of water fraction .02<cpw<-27. This is a very large region of
stability for stable microstructures. Are the structures formed droplet-like
and do they remain so as more water is added?

In a previous report we demonstrated that in the chemically similar
cationic surfactant system, DDAB in dodecane, that addition of water leads
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to tube-like (pseudo-one-dimensional) structures with intermediate
scattering obeying I ~ Q-l. The main difference in these two cationic
systems is the presence of the cosurfactant in the CTAB system. This
cosurfactant clearly has a profound effect on the evolution of the
microstructure with added water as can be seen by comparing figure 2 of
the present report with figure 3 of our previous report. As we will show,
the cosurfactant alters the curvature and causes the system to remain
droplet-like, with no hint of lower dimensional microstructures throughout
the entire single-phase microemulsion region.

The scattering curves of figure 2 are consistent with a droplet-like
microstructure throughout the single-phase region and the values of Rg and
Rh (from dynamic light scattering) are consistent except for the first case
of 9w=02. We suggest that being so close to the phase boundary in this
case affects the analysis of the Guinier regime (i.e. the intermicellar
interactions must be taken into account). The limiting slope of -4 is also
consistent with a droplet-like microstructure and a sharp oil-surfactant
interface in each case.
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Figure 2. SANS scattering data for the CTAB microemulsion system as a
function of weight fraction cpw water added. The system has 10 wt%
hexanol, and 8.7% CTAB with deuterated octane as the continuous phase.
The values of the hydrodynamic radius Rh (from dynamic light scattering),
and the radius of gyration, Rg (from Guinier analysis of the SANS data)
are also shown.
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Upon changing the oil to hexadecane (C16) in the above system the
regime for stability of droplet-like microemulsions shrinks somewhat to
.02<cpw<.21. Since the scattering contrast in the two fully deuterated
systems is nearly the same the 1(0) values indicate an approximately 3x
larger mass in the case of the hexadecane system. It is interesting to note
that in the corresponding nonionic Ci2E4/Ck system we also observe
around a 2-3 fold mass increase as k increases from 8 to 16.

We do not know whether the upturn in the data of figure 3 at low Q
for the (pw=-16 system shown is real or due to instrumental difficulties. If
it is real, then the Guinier analysis value of Rg is obviously invalid and the
system scattering is probably being unduly influenced by the presence of
the phase boundary at (pw=21. Light scattering data supports the latter
hypothesis as the addition of slightly more cosurfactant removes this
feature, giving isotropic scattering at low Q. In fact, the changes in 1(0)
observed in light scattering closely follow the changes shown in figure 3.
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Figure 3. SANS scattering data for the CTAB microemulsion system as a
function of weight fraction <pw water added. The system has 10 wt%
hexanol, and 8.7% CTAB with deuterated hexadecane as the continuous
phase. The values of the hydrodynamic radius Rh (from dynamic light
scattering), and the radius of gyration, Rg (from Guinier analysis of the
SANS data) are also shown

This indicates that the scattering changes sufficiently far from the phase
boundaries are mainly due to increases in the micelle average mass with
addition of water. As in the case of the CTAB/octane system of figure 2,
the scattering is consistent with a droplet-like microstructure.
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Finally, it appears from light scattering measurements of Rh, that the
microstructures are very small (i.e. <20 A) at the lower extreme q>w=-02
of the microemulsion region. The fact that R g » R h either implies that a
significant fraction of the SANS scattering intensity is due to intermicelle
interactions and that Rg should be interpreted as a correlation length in the
solution or that the initial microstructure is not droplet-like, but becomes
more so as the water weight fraction increases. The latter hypothesis is
consistent with the fact that eventually Rh>Rg, consistent with a droplet-
like microstructure at cpw=.16.
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Experime Experiments were performed on LQD to determine the spatial distribution of
polymer chains in thin films. In particular, mixtures of normal polystyrene (Mw =
5xl0<>) with perdeutcrated polystyrene of similar molecular weight were prepared in
toluene solution. Thins films (~200A) of the mixture were spin coated onto fused silica
substrates and floated off onto a pool of water. The films were retrieved using thin,
rectangular quartz substrates such that the thin films were deposited onto both sides of
the substrate. This process was repeated 25 times onto three separate substrates. The
combined 150 layers of thin films were mounted into a goniometer designed to fit into
LQD. The samples were then rotated in the beam such that the inclination of the
sample with respect to the detector was 3°, 7° and 10°. In this way it intended to
determine the radius of gyration of the polymer chains normal to and parallel to the
surface of the film and, thereby, determine the extent of compression of the polymer
chain due to the confinement in the thin film.

The results of the 3° experiment are shown below. The upper curve represents the
scattering in a direction normal to the film surface whereas the lower curve is the
scattering parallel to the film surface. The first major accomplishment of the
experiments was that there was sufficient sample in the beam to resolve the scattering
from the films and demonstrates that the experiments arc feasible. However, extracting
the single chain dimensions from the data could not be done reliably. This was not due
to the performance of LQD but rather in a problem with the sample preparation. If
the data normal to the film surface is examined a clear shoulder in the scattering profile
is seen q = 0.03A ] which corresponds to 209 A. Such a scattering profile would not be
expected from a gaussian coil, compressed or not. This distance corresponds to the
thickness of the films which suggests that impurities entrapped between the films
during the transfer process provided sufficient contrast to be detected. Consequently,
the scattering observed normal to the film surface was contaminated with this artifact.
There is no clear manner in which this contribution to the scattering can be removed.
Consequently, these results suggest that a modification of the sample preparation is
required to minimize the contamination entrapped between the layers. It should be
noted that the origin of the contaminant is unclear at this present. One possible source
is water entrapped between the layers. It is most difficult to remove this entrapped
water without inducing some intcrdiffusion of the layers which would nullify the
experiments. An alternative method of preparation is currently being pursued.
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Experiment report (continued)'.
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Experiment report:
Numerous ternary surfactant systems with equal volume fractions of aqueous and hydrocarbon

components have been shown to have a random bicontinuous microstructure. In such structures
continuous domains of oil and water are separated by a randomly oriented monolayer of surfactant
molecules. Small-Angle Neutron Scattering (SANS) measurements are particularly valuable in
determining microemulsion structure, utilizing the contrast variation available in the technique to
highlight different structural correlations.

Recent theoretical work on the disordered bilayer structure of the L3 "sponge" phase by Roux et
al 1 can be extended to the special symmetric case of a monolayer structure when the two sub-
volumes are exactly equal. This theory introduces a second order parameter in the Landau-Ginzberg
approach which is associated with the symmetry of the system. This extra symmetry consideration
introduces a second length scale 4h in addition to the usual one, 2L associated with the density
correlation function. The coupling of this second order parameter to the density order parameter is
proposed to introduce a q"1 dependence for the scattered intensity at low q ca. < 0.01 A-1 instead of
the well known q*2 Qfistein-Zernike form.

Work by Kahlweit 2 on the ternary system consisting of the nonionic surfactant C8E3
/D2O/Decane indicates that it has a fairly symmetric phase diagram at an experimentally convenient
temperature, range. Under carefully chosen experimental conditions it will satisfy the theoretical
conditions to produce the unusual scattering behaviour mentioned above. With this aim a series of
samples with ((>w ~ (j)0 to satisfy the symmetry considerations and varying suifactant content where
prepared. The experimental temperature was set so as this surfactant dilution line intersected the
tricritical point in the system. Under these conditions the surfactant sheets are expected to have zero
mean curvature. The experiment was carried in both single and double deuteration mode so as to
explore the validity of the Roux et al model.

SANS profiles for the single deuteration case exhibit a characteristic peak in scattering intensity
as previously observed 3. The q-value of the maximum intensity varies with surfactant volume
fraction and shows good agreement with the expected ^ behaviour (Figure 1). The position of the

peak is indicative of the correlation length tfc of the suifactant film, a distance over which the film
may be considered to be flat.

SANS data for a double-deuterated sample is shown in Figure 2. The small peak in the intensity
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irnntinut'tl):

appears in all samples and mimics the §& dependence of the peak in the single-deuterated case. The
q-value of this peak has been proposed to be representative of a length scale relating to the most
commonly occurring film-film distance within the structure 4. The solid line in Figure 2 is the fit to
the Roux model, and reasonable agreement can be seen to be achieved. Fits using the classical
Qhstein-Zernike form for critical scattering gave a far inferior agreement. The improved fit for the
Roux model seems to give a clear indication that the extra term in the theoretical scattering form is

indeed valid. The value for ^ = 4700 A derived from the fit is in accord with results obtained
from light scattering experiments on another system 5.
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Experiment report:
Self-irradiation damage of plutonium metal and its long term effects are of particular

interest to plutonium metallurgists. With each radioactive decay event (a-decay), a helium nucleus
and subsequent 4He atom is formed, and over a long period of time these atoms can collectively
add to a substantial amount of trapped helium in the lattice of the metal. It is important to know
the distribution of trapped helium in order to predict its effects (e.g., swelling) on plutonium
components.

It is not known a priori what happens to the helium. One possibility is that it will form
small bubbles, or voids, and these are sometimes seen with electron microscopy. Bubble formation
can be influenced by heat treatment. We have examined three 27 year old samples of by small-
angle neutron scattering with the LQD at LANSCE. The samples are 5-phase, stabilized with 1.5
w/o gallium. Of our three samples, one was measured "as is," the second was heat treated at
25O°C, the third at 400°C. We also examined a fourth, "new," sample that had received an
identical heat treatment at 400°C.

An intrinsic difficulty of this experiment is the high absorption cross section of 239Pu. This
means that very thin samples must be used, in our case 0.003". The samples were doubly
contained in aluminum sample holders with windows of very high purity aluminum. The signal
from the sample holders must be precisely subtracted. Accordingly, long measuring times are
required. We tried for one full day on each sample and had to settle for somewhat less because of
reliability problems. Even with the long measuring time, the precision of the data is limited by
poor counting statistics at high Q.

The data from these experiments are shown in Fig. 1. The points are shown with the error
bars determined by counting statistics. The curves fitting these points were generated by fitting
the data to a log-normal distribution of hypothetical helium voids ("pseudo-bubbles"). Mean
pseudo-bubble diameters of about 60 A are indicated. However, the fitting parameters are highly
correlated, and these log-normal fits are considered to be unreliable, except for improving the
appearance of the data The important thing is that the data for the different samples - especially
the new sample - are significantly different.

We have attempted to invert these data to obtain the pseudo-bubble distributions
unconstrained by the log-normal model. The results are shown in Fig. 2. There are intriguing
differences in the distribution histograms in the 300-600 A range, but these have very large error
bars, and the differences may not be significant. An inversion procedure based on the maximum
entropy technique would be much more reliable, and we are currently working on this. It is
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Experiment report (continued):
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already clear however, that the "new" sample does not match the others well enough to be used as
a standard.

We have not yet been able to draw any firm conclusions on the possibility of bubble
formation- in 239Pu on the basis of these experiments, but the implementation of the maximum
entropy procedure should improve this situation. The fact that differences in the signals are
observed at all is very encouraging, and we intend to continue these experiments with better
samples.
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Surface Profile Analysis Reflectometer (SPEAR)

The Surface Profile Analysis Reflectometer
(SPEAR) views a liquid-hydrogen moderator
maintained at 20 K. The moderated neutrons are
collimated into two beams within the bulk biologi-
cal shielding of the LANSCE target. The beams are
inclined downwards at angles of 1.5° and 1.0° to the
horizontal and converge at a common sample
position 8.73 m from the moderator. A specially
designed mercury shutter allows the beams to be
operated either independently or simultaneously.
As defined by the in-shield collimation, the vertical
resolution of each beam (A0/0) is ±5% for horizon-
tal surfaces, and the horizontal resolution (A6)
is ±0.25°.

A "To chopper" is located 5 m from the moderator
in a heavily shielded cave just outside the bulk
shield. This chopper rotates a 300-mm-long nickel
slug into the beam during the initial flash of high-
energy neutrons and gamma rays and significantly
reduces the background that limits reflectivity
measurements. At the midpoint of the beam line
(6.19 m) is the frame-overlap chopper, which
consists of a thin neutron-absorbing disc with two
opposing 90° segments removed. Rotating at one
half of the Proton Storage Ring (PSR) repetition
rate, this chopper defines the wavelength band
(1 to 16 A or 16 to 32 A) to be used and suppresses
frame-overlap background problems between
these frames.

of the beam relative to the reflecting surface. For the
study of liquid surfaces, sample containers
(e.g., Langmuir troughs) must be isolated from
external sources of vibration. SPEAR uses an EVIS
vibration isolation system (Newport Corporation),
which supports the sample and actively dampens
vibrations transmitted through the floor or air.

Two detector systems are available for use
on SPEAR: a single 3He detector for use in low
reflectivity studies or a single linear position-sensitive
detector with 1-mm resolution when high angular
resolution is required for studies of off-specular
scattering.

This year, LANSCE improved SPEAR by
• installing polarization analysis equipment;
• automating slit- and detector-position

stepper motors, shutter, and chopper controls;
• installing a high-vacuum, in situ evaporation

chamber for preparing nonoxidized
metallicilms; a Langmuir trough for studying
liquid-vapor interfaces; and a flow cell for
studying solid-liquid interfaces under shear;
and

• improving the on-line database to include real-
time display, black box versions of data
reduction for instant examination, and data-
space conversion routines.

A 2-m length of the beam path is accessible be-
tween the frame-overlap chopper and the sample
position. This section allows for further tailoring
of the incident beam. Modifications include slits
for fine horizontal collimation of the beam for in-
plane or diffuse scattering studies and polarizers
for magnetic depth profile measurements.

A goniometer at the sample position allows solid
samples to be tilted to change the angle of incident

Mercury shutter
& collimation

A wide variety of support for users includes
• soft-wall and hard-wall clean rooms;
• a Millipore system to provide clean water for

liquid samples;
• an automated Langmuir-Blodgett trough to

prepare monolayer and multilayer films;
• an evaporator for deposition of metallic films

as surface layers; and
• a surface ozone cleaner to remove organic

contaminants.

Long
T» chopper wavelength

0 filter
Moderator

Target

Converging collimation/
Polarizing mirrors

Adjustable skimmer slits/
guide field

Sample

Vibration Shielding
isolation walls
table Detector Beam

stop

Incident beam Alignment laser/ Spin flipper
monitor 1 incident beam

monitor 2
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Instrument Details

Moderator-to-detector distance 12.38 m
Wavelength frames at 20 Hz 1 < X < 16 A

16<A<32 A
Q range (horizontal sample) 0.007 < Q < 0.3 A1

Beam cross section at sample position 5-mm high x 50-mm wide (1 ° beam)
(maximum sample acceptance) 7.5-mm high x 50-mm wide (1.5° beam)

Moderator Liquid H2 at 20 K

Neutron flux at sample position for 1.5° beam at 60 jxA:
1 < ^ < 6 A 3.4x105n/cm2/s
6 <k< 16 A 3.3x104n/cm2/s
1 6 < X < 3 2 A 2x102n/cm2/s

Detectors Single 3He tube
1-mm resolution linear 3He position-sensitive

detector

Minimum reflectivity 106

Typical run duration 30 min to 6 h

Greg Smith, instrument scientist
Mike Fitzsimmons, instrument scientist
Ross Sanchez, instrument technician
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Experiment report:

Introduction
Phthalocyanine (Pc) thin films, their derivatives and multicomponent films are being developed for
applications such as chemical sensors, fuel cell catalysts, sulphur effluent pollutant control and
optical storage [1]. Metal chelated Pc's are semiconductiong and can change conductivity by up to
6 orders of magnitude upon binding of certain gases. This conductivity is also sensitive to the
orientation of the flat Pc rings relative to each other. The air/Pc or solid/Pc interface properties are
as important as bulk properties in determining the device physical characteristics. Although the
electronic and optical properties of these films have been studied extensively, the nature of the
interaction of Pc films at the substrate, air or water interfaces is not well understood due to the
paucity of applicable experimental techniques.

Pc films are primarily prepared by the Langmuir-Blodgett (LB) technique. Monolayers are
transferred from an aqueous layer to a substrate by successive dipping at constant film
pressure/area. It is generally assumed the characteristics of the film on the aqueous phase will be
retained upon the film transfer to the solid support but has not been difficult to prove. The effect of
changing the physical characteristics (pH, T and impurities) of the aqueous layer supporting a
substituted Pc indicates that the interaction between the Pc and water greatly affect the subsequent
film deposition. Most substituted Pc's are hydrophobic and tend to form poor quality films unless
amphiphilic transfer promoters are used. Whether the promoter and Pc are homogeneous or
separate into microphases has not been determined, although conflicting data suggests that different
mixed films have different relative tilt of the alkyl chains and Pc rings from perpendicular to flat
stacked on the surface. [2]

Neutron reflectometry allows for examining the same film before and after deposition from the liquid
to the solid support; the assumed similarities between the film/solid and film/liquid can be addressed
directly for the first time. Furthermore, the versatility of this technique can help to eliminate the
controversy regarding the film density profile which has existed since the beginning of
phthalocyanine and other thin film preparations. The extent of diffusion and interaction of the
promoter at the interface with the Pc and the solid can be derived by using the contrast afforded by
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Experiment report: (continued)
deuterium substitution of the promoter and by varying the promoter layer thickness. The
relationship between the axis tilt angles of the Pc's and promoters can be then obtained with
models using plausible molecular interactions to describe the density profile. The effects of varying
pH, temperature and film pressures on the liquid/Pc interaction can then be addressed.
Complementary studies with x-ray reflectometry and electron microscopy will help to characterize
the film thickness and surface quality.

This research on SPEAR addresses two questions of related nature: what is the nature (structure)
of the aqueous/pc/promoter film and interfaces and what is the nature of the resultant
solid/promoter/Pc film and interfaces?

Experiment and Results

This year's efforts concentrated on understanding the packing and orientation of the film
components at the solid/film interface. Thin films of tetrakis (cumylphenoxy) copper
phthalocyanines with octadecanol as the transfer promoter were prepared on 2 inch polished silicon
wafers as follows [3]: 1 monolayer (ML), 5ML, 9ML, 25ML with deuterated octadecanol and the
same with hydrogenated octadecanol. Each sample was examined by neutron reflectometry, and
information from specular and off-specular scattering was obtained.

Preliminary analysis of the reflectivity data indicates that the fits are not simple single-layers of
homogenous octadecanol and substituted phthalocyanine. Incorporating the known "islanding" of
the Pc's produces better fits, but a consistent model has not yet been determined. By comparing the
data from the H- and D-octadecanol, which should be identical in number density but very different
in scattering density, the potentially large number of "good fits" will be limited to that which fits
both sets of data. Figures 1 and 2 show only the reduced specular reflectivity data from this year.

Using the data from well controlled film transfer, x-ray reflectivity, EM and SPEAR:

—>specular reflection, the density profile can be obtained. Simulations of various Pc stacking
patterns on silicon (parallel, perpendicular, tilted 45°, flat stacked with stack axis tilted 45° and
30°) indicate that the resultant reflectivity profiles are quite different The resultant thickness and
orientation determined from SPEAR will be compared to those inferred from the deposition
parameters (amount of material per given surface area). The comparison of deuterated vs
hydrogenated samples will help elucidate the location and effect of the transfer promoter.
Comparison of the series of 1 to 25 monolayers (ML) will allow for the development of a model
for film growth, changes in homogenaiety and morphology, as the numoer of layers, increases.

->from diffuse scattering, the nature of the surface roughness may be studied. By establishing the
surface roughness with TEM or EM, the roughness correlation between layers (or at least between
the surface and substrate) can be determined. Furthermore, the known island formation in thicker
films will provide very useful samples with measured roughness for the comparison of diffuse
scattering to theory.

These results could have an impact on theoretical modeling of the electrical and optical properties of
these films and on future deposition parameters of LB films in general.

Future Work

A Langmuir trough, developed during FY92 to facilitate reflectometry studies of films on liquid
surfaces, will be used for the Pc/liquid interface to examine the same pressures and conditions used
to deposit the thin films. Alterations to the aqueous properties will then be considered. A similar set
oJ xperiments of the film/solid monolayers is also planned, but with different transfer promoters
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Experiment report: (continued) i oo
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Figure 1 shows the nonnalized specular reflectivity versus q (perpendicular neutron momentum
transfer) for a series of octadecanol (hydrogenated): tctrakis(cumylphcnoxy) copper
phthalocyanine. deposited in a 1:1 ratio. (square=lML, triangle=5ML, plus sign=9ML, and
asterisk=25ML). As the film thickness increases, the rcflectvity tends to fall off more quickly.
This fall off is expected and a result of the increased incoherent scattering due to the hydrogen in
the sample. io°i

0.08 0.04 0.06 0.08
Figure 2 shows the normalized reflectivity versus q for the same materials, the only difference
being that the octadecanol is now fully deuterated. Symbols are the same as in Figure 1. Notice
that the specular reflection does not fall off more rapidly with the thicker films. Also, the 25ML
sample has a significantly shifted critical edge due to the thick deuterated layer close to the silicon
surface.Most of the information for the thinner films is contained at the higher q values. Diffuse
scattering was observed in both of the 25ML samples and to a lesser extent in the other samples
(not shown here).
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Experiment report (continued):

in order to understand the effects promoter properties on the resultant film. In this manner, the
effect of the transfer promoter, liquid phase and film transfer on film morphology can be
examined.

References:

[1] C. Leznoff and A. Lever, eds. PhthalocyaninesrProperties and Applications (VCH Publishers'
NY), 1989
[2] W. Barger, J. Dote, M. Klusty, R. Mowery, R. Price and A. Snow Thin Solid Films
159 (1988), p. 369
[3] Detailed information on the LB deposition can be obtained from either W. Barger or S. Baker.
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Experiment report:

Introduction

The complex behaviour of non-Newtonian fluids is nox well understood, although their
properties are widely exploited in many industrial processes and products. Whereas Newtonian fluids
experience a stress that is directly proportional to the strain independent of the strain rate, a non-
Newtonian fluid under stress may store some of the energy input as molecular ordering rather than
dissipating the heat. Some deformations may have a very long relaxation time so that the effect of a
shear stress may be measured hours later. The viscosity of non-Newtonian fluids varies significantly
with the applied shear rate as well and can have useful lubrication properties.

Understanding the molecular interactions and orientations causing these marked differences in
such fluids is beginning to emerge with the use of light scattering 1 and small angle neutron scattering
(SANS) measurements^. By subjecting the fluid to a velocity gradient, the molecular orientation in a
fluid subject to a shear can be examined. We have used a parallel plate shear cell with continuous
Poiseuille flow. Figure 1 Solutions at 20mM of hexadecyltrimethylammonium dichlorobenzoate were
prepared—the 2,6 isomer being Newtonian and the 3,5 isomer being non-Newtonian. A NaCl solution of
the 3,5 fluid and a 3,5 dichlorobenzoate salt (bromide) with a dodecyl (C-12 chain length)
trimeihylammonium were also prepared. Having the same mass density, but very different fluid
properties, the 2,6 and 3,5 isomers provide a remarkable system to compare the ordering of non- and
Newtonian fluids.

In 1991, results from SPEAR suggested not only that differences exist between the Newtonian
and non-Newtonian fluid density profile, but that these are significant and measurable quantaties^.
Each fluid 20mM was placed trough beneath a static quartz cover. The non-Newtonian fluid surface
was subject to a shear stress by displacing the quartz cover along the beam direction. No difference was
observed between the "sheared" and unsheared non-Newtonian fluid; however, the shear stresses from
such a geometry would be very small and would require a very long relaxation time to be observed.
With the construction of a dyanamic, parallel plate shear cell, this year we could apply a large range
of continuous shear rates at low velocity in a geometry suitable for neutron reflection.
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Experiment report: (continued)

Results

The 1992 research addressed the following questions:

1. Differences in molecular orientation between non- and Newtonian fluids. Is there a difference
in the molecular orientation of a Newtonian fluid (2,6 compound) versus the non-Newtonian fluid (3,5
compound) when the fluids are not subject to a shear? A 20mM solution each of the 2,6 and 3,5 compounds
were prepared in D2O. Figure 2 shows the static results for the 2,6 and 3,5 compounds. The reflectivity
is nearly identical for the range of q examined. Thus, the surface or near surface alignment (or lack
thereof) of the 2,6 and 3,5 appear similar before shearing. Similar static reflectivity curves were also
observed immediately after shearing indicating that the relaxation time is small compared to the time
of data acquisition (1-4 hours).

2. Molecular orientation of non-Newtonian fluids subject to a shear stress. We can detect an
ordering of molecules at the surface of the fluid subject to shear stress rates at all rates used (almost 2
orders of magnitude). The 3,5 fluid showed quite remarkable differences between the sheared and non-
sheared fluids [Figure 3]. As the shear rate was increased, the peak did not significantly shift and grew
only about 20%. However, due to the steep velocity gradient thought to be present at the surface of the
quartz, the lowest velocity used may have already been well beyond the range of shear where
alignment is just beginning.

The reflectivity of the sheared 2,6 fluid at all shear rates was identical to the static 2,6 and
3,5 fluids. [Figure 4] Note that the shear rates cited are calculated from the average velocity in the
cell to give a relative comparison and may not be as large as the actual value. The cell was rotated 90°
to allow for analysis of anisotropy parallel and perpendicular to the fluid velocity. For the static and
a selection of shear rates at flow perpendicular to beam direction, the reflectivity curves of the 2,6 were
identical to those at flow parallel to the beam. (3,5 was not done perpendicular)

3. Effect of Salt and Different Chain Lengths on molecular orientation Since molecular
interactions are responsible for the 3,5 fluid's non-Newtonian properties, an attempt was made to
change these interactions. First, to a new 20mM 3,5 solution was added .2M NaCl. The results are shown
in Figure 5 Since no peak was observed, the salt apparently disrupted the interactions responsible for
producing the surface layering or ordering. This effect is expected since the salt should screen the long
range interactions.

A smaller chain of 12 rather than 16 carbons attached to the trimethyl ammonium 3,5
dichlorobenzoate would have a slightly different intermolecular interaction and different length
scales. A comparison of the sheared 3,5 compound with the 12 C and 16 C chain is shown in Figure 6.
Clearly, the obvious surface ordering or layering is again removed. However, it is not possible to
conclude that no ordering has occured since the length scale may just have been shifted beyond our
measurable q range.

4. Analysis of density profiles. The modelling parameters of the fluid flow are important in
determining the density profile. The parabolic velocity profile between parallel plates is well
established for a Newtonian fluid, and thus is the shear profile. However, a non-Newtonian fluid has
a much more complicated velocity profile which is not straightforward to calculate. Surfactants, such
as those studied here, are of particular interest because of their lubricating properties, primarily due to
some surface interaction. Theoretical calculations^ indicate that the shear is quite large at the walls
of the cell, but decreases rapidly as the distance away from the wall. The bulk of the fluid moves
through the orifice in a mass of constant velocity for a large class of non-Newtonian fluids with similar
properties to those used here.. The molecular alignment occurs at the surface where the shear is
greatest. We are presently in the process of performing anemometry (flow visualization to measure the
velocity profile) and using the properties of similar viscoelastic materials to theoretically model the
constitutive equations determining shear as a function of velocity profile. These experiments and
calculations serve as a guide for our density profile models.
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Experiment report: (continued)

Discussion and Future Work

The observation of a correlated length scale of the 3,5 fluid at high shear rates is not
inconsistent with the SANS data recently analyzed of these materials6.. While the SANS data
showed a continuum of correlation lengths as the shear was increased, we did not observe a shift in the
reflectivity peak. As mentioned before, it is likely that our range of shear rates was not sufficient to
induce these changes. Future plans include a new ceil and/or a new pumping system to allow for lower
shear rates.

SANS data of the 2,6 fluid are scheduled for February (at NIST) and analyses of the SPEAR
data and velocity profiles are ongoing.

Figure 1: Sketch of the shear cell used in reflectometry. The fluid outlets are on the ends
and the tubing and pump are not shown. Fluid reservoirs are shown in black.
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Figure 2; Graph of reflectivity as a function of momentum transfer (q) for the

unsheared (static) 3,5 (asterisk) and 2,6 (diamond) fluids. Notice that they are nearly identical.
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Figure 3: Graph of reflectivity as a function of momentum transfer (q) for the static 2,6 (diamond) and
sheared 2,6 at 14/s (asterisk) and at 136/s (line) fluid. Notice that they,too, are nearly identical.
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Figure 4: Graphs of reflectivity times q4 as a function of momentum transfer (q) for the a) static
(asterisk) and sheared (diamond) 3,5 fluid at 35/s and b) at <5 (plus) and -35 (diamond) per sec.

The peaks are more easily compared in this format.
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Figure 5: Graph of reflectivity as a function of momentum transfer (q)
for the static 3,5 fluid (plus), static salt (diamond) and sheared salt (line) at 89/s.
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Figure 6: Graph of reflectivity as a function of momentum transfer (q) for the static
3,5 16-carbon (plus), static 12-carbon 33 (diamond) and sheared at 68/s 3,5 12-carbon (line) fluids.
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Experiment report:

Diblock copolymers are composed of two chemically dissimilar polymer chains covalently
joined. In symmetric block copolymers the net repulsive interactions between the unlike
monomers results in local segregation of the blocks and the formation of alternating lamellar
nanocrystals of periodicity L which is a strong function of the copolymer molecular weight. If
the copolymer is deposited as a thin film an orientational aspect is introduced to the ordering
process since one block species will tend to interact preferentially with the free surface or the
substrate. In this case the preferred orientation of the lamellae is parallel to the surface of the
substrate. For this system the ordering kinetics is complicated by the effective field normal to
the surface. The finite thickness constraint coupled with the orientation introduces a
quantization of the film thickness to (n+1 /2)L or nl_, depending on whether one block resides at
one or both surfaces. For films which do not match the required thickness conditions as cast,
holes (or islands) of depth (or height) L will form at the film surface to compensate for the lack
(or excess) of material.

The phenomenon of island formation has been studied previously by Coulon and coworkers
[1,2] using Atomic Force Microscopy and optical microscopy. Their findings suggest that the
island formation begins with a roughening of the surface which gradually evolves into two
distinct film thicknesses. However, theii surface studies reveal no information on how the
ordering or orientation process within the film is coupled with the formation of surface features.

In this study we followed the evolution of ordering in a thin copolymer film using x-ray
and neutron reflectivity (NR) to reveal the ordering process and its connection to surface hole
formation. Using an 80, 000 mol. wt. poly(styrene-b-methyl methacrylate) copolymer with a
fully deuterated styrene block provided ample contrast to examine the evolution of the ordered
lamellae by neutron reflectivity. X-ray measurements, which are highly sensitive to the
surface features of the films, were performed to investigate the surface roughness as a function
of annealing time.

Two sets of films were investigated: (1) a 2.5L system (800 A) which forms no surface
features and (2) a >2L system (700 A) with an equilibrium hole concentration of 30-40%.
Multiple films of each thickness were spin cast on Si substrates from solution in toluene.
Samples were annealed under vacuum at 170 ± 2 °C for times ranging from .1 hr to 24 hrs.
Neutron reflectivity measurements were performed on the annealed and as-cast films on the
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Experiment report (continued):

SPEAR instrument at the LANSCE facility of L.A.N.L. Specular and off-specular reflectivity data
were collected simultaneously to q values up to .12 A"1. Sample runs were performed for
approx. 3 hrs on each sample at a beam current of 70 ytK. X-ray reflectivity measurements were
performed at the IBM Almaden Research Center on an 18 kW rotating anode instrument. X-ray
measurements were taken out to .25 A"'' in q to enable sufficient characterization of the surface
roughness.

Fits to the NR data of films in the as-cast state suggest that the systems had already
segregated locally. In these films highly damped composition oscillations originating from the
film surfaces were observed to have a periodicity of ~ 1/3 the equilibrium period.
Transmission electron microscopy of thin as-cast copolymer films on gold confirmed these
results, showing the entire film to display a quasiperiodic interconnected morphology. The large
single layer oscillation observed at the Si surface in Fig. 1 suggests that the contact time of the
solution to the substrate prior to the actual spinning is sufficient to allow the adsorption of a
monolayer of copolymer to the Si surface. The as-cast films were found by x-ray reflectivity to
exhibit extremely smooth free surfaces with an average roughness of several angstroms.

Upon annealing the characteristic period of the order in the film rapidly increases (< .1
hr) to reflect a value closer to that of the final period. At 170°C most of the organization and
orientation of the domains is nearly completed within .5 hrs, as shown in Fig. 2 for the 700 A
film/ At intermediate times the orientation process is observed to proceed from the substrate
upward. The adsorbed copolymer layer thus creates a strong orientational field for nearby
chains. The organization process is found to be essentially identical for both thicknesses during
intermediate times. In each case the internal reorientation is accompanied by a substantial
increase in the surface roughness to ~ 40 A . For longer times the surface roughness of the 2.5L
film decays as the morphology is fine tuned toward equilibrium. In the thinner film the
formation of islands is observed to be a phenomenon primarily involving a reorganization of the
uppermost layer of the copolymer, rather than one involving substantial interdiffusion with
copolymers of the underlying layers.

References:
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Fig. 1. R(k) profile and fit for
as-cast copolymer film

Fig. 2. R(k) profile and fit for
film annealed .5 hours.
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(1990).
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(1992).
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Experiment report:

The structure of end-attached (tethered) diblock copolymer chains is of
current theoretical interest in addition to its importance in a wide range of
technological applications [1, 2] . Depending on the grafting density, 0, of
such chains on a given interface, they can either exist as non-interacting
(or weakly interacting) "mushrooms" (low 0) , or strongly stretched
"brushes" (high 0). The degree of stretching and hence the layer thickness
also depend on the molecular weight (MW) of the polymer, and on the
solvent quality. Theory predicts rather different segment density profiles
and contrasting scaling behaviour for these two structures [3].

In this project, our aim was to use Neutron Reflectometry methods to
investigate the structure of d-polystyrene/poly(vinyl-2-pyridine (PS/PVP)
diblock copolymers adsorbed onto silicon wafers from a matrix of unlabeled
polystyrene (PS) homopolymer. These materials adsorb onto silicon via the
PVP block, while the non-adsorbing PS block extends into the
homopolymer matrix. In order to stud;, the transition from brushes to
mushrooms we used a series of diblock PS/PVP materials with a fixed PS
molecular weight (75 K), but different MW values for the PVP block, which
was varied from 3.4 K to 102 K. The PS homopolymer matrix had a MW of
184 K. Our results indicate a systematic trend as a function of PVP MW, the
segment density profile becoming more "mushroom-like" (with a
pronounced maximum in the profile) as the PVP block size is increased. We
have used a Schultz function to model the scattering length density of
mushrooms as described previously [4] (see Fig. 1). The results also show a
decrease in the adsorbed layer thickness with increasing PVP MW,
suggesting that the PS chains bearing larger PVP blocks are less stretched,
since the mean distance between them is greater due to the larger area
occupied on the surface by the PVP anchor. More detailed analysis of the
data is currently in progress.
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Experiment report (continued):

Preliminary measurements on the kinetics of adsorption and their effect
on the interfacial structure were explored, but the attainment of
equilibrium seemed to be too rapid on the time-scales and annealing
temperatures used in our experiments. More Neutron Reflectometry work
on the concentration and kinetic effects is planned, while parallel Nuclear
Reaction Analysis experiments are currently in progress.
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Figure 1. A) Neutron reflectivity profile and associated fit for the PS/PVP
75K/102K material, and B) Schultz function profile corresponding to the fit
shown in (A).
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Experiment report:
Using X-ray diffraction techniques, the atomic structure of twist grain boundaries can be deduced [1].
When applied to grain boundaries, these techniques are very time consuming and can have multiple
interpretations. In many instances, only two parameters of a grain boundary are of any interest- its
density and width, and so a less cumbersome technique other than X-ray diffraction, like neutron or X-
ray reflection, might be useful in measuring these two grain boundary parameters. The purpose of this
project was to determine the densities and widths of several different [001] twist grain boundaries. Since
the density of a grain boundary differs from that of the bulk by 10% or so, the reflection of neutrons or
X-rays from such an interface has a relatively small effect on the specular reflectivity compared to the
sample surface. Furthermore, surfaces of evaporated films can be rough producing diffuse scattering,
which may mask the diffusely scattered radiation from a grain boundary, if any.

In order to enhance the reflectivity of the grain boundary and minimize diffuse scattering from the sample
surface, we chose to make Ni bicrystals containing [001] twist grain boundaries by sintering together
two single crystal thin-films- one of which was contrast matched to air. By mixing 62NI with normal Ni
in the hearth of an e~ gun, we were able to reduce the scattering length density of the deposited film by
more than 90% compared to that of normal Ni. We call these films contrast-matched films (Ni'). The
Ni' films were epitaxially deposited on single-crystal NaCl, while conventional Ni films were epitaxially
deposited on single-crystals of MgO. The two films were placed face-to-face, while still attached to their
substrates, under uniaxial pressure and sintered at high temperature for a couple hours in vacuum. Prior
to sintering, we exposed the slightly warm NaCl/Ni7Ni/MgO sandwich to carbon-monoxide in order to
reduce the native oxide that grows on the film surfaces during the transfer of the films from the
deposition chamber to the furnace. After sintering, the NaCl substrate was dissolved in water. The
bicrystal sample consisted of three reflecting interfaces- one that was only weakly reflecting at the
sample surface, a second strongly reflecting grain boundary interface, and a third very smooth interface
at the Ni/MgO phase boundary. Since the Ni/MgO interface was very smooth and the air/Ni' interface
was only weakly reflecting, the diffuse scattering observed in Fig. 1, i.e. the intensity away from the
condition where the angle of reflection equals the angle of incidence (corresponding to the bright stripe
across the figure), arises largely from roughness of the grain boundary. Diffusely scattered radiation has
also been observed in [001] twist grain boundaries of Au [2], From the data in Fig. 1, the scattering
length density of a grain boundary averaged over its lateral dimensions can be deduced; however, these
data have not yet been analyzed.
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Experiment report (continued):
The reflectivity of the bicrystal sample was also examined with polarized neutrons. The purpose of this
experiment was to measure the magnetization density profile of the bicrystal sample directly. The
magnetization of a sample can be most easily demonstrated by comparing the ratio of the spin parallel
reflectivity (neutron polarization parallel to the magnetization of the sample) to the spin anti-parallel
reflectivity. This ratio is called the flipping ratio, and for a non-magnetic or anti-ferromagnetic sample is
unity. The variation of the flipping ratio with momentum transfer, Qz, normal to the surface of the Ni
bicrystal is shown in Fig. 2. The sharp peaks are related to the magnetization of the entire bicrystal.
Since a grain boundary is less dense than the bulk, the magnetization of the interface is expected to be
larger than the bulk [3]. This enhancement might be observed as a larger flipping ratio; however, the
decreased atomic density of a grain boundary, which is quantitatively known (in principle) from the
unpolarized reflectivity measurements, might mask any change in the flipping ratio. If a change in the
flipping ratio can be directly observed in the data, then we would expect to observe a long period
modulation of this ratio with Qz, corresponding to the thickness of the grain boundary (ca. 10 to 20 A
thick [1]). Such a modulation might be imagined in Fig. 2, but a measurement of the magnetization of
the grain boundary requires further analysis.
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Fig. 1 The specularly and diffusely scattered radia- Fig. 2 The flipping ratio measured for the Ni bi-
tion plotted versus departure angle from the sample crystal with polarized neutrons.
surface (otf) and wavelength (X).
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Ex i Adhesion at an interface between two immiscible homopolymers is typically
limited by poor interpenetration of the dissimilar polymer chains. One possible
method to improve the adhesive strength is by placing a copolymer at the interface,
whereby the two copolymer components favor interactions with homopolymers on
opposite sides of the interface. This has been demonstrated for a symmetric diblock
copolymer of poly(styrene-b-methyl methacrylate) placed at an interface between PS
and PMMA homopolymers. In this case, provided the thickness of the copolymer
layer is below half its lamellar period, the copolymer organizes such that the PS
block extends into the PS homopolymer and the PMMA block likewise
interpenetrates with the PMMA homopolymer.

While diblock copolymers hold promise as adhesion promoters, other studies
suggest that more complex copolymer architectures, such as linear multiblock
copolymers, may better reduce the interfacial tension and improve adhesion by
effectively stitching together the homopolymers on opposite sides of the interface
through looped block configurations which form a strong barrier to disentanglement.
Random copolymers, while unlikely to show a strong tendency to organize at the
interface, may nevertheless promote adhesion by serving as compatibilizing agents
at the homopolymer/homopolymer interface. The present study examines a random
PS-PMMA copolymer placed at an interface between PS and PMMA homopolymers
to ascertain whether such copolymers hold potential as adhesion promoters.

Thin films (30-200A) of 1.6x10s molecular weight dPS-PMMA copolymer containing
~65 volume percent deulerated PS were sandwiched between 105 molecular weight
homopolymers of PS and PMMA or dPS and PMMA. The trilayer structures were
supported on polished Si substrates 5 cm in diameter and .25 cm thick, with the
PMMA layer (2000A) adjacent to the substrate and the PS layer (500A) at the free
surface. The films were annealed under vacuum at 170°C for several hours to allow
local rearrangement of the polymer chains at the interface. Excessive annealing led
to dewetting of the PS layer from the surface, a visual indication that the random
copolymer did not substantially improve the interfacia! adhesion.

Neutron reflectivity measurements of the trilayer samples were performed on the
SPEAR instrument at the LANSCE facility. For weak scattering systems
(PS/Ran/PMMA) measurements were taken to .06 A 1 in q while for strong scattering
systems (dPS/Ran/PMMA) measurements were taken to .10 A"1 in q. Typical
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measurement times with the H + beam running at 70 //Amps were 1 and 3 hours for
the strong and weak scattering systems, respectively.

Figure 1 is a typical result obtained for a weak scattering system with 100A of
random copolymer at the PS/PMMA interface. The reflectivity data is represented
by open circles while the solid line indicates the fit obtained with the scattering
length density profile inset in the upper right corner of the figure. As suggested in
this profile the copolymer does not intermix substantially with the homopolymers.
Instead it remains localized at the interface but relaxes to a spacial configuration
more indicative of the copolymer radius of gyration in the melt. No evidence of
organization at the interface is observed. However, the interface between the
copolymer and the PS is always found to be sharper than that between the copolymer
and the PMMA, suggesting that, although the fraction of PS in the copolymer is larger
than that of PMMA, the copolymer mixes less favorably with polystyrene. This could
reflect subtleties in the copolymer architecture which favor such an asymmetric
copolymer configuration, or it may be a result of the slight repulsion known to exist
between deuterated and hydrogenated polystyrene segments.

The conclusion that this random copolymer does little to improve the compatibility
or interfacial strength at the PS/PMMA interface is further supported by the results
in Figure 2, where 200A of the random copolymer has been placed between dPS and
PMMA. In the scattering length density profile insei the copolymer is again shown
to remain essentially localized but not organized at the interface between the two
homopolymers.
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Experiment report:
We examined the reflectivity of three thin-film samples with polarized neutrons. Each reflectivity profile
generally consisted of measurements taken at two or three different angles of incidence. The angle of
incidence was changed, since polarized neutrons at SPEAR are only available with wavelengths ranging
from 2 to 8A. During 1993. we plan to install transmission polarizing supermirrors, which we hope will
extend the upper limit to 12A. The measurements were taken with the spin flipper periodically turned
off and on (with periods of ca. 5 and lOmin., respectively) so as to reduce systematic errors that might
appear during the one to two-hour-long measurements. The data was corrected for wavelength
dependent variations in the efficiencies of the polarizer and spin flipper, using software available to
SPEAR users, and reduced to provide reflectivity curves for the spin parallel, R+, and spin anti-parallel,
R_, states. In some cases (to be discussed), model structures have been simultaneously fitted to both
reflectivity curves and used to deduce details about the magnetization density of the thin-films.

1. Fe on MgO

A thin-film of Fe was grown, ex situ, on a polished MgO substrate. X-ray diffraction measurements at
grazing incidence taken at HASYLAB indicated that:
• the Fe film was a single crystal,
• the thickness of the Fe film was ca. 267 A,
• the roughness of the air/Fe interface was correlated with that of the Fe/MgO phase boundary,
• and a network of misfit dislocations (with period A=105A) existed in the Fe film at the Fe/MgO phase
boundary.
The observation of a structurally ordered phase boundary is significant, since phase boundaries like grain
boundaries [1], are expected to be less dense than the bulk and might affect the magnetic moments of
transition elements like Fe [2].

The measured + and - reflectivities of the sample versus momentum transfer, Qz, were compared to
those for are a model consisting of three different magnetic layers, representing the Fe film, and a
nonmagnetic layer, representing the MgO substrate. Representations of the Fe film as one or two
magnetic layers were investigated; however, these models could not fit the data at large Qz. In our
model, the scattering length density of the thin magnetic layer at the air/Fe interface corresponds
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Experiment report (continued):

to that of a 25A thick layer of Fe3C>4 or 7 ^ 2 0 3 with an average magnetic moment of 1.6^. The
thickness of this layer is in good agreement with Mossbauer observations of similar films where layers
of Y-Fe2C>3 with thicknesses of between 10 and 30A are reported [3], The magnetic moment of this layer
is only 70% of that expected for y-Fe2O3 [4]. The bulk of the film consisted of a 208A thick layer of Fe

with a magnetic moment of 1.8^5 or about 82% of the value reported in the literature [4]. The phase
boundary was represented by a 29A thick layer with only 66% the atomic density of Fe with an
enhanced average magnetic moment of 2.51% (an increase of 14% compared to bulk Fe). Self-consistent
band structure for bcc Fe by Kubler [2] suggest the magnetic moments of Fe atoms may increase by up
to 25% when the density of the material is decreased by 25% [2]. While the enhancement of the
magnetic moment in the phase boundary that we observe is not as large as would be predicted by
Kubler, it is, nevertheless, in qualitative agreement with his calculations.

2. Thin-films fabricated in situ

The primary purpose of this experiment was to examine the reflectivity of thin magnetic films deposited
in situ with polarized neutrons. In the first experiment we were interested in comparing the reflectivity
of an Fe film in its virgin state to that which containing a native oxide, i.e. the Fe/MgO sample. We
were also interested in examining the magnetism of a thin Fe film as it became thinner, which can be, in
principle, controlled by heating the sample to temperatures where the Fe/Si interface grows thicker as Si
diffuses into the Fe film [5]. Unfortunately, the growth of the Fe2Si layer occurred much faster than
anticipated, forming a single non-magnetic layer of Fe2Si in a matter of a couple minutes. We plan to
repeat this experiment during 1993 using a heater/cryostat stage so that the sample can be quickly
quenched and the growth of the Fe2Si layer better controlled. Despite the difficulty in controlling the
growth of Fe2Si, we were able to measure the reflectivity of a non-oxidized Fe film.

In the second experiment, we decided to change the system from Fe to Ni anticipating better control over
silicide growth, since the moving specie forming Ni2Si is Ni [5], which is a larger atom than Si. In this
experiment we were indeed able to control the growth of Ni2Si and measure the magnetization of a thin
Ni film as it grew thinner. Interestingly, we were unable to observe the complete transformation of Ni to
N12SL Even after heating the sample to ca. 700°C for about 30 minutes, a thin Ni film, which was
magnetic at room temperature, remained on the surface of the sample. While we were unable to
accomplish the primary goal of this experiment- to measure the magnetization of ultra-thin-films, this
interesting observation might be exploited during 1993 to observe the ferromagnetic-paramagnetic phase
transformation of a thin Ni film and determine the ordering parameter of the transformation.
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Experiment report:
There are a number of forces acting between molecules in complex fluid systems. Among them
are the Van dcr Waals, hydration, electrostatic, undulation and peristaltic forces. The functional
form of many of these forces has been studied using the force balance method1'2 in a large
variety of systems. This method involves measuring the force as a function of separation
between two opposing mica substrates onto which monolayers of the fluids have been adsorbed.
There may or may not be an intervening layer of solvent between these monolayers. Although
the functional forms of some forces have been measured, the mechanisms producing them are
not well understood. For example, it has been argued that the hydration force is of entropic
origin, arising from alignment of water molecules around head groups of complex molecules.
An alternative explanation ascribes the hydration force to thermal excitations of individual
molecules out of the plane of a layer of complex molecules (a protrusion force), causing a region
of excluded volume between two interacting layers3. An understanding of the underlying
mechanisms of the various forces will provide information essential to tailoring the macroscopic
properties such as adhesion and lubrication.

We are performing a systematic study of the structure of various complex fluids using neutron
reflectometry. This technique yields information regarding the density profiles of layered
materials perpendicular to their substrates and gives a measure of the average, instantaneous
surface roughness.

During the 1992 run cycle, we performed the first succesful series of experiments. We began
by choosing a relatively simple system. We chose to study the density profile of a
poly(ethylene-oxide) (PEO) surfactant at a solid-water interface. First, we constructed a
quartz/silicon cell designed for these studies using the SPEAR instrument at LANSCE. Next
the quartz/silicon was coated with chemically bound silane to make it hydrophobic. Then, the
PEO surfactants were deposited on the quartz/silicon surface using the Langmuir-Blodgett
technique. This allowed us to control the packing density of the molecules on the surface.
Finally, the neutron reflectivity curves were measured. The neutron reflection results from the
silicon substrate coated with a mixture of 1,5%, 5% and 10 % PEO mixed with DSPE are
shown in Figure 1. We see clear differences between these three cases. We are currently in the
process of analysing this data. As a guidline, we are using similar models to those which we
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Experiment report (continued)',

used to analyse an absorbed polymer system onto quartz. The polymer work was done in
collaboration with Dr. C. Toprakcioglu of Cambridge University. In that work, we found that
two regimes existed in the density profiles4. The density profiles of the high surface coverage
adsorbates were well described by the polymer "brush" theory of Milner Cates and Witten5;
whereas, the polymer which adsorbed with a low surface coverage, had a "mushroom" type of
surface density profile as predicted by the theory of Alexander and de Gennes6'7. We are now in
the process of applying these same theories to our various surface concentration regimes in the
PEO surfactants.

FIGURE 1
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Experiment report:

ABSTRACT.

Neutron reflection techniques were employed to investigate the density profile of
polystyrene/polyethylene oxide (PS/PEO) block copolymers adsorbed from d-toulene onto quartz. The
geometry employed allowed the neutron beam to pass through the quartz substrate and be reflected
from the quartz/d-toulene interface. The polymer chains are terminally attached to the quartz substrate
via the PEO block, while the PS block does not adsorb thereby forming a polymer "brush." Our
results are in good agreement with the layer thickness values determined by mica force balance
measurements. The reflectivity profiles are well described by parabolic as well as error function
density profiles normal to the interface, but the data cannot be fitted to exponential or power-law decay
profiles. The molecular weight dependence of the layer thickness and adsorbance obtained from the
date obey scaling lays in accord with the theory of polymer brushes.

The above paper has been submitted to "Macromolecules."

262



Instrument used: (please type)

SPEAR

Local contact:

Thomas Rieker / Greg Smith

Title:

Investigation of Boundary Effects on Highly Fluorinated
Thermotropic Liquid Crystals by Neutron Reflectometry

Proposal number:
(for LANSCE use only)

5127
Report received:
(for LANSCE use only)

3/8/93

Authors and affiliations:

T.P. Rieker LANSCE, Los Alamos National Lab,
Los Alamos, NM 87545

G.S. Smith LANSCE, Los Alamos National Lab,
Los Alamos, NM 87545

E.P. Janulis 3M Co., Corporate Research Laboratories,
St. Paul, MN 55144-1000

Experiment report:
In this experiment we compared the molecular ordering in two thermotropic smectic liquid crystal by
specular neutron relectometry. The homologs studied have the same structure except for the
substitution of fluorine for hydrogen in one of the aliphatic tails, see Fig. 1. The fluorination of one
of the aliphatic tails allows us to distinguish between a parallel or antiparallel alignment of
neighboring molecules. We generate theoretical reflectivity curves from model molecular packings
and compare the theoretical fits to the data.

/—N / — \a ) C 1 0 H 2 1 —// \ ) — / / \ \ _ 0 _ c H 2 — C 7 F 1 5

\ |̂  \ /

b ) C , 0 H 2 1 - ^ \ > - / ^ V o -C.H1 7

Figure 1 a) highly fluorinated and b) perhydrogenated homologs

Thin unoriented samples were prepared by spin coating sihcon wafers (cleaned with acetone) with
solutions of liquid crystal dissolved in chloroform (1:10 by number). Homeotropically aligned
smectic samples (smectic layers parallel to the plane of the substrate), a few 10's of layers thick,
formed spontaneously as the samples were annealed at a temperature corresponding to the mid-point
of the smectic A phase. In this phase the molecules are aligned normal to the smectic layers.
Therefore, in this geometry we probe the neutron scattering length density along the length of the
molecules.
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In our preliminary analysis we considered two cases; 1) uniform layers with an average neutron
scattering density (amorphous), Fig. 2 (a,b) and, 2) partitioning the smectic layer into one core and
two tail regions. For the second case we considered parallel and antiparallel alignment of nearest
neighbors for the partially fluorinated molecules, Fig 3 (a,b).

(a) (b)
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Figure 2 Uniform slab of average scattering length density on a silicon wafer a) highly fluorinated,
and b) perhydrogenated liquid crystals. The points with error bars are the data while the smoother
line is a fit to the above model.
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Figure 3 Partitioning of smectic layer into one core and two tail regions for the highly fluorinated
material with a) nearest neighbors aligned parallel, and b) antiparallel.
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The model of a uniform slab of hydrocarbon is sufficient to explain the scattering observed for the
perhydrogenated material as seen in Figure 2 (a). This is expected since this material has a nearly
uniform scattering length density along the length of the molecule. This is clearly not the case for the
highly fluorinated liquid crystal. Figure 3 indicates that in this material the nearest neighbor
molecules are probably aligned parallel to one another. This we conclude is due to surface
interactions which prefer either the fluorinated or perhydrogenated next to the substrate surface.

Future work will center on; 1) The development of more detailed models (expedited by interactive
software currently under development at LANSCE). 2) The production of more uniform samples. 3)
The characterization of samples using other techniques (optical microscopy, surface profilometry).
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Experiment report:
For nearly two decades the unusual properties of ultrafine magnetic particles suspended in fluids
containing organic surfactants have been studied [1,2,3,4]. These properties, which are of particular
interest to industry, since organic coatings are used to protect magnetic storage device, include:
• Decreases in the saturation magnetizations of the particles.
• The surfaces of the particles were unresponsive to applied magnetic fields.
• Some particles, like NiFe2O4, Fe3C>4, CoFe2C>4 [5], exhibit enhanced magnetic hardness (very large
coercivities) and are very anisotropic (shifted hysteresis loops) at cryogenic temperatures.

One explanation for these observations is that the surfactant may restrict or "pin" the alignment of
magnetic moments on the surfaces of the particles. Pinning of the magnetic moments may result when
locally strong and anisotropic electric fields are produced by the ionic bonding of surfactant molecules
to the surfaces of particles. This pinning may produce a thin layer of material which is unresponsive to
magnetic fields and, therefore, may appear to be demagnetized.

Alternatively, the unusual properties may be caused by the small sizes of the particles, which lead to
alteration of their magnetic properties. For example, the spin density wave in bcc Cr can be suppressed
by reducing its grain size to ca. 1 lnm [6].

In order to determine whether the unusual properties of ferrite particles are due to the surfactant, which
manifests itself as the surface to volume ratio increases, or due to small sizes of the ferrite particles, we
have developed an experiment where the effect of a surfactant coating on a ferrite film can be directly
observed. This experiment involves the measurement of the reflectivity of a ferrite ^ 3 0 4 ) film with
polarized neutrons before and after coating with the surfactant stearic acid. If the surfactant changes the
magnetic structure of the ferrite surface, then the reflectivity of the sample should change after coating.
If, on the other hand, the magnetic structure of the film remains unchanged after coating, then we
expect that the unusual properties observed in the ferrite paniculate system are due to their small sizes.
The Fe3O4 thin film was epitaxially deposited by reactive magnetron sputtering onto a polished

3.6x5x0.5 cm3, <0001> (X-AI2O3 (sapphire) single-crystal substrate. Prior to deposition, the scattering

length density (P=5.62xlO-6A-2) and surface roughness (c=6.0A) of the sapphire substrate were
measured by neutron reflectometry. The Fe3O4 film thickness of 100A was measured using a Dektak
machine (and confirmed with neutron reflection), and the stochiometry of the film (Fe3C>4) was
determined with Mossbauer spectroscopy.
The reflectivity of the Fe3C>4 thin film was measured using polarized neutrons provided by SPEAR.
During the measurement a 1.2T magnetic field was applied to the sample. The sample reflectivity was
measured for momentum transfer perpendicular to the sample surface, Qz, ranging from 0.01 to 0.15A"
!. The ratio of the reflectivity curves taken with neutron polarization parallel and anti-parallel to the
applied magnetic field, called the flipping ratio, is shown for the uncoated sample in Fig. 1 (0).
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Experiment report (continued):
After these measurements were taken, the film was cleaned with ozone, and a monolayer of stearic acid
deposited on the film using the Langmuir-Blodgett (LB) technique [7,8], Stearic acid was chosen as
the surfactant because:
• its neutron scattering length density is about the same as that of air, hence stearic acid is nearly
transparent to neutrons,
• and stearic acid can be easily deposited as an ordered monolayer with the LB-technique.

The flipping ratio of the coated film, as shown in Fig. 1 (•), is significantly reduced at large Qz
compared to that of the uncoated film. This observation suggests that, qualitatively, the magnetization
of the sample has been reduced by surfactant coating. A preliminary analysis suggests that a model
structure with a 0.33% demagnetized surface layer, i.e. the magnetization of this layer was 0.66% of
that of the film, 20A thick can reproduce the data, as shown by the solid curves in Fig. 1.
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Fig. 1 The flipping ratios of the uncoated (o) and coated (•) Fe3O4 film. The solid curve is a fit to the
data of a model discussed in the text.
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Experiment report:

Introduction
Beta-layering is an effect whereby solid tritium, or a solid deuterium-tritium

(DT) mixture, automatically redistributes itself into a uniform layer on the inside of the
container walls. The driving force is the self-heating due to beta decay of tritium into
3He. The redistribution occurs by sublimation/condensation at the solid-vapor
interface, following an exponential rate constant T = 30 min. in 50-50 DT. The effect
is noticeably slowed down by the presence of non-condensable 3He in the vapor space.
Beta-layering is the only known method of preparing a thick, symmetric layer of dense
DT fusion fuel inside of inertiai confinement fusion (ICF) targets, and is thus of great
interest to the national ICF program. Shortly after solidifying, the normally
transparent DT layer starts to become optically dark, due either to radiation damage or
to the accumulation of finite-sized 3He bubbles. The formation and morphology of
these 3He bubbles can be studied by neutron scattering experiments. Furthermore,
neutron radiographs should reveal whether the 3He remains locked in the solid or
migrates to the central vapor space.

Experiments
During the 1992 LANSCE run cycle, an attempt was made on the SPEAR

apparatus to radiograph a beta-layered ICF target. No 3He accumulation was
observed. However, the target was later found to contain QQ DT. The cylindrical
sample cell had been filled (6000 psia) with 19.9 Ci of DT at EG&G Mound. The
small "puff" of tritium detected when the shipping container was opened at Los Alamos
was later determined (from readings of the effluent stack monitor) to be the entire
inventory. Poor packaging had caused the sample to vibrate in shipment and a joint in
the filling capillaries had ruptured, although this was not obvious when the target was
mounted.
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Experiment report (continued):

A second target was obtained from Mound in time for an attempt to do SANS
on the LQD. The target was unpacked at Los Alamos and mounted in a fixture. It was
then left unattended inside a hood prior to mounting it in the cryostat in time for the
experiment two days hence. Sometime during this period, causes unknown resulted in
the fill capillaries being severely bent. During the attempt to straighten the capillaries
so that the target could be mounted in the cryostat, a joint cracked and the tritium
inventory was lost up the stack. An off-normal occurrence report was filed with DOE.

The root cause for both these misfortunes lies in the 20 Ci limit imposed by
DOT for class-A shipping of tritium. This results in a very small inventory, which in
our case translates to low sensitivity. Therefore, the target design is necessarily less
robust than one designed for a larger inventory. For instance, in order for not more
than 10% of the inventory to be captured in the filling capillaries following liquid
condensation, the capillary ID must be approximately 0.005" or less.

Tritium Handling
The SOP for handling the DT-filled aluminum targets was followed during the

course of our work. In spite of the releases, no tritium contamination occurred. The
effluent stack monitor serving LANSCE has now been calibrated for tritium.

Further Work
We still believe that neutron experiments will contribute significantly to our

understanding of the beta-layering process, and in spite of these disappointing results,
we will attempt the experiments again. The targets are being redesigned to utilize more
robust filling/pinch-off capillaries which hopefully will withstand the rigors of
shipping, handling, and (heaven forbid!) mishandling.
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Experiment report:
We have used neutron reflectivity to study the conformation of a PDMS-PS

diblock copolymer (4.5k - 60k) spread as a monolayer on the surface of ethyl benzoate
(EB). EBisagoodsolventforPSandanonsolventforPDMS. PDMS homopolymer
spreads to form an insoluble monolayer on the surface of EB. Since the copolymer also
spreads on EB, the PDMS block is believed to lie flat on the surface while the PS block is
submerged. The copolymer monolayer is spread by simply placing a dry grain on the EB
surface. The PS block was fully deuterated while the PDMS block and EB were
hydrogenated. Since the scattering length density of PDMS is nearly matched with air,
only the PS block was observed.

Previous measurements on the DESIR reflectometer (LLB, Saclay)1 were limited
to a range of q (=4rcsin9/A,) up to 0.045 A'1. While this range was adequate to obtain the
large scale characteristics of the segmental concentration profile of the PS block, no
information could be obtained regarding the finer details of the profile such as the
presence of a depletion layer near the surface and an exponential tail-off far away from
the surface. These details have been predicted theoretically,3 but experimental evidence
so far has been scarce.2 The presence of a depletion layer is important for the
interpretation of the rapid rise in surface pressure with surface concentration which has
been observed for the present system.1 On SPEAR, the measurable range of q extended
from the critical q of roughly 0.008 A"1 up to 0.12 A"1 by using both frames for the 1°
beamline. This q range allowed a clear characterization of each of die above features.

A representative reflectivity curve is shown in Figure 1 (surface pressure of 2.7
dyne/cm). The data are plotted as the reflectivity from the copolymer monolayer covered
surface divided by that for the pure solvent surface. The reflectivity for the pure solvent
agreed well with the Frensel curve with 0 to 3 A roughness. The solid curves are the best
fits (minimization of chi-squared) obtained for the following PS segmental concentration
profiles (shown in Figure 2): a parabolic profile with an exponential tail (1), a parabolic
profile with a depletion layer (2), and a parabolic profile with both an exponential tail and
a depletion layer (3). The experimental data fall below curve (1) for q > 0.04 A~*
indicating that a depletion layer is required to fit the data. The exponential tail is also
required, as shown by the fact that curve 2 oscillates more than the experimental data,
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Experiment report (continued):

particularly around q= 0.02 to 0.04 A*1. Thus these data show conclusively that the
concentration profile of the dangling PS blocks contains both a depletion layer near the
surface and a smooth tail-off far away from the surface.
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Figure 1. Reflectivity data compared with best fit curves from model profiles
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Experiment report:

Amorphous ceramics are promising materials for passivation and protection of surfaces under
extreme conditions of wear and corrosion. In particular, refractory materials of boron with
group FVa and Va metals posses the desired properties of high strength, high melting temperature
and corrosion resistance^. Furthermore, when amorphous films of these materials are used,
the embrittlement, lack of adhesion and grain boundary corrosion associated with polycrystalline
forms of the same composition may be avoided. In this work, we begin a study of the diffusion
of amorphous materials by studying the mutual diffusion in amorphous, thin bilayer, films of
pure 10B and pure ^ B .

Although several techniques exist for the determination of diffusion constants from density
profiles, each has its own limitations. For example, ion milling of radioactive materials and
secondary ion mass spectroscopy (SIMS) destroy the samples as the measurements are being
performed^. While Rutherford back scattering spectroscopy is harmless to the samples, the
depth resolution is on the order of only 100A . All of these techniques lack the capability of
measuring detailed, interface, density profiles because the high energy probes involved alter and
smear the density profiles during the measurements. The large contrast between the neutron
scattering lengths of chemically identical *^B and 1 ̂ B allows the examination of the density
profile between two diffusing films of elemental boron using neutron reflectometry. From this
density profile, the diffusion constants can be determined.

During the 1991 LANSCE run cycle, we performed a series of neutron reflectometry studies to
investigate atomic diffusion in elemental boron. The samples used for the measurements were
thin-film bilayer structures consisting of alternating layers of isotopically enriched 1®B and ^ B ,
deposited by electron-beam evaporation. The reflectometry studies were performed with a beam
of pulsed neutrons having a broad thermal spectrum incident on the samples at an angle of
~ 1.00*. Specularly reflected neutrons were detected as a function of their time-of-flight with a
position-sensitive detector. This data was reduced to obtain a plot of the reflectivity vs. the
perpendicular wavevector. Because of the different nuclear potentials for the two boron
isotopes, an interference pattern was observed, analogous to those obtained by X-ray
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Experiment report (continued):

measurements on samples with a modulated index of refraction. Reflectivity profiles were
measured and analyzed as a function of annealing time for temperatures of 360°C and 400°C.
Variations in the interference patterns were then used to determine the diffusion coefficient, D, at
360°C, and hence the intrinsic diffusion parameters. A typical equilibrium result was determined4

to be D ~ 10" * A2 /s , measured at an annealing temperature of 360'C. These measured diffusion
constants are inconsistent with the high melting temperature of elemental boron, but are consistent
with measured diffusion constants in other amorphous thin films .

The only physical model found to fit the data taken in 1991 included a discontinuity at the 1OB-UB
interface rather than the expected error function form4. One explanation for this was that there had
been an oxide layer deposited at that interface due to a 4 minute time lag between depositions of the
two layers. Therefore, we prepared new samples in an evaporator with a shutter system to
minimize the time delay. These samples were examined during the 1992 run cycle. The fits to the
data are shown in Figure 1 and the resulting model profiles in figure 2. We see that again the
discontinuous solution to Ficks laws is required to fit the data. We are presently examing the
samples further to try to determine a reason for this behavior other than an oxide layer at the
interface.
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Experiment report:
Understanding the effect of surface and interface roughness on the diffuse scattering in

reflectometry experiments is imperative, not only for interpreting the diffuse scattering, but also for
properly reducing the specular data. We have begun a program of examining rough surfaces and those
same rough surfaces coated with a wetting fluid in order to compare experimental results with theory
being developed at LANSCE [1] to fully describe diffuse scattering.
Experimental Results
A number of surfaces were examined prior to and after certain roughening techniques:

1. Sapphire-two samples of sapphire were obtained with roughnesses measured to be 14 and 70
A rms by laser interferometry. Calculated roughnesses based only on the specular reflectivity profiles
gave roughnesses of 70 and greater than 90 A. A layer of Fomblin oil was spun onto the 70 A rms roughness
sapphire sample. Qualitatively, the diffuse scattering is the same as on the uncoated surface; however,
quantitative subtle differences are likely and will be examined.

2. Vitreous carbon (VC): two types of VC were polished to measured (by laser interferometry)
rms roughness less than 10 A. STM measurements over >10 areas of the VC-10 give average rms roughness
between 14 and 23 A. Specular analysis of the reflectivity data gives roughness on the same scale. Diffuse
scattering has not yet been analyzed.

In order to determine the necessary power for laser ablation of the VC surface to provide
adequate surface roughening, 5 VC samples were ablated (Tom Jervis) at 0.5,0.75,1.0,1.5 and 2.1 J/cm2.
STM measurements of the ablated VC gave rms roughnesses of 17-34 A, 38-53 A, not measured, 75-95 A and
31-50 A respectively. Notice that at 2.1 J/cm2, the rms roughness decreases, probably due to local heating
and melting of the surface. The granularity of the ablation can be dearly seen in the STM images and will
not be presented here. The images will be used to determine height-height correlations for comparison
with the reflectivity data.

A thin film of Fomblin was spread on the VC surface by dipping in a Freon/Fomblin solution.
The diffuse scattering is qualitatively the same as on the uncoated VC as well and quantitative
differences will be examined.

3. Vanadium/Carbon multilayers (V/CM): 30 bilayers each of 150 A vanadium and 150A carbon
were prepared by J. Keem on silicon substrates with a laser interferometry measured rms roughness of 5 A.
Specular and diffuse scattering were taken of these samples. One (V/CM1) sample was laser ablated and
measured by reflectometry. The ablated sample was subsequently coated (dipped) with Fomblin and
examined by reflectometry.
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Experiment report {continued):

Comparison to Theoiy
Recent efforts have been focused on understanding the diffuse scattering from the V/C

multilayers using a theory based on the distorted-wave Born approximation [2]. The theoretical results
show that if some correlation exists between the layer roughnesses then diffuse scattering is seen in lines
of constant q. Presumably, the intensity along one of these q bands is related to the extent of correlation.
This work is in progress.

A striking qualitative example of our ability to model the diffuse scattering is shown in Figures
1 and 2. Figure 1 is actual SPEAR data obtained on a V/C multilayer. Figure 2 is the calculated diffuse
scattering (specular is not included, thus along theta ~1 degree, the experimental data is not represented)
using perfect correlation between the layers and about 20A rms roughness. We notice that we do indeed
have some correlation between the layer roughness in the experimental measurement. Future studies
quantitatively analyzing these q bands is continuing.

Figure 1: Plot of total scattering as theta as a function of lambda from a 30 bilayer
V/C multilayer on silicon. See explanation in text.
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Experiment Report (continued)
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Figure 2: Theoretical plot of theta as a function of lambda (arbitrary scale) for a 30 bilayer V/C
multilayer with fully correlated interfadal roughness. Only the diffuse scattering is shown here.
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Filter Difference Spectrometer (FDS)

The Filter Difference Spectrometer (FDS) measures
changes in the energies of neutrons scattered by a
sample in the beam. Scattered neutrons reach the
detectors via polycrystalline Be or BeO filters,
which will only pass neutrons that fall within the
energy bandwidth of the filters. This determines
the final energy of the scattered neutrons. Energy
transfers can then be calculated from the time
of flight of the neutron from the source to the
detector. The use of both Be and BeO filters allows
different spectra to be taken, which results in
much improved resolution. Data can also be
corrected using a model filter-response function
using either a numerical filter-difference-method
or maximum-entropy-method deconvolution.
Energy resolution can thereby be improved to a
range of 1.5 to 2% of the energy transfer over most
of the range of the spectrometer. Because it detects
neutrons over a very large solid angle, the FDS is
most useful for measurements requiring high
sensitivity, such as the vibrations of molecules
adsorbed on surfaces.

Preamplifiers

Detectors
Shielding

Incident beam

Beam

Displex head
(for filter cooling)
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Instrument Details

Energy-transfer range
Q range
Energy-transfer resolution

Beam size at sample
Detectors
Filter analyzers

Moderator
Sample environment

Sample size
Experiment duration

100 - 5,000 cm1 (13 - 620 meV)*
1.5-17 A1

1.5% - 6.5%, depending on
data treatment

2.5 cm wide x 10 cm high
60 3He (1.3 cm diameter)
5 Be, 5 BeO, each subtending a scattering angle of 18°

refrigerated
Chilled water at 10° C
10 - 300 K, closed cycle refrigerator;
furnace temperature limit 400° C

0.5 -100 grams
2 hours - 2 days

*ln certain cases the range can be extended to elastic scattering.

Juergen Eckert, instrument scientist
Ross Sanchez, instrument technician
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Experiment report:

The following runs were carried out in this period ( all at 15K ) :

(1) Natural groutite (oc-MnOOH)
(2) TEKKOSHA MnO2: - sample heated to 450°C for 8 days

- sample heated to 450°C for 8 days, and then reduced
in cinnamic alcohol at 60 - 70°C for 5 hours.
- sample heated to 450oC for 8 days and then reduced

in cinnamic alcohol at 90°C for 5 hours.
(3) TEKKOSHA MnC-2 - parallel cut from plates

- perpendicular cut from plates
(4) TEKKOSHA MnO2 - sample with grain size > 30ji

- sample with grain size < 80/x
(5) p-MnO2 - No. 1

-No. 2

These experiments were remarkably successful in that preliminary analysis
of the data revealed, for example, spectral differences both with respect to
grain size and battery plate orientation.

Shown in Fig. 1 are the FDS spectra for the two TEKKOSHA MnO2 samples
which were reduced in cinnamic alcohol at different temperatures after first
being heated to and kept at 450 C for 8 days. The spectrum of the non-
reduced sample was subtracted in each case. The sample that was reduced at
higher temperatures does not have the low frequency shoulder on the peak at
1100 cm-1. The latter has been attributed1'2 to protons located in the channels
of the ramsdellite and pyrolusite structures, whereas the intensity near 1000
cm-1 arises from protons in the intergrowth region between the two structure
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Experiment report (continued):

types. The higher temperature used in
the reduction therefore appears to
result in virtually all of the protons
being inserted into the channels of the
structure.
Shown in Fig. 2 is the spectral difference
(Be spectra) between the two MnC>2
samples with grain sizes, respectively,
below 30n and below 80u. While the
differences are indeed small it is
nonetheless apparent that the sample
with the smaller particle size has excess
intensity at about 850 and 1000 cnr 1

while the larger grain sample may have
higher intensity between 600 and 800
cm-1. Both of these samples have a very
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Fig. 2 Difference (Be-) spectrum
TEKKOSHA MnO2 (<80u) - MnO2 (<30u).

Fig. 1 INS spectra of TEKKOSHA MnO2
heated to 450°C for eight days andc
reduced in cinnamic alcohol at 60°C
(top) and 90°C (bottom).

broad band of excitations between 400
and 1100 cnr1 which arises1 from
localized protons at various defect
sites. The distribution of such sites
must therefore differ with grain size.
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Experiment report:

Titanium disulfide, a lamellar chemical compound that has empty spaces between its slabs,
has been utilized as the cathode material for high-energy-density lithium batteries. Polar molecules
and metals are intercalated between the slabs of titanium disulfide in these applications. The
intercalation is accompanied by oxidation of the metal and polar molecules, both as guests between
the host slabs. The design of batteries requires detailed understanding about how the various
chemical species in them interact on the atomic scale. The rate of charging or recharging for the
battery can be limited by how fast the cations can be transported through the electrolyte and the
electrodes. The number of charging cycles that a battery can withstand is strongly dependent on the
strength of interactions between the cathode material and the guest species that are incorporated.
Over wide concentration ranges lithium and the alkaline earth cations form complexes with
ammonia within titanium disulfide, with fixed ratios of ammonia-to-cation. The formation of these
complexes will effect the transport rate of the cations as well as their interactions with the host

Energy of the vibrations associated with the ammonia species in the intercalates have been
studied using the FDS in previous run cycles. Incoherent inelastic neutron spectroscopy was used
because of extreme difficulty in obtaining this information by Raman or infrared spectroscopy.
During the 1989 run cycle, the vibrational modes of ammonia in the calcium-ammonia intercalates
were studied, by varying the calcium concentration. We found that vibrational modes at 245 cm"*,
280 cm"l and 355 cm'l were associated with ammonia not complexed to the calcium ion.
Vibrations from ammonia complexed to the calcium cation appeared at energies of 167 cm"* and
470 cm"l. During the 1990 run cycle, these compounds were studied by changing the cations
(from calcium to strontium to barium) with the cation concentration kept constant. Confirmation
that the 470 cnr* vibration in the calcium intercalates was correctly attributed to the complexed
ammonia came from this set of experiment. This high energy vibrational mode systematically
shifted to lower energies as the cation "size" is increased. This mode for the Ca2+, Sr^+, and Ba^+

compounds has energy at 470 cm"l, 460 cm"*, and 425 cnr 1, respectively.
During the 1992 run cycle we continued the investigation of calcium-ammonia complexes in

titanium disulfide. We investigated the orientational dependence of the molecular vibrations in the
intercalates. This was accomplished by probing a sample consisting of fifty calcium-ammonia

184



Experiment report (continued):

intercalated T1S2 crystals mounted on a plate, with the neutron beam oriented parallel and perpen-
dicular to the basal plane of the crystals. The signal intensity of vibrational motions that are parallel
to the basal plane increases in the former experiment. Out-of-plane motions will exhibit signals that
intensify in the latter experiment. The vibrational motions of the uncomplexed ammonia did not
exhibit a strong orientational dependence relative to the host basal plane. It was thought to be held
within the host by weak N-H—S hydrogen-bonds formed between it and the adjacent host slabs.
The N-H—S hydrogen-bonds formed between the ammonia molecules and the host slabs are
probably so weak that large amplitude librations relative to the basal planes occur. The assignment
of the 470 cm" 1 mode in the calcium-ammonia compounds to the out-of-plane wagging of the
complexed ammonia was confirmed by the 1992 experiment. Its signal was more intense when the
neutron beam was perpendicular to the host basal plane. The signal of the low energy 167 cm"1

showed an opposite trend. It arises from the in-plane rocking of the complexed ammonia. A
strong anisotropy for the vibrational energies of the complexed ammonia was expected from the x-
ray and neutron diffraction studies, which strongly suggested that the alkaline earth-ammonia
complexes are planar. The out-of-plane rocking motion of the complexed ammonia is similar in
energy to that associated with the rocking of NH3 in [K-NH3]+C1" whose value is 460 cm"1. The
energy required for the M-NH3 rocking motions in transition metal M(NH3)6 or M(NH3)4 com-
plexes typically range from 600 cm"1 to 900 cm"1. This suggests that the metal-to-ammonia
interactions of the intercalated complexes are relatively weak compared to those of transition metal
complexes. Preliminary QENS experiments using a calcium-ammonia intercalate has been per-
formed recently at the Intense Neutron Pulse Source (IPNS) at Argonne National Laboratories. The
data shows that the complexed ammonia is executing uniaxial rotations parallel to the basal plane of
the host

A more thorough discussion of our findings will be presented in a paper to be published in a
future issue of Chemistry of Materials.

Due to the scarcity of neutron beam time, this project has taken four years to come to
fruition. With the shutting down of the beam lines for LANSCE in 1994, the availability of
neutrons for materials science studies is further reduced.
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Experiment report:

As part of our ongoing program to study the dynamics and geometries of extremely short
hydrogen bonds ( R(OO) ~ 2.4 A ) we have collected the vibrational spectra of single
crystals of quinolinic acid ( QNA; 2,3-pyridinedicarboxylic acid; C7H3H2NO4). In a prior

experiment1 on FDS we obtained data on two polycrystalline samples with the H-bond
either protonated or deuterated. Some preliminary assignments of the vibrational modes

of the H-bond proton were made on the basis of this H/D substitution experiment.
There are two hydrogen bonds in the
system^, a weak N-H—O mtermolecular H-
bond, and a very strong O - H •••O
intramolecular H-bond (Fig. 1). The latter is
highly asymmetric with OH distances of 1.163
and 1.238 A. Since the orientation of the
molecules in the crystal (space group P2i/c )

is such that the H-bond always points in the
same direction, additional information on
the H-bond vibrations can be obtained by INS

studies of single crystals with the H-bond
aligned either parallel or perpendicular to Q.

Fig. 1 Structure of quinolinic acid
determined by neutron diffraction (Ref. 2)

Si 4
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Experiment report (continued):

The spectra obtained on the FDS for three
orientations of the crystals at a temperature
of approximately 12 K are shown in Fig. 2 in
the form of the Maximum Entropy
Reconstruction.
In conjuction with our previous data1 with
H/D substitution of the H-bond protons we
can tentatively assign the H-bond vibrational
modes as follows:
the out-of-plane bending mode 7(OH) at 1029
cur1, the in-plane bending mode 8(OH) at
1570 cm"1 . The asymmetric stretch vas(OH)
for this short H-bond may be located at very
low frequencies, namely at 596 cm"1.
These assignments are in accord with those
expected from correlations3'4 of H-bond
vibrational frequency vs. geometry.
Complete assignments of these spectra are
anticipated as a result of normal coordinate
analyses currently in progress.
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Fig. 2 Oriented single crystal vibrational
spectra obtained on FDS. The orientations
of Q are (top to bottom): parallel to H-bond;
perpendicular in-plane, and perpendicular
out-of-plane (of the molecule).
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Experiment report:

We were allocated 3 days beam time on the FDS spectrometer to investigate the OH
vibrations in the biomineralisation model compound which has two clusters crystallising in the
same lattice. These are the largest synthetic iron clusters known which are likely to be models
for the iron storage protein ferritin. Their formulae are [Fei9(n3-O)6(ji3-OH)6(M2-
OH)8(heidi)!0(H2O)i2]+ and [Fei7(fi3-O)4(^3-OH)6(fA2-OH)10(heidi)8(H2O)i2]3+ where the
ligand 'heidi' is given as H3heidi = N(CH2COOH)2(CH2CH2OH). The hydroxy hydrogens
in these compounds are all inferred and not observed in the x-ray diffraction study. Our
original application was to determine the exact structures of these molecules with neutron
powder diffraction and then to combine it with the an FDS investigation. However we were
unable to obtain beam-time for the earlier experiment, and this has made the analysis of the
FDS data difficult. However good spectra of the samples with and without deuteration of the
labile protons were obtained, and a difference spectrum is shown in figure 1. The vibrations we
expect to see in this spectrum are those due to the water of crystallisation and those due to
ligated OH groups. The vibrational frequencies generally expected for water of crystallisation
are well documented [lj and easily assigned in this case. The only peaks that are left are a
strong broad feature around 1300 to 1400 cm1 containing about three overlapping bands. This
then confirms the presense of OH groups and the intensity of these bands suggests a
substantial number as assigned in the formula given above. However a more quantitative
measurement is only possible with neutron diffraction.

1000 2000 3000
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Experiment report (continued):
We were also able to study a tew more compounds due to the generosity of our local

contact. These included obtaining good spectra of a and p* glucose and the simplest organic
sulphate, potassium methyl sulphate. We are interested in the latter compound as a model for
the industrially important complex sulphated polysacharides like carrageenans. Here we report
the preliminary results of the analysis of the FDS spectrum using the CLIMAX program. We
have also used a complete set of infrared and Raman spectroscopic data for this analysis and the
fit with only the fundamental modes is given in Figure 2a. Here we have used only the principal
force constants plus one interaction. Clearly, most of the INS intensity is due to the overtones,
combinations and phonon wings. A fit with all these included are shown in Figure 2b. An
interesting outcome of this study is the assignment of the torsional mode of the SO3 group.
This mode is neither infrared nor Raman active and at first was not expected to show any INS
intensity because of the very low scattering cross-sections of the atoms involved. However we
found that it was impossible to get any semblance of a fit without the inclusion of this mode
whose coupling to the CH3 torsion is clearly of importance in the understanding of the INS
spectrum. The reported fit to the INS spectrum gives us a value of
46 cm 1 for the SO3 torsion. This to the best of our knowledge is the first ever assignment of
such a mode.
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Anomalous vibrational modes in acetanilide as studied by
inelastic neutron scattering
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Abstract. — A study of the anomalous modes in acetanilide and five deuterated derivatives by
incoherent inelastic neutron scattering is reported. These data show that the dynamics of the amide
and methyl groups influence each other. In addition, the anomalous temperature behaviour of the
NH out-of-plane bending mode is confirmed. These observations suggest that the self-trapping
mechanism in ACN may be more complex than hitherto assumed.
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Chopper Spectrometer (PHAROS)

The new chopper spectrometer, PHAROS, is
intended to provide 0.5% incident energy
resolution for incident energies between 50 meV
and 2 eV. The spectrometer is located on flight
path 16 with a sample position 20 m from the
moderator, which is currently water at room
temperature.

Phase I of the construction is ready (Fig. a) and
consists of an evacuated, shielded flight path
for low-angle scattering (1 ° < 0 < 12°).
The spectrometer is suitable for low-angle
studies such as neutron Brillouin scattering and
magnetic ex~;tations.

When Phase II of the construction is completed
(Fig. b), the spectrometer will be a high-resolution,
general-purpose chopper spectrometer with 10 m2

of detectors covering scattering angles between -10°
and 140°. PHAROS will then be able to accommo-
date the full range of inelastic scattering experi-
ments, including phonon density of states, magnetic
excitations, momentum distributions, crystal-field
levels, chemical spectroscopy, and measurements
of S(Q, co ) in disordered systems. In addition, it
will be possible to use the low-angle detectors
at distances between 4 and 10 m, with scattering
angles down to 1 °, and will be suitable for high-
resolution inelastic studies at low Q.

Phase I
Bulk shield

Moderator Primary chopper

Sample

(a)

Alternative
detector positions

ER-2

Phase II

Bulk shield

Moderator Primary chopper Alternative low-angle
detector positions

Sample

(b)

Wide-angle
detectors

ER-1 ER-2
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instrument Details

Moderator-chopper distance 18 m
Chopper-sample distance 2 m
Moderator 12.5 x 12.5 cm2 room temperaure H2O
Chopper frequency 600 Hz
Chopper diameter 10 cm
Chopper slit spacing 1 mm or more
Sample size up to 5 cm x 7.5 cm
Incident energy resolution AE/E: = 0.5%

Phase I
1 m2 of detectors at 3.5 m from the sample; scattering angle between 1° and 12°.

Phase II (1993)
9 m2 of detectors at 4 m from the sample; scattering angle between -10° and 140°
1 m2of detectors in forward scattering position at 4 -10 m from the sample

Robert Robinson, instrument scientist
Eric Larson, instrument technician
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D I S T I N G U I S H E D
....

p i Rf o R M A N c E

The Manuel Lujanjr.
Neutron Scattering Center
(LANSCE) is a national user
facility for neutron scattering

A w_AJLD_jL experiments that is used by
scientists worldwide. When, after five years of successful
operation, the liquid hydrogen moderator began to leak,
this multidisciplinary and muitidivisional team of
volunteers came together to repair and replace the
moderator in the LANSCE target assembly. The repair

James Abernathy, MP-7
Elizabeth Ares, HS-1

Guy Baker, LANSCE
Mark Bayless, HS-1
Robert Beistel, HS-1

Michael Borden, MP-5
Roland Brewton, LANSCE

Art Bridge, LANSCE
Torben Brun, LANSCE

Glenn Camp, MP-7
Stanley Chance, MP-5
Sonny Cordova, MP-8

Robert Damjanovich, MP-5
Dan Davis, LANSCE

Maria DiStravolo, LANSCE
David Dorsey, HS-1

Deirdre Espinoza, LANSCE
Phillip Ferguson, MP-5

Gail Flower, IS-1
Kandy Frame, MP-5
Julian Garcia, MP-7
Al Gjovig, LANSCE

Joyce Goldstone, LANSCE
Blaine Hadden, LANSCE

Rod Hardee, LANSCE
Ray Harris, HS-1

William Haynes, HS-1
Rex Hjelm, LANSCE

David Honaberger, MP-4
Thomas Houle, HS-1

Harry Howard, LANSCE
John Jameson, HS-1
Jack Johnson, HS-1

Alan Kernodle, LANSCE
Douglas Knutt, MP-7

James Larkin, HS-1
Eric Larson, LANSCE

James Ledbetter, MST-5

was carried out against the clock of arriving outside
users and within the challenges and constraints pre-
sented by the Tiger Team requirements. Completion of
the task involved long, uncomfortable hours of work and
an extraordinary level of teamwork. The work was
accomplished within a week of the scheduled deadline.
Completing the repair project brought distinction to the
Laboratory within the DOE and with LANSCE users
from around the world.

Manuel Lopez, MST-5
Kathy Lovell, LANSCE

Alfred Maestas, MP-5
Robert Mansfield, HS-1

Dennis Martinez, LANSCE
Johnny Martinez, HS-1

Patrick McClellan, MP-8
Gilbert Merriman, HS-1

Donald Mikkelson, HS-1
Ron Nelson, LANSCE
Felix Olivas, MP-5
Bert Ortiz, MP-5

Michael Peraglio, MP-5
Michael Perez, MP-8

Roger Pynn, LANSCE
John Quicksilver, LANSCE

Harold Robinson, LANSCE
Rob Robinson, LANSCE
Frank Romero, MP-8
Tobias Romero, MST-5
Gary Russell, LANSCE
Richard Ryder, MP-5
Jesse Salazar, HS-1
Ross Sanchez, LANSCE
John Sandoval, LANSCE
John Seal, LANSCE
Phil Seeger, LANSCE
Greg Smith, LANSCE
Walter Sommer, MP-5
Connie Stephens, HS-1
Robert Stokes, HS-1
Kit Taylor, MP-5
John Thomas, LANSCE
Bob VonDreele, LANSCE
Scott Walker, HS-1
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Edward Weiler, MP-8
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