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Abstract
This year was the fourth 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, neutrons are produced by spoliation when a pulsed, 800-MeV proton beam
impinges on a tungsten 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 Weapons
Neutron Research (WNR) facility, ivhich results in LANSCE spectrometers being available
to external users for unclassified research about 80% of each annual LAMPF run cycle.
Measuretnents 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 forty proposals were
submitted for unclassified research and thirteen proposals for research of a programmatic
interest to the Laboratory; sixteen experiments in support of the LANSCE research program
were accomplished during tlie discretionary periods. Oversubscription for instrument beam
time by a factor of three zoas evident with 888 total days requested and only 269 available
for allocation.

The 2 992 run cycles loere not as productive as we would have liked. Preparing for audit
by the Department of Energy (DOE) Tiger Teams consumed resources that would have been
devoted to improving facility reliability and operating current in a more normal year; and, the
planned third run cycle ivas cancelled to allow personnel to concentrate their full attention
on activities related to the Tiger Team. As the bar chart below demonstrates, the overall effect
was a significant reduction in the number of experiments performed. Elimination of almost
all discretionary experiments allowed us to honor many commitments to outside views.
Nevertheless, the bottom line is clear-less research was done in 1991 than in 1990.
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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 Targel-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.

gill
Manuel Lujan, Jr. Nautron Scattering Center

LANSCE

1. Proton beam from LAMPF
2. Proton Storage King (PSR)
3. Target araa
4. Nautron Scattering Experimental HaH
5. Uboratory/aupportbuMding

An artist's conception of the proton beam from LAMPF feeding into the PSR, which then sends it
to the LANSCE neutron production target. The support building 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
Office (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.

12-r

10-

Students and post docs

§ High School

H Undergraduate

CH Graduate

Post doctoral

1987 1988 1989 1990 1991 1992

Post-doctoral student,
Xuan Liu, cleans the

Langmuir-Blodgett trough
to make film, which contains

organic materials for studying
surfaces using SPEAR.



Blaine Hadden (right), a senior
undergraduate in electrical

engineering at the University
of New Mexico, and

John Sandoval (left), an
electrical engineer and Blaine's

supervisor, observe the
electrical signal output from a

beam monitor in the LQD.

Pam Rivera (right), an
undergraduate student in
business computer systems at
New Mexico State University
during 1991 and presently a
GRA, and Bernice Williams,
the VMS systems manager,
analyze system output from the
data acquisition cluster, which
is used at LANSCE to collect
data from the instruments.

Lori Dotson, a Ph.D. candidate
at the University of Arizona,

adjusts the pressure in the
glovebox used for preparing

.samples under high pressure.
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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 is 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 users 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.
LANSCE sponsors participating 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.
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Instrument days requested

60 i
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John Thomas and
Joyce Goldstone work

with Hans-Rudi Wenk, a
user from the University

of California at Berkeley,
to prepare ice samples

for textural .studies
on NPD.

• SCO

• FDS

D SPEAR

• LOO

HNPO

DWPD

1969 1990 J991 1992

T.M.Holden of Chalk
River, Canada watches
the LANSCE safety
video for users.



Users visiting LANSCE during 1991

Last name

Albinati
Aronson
Btr.icewicz
Bennett
Bornick
Chen
Close
Dunning
Eastman
Field
Fillaux
Forsman
Gladfelter
Hackos
Hamilton
Hayter
Heidelbach
Hellstrom
Hubbard
Israelachvili
Jacobson
James
Johnston
Kamiyama
Kuhl
Kumar
Latshaiv
Leckband
Maddaford
Mang
Martina
Mayes
Mitchell
Nakotte
Nastasi
Parise
Pickering
Povirk
Pntss
Robillard
Rudge
Schaefer
Senapati
Straty
Toprakcioglu
Wampler
Weak

First

Alberto
Meigan
Brian
Kristin
Robert
You Lung
Michael
John

Jeffrey
James
Francois
W
Wayne
David
William
John
Florian
Eric
Kevin
Jacob
Allan
Mike
Cliff
Yoichiro
Tonya
Satyen
Bruce
Deborah
Paul
Joseph
Tony
Anne
Michael
Heinrich
Michael
John
Ingrid
Gary
Eugene
George
Scott
Dale
Hcma
Gerald
Christopher
Wesley
Hans-Rudolf

Affiliation

University ofMilano
University of Michigan
Los Alamos National Laboratory
UC Berkeley
UC Berkeley
AT&T Bell Laboratory
Ames Laboratory
Sonoma State University
Argonne National Laboratory
Cavendish Laboratory
LASIR Centre National Researche Scientifique
University of Pennsylvania
University of Minnesota
UC San Francisco
Oak Ridge National Laboratory
Oak Ridge National Laboratory
UC Berkeley
University of Wisconsin Madison
Los Alamos National Laboratory
UC Santa Barbara
University of Houston
Rockivell International Science Center
University of Florida
UC Santa Barbara
UC Santa Barbara
Kent State University
University of Pennsylvania
UC Santa Barbara
University of Cambridge
Kent State University
Sandia National Laboratories
IBM Almaden Research Center
Los Alamos National Laboratory
University of Amsterdam
Los Alamos National Laboratory
ESS SUNY Stonybrook
Exxon Research and Engineering Company
Brown University
UC Berkeley
Rijk Umversitait
National Institute of Standards and Technology
Sandia National Laboratories
Arizona State University
National Institute of Standards and Technology
Cavendish Laboratory
Sid Richardson Carbon Co.
UC Berkeley

Country

Italy
USA
USA
USA
USA
USA
USA
USA
USA
UK
France
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
UK
USA
USA
USA
USA
The Netherlands
USA
USA
USA
USA
USA
The Netherlands
USA
USA
USA
USA
UK
USA
USA
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Last name

Wilcoxon
Xu
Yoshizawa
Young
Zocco

First

Jess
Zhenghe
Hisae
Victor
Thomas

Affiliation

Sandia National Laboratories
UC Santa Barbara
UC Santa Barbara
Iowa State University
Los Alamos National Laboratory

Cou

USA
USA
USA
USA
USA

1991 user affiliation
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High Intensity Powder
Diffractometer (HIPD)
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High Intetisity Powder 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 cire either very small or are in extreme envi-
ronrr.ents of temperature, pressure, or magnetic
fields. This instrument is also appropriate for
experiments that require time-resolved diffraction
measurements.

153°
12" long
1/2" diameter
Ad/d = 0.3%

3" long
1/4"dianfeter

..-o Ad/d = 9Jf>
4" long
1/2" diameter
Ad/d = 3%

90°
12" long
1/2" diameter
Ad/d = 0.5%

Tlong
1/2" diameter
Ad/d = 1 %

Moderator to sample distance = 9 meters

U



Instrument Details

Wavelength range, X 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 A1

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
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Experiment reports
4014 Structural Study of Highly Fluorinated Thermotropic

Liquid Crystals 17

4035 Neutron Powder Diffraction Studies [DfiaNDzh

and TMEDA[GaD3h 19

4040 Synthesis and Characterization of a Tungsten Imido Bronze:

(NH4)xWO3.y(NWy 21

4045 Pressure Dependent Structural Studies

of Correlated Electron Systems 23

4062 Neutron Diffraction Study of Anti-ferromagnetic

Nanocrystalline Chromium 25

4093 Measurement of the Neutron Absorption Coefficient

of Hydrogen for use in Single Crystal Diffraction Studies 27

41«2 Studies of the Pressure Dependence of the Structure of Some

Tl-based High Tc Superconductors 29

4404 Re-introduction of High Pressure Capability on HIPD and

Compressibility of High Tc Superconductors 29

4400 Low-Temperature Study of Elemental Neptunium 31

4400 Debye-Waller Factors of a-Plutonium Metal 33

4746 Dopant Site Preference in Zn-Doped 124 YBCO 35

4747 Structure of Ba2Cu3O5+(j 37

4751 Magnetic Ordering in Ba2CuWC>6 39

4759 Bonding and Structure of Brucite at High Pressure 41

900325 Structure of Cu6OgCuNO3 43

4775 Zu-Dopant Site Preference in the 2021 Tl Cuprate Superconductor 45
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Instrument used: (please type)

HIPD

Local contact:

Thomas Rieker, Bob VonDreele

Title:
Structural Study of Highly Fluorinated Thermotropic Liquid
Crystals

Proposal number:
(for LANSCE use only)

4014 J
Report received:
(for LANSCE use only)

1/10/92

Authors and affiliations:

Thomas Rieker1, Eugene Janulis2, and Bob VonDreele1

1 LANSCE, Los Alamos National Lab, Los Alamos, NM 87545

23M Inc., Corporate Research Laboratories, St. Paul, MN 55144-1000

Experiment report:
Neutron powder diffraction experiments were performed on two highly fluorinated
thermotropic liquid crystal (LC) materials in order to corroborate the results obtained the
previous run-cycle on the deuterated sample:.

i,c,.—o~vy

69.9 °C 74.5 °C 77.6 °C 84.9 °C
X SC SA N - I

33.8 °C 38.9 °C
SG

We selected LC's different from those originally proposed since preliminary X-ray
scattering results showed that materials with both alkyl tails fluorinated were better suited
(structures and phase diagrams given in Fig. 1). Additionally, these materials are
structurally similar to the deuterated material previously investigated.

(34003)

136 °C 206 °C 213 °C
SC SA

C,F,,CHiO
(34005)

.0CH,C,P,,

110 °C 219 °C 221 °C
SC SA

Figure 1. Structures and Phase Diagrams of the fluorinated materials investigated.

17



Experiment report (continued):

Both fluorinated materials had the same scattering behavior. Both were poor scatterers.
Several peaks associated with nearest neighbor distances were observed in the crystal
phase (see Fig. 2). The liquid crystalline phases were nearly featureless. Since liquid
crystals are strongly influenced by boundary conditions, the unexpectedly weak scatterin
may be due to preferred orientation. We intend to determine this through X-ray scatterin
techniques.

34003 AT RT
BANK NO. 3 TWO-THETA

0 0 1.0
D-SPACING. A

2.0 3.0 4.0 5.0 6.0

Figure 2. High angle scattering peaks from the crystal phase (20 °C) of 34003. The
scattering pattern from 34005 is similar. The scattering pattern is similar for the second
fluorinated material. A nearly featureless scattering pattern is observed for the smectic
phases in both materials.

Unfortunately we were unable to confirm our results from the previous year using these
materials.
References:
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Instrument used: (please type)

HIPD

Local contact:

Dr. Robert Von Dreele

Title:
Neutron Powder Diffraction Studies of (T>2GaND2]3 and
TMEDA[GaD3]2

Proposal number:
(for LANSCE use only)

4035
Report received:
(for LANSCE use only)

in/92

Authors and affiliations:

Wayne L. Gladfelter, Department of Chemistry,

University of Minnesota, Minneapolis, MN 55455

Experiment report:

Cyclotrigallazane, [H^GaNHtela, was first synthesized in our laboratory by
the reaction of Me3NGaH3 with NH3.1 Although it was determined to have the
same molecular structure as the chair form of cyclohexane by a single crystal X-
ray crystallographic study, the hydrogen atoms were not located. Our interest in
[H2GaNH2]3 stems from the observation that upon pyrolysis this molecular
species undergoes a polymerization in the solid state to give the first bulk samples
of cubic GaN. At the heart of this conversion was a topological relationship
between the zinc blende structure and [HsGaNHtefe. To probe the nature of the
intermolecular interaction in [H2GaNH2J3, information about the H-atom
positions was required.

Samples of the corresponding deuteride, |T>2GaND2]3, were prepared using
Me3NGaD3 and ND3. A vanadium container (approximately 4 mm ID) was filled
and sealed in a glove box with [D2GaND2]3, and a neutron powder diffraction
pattern was obtained using the HIPD line at the LANSCE facility. Reitveld
refinement of the structure utilized the program GSAS.2 The twelve atoms in the
asymmetric unit were refined using isotropic temperature factors. Some
difficulty was encountered that precluded complete convergence of the
refinement. The final wRp and Rp were 0.0512 and 0.0343, and the reduced C2

was 3.052. At this stage the largest atom shift was 0.04A.



Experiment report: (continued)

The following table summarizes the results and highlights the comparison
between the X-ray and neutron analyses.

Table 1. Results from the Neutron Powder Diffractions Study of [D2GaND2]3

Parameter
Temperature
Ga-N
N - Ga - N
Ga - N - Ga
Ga-D
N-D
D - D (Intermolecular)

X-rav data
-90°C

1.97A
99.8°

117.5°

Neutron data
25°C
1.95A

93.5°
112.5°

1.6A
1.2A
1.8A

The intermolecular D-D distance of 1.80 A is closer than the Van der Waals
radii and suggestive of an attractive interaction. The dipolar nature of the Ga-H
and N-H bonds is the probable cause of this attraction. Strong intermolecular
bonding could explain both the involatility and insolubility of [H2GaNH2J3 relative
to organogallazanes of similar and even higher molecular weights.

Of greater importance is the topochemical relationship between the
structure of cyclotrigallazane and the zinc-blende structure that may be controlled
by this intermolecular interaction. By a series of "bimolecular" hydrogen
eliminations and Ga-N bond formations involving the close intermolecular
contacts, the essential architecture of the cubic gallium nitride structure would be
established.

References:

1. Hwang, J.-W.; Hanson, S. A.; Britton, D.; Evans, J. F.; Jensen, K. F.;
Gladfelter, W. L. Chem. Mater., 1990,2, 342.

2. Larson, A. C; Von Dreele, R. B. Generalized Structure Analysis System,
GSAS (Los Alamos National Laboratory Report LAUR 86 - 748, 1986).
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Instrument used: (please rvpci

HIPD

I,(tc;il contact:

Robert B. Von Dreele

Proposal number:
I for I ' VS(7 --r HI

4040
Title:

Synthesis and characterization of a Tungsten Imido Bronze:
(NH4)xW03 (NH)

(for IANSCK u\r only

2/3/92

Authors and affiliations:

R. E. McCarley and M. R. Close, Ames Laboratory
Ames, IA 50011

V. G. Young, Iowa State University
Ames, IA 50011

Experiment report:
Tungsten oxide octahedra, interconnected by vertices, form trigonal and hexagonal tunnels

running parallel to the c axis in the hexagonal tungsten bronze Mĵ WO .̂ M is typically a
monovalcnt cation (e.g., K+, Rb+, NH4

+) which occupies sites in the hexagonal tunnels to an
upper limit of 0.33. The properties of the hexagonal bronzes are dependent on the type and
amount of the cation present. Generally, the hexagonal bronzes are superconducting (Tc less than
8 K) [1], extremely inert and metallic [2].

The conventional syntheses of the tungsten bronzes utilize oxygenated reactants, thereby
insuring a tungsten-oxygen lattice. In this study the hexagonal ammonium tungsten bronze has
been made from a new synthetic route with nitrogenated reactants which increase the probability
of isoelectronic nitrogen substitution (in the form of imide-NH2") for oxygen in the anionic
lattice. The proposed formula is (NH^WO^ (NH) . Preliminary resistivity and solid state
*H NMR indicate that the material is a semiconductor and has protons associated with the lattice
as evidenced by a direct correlation between increasing grain size and NMR peak narrowing.
XPS studies have shown nitride-like nitrogen in the hexagonal bronze but the location of the
nitride-like nitrogen was not determined. The analytical results indicate excess nitrogen in the
system and give a value for y of 0.12 based on x being 0.25 in the preceding formula. This
study was done in an attempt to determine the location of nitrogen, if any, in the anionic
hexagonal lattice; the large difference in neutron scattering lengths between nitrogen and oxygen
makes this possible.

The refinement is still in progress but at this point we have a reasonable model for the
system (see figure 1). Six samples of the ammonium tungsten bronze were prepared of varying
degrees of crystallinity. The most crystalline material was the subject of this study with
ammonium chloride as a second phase. Interatomic distances obtained from a radial distribution
function of the amorphous phase were used in the background function for the crystalline phase
and improved the refinement significantly. The ammonium cation has been the most difficult
to model because of its apparent rotational, translational and perhaps diffusional motion [3,4].
The space group P 63/mcm (no. 193) yields » close fit to the data but a peak corresponding to
the (103) reflection was observed which indicates the absence of a c glide. Other (hOl, 1 is odd)



Experiment report (continued):

reflections were not observed. The presence of an incommensurate ordering of the ammonium
cations is indicated and has been observed in other bronze systems [5]. The cation has been
modeled as a rigid body in a variety of orientations and currently the best model is the
ammonium cation oriented with N at 0,0,0 and an N-D vector along the c axis and the three
remaining D atoms are located 30° from the mirror planes. In the structure there are two
crystallographically distinct oxygen positions. One site is the apical position of the WOg
octahedron and the other oxygen forms the basal plane of the octahedron.

In the last phase of the refinement (wR=.O358; R=0.0267;x2
red=3.532; see fig 1), two

nitrogen atoms were inserted into the atoms list at positions corresponding to the two oxygen
positions at zero fraction. The fractions of the two oxygens and nitrogens were refined and
reciprocally constrained. The fraction of the apical nitrogen became 0.09 while the fraction of
the basal nitrogen became negative. This result indicates that if the nitrogen is substituting for
the oxygen (e.g., if the structural model is sufficiently correct) it is substituting in the apical
position. Based on the method of preparation, the nitrogen is initially present and is replaced by
oxygen as water is introduced into the material. Further work involves making a material with
a higher degree of nitrogen substitution to conclusively answer the question of N substitution and
a fourier map of the region around the apical oxygen (where N is thought to substitute) to search
for any neutron density indicative of a deuterium attached to the N. A better background and
cation model will be investigated.
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References:

1. Ranninger, J; Sinha, K.P. Proc. Indian. Acad. Sci (Chem. Sell 1985, 95(1-2), 93.
2. Dickens, P.G.; Halliwell, A.C.; Murphy, D.W.; Wittingham, M.S. Trans. Faraday Soc.

1971, 67, 794.
3. Clark, L.D.; Whittingham, M.S.; Huggins, R.A. / . Solid State Chem. 1972, 5, 487.
4. Slade, R.C.T.; Dickens, P.G.; Claridge, D.A.; Murphy, D.J.; Halstead, T.K. Solid St.

Ion. 1990, 38, 201.
5. Schultz, A.J.; Horiuchi, H. Acta. Cryst. 1986, C42, 641.
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Instrument used: (please type)

HIPD

Local contact:

George H. Kwei

Proposal number:
(for LANSCE use only)

4045
Title:

Pressure Dependent Studies of Correlated Electron Systems

Report received:
(for LANSCE use only)

3/16/92
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Experiment report:

Thermal expansion anomalies are widely observed in metallic Ce, Eu, Yb and U compounds.

It is generally believed that these anomalies reflect thermally induced valence changes: the 4f radius

decreases as the valence increases, hence the thermal expansion is large at temperatures where the

valence changes significantly. Two other mechanisms are expected to affect the lattice constants: (1)

the dependence of the 4f-conduction band hybridization on cell volume, where the lattice expansion

weakens the hybridization, promoting further change towards the integral valence state; and (2) trie

onset of coherence in the ground state where real changes in the wavefunctions affect cell volume.

A commonly employed thermodynamic ("Gruneisen") analysis depends on the assumption that

the free energy exhibits characteristic energy scaling: F(T,V) = NkTf[T/T0(V)]. The volume

dependence is then characterized by an electronic Gruneisen parameter ft = -BlnTo/BlnV, which varies

from 10-20 for mixed valent compounds where To = 100-500 K to much larger values (50-150) for

heavy fermion compounds with To = 10 K. The scaling law leads to relations between the thermal

expansion, specific heat and compressibility which have been experimentally observed in a variety of

Ce, Eu, Yb and U intermetallic compounds.

Less attention has been given to the thermal expansion in those compounds such as YbBi2

which have non-metallic groundstates, i.e. millivolt-gap semiconducting behavior. Recently, we have

reported the magnetic and transport properties of a new compound Ce3Bi4Pt3. For modestly high

temperatures its properties are indistinguishable from those of metallic cerium compounds which are

weakly mixed valent (z = 3.1 and nf = 0.9) and which have characteristic (single-ion Kondo)

temperatures T^ in the range of a few hundred Kelvin. For example, the susceptibility shows a broad

maximum near Tx = 80 K with Curie-Weiss behavior at higher temperature; the resistivity is large («

200 |i£}-cm at 300 K) and has dp/dT < 0; the inelastic neutron lineshape above 100 K is broad and

relatively featureless with a halfwidth h©0 = 20 meV. Preliminary measurements of the Lm edge x-ray

absorption suggest nf * 0.9 [1]. Such high temperature behavior also follows the predictions of the

single-impurity Anderson model for the nearly integral valent (nf = 1) case. The Kondo effect in the

model causes dp/dT to be negative and the relationship 3TY « Ao0 ~ kT% (implying T% - 240 K for
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Experiment report (continued):

Ce3Bi4Pt3) follows from 1/N expansion or Bethe-Ansatz solutions.

However, at low temperatures the transport behavior (resistivity, Hall coefficient and

thermopower) are consistent with the presence of a gap in the electronic excitation spectrum with an

activation energy of order 50 K; the specific heat below 20 K fails to show the large electronic

contribution observed in metallic heavy fermion compounds; and the neutron inelastic scattering is

suppressed to zero below 12 meV. This behavior is similar to that of YbBj2 and suggests a similar

interpretation - that Ce3Bi4Pt3 is a small gap (A ~ 50 K) semiconductor. Such behavior is also

consistent with the "standard model" for Ce compounds: single-impurity Anderson model behavior is

expected at high temperatures; whereas, the correlations/interactions responsible for the coherent

ground state, whether metallic or semiconducting, set in at temperatures well below T^.

As part of the work done under this proposal (#4045), we carried out measurements of the

temperature dependence of the lattice constant of Ce3Bi4Pt3 and its normal analog La3Bi4Pt3 at 17.7

kbar in order to complement our earlier work at ambient pressures. This work, together with the

earlier work, has been written up as an article and submitted to Physical Review B [2]. The high

pressure experiments were carried out similarly to the earlier ambient pressure experiments: but the

samples with a small amount of NaCl pressure calibrant and Fluorinert pressure medium, were loaded

into a Cu-Be self clamping pressure celland a boron nitride collimator was used to reduce the number

of neutrons detected that were not scattered by the sample.

Lattice constants were obtained from Rietveld refinement These data showed that the thermal

expansion |3(T) has a large peak at a temperature Tm a x comparable to the activation energy A = 50K.

We used high pressure diffraction data to determine the bulk modulus B(T); and we showed that the 4f

contributions to (J and B satisfy Bf(T)/B0 = ii fTp f where Of = ainT^ainV - 36 is the electronic

Gruneisen parameter. We were able to demonstrate that Gruneisen relations could not be valid for the

Anderson impurity model; but that a fully coherent Anderson Lattice model with volume dependent

hybridization would be required to explain the coincidence of A and T n ^ . In addition we showed that

the volume expansion AV/V varied proportionally with the effective moment 1% where x is the

susceptibility. Together with the Gruneisen relation, this implies a "Fisher relation" dTx/dT <* C

where C is the specific heat; such a relation is valid near antiferromagnetic transitions but is not valid

for the Anderson impurity model (where Tx «= S), so its appearance in Ce3Bi4Pt3 is a surprise.

References:

[1] G.H. Kwei, J.M. Lawrence and A.C. Lawson, unpublished work.
2] G.H. Kwei, J.M. Lawrence, P.C. Canfield, W.P. Beyermann, J.D. Thompson, Z. Fisk, A.C.

Lawson and J.A. Goldstone, "Thermal expansion of Ce3Bi4Pt3 at Ambient and High Pressures,"
Phys. Rev. B (submitted).

24



Instrument used: (please type)

HIPD

Local contact:

M.R. Fitzsimmons

Title:
Neutron Diffraction Study of Anti-ferromagnetic
Nanocrystaliine Chromium

Proposal number:
(for IANSCE use only)

4062
Report received:
(for LANSCE use only)

1/8/92

Authors and affiliations:
M.R. Fitzsimmons and R.A. Robinson
LANSCE
Los Alamos National Laboratory
Los Alamos, NM 87544

J.A. Eastman
Argonne National Laboratory
MSD/Bldg 212
Argonne, IL 60439

Experiment report:
Studies of solid-state materials characterized by grain sizes typically a few nanometers
large are currently generating much scientific interest. These so-called
nanocrystalline materials are known to possess many unique properties, which in some
cases have been attributed to the large volume fraction of grain boundaries contained
within these materials. Some of the interesting properties include: increased
microhardness and yield strength, significant reductions in elastic constants, and
changes of thermal properties, e.g. heat capacity, thermal expansion and thermal
vibration. During the 1990 MRS conference in Boston, it was proposed that
nanocrystalline materials would also exhibit magnetic properties and structures
different from those found in bulk materials. In particular, some recent theoretical
work suggests that a nanocrystallite might be too small to support a single magnetic
domain; therefore, the magnetic structure of nanocrystalline materials can be expected
to differ from that of coarse-grained specimens. Indeed, susceptibility measurements
of nanocrystalline Cr are significantly different from similar measurements of coarse-
grained standards.

The goal of the present experiment is to examine the (100) magnetic Bragg reflection
from nanocrystalline and coarse-grained samples of anti-ferromagnetic Cr. Radiation
scattered from 1.0207g of compacted nanocrystalline Cr disks, and 9.3248g of high
purity coarse-grained Cr were obtained at three different temperatures (19K, 149K and
323K) using the HIPD instrument. The intensity of the diffracted radiation plotted vs.
scattering vector in the region of the forbidden (100) Bragg reflection is shown in the
figueres below for the two samples at 19K and 323K. The magnetic Bragg reflection
from the coarse-grained sample is clearly visible and situated at the proper location
(t=0.217nm) at both temperatures. This observation is surprising in light of the fact
that the Neel temperature for Cr is 31 IK; therefore, the material is expected to be non-
magnetic at 323K. The (100) reflection from the coarse-grained Cr specimen at 19K also
exhibits two small satellite peaks. The diffraction profiles from the nanocrystallinc
sample are shifted in intensity above those of the coarse-grained sample. This is due to
a source(s) of incoherent scattering, which might consist of water absorbed into the
nanocrystalline disks. An intensity peak at t=0.192nm is observed in the intensity
profile from the nanocrystalline sample at low temperatures when no such peak is
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Experiment report: (continued)

visible at room temperature. The shift of this peak from T=0.217nm, and its increased
intensity compared to the (100) reflection from the coarse-grained sample might
suggest that the magnetic structure of nanocrystalline Cr is different from that of bulk
Cr.

A preliminary analysis of the intensities, locations and breadths of the (100) and (110)
reflections has produced some interesting differences between the scattered radiation
from the two types of samples. From the change of the intensity of the reflections as a
function of temperature, the Debye-Waller parameter at 298K, B29g* has been computed
to be O.Olnm^ for the coarse-grained sample, and 0.06nm^ for the nanocrystalline
sample. The literature value of B298 for bulk Cr is 0.02nm- .̂ The increase of B298 for
the nanocrystalline sample compared to that of the coarse-grained standard suggests
that the atoms in the nanocrystalline sample have a larger therma! mean squared
displacement from their ideal lattice sites than atoms in the coarse-grained sample.
From measurements of the change of the positions of the (110) reflections, the thermal
expansion of the two samples are observed to be the same. This result is consistent with
X-ray measurements of nanocrystalline Pd, where no difference between the of the
thermal expansions of nanocrystalline and coarse-grained Pd were observed. The shift
of the (100) magnetic Bragg reflection from the coarse-grained sample at 149K to 323K
was observed to be much larger than the shift of the (110) Bragg reflection at the same
temperatures. Finally, the domain size of the nanocrystallites were deduced from the
breadths of the (110) and magnetic reflections at 19K. If the breadths of the
corresponding reflections from the coarse-grained material, which are not expected to
be strain broadened, are used as a measure of the instrumental broadening, then the
particle size of the nanocrystallites is computed to be 20nm, while the size of the
magnetic domains is 37nm. This observation may suggest that nanocrystallites are too
small to support an entire magnetic domain.
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0.0 0.0
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Experiment report:

An initial measurement of the total cross section for hydrogen was made by placing various thicknesses of
polystyrene, (QHsCHCF^n, in the incident beam on HIPD and measuring the scattered intensity from a
vanadium/niobium alloy rod placed in the normal sample position (Fig. 1). Three measurements were
taken using, respectively, one, two and four sheets of 1/16" (0.1588cm) polystyrene for roughly lhr runs
on HIPD. A preliminary data analysis was performed by fitting the resulting spectra to a series of
exponentials and computing the cross section from the average of the two ratios that are formed between
three observations. Figure 2 shows this total cross section (scattering + true absorption) for hydrogen in
polystyrene corrected for a constant contribution of 5.55bams from carbon. In contrast with the
observations of Koetzle & McMullen (1980) and Hov/ard, et al. (1987) the cross section is not linear in
wavelength and shows marked deviations for wavelengths longer than -2.5A. The long wavelength limit
of-81 barns is reached at about 7A. Our observations are in accord with the expected behavoir where at
low energy the cross section is approximated by the bound atom value of 81.7 bams and at short
wavelengths by a much smaller "free atom" value and are also in accord with very early studies by
Melkonian (1949). However, our observed free atom value (<10bams) is much smaller than expected
(1/4 of bound atom value), the cause of this discrepancy is unknown at this time.

He detector

o
"black" polyethylene
collimators

neutron beam

v/Nb rod ill
*•;
, ' • •

i

•|

';

•

•

:§§§§]

\NNNV\\V

polystyrene sheets

Figure 1. Experimental layout for total hydrogen scattering measurements on HIPD (not to scale).
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xperiment report (continued):

H absorption meas.

2 3 4 5
wavelength

igure 2. Total scattering cross section for hydrogen on polystyrene. Solid line shows result of this work
dashed line is that of Howard, et al.(1987)
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Experiment report:

The two beam time proposals #4404 and #4122 were companion proposals to test the use of

high pressure cells on HIPD and then to use them in studies of structural changes in high Tc

superconductors, respectively. The first proposal, which was primarily for development of the high

pressure capability, was made to the Internal Program Advisory Committee and received 2 days of

beam time. The second proposal was made to the External Program Advisory Committee and received

4 days of beam time. Because of difficulties with the run cycle, both proposals only received an

aggregrate of approximately 2 days of beam time. Since the proposals were related and since the

results were somewhat dissappointing, we decided to combine the reports for the two proposals into a

single report.

The high pressure experiments were carried out using high pressure Cu-Be clamps that we have

used before in other experiments. They have a useable maximum working pressure estimated at 18

kbar, although similar clamps have been used up to the rupture limit of »231 _ar. Samples of the

thallium superconductor were mixed with a small amount of NaCl pressure calibrant and Fluorinert

pressure medium and loaded into the cell. This cell then mounted directly on the HIPD sample mount.

A boron nitride collimator was added to reduce the number of neutrons detected that were not scattered

by the sample.

Diffraction data were collected for the 2021 thallium cuprate superconductor at 0,7.5 and IS

kbar. Diffraction peaks were observed and initially there was some hope that the data could be used in

structural refinements. For the ambient pressure data, most peaks could be fit with the 2021 and NaCl

phases. However, there were several broad peaks that could not be assigned (for example, they did

not come from scattering by the Cu-Be clamp). At higher pressures, the WC piston began to be visible

to the incident beam and to the detectors. Nevertheless, we attempted to carry out structural

refinements. Surprisingly, the refinements were stable. The results shown in Table 1. Unfortunately,

many of the refined parameters seemed unreasonable. For example, the lattice constant for the NaCl
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Experiment report (continued):

calibrant did not decrease monotonically as the pressure was increased. All indications are that the

actual pressure at 15 kbar could not have been higher than that at 7.5 kbar; yet when the clamp was

dismantled, it gave all the indications that the pressure was high, ca. 15 kbar. At this point, we feel

that the data collected is meaningless and we are at a loss to find an explanation.

Table 1. Structural parameters for T ^ F ^ C u O ^ at 297 K and a series of pressures.3

Lattice Constant (NaCl):

Lattice Constants:
a(A)
c(A)

Cell Volume:
V(A3)

Okbar

5.644(3)

3.8755(4)
23.288(4)

349.78(8)

Lattice Positions and Occupancies:
TI in n r\

z
Ba (0.0,z)

Cu (0,0,1/2)

0(1) (0,1/2.0)

0(2) (0,0.z)

0(3) (O,y,z)

z

O(4) (ai/2,z)

z

d spacing range (A):

0.2949(4)

0.0843(6)

0.3852(5)

0.2179(6)
0.065(4)

0.116(16)
0.267

6.71/4.86

0.8-6.65

7.5 kbar

5.640(4)

3.8611(6)
23.205(7)

345.94(13)

0.2973(6)

0.0888(7)

0.3811(7)

0.2207(7)
0.036(10)

-0.009(23)
'.267

8.44/5.75

0.8-6.65

15 kbar

5.643(4)

3.8624(8)
23.215(10)

346.32(17)

0.2969(7)

0.0894(8)

0.3828(8)

0.2202(7)
0.020(20)

-0.031(28)
0.267

9.12/6.18

0.8-6.65

"Numbers in parentheses following refined parameters represent one standard deviation in the last digit(s).
Occupancy for all cation sites and 0(1) and 0(2) sites were set to unity. The occupancy of the fourfold site
for 0(3) was set to 0.25. Isotropic thermal parameters for cations and oxygen ions were fixed at 0.008 and
0.012 A2, respectively.
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pe p
Neptunium belongs to a small group of actinide elements (Pa, U, Np, Pu) which have multiple and

unusual crystal structures between room temperature and their melting points. [1-4] The a-phase is
orthorhombic and exists from below room temperature up to 555 K at which point it transforms to the
tetragonal f$-phase. To complete previous experiments on ct-Np at room temperature and above[5], data
were needed for the room temperature and below (to 10 K). The sample was cooled through use of a
closed cycle helium refrigerator and automatic temperature control to ±1 K. All data were analyzed using
Rietveld Fitting sections of the Generalized Structure Analysis System (GSAS) developed at LANSCE.
[6]. Neptunium remained in the a-phase structure (Pmcn) down to 10K. The table below gives the
lattice parameter values found in this experiment. The coefficient of thermal volumetric expansion at the
midpoint of this temperature range is 10.0(2) xlO^/K*1. The individual thermal expansion cofficicnts are
8.86(3) xlO-tyK*1,14(1) xlO^/K"1, and 8(1) xlO^/K;1 for the A, B and C lattice parameters,
respectively. Figure 1 shows the volumetric expansion for the a-phasc from 10 to 525K by combining
these data with the previous data taken on NPD[5]. These data are in good agreement with Cort's results
[3].

Table I: Lattice parameters and cell volume for neptunium from 10 to 300 K.
Tempt'K) A (A

^770721
(A) B (A)

17(13) 4.86800(15)
50 4770842(20:

lTXT ^4.71042(20)
4.86978

4.71337(20
200 4771648(21
250 4772004(21
30TT 4.72432(15

4.87264723

4.88023
4.88515(23

633958(19!
Volume(A3)

22

22
22

4.89081(17

6.64058728
6.64425(29
6.64843
6.65372(29

152.146OU
152.262(12

152.810(15
153.152(16

6.65958730
6.66714(22|

153.557(16)
154.049(12)

We combined the low-temperature HIPD data from this experiment with the high-temperature NPD
data from 1990 to determine the Debye-Waller factors of cc-Np. The a-phasc has two distinct sites for
the Np atoms at x=l/4, y= 0.21, z=0.03 and x=l/4, y= 0.84, z=0.31. We tried our usual analysis
procedure that fits a constant (temperature independent) Debye-Waller temperature and a pseudo-
zeropoint ("offset") to the data. [7] Because two independent data sets were used, it was anticipated that
two offsets would be required to fit the data. This was found as expected, but we also found that the
<u2> versus temperature plot showed a very pronounced positive curvature, indicating a progressive
lattice softening with increasing temperature. We therefore assumed a simple temperature dependence
for the Debye-Waller temperature, namely 6 = 8Q-mT, and fitted 6Q and m. Since data collected this year
on oc-Pu show that the offset phenomenon is dominated by numerical artifacts, e.g. the choice of number
of background terms, we now believe that the offset has no physical significance. We have accordingly
subtracted the measured offsets in Fig. 2, which shows in addition the derived temperature dependence
of the Debye-Waller temperature. The difference between the two atoms is just barely statistically
significant. When we fitted the values given by an anisotropic refinement, we found a suggestive
anisotropy in the behavior of each atom, but, again, the effect was barely significant. There is, however,
no doubt that a temperature-dependent Debye-Waller temperature is required to fit the data. We suggest
that independent elastic constant measurements be carried out in order to better define this effect.
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Experiment report (continued):

a-phas* Volumetric Expansion

Figure 1: The volumetric thermal expansion of Np from 10K
to S2SK. Shown are the best linear and quadratic fits to the
data. Clearly there is a strong quadratic component to the
thermal expansion.
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Table II: Isotropic thermal parameters and
atom coordinates

Temo(K)
10

50

100

150

200

250

3flo

Atom
Np
Np!
Np
Np i
Np 1

Np J
Np 1
NpJ
Np J

N p '
Np i
Npi2
Npfl
Nptf

1)
ii
I)
i'i

I
j
L
I
'l

>\

Uiio*1000
i.3i
1.66
1.53
1.83
1.551
2.081

10)
10)
'15)
15
V>

1.73(15
J.i3i
2.17

16
16

2.73(17
2.5 li
3.13i
3.04<
3.$2l

IS
sSi

TEMPERATURE ( K)
Figure 2: Thermal parameters for the two atoms in a-Np.
Lines through the data are fits using temperature-dependent
0. Straight lines are the temperature-dependence of 0.
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Experiment report:

The a-phase of plutonium metal has an unusually complex crystal structure: it is monoclinic
with 16 atoms per unit ceil. We used the High Intensity Powder DHfractometer (HIPD) to obtain
low temperature diffraction patterns at six different temperatures, and we have determined
Debye-Waller factors for each of the 8 unique atoms at each temperature by Rietveld
refinement. We used the published procedure [1] that requires the fitting of a Debye-Waller
temperature and an "offset" for each atom to a single-atom Debye formula. Debye-Waller
temperatures determined in this way are in good agreement with heat-capacity Debye
temperatures. The offset term Is a pseudo-zeropoint motion that is required to provide a
satisfactory f it Until now, Its significance has been somewhat mysterious.

We first assumed that each atom has the same elastic properties, and the thermal parameters
for each atom were constrained to a single (isotropic) value during the Rietveld refinement
process. DespHe some experimental scatter resulting from a shortage of beamtime, we
obtained a Debye-WaHer temperature of 219(3) K according to the fit of Fig. 1. We then
removed the constraint, so that the refinement was carried out for B independent, isotropic
atoms. The results are summarized in the accompanying table and show that the eight
independent plutonium atoms have significantly different elastic properties (I.e., spring
constants). The data are not good enough for an aniaotropic refinement, and the experfmnt
should be repeated.

We decided to use these data to test the significance of the offset terms that were determined
during the fitting procedure. An obvious question.is whether the fitted parameters arm
independent of the number of Fourier background parameters (N). Fig. 2 shows that the fitted
Debye temperature is independent of number of background terms provided N > 6. However,
the offset term has a significant dependence on N that does not dlml«»!3fc for any practical value
of N. The value of the offset term probably depends on other parameters of the Rietveld fit,
including absorption, extinction and profile coefficients: these dependencies have not been
tested. However, H is clear that the offset depends very strongly on at least some of the
nuisance parameters, and should therefore not be given any physical significance. The Debye-
Waller temperature remains physically significant provided that N is large enough.
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Experiment report (continued):

TABLE 1
a-Plutoniunr

atom

1
2
3
4
5
6
7
8

i - Dsbys

X

.338

.774

.131

.654

.027

.468

.326

.868

Temperatures for

y

1/4
1/4
1/4
1/4
1/4
1/4
1/4
1/4

z

.157

.171

.340

.453

.620

.651

.926

.894

indpedendent

e

181 (9)
199(14)
320(57)
224(16)
264(30)
206(13)
228(18)
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Experiment report:

Since the Cu-0 layers play a crucial role in determining the physical properties of the

YBa2Cu3O6+§ (1-2-3 oxide) superconductors, much has been learned from studies of the effect of 3d-

metal substitution for the Cu atoms. The currently accepted site preference for Zn substitution is

Cu(2). This is based on structural refinements of data from neutron powder diffraction experiments at

a reactor source. However, other work based on pulsed neutron diffraction data published nearly

simultaneously indicated that Zn substituted into both sites but with a substantial preference for the

Cu(l) site. Our own unpublished work from that time, also based on pulsed neutron data, showed a

strong site preference of Zn for the Cu(l) site. In an anomalous x-ray powder diffraction study of

dopant site preference, where the decrease in the x-ray scattering factor near the K-edge was used to

provide contrast, Howland et al. [1] find that Zn occupies both Cu sites in a nearly random

distribution. Recently, neutron diffraction studies have shown a statistically insignificant preference of

Zn for the chain sites in a full-profile Rietveld structural refinement, but a much stronger preference for

the plane sites when only a few Bragg peaks, judged to be more sensitive to Zn site occupancy, were

examined. Although early EXAFS experiments suggested that Zn was not incorporated into

YBa2Cu305+5, more recent EXAFS experiments suggest the presence of Zn-0 bonds with the axial

Cu-O bond length and hence occupancy of Zn on the Cu(2) site. Analysis of recent XANES

experiments suggest that Zn must substitute into the planes because oif the appearance of a feature in

the near-edge region which is thought to arise from multiple scattering events within the planes.

This short and tortuous history emphasizes the difficulty in determining the actual site preference.

One of the difficulties encountered in the use of full profile refinements of the structures using neutron

powder diffraction data is that the neutron scattering lengths for Cu and Zn (7.689 and S.686 fm,

respectively), do not provide adequate contrast for a really clearcut site determination for samples with a

low (say 5%) dopant concentration. Furthermore, the site occupancies and the thermal parameters are

very strongly correlated, necessitating accurate determination of the thermal parameters, which are best

determined in pulsed neutron experiments, before site occupancies can be refined. Another difficulty
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Experiment report (continued):

encountered is that many of the doped samples exhibit some vacancies in the Cu sites, thus refinements

assuming full site occupancy and constraints on the dopant concentration will have a tendency to place

the weaker scatterer on the more vacant site (and vice versa), regardless of the actual site preference.

Examination of selected Bragg peaks as was done by Howland et al. [1] and by Snaked et al. [2] are

somewhat hampered by the less complete knowledge of the structure factors, profile shapes, thermal

parameters and impurity peaks that contributes to those peaks. In the former case, the observed peaks

did not provide enough information for structural determination and structures determined for undoped

YBCO samples were used. Thus, the experience with Zn-dopant site preference studies show that they

are fraught with peril and that everything has to be gotten right before the results are credible.

In order to clarify this situation, we carried out neutron and x-ray powder diffraction studies of

a 5% Zn-doped 65Cu-labelled 1-2-3 oxide sample, using the substantially greater contrast provided by
65Cu (with neutron scattering length 10.06 fm) to distiguish it from Zn with the neutron data and the

nearly identical x-ray scattering factors of Cu and Zn to obtain the site vacancies from the x-ray data.

The neutron data also provides an accurate structure and thermal parameters, and of the impurity

phases present, which amount to about 1/3 wt.% of CuO.

Recently, it was found that the double Cu-0 chain layer cuprate analog, Y T ^ C ^ O g , which

was discovered as an intergrowth layer in YBa2Cu3O6+§ [3], can be synthesized as a nearly pure

single phase at high oxygen pressures [4]. YBa2Cu4Og differs from YBa2Cu3O6+§ in that there are

now two adjacent Cu-0 chain layers, this doubling makes it more difficult to remove oxygens from

one chain because the structure is constrained by the adjacent chain, and the oxygen stoichiomctry is

generally found to be close to 8. However, in most other structural respects, YBa2Cu4O8 and

are quite similar. Thus the site preference of Zn dopants for Cu, is likewk-j interesting.

No studies of site preference in the 1-2-4 oxides have been reported. The work done under proposal

#4746 attempts to remedy this situation. We have carried out neutron and x-ray powder diffraction

studies of a 5% Zn-doped 65Cu-labelled 1-2-4 oxide sample, YBa2(65Cuo.95Zno05)40g+g, prepared

by reacting additional 6 5 Cu0 to the doped and labelled 1-2-3 oxide sample. Refinement of the

structure and site occupancies show that for YBa2(65Cuo,95Zno os^Og, as for

, the Zn dopant site preference is again for the plane Cu(2) sites.
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Experiment report:

This experiment was carried out on discretionary time last summer. The interest in the structure

of 1^2(^305+5 exists because it is a frequent impurity in high-pressure syntheses of YBCO

superconductors. A number of x-ray structures of impure samples have been reported [1]; the latest

structural study claims substantial disordering for the atomic positions for many of the sites. No

neutron diffraction structures have been reported. A large powder sample had been prepared by Nick

Coppa, ERDC, using a freeze-dried solution, low-temperature synthetic route. X-ray scans of

similarly prepared material was said to show a reasonable diffraction pattern and that the materials was

nearly single-phase. Unfortunately, the quality of the data we acquired is poor, most probably because

of particle-size broadening in the sample, a condition that frequently exists when samples are prepared

from dried solutions. A plot of the data, together with the calculated diffraction pattern predicted by

the x-ray studies, is shown on the next page:



Experiment report (continued):
BA2CU3O5+O AT 300K
BANK l. 2-THETA 153.4. L-S CYCLE 165 OBSD. ANO CALC. PROFILES

2.5 3.0 3.5 4.01.5 2 .0
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It is apparent that this structure does not fit the data. However, further analysis was not carried out,

partly because of the poor quality of the data and partly because much better samples have been

prepared since then. These latter samples will be used in an approved series of experiments (Garzon et

ai, LANSCE Proposal #5065) at LANSCE during the summer of 1992. This study will involve the

tudy of four samples prepared under different conditions so that the structure can be determined and

so that the different oxygen superlattice structures that seem to depend on oxygen stoichiometry can be

worked out.
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Experiment report:

Cooperative Jahn-Tcllcr effects play an important role in inducing the structural phase
transition of many compounds containing ions with specific electronic configurations. This is
particularly prevalent for those with d4, d9, 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. We have undertaken a combined neutron/x-ray
diffraction study of Ba2CuWO6 using the high intensity powder diffractometer (HIPD) and the
Scintag, at LANSCE. The diffraction pattern of the compound was obtained at 300 K and IS
K. Electron paramagnetic resonance and D.C. magnetometry experiments have been performed
to complement these diffraction data. Such a combination of experiments will give us a local as
well as long-range probe of the environment around the copper ions.

The crystalline structure of BaaCuWOe have been studied previously [1]. It is able to
assume a cubic form (Fd3m) above a transition temperature (Tc > 1000 K), and the tetragonal
I4/mmm form below it. In this investigation, we are studying the magnetic ordering of copper
ions in this compound. D.C. magnetic susceptibility measurements of samples, from
systematic variation of the Cu2+ content in the Ba2Zni.xCuxWO6 solution, reveals that
antiferromagnetic ordering does not occur for x less than 0.85. Two Bragg peaks from the
magnetic lattice of Ba2CuWO6 have been observed at 15 K.

Refinement of the magnetic structure for Ba2CuWC>6 is currently in progress with the
help of GSAS. The powder diffraction patterns of the compound, 300 K and 15 K, obtained
by neutron diffraction are shown below.
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ExpcriawBt report (continued):
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Experiment report:

The object of this experiment was to find the deuterium

positions, and explain frequency shifts observed in I.R. and Raman

spectroscopy at high pressure. Due to a limited run cycle, only one

pressure was done and no background was taken. At this time only

limited information can be extracted from observed diffractograms

and further work is needed to complete this study.
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Sxperiment report:

uring the decomposition of Cu(NC>3)2.3H2O, a material which was tentatively assigned the composition
jOgCuNO) is formed. It was presumed to be similar to the analogous silver compound, AggOgAgNO

hkh had been discovered some years ago[l] and characterized from a single crystal x-ray diffraction
;tudy[2]. To elucidate the structure of the copper compound and to confirm the assignment of compositioi
we examined it by neutron powder diffraction. A ~500mg sample contained in a 1/4" vanadium can was
un on HIM) for 1.36hrs (105.9jiA-hr) at room temperature (-300K). The structure was determined from
epeated cycles of Rietveld refinement and difference Fourier calculations; a second phase of CuO was ala
included. There are two distinct differences between this structure and the silver compound. In contrast to
\g6OgAgNO3. the 1/2,1/2,1/2 site is vacant and two Cu atoms are instead found disordered over six
rositions 1.29A away from the body center. This places them in a square planar array of Oatotns instead
: the center of an O-atorn cube. Secondly, the NO3* group is found as a disordered group rotated 45° from
/here it was found in the Ag compound. Thus, the composition of this Cu compound is Cu6OgCu2N3
Ms gives an average valence on the Cu atoms as +2.125. Both Cu atoms are in a square planar coordinatk
yy the framework O atoms with an average Cu-0 distance of 2.0A. One twelfth of the ordered Cu atoms

: also axially coordinated by a nitrate O atom in a random way depending on the orientation of each NO3
jp.
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Experiment report (continued):
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Experiment report:

Unlike the 214 Sr-doped cuprates and the 123 and 124 cuprates, Zn doping has little effect on Tc

in the 2021 thallium cuprate superconductor. However, it was not clear whether Zn substitutes solely

for Cu, into the CuC>2 planes, or if Zn also substitutes for Tl. If Zn substituted into the CuO2 planes,

then it would be surprising that Tc is not affected, since the Zn dopant is certainly expected to disrupt

any structural coherence that exists and is thought to be important for superconductivity. We studied

the structure of a 9% Zn doped sample in order to establish the cation site preference for Zn dopants.

Unlike site preference studies of Zn-doped 123 cuprates, the Zn dopant level is much higher and the

low contrast between Zn abd Cu should not present as much of a problem.

However, refinement of diffraction data collected for this sample showed that the Cu site did not

have any "apparent" vacancies that would have been expected if the lower scattering length Zn (5.686

fm) had substituted for Cu (7.689 fm). Fits of various possible impurities showed that ZnO was

present to about the amount that would be expected from the starting stoichiometry. Thus, we reached

the rather dissapointing conclusion that Tc was not depressed in the Zn doped 2021 thallium cuprate

superconductor simply because the Zn dopant was not incoporated.
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Neutron Powder Diffractometer (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'

Beam

Beam dump
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Instrument Details

Detector banks:

d-spacing range for 12-

±20° (future)
±45° (future)
±90°
±148°

Hz operation (approximate):
±20° 1.2 -
± 45° 0.65 -
± 90° 0.35 -
±148° 0.25 -

Resolution (determined by collimation):

Moderator
Sample environment

± 20° 0.91 -
±45° 0.37 -
±90° 0.25%
±148° 0.15%
Chilled water at 10c

10 - 300 K, closed c

33.6 A
12.7 A
7.8 A
5.2 A

1.5%
0.62%

C
:ycle refr

room-temperature-access liquid-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 K|f#rt:

PROGRESS REPORT
(January 1992)

The structural characterization of the intermediate phases has been an
important and challenging problem in the solid state chemistry of rare-
earth oxides. For many years, P ^ O ^ was the only structurally identified
phase in these systems. In collaborations with Dr. Von Dreele at LANCE,
neutron diffraction experiments have been conducted on several samples in
the past two years, and structure modelling and refinements have been
carried out. As a result of these continuous efforts, significant progress
has been made. The structure identities of five new phases have been
revealed, which include four new structure solutions as well as an
isostructural compound of Pr7<)i2» namely TbyO]^. During this process,
powder neutron diffraction and Rietveld refinement utilizing GSAS have
played a crucial role, without which many of the new discoveries may have
been delayed indefinitely.

Selected refinement parameters and structural information are
summarized in Table 1. In each case, four banks of powder neutron
diffraction data collected on NPD were employed in the final refinement,
although HIPD data were also available for some samples. As indicated by
the values of Rp, Rwp and X

2 listed in Table 1, the refinements are
satisfactory. Furthermore, the validity of these results are confirmed by
the structure solutions they provide, including interatomic distances that
are reasonable for these systems and structure solutions that are
chemically meaningful.
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Experiment report (continued):

The major identified phases reported in Table 1 are all derived from
the parent fluorite structure through creation of vacant oxygen sites and
subsequent distortion. They are closely related to one another and share
at least one common cell vector, i.e. a = 1/2[211]F (Figure 1). In
agreement with the models previously proposed on the basis of the electron
microscopy, the Rietveld analyses have proven that TbyOj^ (iota, Figure la)
is an isostructural compound of Pr7Oj2» and Pr9Ol6 (zeta> Figure lb) is
composed of oxygen vacancy pairs similar to those observed in the iota
phases. Although the basic structural elements in Prio°18 (epsilon, Figure
lc) are still the oxygen vacancy pairs, refinements of the powder neutron
diffraction data suggested that they form an array different from the
originally proposed model. The more exciting and important discovery is
that in the higher oxides, namely TbnO2o (delta, Figure Id) and Pri2O22
(beta-1, Figure le), the vacancy pairs dissociate into single vacant oxygen
sites as the concentration of the vacant oxygen sites is reduced. These
structure observations are consistent with the fact that the dominant
chemical force in the rare-earth oxide systems is ionic in nature, and the
formation of the intermediate phases in the homologous series is the result
of interactions between the defect centers and the concomitant lattice
relaxation.

The structural principles underlying these fluorite related
intermediate oxides start emerging as thorough structural investigations
are being conducted. Further studies in this area must be continued in
order to fully understand experimental observations available at the
present. Such efforts include the structural characterization of P r ^ ^ o
which adopts a structure different from that of TbjjC^' Expanding the
studies to both the more reduced (sigma) and more oxidized (alpha)
nonstoichiometric phases near the homologous series is also important and
profitable as these regions are rich in structural related phenomena such
as order-disorder transitions and possible formation of new phases. Powder
neutron diffraction and subsequent Rietveld analyses via GSAS are expected
to serve as the principal approach in these future studies.
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Table 1. Selected information on the structural
refinements of Rn^2n-2 phases

main phase space a a number
n sample identified group Z b (A) 0 <deg.) V (A3) of Rp(Z) Rwp(Z) X2

7 Tb-iota Tb7O12 R3 1 6.5076(4) 99.3410(4) 262.25(5) 91 5.35 3.83 1.698

6.7358(8) 97.424(1)
9 Pr-zeta Pr9016 PI 1 8.711(1) 99.973(1) 371.7(1) 107 4.62 3.27 1.141

6.6727(8) 75.301(1)

6.7358(4)
10 Pr-epsilon PrioOin P2i/c 4 19.406(1) 100.214(1) 1647.0(3) 143 4.68 3.20 2.373

12.8028(7)

6.5059(7) 90.028(2)
11 Tb-delta TbiiO2o PI 1 9.824(1) 99.963(1) 405.9(1) 116 4.24 3.08 1.226

6.4833(7) 95.886(1)

6.6838(3)
12 Pr-beta-1 Prî Oo? P2i/c 2 11.5980(5) 99.975(1) 979.1(1) 120 4.94 3.15 2.987

12.8248(6)



o

Pr 1 00 1 8 (epsilon) (beta-1)
Figure 1. Projections of the Rn°2n-2 structures along their coaaon a axes. The

saaller circles are the aetal atoas and the larger ones are oxygens
(99* thermal ellipsoids). The distorted tetrahedral R4 units around
the vacant oxygen sites are outlined.
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Experiment report:

The intent of this experiment was to determine preferred crystallographic orientation in deformed
high-pressure low-temperature D2O ice on the NPD at liquid nitrogen temperature. Interest in this
project stems from the importance of ice in comparative planetology. For interpretation of natural
deformations and transformations of ice on earth and in the icy bodies of the outer solar system,
preferred crytallographic orientation must be quantitatively measured and incorpoated into Theological
laws. Results of this experiment were presented at the national meeting of AGU1

We report quantitative measurements of the texture of multiple diffraction peaks of two deformed
D2O ice samples. One sample was shortened by 40% at a rate of 3.5xl(Ms-l with a confining pressure
of 50 MPa and a temperaure of 220 K, simulating conditions of moderate deformation and
Irecrystallization. Neutron diffraction measurements on this sample show a strong texture with c-axes
! preferentially aligned in the direction of compression. This texture compares well with textures of
rccrystallized ice near the melting point but also with textures calculated from a viscoplastic self-
i consistent model for dominant basal slip. A second sample was partially transformed to rhombohedral
'ice II by shortening 15% at a rate of 3.5xl(Ms-l with a confining pressure of 200 MPa. Neutron
diffraction measurements indicate minimal texture development

Although we did prove we can measure texture of low-temperature ice on the NPD successfully there
are still some problems which need to be addressed in the future. The report emphasizes those to
improve procedures during the next run cycle.

In order to correct for volume and absorption, we measured a standard undeformed sample of
approximately the same size as the deformed samples. The standard was measured by x-ray diffraction
to confirm its isotropy. As we rotate these cylindrical samples the volume of the sample exposed to the
beam as well as the path length of neutrons travelling through the sample changes. We did not find this
correction large enough to account for the scatter in the results ( Figure 4.). Furthermore, an analytical
solution for the volume correction and a separate absorption correction were insignificant corrections.

The multiple detector banks on the NPD allowed us to check for experimental efficiency and for
alignment of our axially symmetric samples. When the axis of compression (011) of the ice sample is
parallel to the incident beam, the +90* detector bank measures the intensity of the diffraction vectors with
an angle %=8-p-450 (where 6=the Bragg angle and p=thc sample orientation) to the incident beam
(Figure 5a). When the sample is rotated +90 degrees, the -90* detector bank should record the intensity
of these same diffraction vectors (Figure 5b). One sees the ratios of the (101), (002), and (100) peaks
are approximately the same and seem to indicate that the sample is symmetrically aligned in the beam.
Moreover, when the sample setting is such that the axis of compression is +45 degrees to the incident .



Experiment report (continued): _ I
beam Gc=O°), the +90° detector bank records those lattice planes which are perpendicular to the axis of
compression and the -90° detector banks records those lattice planes which are parallel to the axis of
compression Gc=-90°) If the sample is symmetrically aligned in the incident beam, the spectrum for the
+90° bank should show the stongest intensity is the (100) peak with a minimun at the (002) basal peak;
vise versa, in the -90° bank should record the strongest texture as the basal plane and the (100) peak at a
minimum (Figure 6). It is promising we do see the experimental consistency.

We are confident with the peak integrating programs, at least for separated diffraction peaks.
Integrated intensities relate well to peak intensities (Figure 1). To our surprise, we found that intensities
of detector bank 4 exceeded those of bank 3 by about factor of 1.8 when they should have theoretically
been equal (Figure 2). Banks 1 and 2 differed but not by such a consistent factor. If we plot then a
ratio of peaks (100)/(002) in each histogram, we eliminate the detector correction and analyze the texture
(Figure 3).

In conclusion, we are excited by the fact that we can measure texture at low temperature. The texture
results match optical observations in micrographs. However, our ultimate goal to use the measured data
to determine an orientation distribution function (ODF)2 is not yet accomplished because absolute
intensitites are not correlated well enough. We feel that with a new experimental approach outlined in a
our proposal for the next run cycle, we can eliminate much of the above corrections from the experiment
and simplify the data analysis significantly.
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1 Bennett, K., Wenk, H.-R., Durham, W. B., Kirby, S. H., Lawson, A. C , Goldstone, J. A.,
Bourke, M. (1991) Preferred orientation development in experimentally deformed D2O by neutron
diffraction, EOS Trans. AGU, 22, 458.
2 Wenk, H. -R. and U. F. Kocks (1987) The representation of orientation distributions, Met. Trans
4. , ISA, 1092.
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Experiment report:
Ibis experiient was done in support of a progran to fabricate coiposite tape of silver letal and superconducting
ceraiic. Residual strains are known to have drastic effects on superconducting properties of materials. It is
therefore desirable to knov vhat strains are induced through differential thenal expansion during tpperature
cycling of the coiposite. This can conveniently be studied by leans of neutron powder diffraction using the
sample itself as a strain gauge. If the orientation of the tape is preserved, different components of the
strain can be measured. In our expedients, a copper container served as a reference standard. He used W D at
LAISCE to obtain very high d-spacing resolution.

and CuO (Sr:Ca:Cu * 1.91:2.03:3.06) were tilled and then calcined at 950'C for 48-b. This pre-
nixture of calciia and strontiun cuprates vas then nilled with the appropriate aaouats of B i ^ and FbO

to f o n the coiposition Bi, 34PDQ 34Sri.92C«2,OlCu3.O7ox< tti8 V****1 "*• f**** "to an alumina firing boat
and vas sintered at 845'C in air for %-h and'tben quenched. The sample vas then wrtar and pestle ground,
sieved to 400 lech and then fired again in air at 845'C for 96-h. The x-ray pattern of the saaple after this
firing shoved Mstly Bi-2222 with S O M Bi-2212, (Ca1.ySrx)2Fb04, and ( C a ^ S r ^ ) ^ . This powder vas packed
into a silver tube. The silver-superconductor coiposite vas wagged and dram aid then rolled into a tape
0.106" x 0.008" x -130 feet long. Thirty tvo pieces of lengths of 6.5" vere cut froi this 130' roll of tape.
Great care vas taken both in the cutting and in the post processing of these pieces to preserve the rolling
direction and transverse (top to bottom) orientation. The tape pieces vere loaded flat into a large bore
furnace and processed according to the following schedule:

25-c - me
Oh Oh

600'C - - — • 8 1 0 ' C - - -
Rh

25'C

After poet processing the 6.5" vires vere clipped into snail pieces -0.32" long. Again, the rolling direction of
the tape and the top to bottoi orientation of each of these sull pieces vas carefully preserved. Four hundred
and sixty five pieces of tape vere packed into a copper box of dimensions 0.32" x 0.32" x 1.5". The tape vas
stacked three rows across and 155 rows high.
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Experiment report (continued):

Unfortunately, only a few percent of the scheduled neutron fluence was delivered during the beai-time scheduled
for this experiment, and the only data collected were at roo« temperature. The peaks froi the silver were
easily distinguished but no strain effects above 0.054 could be detected in the preliminary data. The pattern
of the ceraiic was not well enough developed to penit even the indexing of the pattern. We are hopeful of
repeating this experiment in the near future.

Sample Configuration for Neutron
Residual Stress Measurements

155 rows of tape
were stacked

used - 465
pieces of tape

Cu Box

-1.5"

-0.32"
-0.32'

-0.32"

Ag Clad BSCCO Tape

References:
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Experiment report:
Three lithium nickel oxide (LixNii_xO) samples were prepared by solid state reaction of U2CO3 and

NiO in air with nominal compositions of x= 0.46, 0.40, 0.35 [1]. Time of flight neutron powder

diffraction data were collected for each sample at ambient temperature and at 60 K. Data were

accumulated at four banks of detectors located at ±148° and ±90° to the incident neutron beam. The

time of flight powder diffraction data were analyzed by Rietveld profile analysis using the GSAS suite

of programs [2]. Since the quality of the data was excellent, only data from the detector banks at

+148° and - 90° were used to give the best overall fit. For the +148° bank, the range refined was 8-44

msec (154 diffraction peaks); similarly for -90°bank, the range was 6-35 msec with 167 reflections.

The structure was refined assuming the layered LiNiO2 structure (space group R3m), with the

following atomic positions: A at 000; B at 001/2; oxygen at OOz where z * 0.25. For the starting

model, it was assumed that site A consisted of Ni alone, with site B having a mixture of Li and Ni

determined by the composition. The individual site compositions were independently refined, with

constraints only to maintain the total occupancy of each site to be unity. In the final refinements the

temperature factors of sites A and B were constrained to be equal. Four profile coefficients <xi, J$o.

Pi and <5\ were refined and the background was modelled with five coefficients for each data set.

Scale factors and absorption coefficients were also refined.The detailed results of the six refinements

are given in reference [3]. Excellent agreement between the observed and calculated patterns were

achieved by the fits. Figure 1 demonstrates how a selected area of the diffraction data from the three

samples at 60K changes with increasing x. This data is taken at 60K using the -90- detector bank. The

evolution of the superlattice peaks, indicated by arrows in figure la (x = 0.320), is clearly evident.

The fits are comparable for all data sets and data acquistion times were in the range 3 - 6 h per sample.

The lattice parameters determined from the neutron diffraction data show a smooth variation
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Experiment report (continued):
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d-spacing (A)

Figure 1. Refined powder profiles for (a) x=0.320,

(b) x = 0.347,(c) x = 0.400 at 60K.

with composition and temperature. The
compositions were also determined from
the refinement of the site occupancies
though some issues arise due to
correlations between the occupancies and
the temperature factors in unconstrained
refinements. The most reliable
compositions, 0.338, 0.355 and 0.397
were deduced from the 60K constrained
refinement and are in reasonable
agreement with the results of chemical
analysis. A distribution of lithium atoms
between the two inequivalent sites is
observed. The order parameters for the
lithium distribution, a = l-2x/y where y

is the amount of lithium on the
predominantly nickel site, are 0.99,0.90
and 0.70 for the compositions x=
0.397, 0.355 and 0.338 respectively.
The metal oxygen bond lengths which
are accurately determined by the
measured lattice parameters and the
oxygen z parameter have been used to
estimate the relative distribution of Ni2+

and Ni3+ between the two sites. The
Ni3+ is found to be located primarily on
the Ni site.
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Experiment report:

Residual stresses in Al/SiC reinforced composites can be introduced by plastic deformation, since
the hard SiC particles promote nonhomogeneous plastic flow in the aluminum matrix. This is
in addition to those produced from thermal cycles, due to the mismatch of thermal expansion
coefficients between the aluminum and silicon carbide. In our previous work [1] we focused on
measuring residual elastic strains that resulted from a thermal history and monotonic plastic
deformation in tension and compression. The object of this study was to measure the residual
elastic strain that resulted from deforming the composite first in tension followed by compression
and compare the experimental measurements to predictions made with a computational model.

Two materials were studied at the Manuel Lujan, Jr. Neutron Scattering Center
(LANSCE), a 15 vol.% SiC/Al whisker composite and a 20 vol.% SiC particulate composite.
The whisker and particulate composites were stressed in tension to a strain of 0.018 and 0.032
respectively and then subsequently compressed to two levels of total plastic strain, « 0.0 and
0.015. Residual strain measurements were made from these two histories for each of the two
materials together with reference measurements from the matrix aluminum material in a stress
free reference configuration. Bragg reflections in each spectrum were fitted individually to
obtain interplanar spacings for both the Al matrix and SiC reinforcement. In addition, lattice
parameters were obtained for the aluminum matrix by use of Rietveld profile refinement [2],

Graphs of the measured residual elastic strains, parallel and perpendicular to the loading
axis, together with the results of the finite element method (PEM) simulations are shown in Figs.
1-4. Results from both the whisker and particle reinforced material are plotted. The trends of
the residual elastic strains are predicted well for both orientations and both materials. We were
also able to accurately predict die magnitude of the strains perpendicular to the loading axis. The
agreement between the measured strain magnitude and that predicted parallel to the deformation
axis was not nearly so good. The FEM calculations overpredict the amount of residual strain
for both the whisker and particulate composite. Unfortunately, because of time limitations, we
were able to collect only 20% as much data from the reference unstressed Al matrix material as
we were from the composites. Based on the similarity of results for whisker and particulate
material and the lack of time to collect reference data, the most likely source of the disagreement
between the measurements and the simulations are errors in the measured lattice parameters, in
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Kxperiment report (continued):
the direction parallel to stressing, for the unstressed reference aluminum matrix material.

We are very satisfied in general with the agreement between the neutron scattering
experiments and the FEM simulations of: thermal histories, monotonic deformation, and a single
cycle (tension/compression) of deformation. We found experimentally that the residual strains
resulting from thermal processing were rapidly dominated by those from even small amounts of
plastic deformation. This result was confirmed by the simulation. The FEM simulations
accurately predicted the trends in residual strain, observed experimentally, in bath the axial and
radial directions for the whiskers, particles and aluminum matrix. Quantitatively, the agreement
between simulation and experiment was better for the whisker than the paniculate composite.
We also were able to quantitatively predict the residual strains in the aluminum matrix with
greater accuracy than that in the reinforcing whiskers or particle^. The entire collection of
results, experiment and theory, has been accepted for publication [3].
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Experiment report:

The internal stresses developed as a consequence of the rolling of a thick metal plate were to be
mapped in this experiment. We planned to examine the strain field in three plates, each starting with a
different pre-rolling texture. Due to the curtailment of the run cycles, this experiment was officially
cancelled. However, we briefly examined a hastily prepared substitute sample, a pure aluminum plate, in
its pre-rolling and roiled state. The plate, approximately 10x15x1.3cm, was reduced by 7.7% by the
rolling process. Texture information is deduced from the relative intensities of the different lattice
reflections. Figure 1 shows the diffraction pattern from the +90° and -90° detector banks, which give in
this case the normal and in-plane strains respectively. It is evident that the relative intensity of [220] peak
compared to the [200] peak is greater for the normal strain direction (+90°) than for the in-plane strain
direction (-90°). In addition, the [222] peak at 1.17 A is missing from the in-plane diffraction pattern.
This result was expected from the preparation method of the pre-rolling plate.

Pre-Rolling
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D-spaclng (A) for -90° bank
Figure 1: Comparison of the relative peak intensities in the pre-rolling specimen. Note

that the [220] peak is stronger than [200] peak in the +90° pattern, but weaker in the
-90° pattern. The +90° data are shifted to the left for visibility.

Strains were measured in two orientations of the plate with respect to the beam direction: at 45° and
parallel to the rolling direction. Strains were measured in the pre-rolling and rolled conditions. Due to
the short time alloted for this experiment, a stress-free sample was not measured, so the lattice constant
of Al was used. Figures 1 and 2 show a subset of the measured strains for pre-rolling and rolled plates.
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Experiment report (continued)'.
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The stresses developed in the pure aluminium
plate are considerably lower than originally
planned alloy sample. Due to the short duration
of the experiments, sufficient statistics for
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meaningful results were not obtained; however the
apparent trend in figure 2b agrees with a qualitative
assessment of the expected stress distribution.
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Experiment report:

Titanium matrix composites contain residual stresses induced during cooling from
the consolidation temperature due to the difference in coefficient of thermal
expansion between the titanium alloy matrix and the SiC fibers. Tensile matrix
stresses in a direction parallel to the fibers have been measured by x-ray diffraction
(1). However, these measurements are of the near surface only and do not
necessarily quantify the magnitude of the stresses in the region of matrix and fibers.
While neutron measurements should alleviate this interpretation ambiguity, the
titanium alloy matrix is usually heavily textured making the selection of diffraction
peaks for comparison to a stress free monolithic alloy tedious and time consuming.
The NPD time-of-flight diffractometer at LANSCE is well suited to overcome this
problem since all diffraction peaks are recorded simultaneously, and with adequate
resolution to obtain strains in the lattice spacing of < 3 xlO*5.

Measurements were made on three composite samples: SiC/Ti-6Al-4V, 8 ply; SiC/Ti-
24Al-llNb, 8 ply; and SiC/Ti-25Al-10Nb-3V-lMo, 3 ply. All samples were made by the
foil/fiber/foil technique with Textron SCS-6 SiC fibers. Equivalent monolithic
samples (same composition but not the same thermal-mechanical history) were used
to provide an unstrained reference. A small volume (<15 mm3) of SiC fibers was also
examined to help identify reflections in the composites because texture altered the
relative intensities from that in the monolithic matrix.

The neutron beam was 50 mm high and 10 mm across; no attempt was made to
collimate the incident or diffracted beams because the residual strains of interest
were assumed to be uniform. The samples were thin sheets giving scattering
volumes of ~ 2000 mm3 for the 8 ply composite samples and 540 mm3 for the SiC/Ti-
25-10-3-1 sample. Titanium is a relatively poor neutron scatterer and the best results
were obtained for the specimens with the larger scattering volume using
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Experiment report (continued): \
measurement times of ~ 6 hours. TOF diffraction patterns were recorded in each of j
the four detector banks, with one bank recording the strain parallel and one normal
to the fiber direction. Only the strain data parallel to the fibers are discussed here
since in that direction the strain is constant throughout the volume.

Neutron and x-ray diffraction results are given in Table 1. The error in the neutron
results for the SiC/Ti-6-4 sample is the standard deviation calculated for 9 reflections
matched between the monolithic strain free standard and the composite. For the
other two composites, only one strong reflection was matched because of the
dominate texture. The error for these two cases is obtained from the errors in the d
spacings obtained by fitting the diffraction profile.

Table 1 Comparison of x-ray and neutron measurements

SiC/Ti-6-4
SiC/Ti-24-11
3iC/Ti-25-10-3-l

RESIDUAL STRAIN (xlO-3)

X-RAY
2.5 ±.1
7.2 ± .3

3.7 ± .4

NEUTRON
2.5 ± .3

5.7 ± .2

4.6 ± .1

RESIDUAL STRESS (MPa)

X-RAY
257

585
300

NEUTRON

257

585
475

The x-ray diffraction measured value of the elastic modulus for the SiC/Ti-6-4
composite is 103 GPa and 81 GPa for the intermetallic matrices. The bulk elastic
constant, more appropriate for the neutron data, is 103 GPa. The calculated residual
stresses are remarkably close for the two Ti-6-4 and Ti-24-11 matrices. For the thin 3-
ply Ti-25-10-3-1 composite, the neutron measurement of bulk residual stress is
considerably higher than the surface measurement made by x-ray diffraction. Depth
profile measurements made with x-rays has shown that the stress is uniform with
depth for the Ti-24-11 matrix, but increases as the first row of fibers are approached
in the Ti-25-10-3-1 system (2). The calculated residual stress in the fiber/matrix core
region for the Ti-25-10-3-1 system was 540 MPa (2), corresponding quite well with the
bulk residual stress measured by neutron diffraction. The neutron results confirm
that for thick (> 6 ply) composites, x-ray surface measurements of residual stress
adequately describe the state of longitudinal stress, but for thin composites (i.e., the 3
ply Ti-25-10-3-1 sample) the longitudinal stress is not uniform through the thickness.
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Experiment report:

Thick walled tubing is used in a variety of military and chemical engineering applications. When
the tubing experiences pulsating internal pressures, failure can occur by growth of fatigue cracks
from the inner surface. Autofrettage is a process applied to the tubing which provides some
protection against this type of failure by introducing compressive residual hoop stress at the bore
(balanced by a tensile stress at larger radii). However cracks still grow, leading to stress
redistribution. Measuring the redistribution is important for predictions of the stability and rate of
crack growth (using fracture mechanics concepts). Neutron diffraction is an effective technique for
examining bulk triaxial residual stresses because it is non destructive and requires few
assumptions. Measurements, made at the ILL, of cracked rings taken from auiofrettaged tubing
have already been reported (1).

Using pulsed neutrons is advantageous for studies of strain because a complete diffraction pattern
is obtained in each measurement. This gives a more comprehensive assessment of the overall
stress state in a polycrystai than is possible using the one or two Bragg reflections typically
recorded using a diffractometer with monochromatic neutrons. The feasibility of measuring
macroscropic residual engineering strains with pulsed neutrons was demonstrated at ISIS using
POLARIS by measuring the strain in an uncracked ring taken from an autofrettaged tube (only the
incident beam was collimated). However in cracked specimens the strains have steep stress
gradients (particularly near the crack tip) and it is necessary to define a sampling volume by
collimating both the incident and diffracted beams. For precise definition of the sampling volume
the collimating apertures in the diffracted bran must be as close to the incident beam as possible

At LANSCE a manipulation and collimation system (MACS) is available for use on the NPD.
Boron nitride apertures which collimate the incident and diffracted beams are capable of precise
positioning and of rapid interchange. To measure the strain at different positions or in different
directions 3 onhonormal translation stages and a rotation stage are available. The NPD has
opposing 90° detector banks thus two strain directions can be measured simultaneously (hoop/axial
or radial/axial) (2).

Using MACS a sampling volume of *64mm3 was defined for measurements in a ferritic steel ring
(taken from an autofrettaged tube). The ring contained a fatigue crack from the bore to
approximately half way through the 32mm wall. Measurements were made at radial positions from
the bore along the crack plane and along the uncracked ligament. A typical diffraction pattern
obtained in =70 minutes (at 75|iA beam current) is shown in figure 1. Fits of individual peaks
typically gave accuracies of better than lOOjistrain. Strains were measured in three directions
(assumed to correspond to the pricipal stress directions) along and above the crack plane. Less
anisotropy was observed than expected between grains with compliant and stiff directions aligned
along the dominant hoop strain direction. Examples of the hoop strain variation for several
reflections are shown in figure 2. The data are currently being analysed and we hope to report
preliminary analyses and comparisons with a finite element code ABAQUS soon (3).
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Experiment report (continued):
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Figure 1 Diffraction pattern from -90° detector, Sampling volume 64 mm3, Path length through
specimen = 7. lmm. Count time *70 minutes at a beam current of »75(iA
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Figure 2 Preliminary results: Lattice strains- hoop direction for different lattice reflections. Note
the absolute magnitudes of the strains are incorrect as the strain free response was not available
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Experiment report:

Tungsten oxide (WO3) shows promise for use in making "smart windows" for automobiles or boats,
where minimizing the sun's glare and control of light entering the vehicle gives a driver better visibility of the
surroundings. The color of this substance, which range from orange to deep blue, depends on the amount of
electrons that is donated to it by intercalated species. This color can be controlled and cycled electrically, thus
with tungsten oxide immersed in an electrolyte between glass plates and electrodes, the amount of shading on
the vehicle's windshield can be varied with the turn of a potentiometer by the driver or automatically varied by
phoiosensing devices. A difficulty with using WO3 as the color changing medium is the very slow response of
the devices, taking up to 10 minutes for the color to develop. This limitation may be due to low mobility of
guest species within the host structure. It is our suspicion that hydrogen-bonding between oxide sites in the
host and the hydrogenous guest molecules is hindering the transport of the guests.

Tungsten oxide has the ability to adopt a variety of crystalline forms, which includes: perovskitc,
tetragonal, and hexagonal. All of these have one-dimensional arrays of tunnels [1]. More recently, the
pyrochlore form has been synthesized [2,3]. In this study, we will focus our attention on this latter form
because it possess hexagonal and trigonal tunnels along its [110] direction which interconnect to form a three-
dimensional network of paths through which guest molecules can traverse. This feature makes the pyrochlore
form the choice material for future applications because it reduces the problem of having a few molecules block
a tunnel and drastically effecting the flow of molecules through the host

Neutron diffraction on the NPD and x-ray diffraction was performed on the samples ( WO3 and
WO3* 1/2 D2O) at LANSCE. The space group which conforms to the present data is cubic Fd3m, with a cell
parameter of 10.305 A [2]. Structural refinement of the compound is in progress, with the aid of GSAS
(General Structure Analysis System). At this time, we are attempting to locate the deuteriums on the water
molecules. From this information, the geometry and orientation of the guest molecules can be determined. In
turn, we can infer how the guest molecules interact with the host lattice. The neutron powder diffraction pattern
for WO3 and WO3* 1/2 D2O, respectively, at ambient temperature is shown below.
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Experiment report (continued):
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Experiment report:

Cooperative Jahn-Teller effects play an important role in inducing the structural phase
transition of many compounds containing ions with specific electronic configurations. This is
particularly prevalent for those with d4, d9, low-spin d7, where their electronic states are
strongly coupled to the yibrational modes of the lattice. The divalent copper ion, with a d9

configuration, is a classic example of this. We have undertaken a combined neutron/x-ray
diffraction study of Ba2CuWO6 using the high intensity powder diffractomcter (HIPD) and the
Scintag, at LANSCE. The diffraction pattern of the compound was obtained at 300 K and IS
K. Electron paramagnetic resonance and D.C. magnetometry experiments have been performed
to complement these diffraction data. Such a combination of experiments will give us a local as
well as long-range probe of the environment around the copper ions.

The end-members of this solid solution, Ba2ZnW0g and Ba2CuW0e have been studied
previously [1]. The former exists only in the cubic Fm3m form while the latter was able to
assume this cubic form above a transition temperature (Tc), and the tetragonal I4/mmm form
below it. Systematic variation of the Cu2+ content in the Ba2Zni.xCuxWO6 solution reveals
that for x less than 0.23, only the cubic form exists. Above this concentration the phase
transition between the two forms occur at a specific temperature, depending strongly on x. The
geometry of the CuC>6 units and how they are connected strongly influences the type of
distortions which occur (ferrodistortive or antiferrodistortive) in the structure as well as the
strength of the cooperative Jahn-Teller interactions [2]. Preliminary EPR data suggest that two
of the Cu-O bonds are elongated, giving the CuOg unit a square bipyramidal symmetry.
Locating the oxygen positions is also essential for confirming this finding and also for
determining how these units are connected.

Structural refinement for Ba2Zno.6oCuo.4oW06 is currently in progress, using the
combined data sets obtained by x-ray and neutron diffraction, with the help of GSAS. The
powder diffraction patterns of the compound, at ambient temperature, obtained by x-ray and
neutron diffraction are shown below.
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Experiment report (continued):
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Experiment report:

Data was collected on the Neutron Powder Diffractometer at
LANSCE for (ND4+)0.12(ND3)0.55TaS20-12", a single-phase stage-I
intercalate, in an effort to determine the intercalant structure of
ND4+and ND3 using Rietveld refinement. Sample composition was
verified by thermogravimetric analysis prior to sample loading.
After the sample was sealed in its container, the container
developed a leak resulting in partial ND3 loss and structural
disorder (i.e. stacking faults). The disordered nature of the
resulting material is apparent from the broad peak profiles and
diffuse scatter observed in Fig. 1. Thus far attempts at structural
refinement using GSAS have been unsuccessful. Further attempts at
refining the structure are presently underway.
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Experiment report: (continued)
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Single Crystal
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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 <j> and 0). 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

Fission monitor

- Displex

' Beam



Instrument Details

Wavelength range, X
Beam diameter at sample
Time resolution
Maximum lattice constant
Detector

Detector resolution
Moderator
Sample environment
Sample size
Experiment duration

0.5-10 A
1 - 5 mm
- 1 %
-20 A
1 multiwire proportional counter (25 cm x 25 cm)

at 90°
2.5 mm
Chilled water at 10° C
10 K to 300° C
0.5-10 mm3

2 - 4 days per octant of reciprocal space

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

We have been working for two years on the hexagonal (1:1:1) ternary uranium compound
UPdSn. We have previously shown that UPdSn has two magnetic phase transitions at
approximately 25K and 40K and solved the magnetic structures in the two magnetic phases
[ 1,2] by means of neutron powder diffraction on HIPD. The first magnetic structure has two
order parameters, the moment and a canting angle <fr. In the low-temperature structure, there is a
third order parameter, a second canting angle 9. In addition, we showed that the space group is
Po^mc (stnicture type GaGeU), which allows Pd/Sn ordering, rather than PoVmmc (structure
type Caln2) as was assumed previously. This has since been confirmed in a single crystal X-
ray experiment [3].

In this experiment, we studied the low-temperature magnetic structure in a single crystal which
had been grown recently by the Amsterdam group. The motivation for this was threefold
Firstly, as one can always acquire more information with single crystals, and they are now
available, we felt that it was worthwhile to repeat the powder measurements. Secondly, we
should be able to extract a magnetic form factor, rather than assume the theoretical one. This is
of great importance in uranium compounds. We may even be able to separate the spin and orbital
components in the same way as for UFe2. Thirdly, this is an ideal test experiment for studying
magnetism on SCD.

We have collected complete sets of data in both the paramagnetic and low-temperature phases
(magnetic phase II). The nuclear structure refines well to P63mc, with

a = 4.6110lA;c = 7.2608 lA
U at 0,0,1/4
Pd at 1/3,2/3,0.42254
Sn at 2/3,1/3,0.51805
Rw = 5.4% ; R = 4.6% (c.f. Rw = 9.1% for Poymmc).

These numbers are in good agreement with previous work [1,3]. As in the powder work, the
scattering-length contrast is such that we cannot tell which of Pd and Sn is on which sites.
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Experiment report (continued):

As for magnetism, this has been a very successful experiment: we have shown definitively that
such experiments can be done on SCD at LANSCE. All 3 pairs of magnetic domains were
observed, with approximately equal populations. At present, the analysis is not complete - we
have absorption-corrected integrated intensities for at least 32 magnetic reflections for each pair
of domains. The next step is to correct these intensities for extinction, using the model for the
crystallographic structure. We will then extract the model parameters \i, 6 and <j> for the magnetic
model described in Ref. [1]. Indeed, we have sufficient data for a determination of the magnetic
form factor - we intend to use the functional forms for <jp> and <J2> given by Brooks et al.[4] to
fit to the measured form factor and thereby extract the orbital component of the moment too.

Figure: A section through the reciprocal lattice of UPdSn in magnetic phase I. Extra reflections
at half-index positions are clearly visible near the origin.
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Experiment report:

Our motivation for this experiment was our previous powder diffraction
experiment which found that the lattice spacing and several of the magnetic
peaks of oc-Mn display an anomalous temperature dependence near 50K.
During the 1991 run cycle we were awarded six days on the Single Crystal
Diffractometer to perform a detailed study of the magnetic structure of a-Mn.
Since the beam was available to us less than half that time, we were only able
to collect histograms at room temperature and at 15K, and must defer any
comment on the temperature dependence of the magnetic structure to the
future. Using GSAS to analyze the room temperature data, we determined
that our sample consisted of at least three individual crystallites, and we were
able to index more than 1000 peaks.

a-Mn has a body-centered cubic crystal structure 143m with 58 atoms per
unit cell. There are four crystallographically inequivalent sites. Given the
complex crystal structure, a complicated magnetic structure would also be
expected. Below the Neel temperature of 105K, the current model of the
magnetic structure1 assumes that an unobservably small tetragonal distortion
is present, leading to six magnetically inequivalent sites. Antibody-centering
is assumed, and the magnetic group is PI42'm1. Our more extensive data set

has confirmed this structure. The (111) satellite peak in the neutron powder
diffraction pattern is due to a manganese oxide impurity.
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Experiment report (continued):

We are continuing to test the array of magnetic models allowable for the
crystal symmetry of a-Mn under the constraints of the colored symmetry
groups. Central to this effort has been the introduction of the magnetic groups
into the GSAS program, work which is reaching completion. We continue to
refine and test our model of the extraordinarily complex magnetic structure of
the lowest temperature allotrope of elemental manganese, a-Mn.
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Experiment report:

The plastic deformation of polyphase rocks is determined by the mechanical behavior of its
components. The measurement of the lattice preferred orientation of the constituent
minerals reveals information about the interaction between them and the overall strain path.
In continuation of neutron diffraction experiments with experimentally deformed quartz-
muscovite aggregates we investigated the preferred lattice orientation of different phases in
a naturally deformed granodiorite (mylonite) containing quartz, biotite, plagioclase, and
alkali feldspar. Due to the low sample (raonoclinic) and crystal (down to triclinic)
symmetries it was necessary to measure a complete half of reciprocal space corresponding
to 27 detector positions. The limited beamtime caused our measurements to be incomplete
(21 histograms, see Fig.l) but nevertheless satisfactory results for the preferred
orientations of quartz and biotite could be gained. Fig. 2 shows the neutron diffraction
spectrum of the mylonite added over all histograms,
the pole figures for quartz (Fig.3) show a strong preferred orientation of the crystals with
their c-axis in the plane of the rock foliation and perpendicular to its lineation. The prism
planes (100) form a great circle perpendicular to the foliation plane. This type of preferred
orientation is often found in intracrystalline deformed and recrystallized quartz. It deviates
significantly from the quartz texture developed in axial compression experiments of quartz-
muscovite aggregates (Wenk et al. 1990). The biotite crystals are predominantly aligned
with their basal planes parallel to the foliation indicating intracrystalline slip on (001). Other
lattice planes only display weak preferred orientations (Fig.4).The pole figures for the
feldspar peaks are difficult to interpret partly due to the low crystal symmetry and the
coarse grainsize (single crystal diffraction peaks) and partly due to the incompleteness of
the pole figures.
The results of this experiment compare well with neutron diffraction experiments done by
Wenk & Pannetier (1990) at ILL Grenoble with similar samples. The quality of the data
could be significantly enhanced by a better deconvolution of overlapping diffraction peaks
and the use of an algorithm calculating the three dimensional Orientation Distribution
Function (ODF) from a minimal amount of data (histograms). In order to achieve these
improvements and also to complete and extend our data we plan to continue this series of
experiments in 1992.



Experiment report (continued):
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Figure 1: SCD detector positions in projection
of reciprocal space; projection plane is the rock foliation. Figure 2: Neutron diffraction spectrum of sample PC
| added over all histograms; Q quartz, B biotite.
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Figure 3: Pole figures (equal area) for orientation distribution of quartz lattice planes;
projection plane is the rock foliation.
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Figure 4: Pole figures (equal area) for orientation distribution of biotite lattice planes;,
projection plane is the rock foliation.
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Experiment report:
We measured neutron diffraction pole figures of Ag-clad BSCCO wires containing

2212 and Pb-doped 2223 (Bi:Sr:Ca:Cu) with the intent of quantifying the degree of c-axis
alignment in these wires with different processing techniques. Neutron diffraction pole
figures only showed alignment for the most highly aligned samples. The degree of alignment
in our other less well aligned samples may have been below the detection limit of the system.

Aligning the c-axis perpendicular to the direction of current flow is a key component
in developing superconducting wire with high J r All the wires we studied at LANSCE had
rectangular cross sections approximately 3mm wide and 0.1mm thick, and are often referred
to as tapes, with the oxide core being approximately 2mm wide and 0.04mm thick. A
3x3x3mm3 sample was made by stacking then gluing 30 pieces of wire 3mm long on top of
one another. We prepared samples for x-ray diffraction pole figure studies by pulling the
wires apart in the longitudinal direction and x-raying the exposed oxide core.

2212 wires made by two processing techniques were studied. In the first, called
partial-melt processing, the wire is heated to 870-920°C, then cooled at a controlled rate to
800-840°C, then annealed for an extended period of time. Studies at Wisconsin (1) showed
that the 2212 crystals begin to crystalize from the melt at about 875°C, and that the degree
of c-axis alignment, as determined from x-ray diffraction pole figures, increased as the
cooling rate decreased. In addition our x-ray studies showed that for samples that were
cooled quickly from 920 to 840°C, the degree of c-axis alignment increased during annealing
at 840°C. In 1990 we did a neutron diffraction pole figure of a slowly cooled sample (920
to 840 °C at 10°C/hr, then 70 hr at 840°C, in air). The (001)-tvpe neutron diffraction pole
figures reported previously (1) showed a high degree of c-axis alignment. However, the
(220) pole figure showed there was also a degree of random alignment within the sample.

The partial-melt sample we studied this year was a fast-cooled sample (920 to 840°C
at 240°C/hr, then 70 hr at 840X1, in air). X-ray pole figures showed this processing schedule
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Experiment report: (continued)

yielded what appeared to be a well aligned sample, with slightly less alignment than the
slow-cooled sample. In addition, SEM micrographs of longitudinal cross sections of the fast-
and slow-cooled samples show that the degree of alignment is higher in the slow-cooled
samples, but this provides only a subjective analysis of the degree of alignment in the
sample. The neutron diffraction pole figures for the 2212 did not show any alignment in this
fast-cooled sample. (The Ag was aligned, so we know that the system was working
properly.) We may not have seen alignment in the sample because the degree of alignment
in the sample was below the detection limit of the system.

The other processing technique we studied for 2212 was solid-state processing. Here
the c-axis alignment initially present in the 2212 wire from the mechanical deformation is
enhanced by annealing the sample at 840°C for 70 hr in air, which is below the melting point
of 2212. X-ray pole figures showed that samples with this solid-sate processing had about
the same amount of alignment as the fast-cooled partial-melt sample. The neutron
diffraction pole figures for 2212 showed no alignment. Pole figures of the Ag showed it to
be aligned. Here too, the degree of alignment may have been below the detection limits of
the system.

The 2223 wire we studied was processed using a series of heat treatment/deformation
cycles. In this 2223 wire, the phase assemblage introduced into the wire only contains a
small amount of 2223. Thus the 2223 formed in situ during the thermal processing. The
processing cycle for this sample was 817°C for 5 hr, cool to room temperature, uniaxial
pressing at 1.25 GPa (from 133±5 fim to 120±5 pm total thickness), a second heat
treatment at 817°C for 50 hr, cool to room temperature. All processing was done in 15%
Oj/92.5% AT. This was the best processing schedule we had developed when the sample
was prepared, but the Jc of samples with such a heat treatment were of the order 3000-5000
A/cm2 at 77K, OT, compared to 55,000 A/cm2 reported by Sumitomo Electric (2). (It should
be noted that no other groups have yet matched this high Jc) Our original intent was to
study how the alignment develops during each step in the process to separate and quantify
the c-axis alignment caused by mechanical deformation and heat treatment.

Drawing on our experience with the 2212 samples described above, we began with
the fully processed wire, which had the maximum amount of alignment attainable by this
process. The neutron diffraction pole figures for 2223 showed no alignment. However,
SEM microscopy of longitudinal cross-sections of wires that received the same processing
showed some c-axis alignment. This alignment was much smaller than in either the slow-
or fast-cooled 2212 wires. Again, the degree of alignment in our sample may have been
below the detection limit for the neutron diffraction system.
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Experlmtmt report:

Acetanilide (ACN) forms &n orthorhombic molecular crystal of space group Pbca in
which molecular chains are formed by hydrogen bonds involving die amide groups. The
N-H O distance in ACN is similar to that in (X-helix and polypeptide proteins. This is
why ACN is considered a model system for the study of non-linear effects in biological
materials. The intense experimental and theoretical research focussed on ACN has
sparked a heated controversy over whether or not ACN has a phase transition at low
temperature.

The aim of this study is to determine whether this phase transition exists using single
crystal neutron diffraction. Neutron diffraction, in contrast to x ray diffraction, could
detect this phase transition if there is a structural change involving only the hydrogen
atoms. Single crystal neutron diffraction data sets on a single crystal of d8-ACN have
been collected at 12K and 300K. The infrared spectrum of d8-ACN, like ACN, has
anomolies at low temperature, which is an indication of a possible phase transition. The
d8 isotopemer was chosen for this neutron diffraction experiment in order to reduce die
amount of incoherent background due to hydrogen. The molecular structure of d8-ACN
is shown in Figure 1.

Figure 1. The molecular structure of ACN. Imenaolecular hydrogen bonds are
depicted by dotted lines. .



Experiment report (continued):

A reciprocal space plot of a d8-ACN data set is shown in Figure 2. Note the large
number of overlapping diffraction peaks. This is caused by the large lattice constant of
ACN (a~20A) which produces closely-spaced reciprocal lattice points in the (100)
direction. The single crystal diffractometer (SCD) at LANSCE accumulates data in a
fixed two-dimensional array (area) detector and stores the x- and y-channel of the detector
with the neutron time of flight for each event. This data is massaged to yield intensity as
a function of position in the reciprocal lattice, as shown in Figure 2. In order to reduce
overlap, the area detector could be moved further away from the sample and the data
recollected. However, longer count times would have been required and more data sets
would have to be collected.

»&> C=>0000'

Figure 2. A reciprocal space plot of part of the neutron diffraction data collected from a
single crystal of ACN-d8 at 12K on SCD. The (100) direction of the reciprocal lattice is
horizontal in the plot and the (010) direction is vertical. Diffraction maxima overlap in the
(100) direction forming 'clouds' of peaks in the plot.

Currently, the Generalized Structure Analysis System (GSAS) software does not include
data from overlapping peaks in the data refinement Therefore, refinement of the
ACN-d8 neutron diffraction data leads to a structure which is unrealistic (see Figure 3).
To analyze overlapping diffraction data, the number of peaks, their positions and their
intensities must be extracted. This problem can be addressed using the method of
maximum entropy. Given the peak widths in the x- and y-directions, the maximum
entropy method (MEM) has been shown to extract exactly this information from a dummy
data set with overlapping two-dimensional data. Figure 4 shows a mock
two-dimensional data set and the same data processed with the MEM, assuming x- and
y-widths of 2.5 channels. Therefore, we are working on incorporation of the MEM into
the GSAS code so that overlapping diffraction data is included and to refine the low and
room temperature structures of ACN-d8.
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Expcriaeat report (continued):

Figure 3. ORTEP drawing of the structure obtained by refinment of neutron diffraction
data from ACN-d8. Thermal elipses are unphysical because overlapping diffraction data
were not included in the refinement.

l._. I J -i- - L.

Figure 4a. A mock two-dimensional data set containing overlapping peaks is shown on
the left The result of processing the data with MEM is shown on the right Notice that
the MEM resolves the overlapping peaks.
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Loiv-Q Diffractometer (LQD)

The Low-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; DNA/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 the collimator
exit plate upward at constant acceleration during
each beam pulse.

B
Automatic sample changer

Transmitted beam
monitor

Beam - . . •I
i

I i i

Support for
gravity focus



Instrument Details

Wavelength range, X
Scattering angle
Q range
Sample size:
Single-aperture collimator
Multiple-aperture collimator

Detected intensity
(single aperture, 30 uA):

Detector
Moderator
Sample environment
Experiment duration

0.2-15 A at 20 Hz
6-60 mrad
0.003-0.5 A 1

10mmx 13 mm
24 mm x 27 mm

0.2 < 51 < 1.6 A:
1.6<X<5.0A:
5.0<X.<15A:

0.2 x104 n/s
8.0x10* n/s
2.0 x1C* 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 goal of this experiment was to use small-ancle neutron scattering (SAKS)

to examine the conformation of polymer molecules confined to tie solid-liquid
interface in dispersions of finely divided particles. Th* polymer conformation
is characterized by the polymtr density profile, rf(Z), which is the volume
fraction of polymer as a function of the distance Z from che surface of the
particle.

The work reported here is an extension of previous experiments on narrow
aoleculer-weight-dlstribution poly(n-butyl utthacrylate) chains chemically bonded
(grafted) by one chain-end to nearly-aonodisperse, 2300 A SiO, spheres. Grafted
and ungrafted spheres were dispersed in isopropanol (IPA). Experiments were done
in mixtures of hydrogenous and deuterated IFA -- (HIFA and DIPA respectively).

The interfacial polymers used in this work were di-block copolyaers of
non-adsorbing poly(n-butyl methacrylate) and adsorbing blocks of poly(dimethyl
amlnpethyl metharylate). Molecular weights of the poly(n-butyl methacrylate)
block; 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 HIFA and OlFA. We had
intended to study polymer density profile as a function of coverage and molecular
weight of the non-adsorbing block (we had expected the adsorbing blocks to adsorb
fiat on the particle surface, but that proved to be completely wrong).
Unfortunately, equipment problems chewed up about half of our allotted scattering
time, so we did experiments only on one molecular weight series in DIFA at high
coverage. We did, however, also have time for measurements on one high-coverage
sample in HIPA. •

The polymer density profiles in the DIFA, high-coverage series is shown in
Figure 1. Agreement between observed and modeled difference scattering for a
typical experiment is shown in figure 2. At the observed level of coverage, it
is impossible for the adsorbing blocks to lie flat on the silica surface with the
non-adsorbing ends alone "dangling" out into the continuum dlspersant (as in the
grafted polymer case). The density profiles must include a considerable
contribution from the "adsorbing" block. Indeed, figure 1 shows evidence of a
i?$r* contribution to the polymer density profile. Furthermore, the profiles
shift to higher valuea of Z with increasing mass ratio of non-adsorbing to
•dflOj-b*n»> block. Our interpretation Is that the low Z end of 4<Z) is heavy in
the "adsorbing" block and the high Z end heavy in the non-adsorbing block. We
strongly suspect that this accounts for the difference in shape of the trtfttd
Xi.?5°2«!!S O?T f • x a " P 1 " *©•»«•«• In figure 3. The grafted case is the same I
result reported last year. J
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Experiment report (continues1,):

Probably the most interesting result 1« •hovn In figure 4. A distinct
btmodal density Is observed for high-HW, high-coverage polymer dispersed in HIPA.
The results clearly Indicate the presence of the two blocks. Unfortunately,
down, time didn't peralt us to do an entire series in the hydrogenous dispersant.
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We have not yet done a detailed test to see which theoretical predictions of
•*(£) best describe our experimental results. Tentatively, however, we will say
the following: None of the "parabolic" brush theories described in the extensive
review by Milner(1> demonstrate the features of the experimentally determined
+{Z), either for the block copolymer case or the case of grafted chains. This is
obviously true for those that do not predict a maximum for 2 > 0. An exception
may be new work by Scheutjens and Fleer.<*> Curiously, however, a model for
grafted polymer chains under theta conditions that was published 49 years ago
bears a remarkable reae&blance to our experimental results.«>.<•>

Reference*:
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J.M.H.M. Scheutjens, personal communications.
S. Chandrasekhar, Rivims of Modern Physics, 15, I (1943).
A paper showing the relationship between Chandrasekhar's analysis and the
polymer density profile of grafted chains is now in preparation.
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Experiment report:

The PRISM theory of Curro and Schweizer is the first off-lattice theory for
polymer melts and mixtures which includes density and concentration
fluctuations (i.e. nonrandom mixing effects). This theory allows the tractable
calculation of both the average structure and thermodynamics of polymer melts,
blends and copolymers. The PRISM theory gives quantitative agreement with
molecular dynamics and wide angle x-ray scattering measurements on
homopolymer melts. The PRISM theory also successfully predicts qualitative
trends observed experimentally in polymer blends.

In the experiment run at LANSCE (8/1991) the Curro/Schweizer PRISM theory
was investigated for symmetric isotopic blends of polystyrene/dPS. Samples were
annealed for an extended period under vacuum prior to the at temperature
scattering measurements. Quenched samples were also run at Oak Ridge National
Lab yielding similar values of the interaction parameter. Data was analyzed using
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Kxpcrinu'nt report /< lowuuu'ilr.

the random phase approximation and values for the interaction parameter which
agree in magnitude with values published in the literature were obtained. It was
found that the interaction parameter displays a molecular weight dependence (see
figure). All samples were annealed for many times the calculated tube renewal
time (reptation theory). Data from samples which appeared yellow after the
extended annealing, required for high molecular weight samples, were not used.
Additionally neutron data which exhibited void scattering in the low q region were
discarded.

Flory-Huggins theory predicts independence of the interaction parameter on
molecular weight. Curro and Schweizer's PRISM theory predicts a square root of
molecular weight dependence. Some molecular weight dependence is evident in
the above figure, however the exact relationship between molecular weight and
the interaction parameter remains to be proven. The range of molecular weights
and temperatures available for this investigation were limited by the phase
diagram and degradation temperatures for isotopic polystyrene blends.

The determination of critical temperatures for the blends was attempted using
the available data, however, the extrapolation generally extended well below Tg so
that a definitive determination of a dependence of the critical temperature on
molecular weight was not possible (see figure below).
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Experiment report:

The mannitol transport protein, Ell-mtl, is a membrane-bound enzyme
which catalyzes the concommitant phosphorylation and transport of
mannitol over the cytoplasmic membrane of E. coli at the expense of
internal phosphoenolpyruvate. The protein is thought to be active
as a dimer or tetramer and has the domain structure shown in the
figure. There are two cytoplasmic domains and a membrane-bound
domain. They can be separated at the gene level and produced

separately with retention of
enzymatic activity. However, the
energy coupling event responsible
for rapid transport is strictly
dependent on the physical
interaction of the membrane-bound
domain and the domain carrying the
C384 phosphorylation site.
Phosphorylation of this residue
alters the conformation of the
membrane-bound domain.

The purpose of the scattering studies was two-fold:
i. to determine the association state of the enzyme in detergent

micelles
ii. to determine whether the interactions between the three

domains changed upon phosphorylation and mannitol binding.
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Experiment report InmtinucJ):

Scattering measurements were carried out at 15° on 2.4 mg/ml
solutions of enzyme in the detergent decyl-polyethyleneglycol-300
(decyl-PEG). Due to an accident during the synthesis, deuterated
detergent was not available and protonated detergent had to be
used. The contrast match-point was 10.8% D20. High background
scattering from H20 necessitated accumulation times in excess of
ten hours per sample, leaving sufficient time only for the
determination of the association state. The scattering data showed
two regimes and yielded two results depending on the Q range over
which the data were analyzed. Data down to Q = 0,0075 A"1 yielded
an Rg of 183 A and a D ^ of 465 A. Data down to a Q = 0.0125 A"1

yielded an Rg of 82 A and a Dmx of 250 A.

The prefactors necessary to calculate the mass for a given 1(0)
were derived by Phil Seeger and Tobin Sosnick. They yielded a mass
of 810,000 for the larger complex and a mass of approximately
250,000 for the smaller complex. The Ell-mtl monomer has a
molecular mass of 67000, thus, the scattering data indicate that
the smallest complex observed is a tetramer and that the larger
complexes result from aspecific aggregation at the high protein
concentations necessary for the scattering measurements.

Before the scattering technique can be employed to answer more
detailed questions concenring domain interactions and the effect of
phosphorylation and substrate binding, a new detergent will have to
be found in which Ell-mtl adopts a single, well defined association
state at high protein concentrations.

References:
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Experiment report:
The side chain polymer liquid crystal (SCPLC) molecules are made of a long flexible polymer

main chain with small and somewhat rigid molecules, known as side chains, attached to it on the
side. The SCPLC's exhibit several liquid crystalline phases and phase transitions as a function of
temperature. Two phases of relevance are the nematic (N) phase, with orientational order in the
side chains, and the smectic-A (Sm-A) phase, with one dimensional positional order along the long
axis of the side chains. The N to Sm-A phase transition, although the simplest form of melting,
remains to be understood.

In the SCPLC's, the development of nematic order distorts the spherical conformation of the
polymer main chain that exists in the higher temperature isotropic (I) phase. It becomes either
prolate or oblate depending on the microscopic interactions. However, at the N to Sm-A transition,
'vith the development of the one dimensional density wave, the main chain must change its
conformation yet again. In this phase, the main chain is most commonly observed1 to take up an
energetically favorable, nearly 2-d planar configuration. The SCPLC's appears to be ideal systems
for the study of statistical mechanics of a polymer chain in two dimensions2. As the Sm-A phase
is approached, the radius of gyration, Rj_, perpendicular to the smectic layers is expected to become
smaller than the radius in the direction parallel, % to the smectic layers. The anisotropy, % - R±,
between the two radii of gyration indirectly reflects the growth of smectic order.

We have studied the conformation of the polymer bay .bone in the N and Sm-A phases in a
mixture of partially deuterated (75%, in the polymer chains) and non-deuterated (25%) samples of
poly(metha)acrylate (PMA-6-OCH3) with a high degree of polymerization (mol. wt. ~ 80,000 -
100,000). The sample was aligned in a 4T field of a superconducting magnet. The two spots in
Fig. l(a) arise from diffraction of neutrons from the smectic layers and provide evidence that the
sample was well aligned. The radii of gyration were calculated by simultaneously fitting the data
to the Ornstein-Zernike form. The polymer conformation anisotropy is much higher in theSm-A
phase than in the N phase, as evident from the changes in the shape of equal intensity contours
shown in Fig. l(a) and (b). The temperature dependence of the two radii of gyration is plotted in
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Kxperiment report (continued):
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Fig. 2. The changes in both, R|| and R^, at the transition temperature (68.5 °C) is evident. The
difference R|| - Rĵ  increases in the smectic phase with decreasing temperature.

The LANSCE facility is ideally suited for this work as one can acquire data over a wide q-range.
The diffraction spots, at large q, provide crucial information about the degree and direction of
alignment which can not, normally, be obtained using reactor based SANS facilities. In future runs,
we plan to determine the radii of gyration in the I phase and very close to (within a few mK) the N
to Sm-A transition. These results will be presented at the upcoming professional conferences3.
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Experiment report:

INTRODUCTION

Carbon black is a filler essential to the rubber industry. Its most
important property is its ability to significantly increase the strength
of rubber and is thus referred to as a reinforcing filler. Studies aimed
at determining how the structural arrangement of carbon black in
elastomers changes with mixing and also the polymer conformational changes
may be very useful in providing insight to understanding the reinforcement
mechanism.

Small angle neutron scattering (SANS) provides a powerful way of
studying the above in these interesting and complex systems. The method
of contrast variation has been employed in order to study these systems.
In this approach the sample (carbon black, elastomer, or carbon
black-elastomer mixture) is placed in solvents containing different
proportions of deuterated and protonated molecules. The observed
variation in scattering as a function of solvent scattering length density
gives information on the structure of the scattering species.

RESULTS

The following samples were investigated:

Filler: N121 - High-reinforcing carbon black
N762 - Low-reinforcing carbon black

Polymer: Polyisoprene - Natsyn 2200
Styrene Butadiene Rubber - NIST 1500
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report

Applying the SANS techniques described in the introduction to the
above samples and their combinations brought forth the following.

* The initial results using this approach exhibit the potential of
this technique to better understand the types of "interaction" between
filler and polymer, (ref. 1)

scattering length density close to the one of
iu ™«o demonstrated that the carbon black exhibits

inhomogeneities within the particles themselves.

* Using solvents of
carbon black, it was

* The scattering results obtained using an N762 sample show that the
scattering curve can be predicted by a theoretical scattering curve
obtained from nonassociated spherical entities modeled after a TEM
analysis. On the other hand, the same experiment on the smaller particle
size ( apx. 3 times) N121 shows a scattering behavior characteristic of
associated particles.

* In gels of solvent-extracted carbon black-elastomer mixtures, it
was found that the scattering is essentially due to the carbon black. It
was also observed that using a solvent able to contrast match carbon black
by itself does not contrast match the carbon black in the presence of
elastomers in the same manner. From this observation it could be
concluded that the elastomer coats the carbon black particle with N762.
(The N121 was not fully examined.

* Differences in the elastomer conformation in the mixtures (compared
the elastomer alone in solvent) appears small in low concentration gelsto pp

containing polyisoprene, but were quite significant
concentration gel containing styrene butadiene rubber.

in high

Further experiments have also been performed using a wider range of
solvent scattering length
weight distribution than in
surface area carbon black,
be presented at a meeting
(Louisville, KY).

densities, a polymer of narrower molecular
the above experiments, and using a very high
Analysis of this data is in progress and will
of the A.C.S. Rubber Division in May, 1992

References:
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Experiment report:

INTRODUCTION

Microemulsion (ME) systems are thermodynamically stable and optically
transparent biphasic mixtures of water (polar liquid), oil (nonpolar liquid),
and amphiphillic surfactant molecules. They consist of aggregates of oil (or
water) stabilized by a layer of surfactant dispersed in an aqueous (or oil) phase
called the matrix phase. Such aggregated systems have a wide spectrum of
practical and industrial applications, ranging from media for chemical
reactions, tertiary oil-recovery, cosmetics industry, to their possible use as
vehicles for drug delivery in the pharmaceutical industry.

During the past decade Small Angle Neutron Scattering (SANS) has emerged as
a uniquely powerful tool for the investigation of the structure, dynamics, and
phase transitions in self-aggregating systems (1-2). Most of the studies
however, have been done at room temperature and little is about the effect of
temperature on the stability of such systems and temperature driven phase
transitions between different states of aggregation.

In the recent past we have made use of the technique of microemulsification
to vitrify exotic organic liquids by suppressing heterogeneous nucleation and
we have been able to study the glassy state of monomeric molecular liquids
like CC14, toluene, xylene, etc (3-4). The distinguishing feature of our four
component oil-in-water ME's is that the addition of propane diol renders the
aqueous(matrix) phase glass-forming with a glass transition temperature of
165 K. Therefore by quenching the ME to a temperature below 165 K it becomes
possible to preserve a single droplet-structure indefinitely, for detailed
characterization.

In recent variable temperature SANS studies on one such system: deuterated
toluene /Tween-80 /propanediol-H2O, well resolved peaks were obtained in the
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Experiment report (continuedn
1(Q) vs wave-vector plots, and an important observation was made: viz. that
during cooling the droplet size stops changing at a temperature far above the
glass transition temperature (Tg(matrix)) of the aqueous phase (5). This means
that the ballistic motion of the droplets gets arrested at a temperature T g ( agg )
well above Tg(matrix), implying that the droplet equilibration mechanism is
intrinsically slower than the liquid relaxation mechanism. The experiments
described in this report were aimed at distinguishing between different
mechanisms of droplet equilibration (the "fission-fusion" proposed for water-
in-oil ME's vs the "diffusion-between-droplets" mechanism) by investigating
the temperature dependence and cooling rate dependence of droplet sizes in
thermally arrested microemulsions.

EXPERIMENTAL

The system studied was deuterated toluene/Tween-SO/propanediol-") H. ?C: the
compositions fall within the finger-region in the pseudo-tern?,ry phase
diagram shown in Figure 1. The microemulsions were prepared oy volume
from deionized H2O, reagent grade (Aldrich) C7D8 and propanediol; and Tween
80 supplied by Emulsion Engineering Inc. The composition subjected to
detailed investigation, B l l , was prepared at 298 K and consisted of 33 vol%
C7D8, 39 vol% PD-3H2O and 28 vol% Tween-80. Sample Al l contained 33 vol% of
protonated toluene (C7H8) dispersed in a deuterated matrix phase (PD-3D2O).

Small angle neutron scattering spectra were recorded with the !ow-Q
diffractometer in the Transmission mode on samples contained in quartz
"Banjo" cells of 2 mm path length. The blank was an empty quartz cell,
scattering due to which was subtracted out of the observed intensity. The
spectra at sub-ambient temperatures were recorded with the quartz cell, held
in an evacuated aluminum displex, cooled by nitrogen vapor through a cold
finger. The average cooling rate attained in the present experiment was 2.5
deg/min. SANS spectra on B l l were recorded 298 K, 150 K, 170 K, and 210 K in
that order. Spectra could not be recorded beyond 210 K due to experimental
problems. The proposed studies on samples prepared at other temperatures and
the water/oil ME could not be performed due to beam-time limitations.

RESULTS and DISCUSSION

Figure 2 shows the Normalized Intensity vs wave-vector plot for the ME Bl l
recorded at 298 K. The spectrum shows a single well defined maximum ( Q m a x )

at 0.030 A"1 which is related to distances between the droplets in the
microemulsion state (1). In the first approximation this peak corresponds to an
average droplet separation (d ~ 2 p / Q m a x ) of 210 ± 10 A. Taking into account
that the toluene droplets occupy 33% of the sample volume, this translates to a
droplet radius of ~ 100 A. The scattering from the Al l sample was relatively
weak, but also shows a peak at Q m a x = 0.028 A' 1 .

Figure 3 shows the I(Q) vs Q plots for Bll recorded at 150 K and 170 K. It can be
seen that at these temperatures, instead of the expected shift in peak position,
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the spectra exhibit multiple peaks: two sham maxima at 0.032 A" * and 0.063 A"1

respectively and a weak peak at 0.128 A'1 . The peak positions correspond to d-
values of 196 A, 100 A, and 49 A, i. e. 4 : 2 : 1 and do not change significantly
with temperature.

These multiple peaks imply that on cooling the microemulsion as a whole has
crystallized into an ordered phase. However, the d-spacings do not match those
of any of the cubic phases. This could imply the presence of a mixture of cubic
phases, or more likely that the system has undergone a transformation into a
lamellar phase, of which peak positions differing by factors of two are
chararteristic.

The instability observed in this study could have arisen due to the fact that this
ME is slightly denser than the one used in the previous study ( droplet spacing
of 210 A compared to 240 A), or due to the slower cooling rate employed in this
experiment. This temperature driven phase transition in a viscous
microemulsion has important implications and further studies will be
necessary to characterize the nature of the ordered phase. Recording SANS
spectra during cooling would locate the transition temperature. If faster and
variable cooling rates are achieved, it might be possible to study the
nucleation and growth kinetics of the new phase(s). Investigations of droplet
equilibration time-scales by comparing the cooling rate dependence of droplet
sizes in glass-forming oil/water and water/oil microemulsions are yet to be
performed.
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Experiment report (continued):

The measurements described here partially covered one aspect of the proposal to evaluate inelastic effects
in TOF-SANS measurements, namely to evaluate the importance of such effects in samples of known
size and structure in different mixtures of H2O and D2O. There was insufficient discretionary time to
carry out the remainder of the program.
EXPERIMENTAL: Colloidal silica gel, HS-30, stated by the manufacturers to be spherical particles
and to be of well characterized size, 120A,where used in these measurements. The silica gel content is
30% in the stock solutions. Samples were prepared by diluting stock solutions to 3% W/V. Care was
taken with pH and NaCl concentration to stabilize the solutions. Samples were made in 100%, 80%,
60% 40%, 20% and 0% D2O. Discretionary time allowed only measurements with the LH2 moderator
with the MgO filter in and the H2O moderator with the MgO filter out.
RESULTS: Scattering curves taken with the liquid hydrogen moderator were measured for each
sample between Q * 0.003 and 0.2 A 1 . Those obtained using the ambient water moderator covered the
range 0.006 <Q<0.5 A"1. Two complete contrast series were obtained. The analysis is far from
complete, but initial indications show systematic differences in 6L/d£l for Q less than 0.01 A*1, and
greater than 0.05 A"l We have not yet reached any conclusion as to the sources of these differences.
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Experiment report:
In order to characterize Metallic Materials for their response to certain types of radiation damage i t i s
important to be able to Measure the size distribution of dissolved gas bubbles. This can be done conveniently
by s ia l l angle neutron scattering - provided that there i s sufficient nuclear contrast between the bubbles and
the Matrix and provided that the bubbles are uniforily distributed in the proper size ranoe. The nuclear
contrast i s detenined by Materials densities and nuclear properties. The size range i s determined by
instruMent characteristics and can be 10-10,000 A in a favorable case. A good exaMple of what can be done has
been provided by the M i c h group with their study of heliui bubbles in nickel [1,2] .

As a preliminary step toward More complicated probleis, ve have studied the distribution of bubbles in copper
Metal using the lov-Q Diffractometer (LCD) at LANSCE. Two types of saiple were studied, polycrystal and single
crystal. Bubbles were induced by a process [3] known to induce large bubbles. For each saiple type we Measured
three treatments: "unbubbled," bubbles xl , and bubbles x2. For each treatMent we lade a transmission run and a
scattering run. The samples were large - about 0.25 CM thick - so that each run could be completed with a few
hours of beam. The data were binned using the usual LQD procedures taking care to exclude the effects of Bragg
scattering at higher Q, and data from the bubbled samples were normalized to that from the appropriate unbubbled
samples.

Results of the xl and x2 treatments were essentially the same, suggesting a saturation phenomenon with respect
to processing. The xl scattering results are shown in Fig. 1. Following the example of the Julich group, these
data have been f i t with log-normal distributions of bubble diameters that are shown i s Fig. 2. The correlations
between the fitting parameters are quite high - especially in the case of the polycrystal data: a better model
for the distribution should be found.

Bubbles of several microns diameter are known to exist as grain boundary clusters in bubbled copper specimens.
This size exceeds the resolution of LQD by quite a bit. The bubbles that we have found appear to be a new
phenomenon that requires confirmation by other experiiental techniques, such as electron microscopy. Civen the
rather low numerical densities that we have found, such confirmation may prove quite challenging.

In anticipation of future experiMents that will require radiological containMent of the saMples, we tested soMe
coiiercial (but high-purity) tetal sheet: vanadiuM, niobium and aluminum. As anticipated, aluminum gives very
much less scattering per thickness and is the material of choice for containment at low temperatures even if
greater thickness must be used to maintain mechanical strength.
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Experiment report:
i

Our purpose was to study the gelation process of colloidal suspensions of sub-micron silica particles
in water in order to obtain information about the kinetics and mechanisms of the reaction. The particle size
was nominally 22 nm at weight fractions of approximately 25%. The solutions were destabilized by
changing the pH to around 6 where the surface charge is low. Hydroxyl ions strip hydration water from
the colloid surface and an ether type cross-unking reaction occurs between the particles. Using LQD,
scattering data were collected for total times up to several hours for each reacting sample.

We had rheological evidence that the reaction rate was affected by shear and therefore experiments
were carried cut on reacting samples subjected to shear. Data were also taken on a stabilized non-reacting
sample for comparison. Using a Couette type shearing apparatus developed at the National Institute of
Standards and Technology [1], shear rates of about 450 and 4500 Hz were applied to two different samples
and data taken in 15 minute snapshots for several hours. All shearing data were obtained with the beam
direction in a direction parallel to the shear direction.

Results

The obtained data are summarized in figures 1 and 2. The scattered intensities are found to increase
considerably at low Q indicating an increase in long range correlations as the reaction proceeds. Increasing
shear accelerates the process. Data for the non-sheared samples are not shown but the curves are similar,
but the increase in intensity at low Q develops still more slowly.

The low Q increase in intensity has been variously interpreted as cluster growth and as fractal
growih in the case of more dilute samples [2], The preliminary nature of the data does not permit extensive
analysis and further work is necessary.

Measurements as a function shear rate on stabilized samples and on reacting samples at various
volume fractions are planned. Measurements with the beam direction off axis are also planned in order to
investigate any two-dimensional character in the long range correlations which may develop under shear.
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Experiment report:

We examined microstructure and interactions in three distinct types of surfactant systems.

The first was a typical non-ionic system, CUE4, in four types of deuterated aliphatic hydrocarbons,

k of varying chain length, k. Specifically we examined behavior in hexane, octane, dodecane, and

hexadecane. Previous light scattering work had established that addition of water to all these

systems resulted in a significant decrease in the diffusion coefficient of the micelles and an increase

in the scattered light intensity. Both effects would be consistent with either micelle growth and/or

and increase in micellar interactions. Since addition of excess water to each of these systems

results in phase separation it would appear likely that the latter explanation is quite plausible.

We first examined the "bare" micelles (i.e. no water added) and found a steady increase in

1(0) and Rt as the hydrocarbon number k went from 6 to 16, shown in figure 1. This increase in

mass and size would be expected from an increase in aggregation number as the hydrophobic

nature of the solvent is increased. Each of the scattering curves was identical in shape for

01<Q<.2 A', and had a apparent slope of -2 in the Porod region, implying a disc-like, two

dimensional micellar geometry. However, these micelles are small enough that the cross-over

from Guinier (slope=-2) to Porod behavior (slope=-4) might not be observed within the resolution

of this instrument. One disturbing feature of the scattering which we observed in all the data we

ollected for weak scatterers (defined as I(0)<10 cm') was a strong upturn in the data for Q<.01

A l Light scattering, shown later in this report, indicates this upturn in nearly all cases was

spurious. However, since careful background subtraction was performed on all the same samples

to be described its origin is unclear, but warrants caution for all data with Q<0.01 A1. In most of

the data shown in this report data for Q<0.01 A has been omitted for this reason. It is interesting

to note that in figure 1 the change in I(0)~Mw with R can only be rationalized if increasingly strong

intermicellar attractive interactions occur as the solvent increases in hydrophobicity (e.g. Mw~R*in

this data).
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C12E4/C. (D) system: Bare Micelle Microstructure
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Figure 1. Effect of solvent hydrocarbon number k (k=6,8,12,16) on the inverse
micelle microstructure of the surfactant C12E4.

Addition of water to each of these systems led to dramatic increases in both 1(0) and R ,

(from Guinier analysis) consistent with previous light scattering work. The increase in size was

sufficient to allow observation of a cross-over to a -4 slope. This implies that the likely disc-like

geometry of the parent bare micelles is lost upon swelling with water. As an example, for the

C12E6/C6 system R̂  increases from 22.8 A to 43.6 A while 1(0) increases from 1.5 cm1 to 25 cm1

upon addition of -1.3% water, as shown in figure 2. It is interesting to note that the larger

scattering from the 1.3% water sample removes the spurious upturn in the data for Q<0.01 cm-1

(i.e. the true data is isotropic at low Q). Since the water added was not deuterated, nearly all the

contrast occurs at the surfactant hydrocarbon tail-deuterated interface and the approximate

doubling in Rg is not sufficient to account the 20-fold increase in 1(0).

This strongly implies some of the increase is due to an increase in micellar attractive

nteractions. It is also interesting to note that the measured hydrodynamic radius of 75 A, (a long-

wavelength measurement), at t'.is weight fraction water is much larger than R and is even more

trongly perturbed by the system thermodynamics. Basically identical behavior is seen in the other

Ck(k=8,12,16) systems, with nearly identical 1(0) values at equivalent volume fractions of added

water. Again, this reinforces the idea that a key effect may be the intermicellar interactions in all

cases. It is interesting to note that at an equivalent weight fraction water, both the cl2 and cl6

systems exhibit much larger values of 1(0) and R,, consistent with their closer phase boundaries
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(e.g. the C8 system can solubilize the largest amount of water at room temperature). Thus, it

appears clear that 1(0) and R reflect both an increase in system compressibility and correlation

length as the phase boundary is approached as well as the conventional effect of micellar swelling.

C12E4/C6(D) system: Effect of water addition
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Figure 2. Effect of addition of water on the microstructure of C12E4 (10%) in
hexane.

The C12E4/C16 system was actually two phase at ~ 1.1% water, and the neutron beam

could be successfully positioned in the majority phase. The resulting scattering curve was

fundamentally different that of the single phase system, showing a long intermediate scattering

regime between .005 A 1<Q<. 1 A1 with a slope of -1 , with a cross-over to Porod behavior at

Q-0.08 A-1. This region is consistent with a one dimensional tube-like structure that is also seen

in some of the other systems to be described.

Because of some of the anomolous scattering for Q<0.01 A-l in these systems, we decided t

xamine two well-characterized polystyrene sphere samples in the region of overlap between light

and SANS. UV and visible light scattering provided scattering curves with the expected minima anc

maxima for both 250 and 480 nm spheres. However, SANS failed to show any minima or maxima in

the expected locations, but did yield the expected -4 envelope. The absence of known extrema in

this data may be indicative of some loss of Q resolution or smearing of data in the region A<0.01 A

It may also account for the failure to observe any oscillations in the structure factor for any of the

putatively spherical micelles investigated.

The issue of the structure in bicontinuous microemulsions is a long-standing problem. In a

previous report we exhibited data from a nonionic bicontinuous system whose scattering gave a
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distinct peak at a particular value of Q. In this investigation we examined one of the most puzzling

systems with a reputed bicontinuous phase. This is the didodecyldimethylammonium bromide

(DDAB) system in octane. Curiously, unlike nonionic systems, this surfactant is immisible in

either water and oil separately. Yet, when both components are present, it forms clear

homogeneous phases. Stranger still, its conductivity and viscosity are greatest at the smallest

water volume fraction and decrease significantly and somewhat sharply as the water volume

fraction is increased. This observation has been attributed to a interpenetrating tube-like structure

which becomes more droplet-like and disconnected as the water content is increased. Our SANS

and light scattering supports this hypothesis. In fact KQJ-Q'1 at intermediate values of Q for low

values of the water content and develops a quasi-peak, and flattens out as more water is added.

This data is shown in figure 3 and corresponds closely to the location of the single to two phase

boundaries in deuterated octane. Our conclusion is that the scattering data is consistent with a

tube like, one-dimensional structure. Also shown in this figure are the values of the apparent

hydrodynamic radii, Rh from dynamic light scattering. The slowest relaxation (largest Rh) actually

occurs for the sample with the smaller value of 1(0).

DDAB/octane(D) system: Effect of water addition
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Figure 3. The DDAB octane system near the lower, phi=.O75 and upper, phi=.11
phase separation boundaries.

Finally, we investigated a phenyl-polyether surfactant which we abbreviate Ph9E6 (nine

phenyl groups appended to six ethers), in deuterated cyclohexane. We chose this surfactant since i

has an incredible room temperature solubilization capacity for both water, (~24% by weight with onl

10% by weight surfactant), and a wide variety of metal salts. We wanted to look at the effect of

additives, specifically metal salt electrolytes on the microstructure and interactions in this
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system. Previous work had demonstrated that the presence of metal salt in the water lowered the

solubilization capacity of this system, moving the phase boundary to progressively lower values of

the weight fraction water, phi, as the salt concentration was increased. We examined the

scattering from the system as pure water was added, as a 1 M solution of Fe(ClO4)3.

Figure 4 shows combined SANS and light scattering data for these systems. Unlike

the DDAB system described above, no isotope effect on phase boundaries or scattering form factor

was observed, although isotropic substitution did increase the contrast factor for light scattering

significantly. It should be remembered that this system remains homogeneous and clear until

phi=.24 is reached, yet the scattering data shown shows significant increases in scattering

intensity at length scales Q-l>2000 A which we attribute to the formation of microdomains whose

interfaces exhibit the characteristic Porod behavior shown. This is exactly the behavior observed

in the incipient stages of macroscopic phase separation in simple two-component inverse micelle

systems, but here the system remains homogeneous and single-phase. Like the non-ionic

systems described above, this system shows disc-like microstructure for the bare micelle, which

has a very low aggregation number based upon the small value of I(0)~2 cnr1. Addition of even

small amounts of water leads to significant increases in Rg, Rh, and 1(0). Both Rg and Rh are

similar in value until phi>.012. The most dramatic change in the scat-o-gram occurs just after the

appearance of the microdomain structure at low Q. At this point very large structures form on all

length scales and an intermediate slope of -2 is observed for 100 A<Q-1<3000 A. At the same

time 1(0) has increased by 5.5 decades with only an addition of - 5 % water. It stretches the

boundaries of credulity to assert this is due to micellar growth alone. It is interesting to note that

the system at this point actually shows a decrease in 1(0) and Rh as more water is added until

phase separation is reached at phi~.24.

Pa9E»/c.TcloaexaM(D) sjrttc-: Effect of water
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Figure 4. Combined light and SANS data for the inverse microemulsion system
Ph9E6/cyclohexane as a function of weight fraction water, phi.
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Experiment report (continued):

As mentioned previously, titxation with 1 M Fe(ClO4>2 compresses the single phase region

so that only the values of phi shown in figure 5 could be obtained. The presence of salt leads to the

larger values of 1(0), Rg and Rh at equivalent values of phi (e.g. 49 A vs 200 A for phi=.O2). Since

the presence of less than 1 metal ion pair per micelle should not lead to an increase in geometric

swelling, this effect reflects an increase in attractive intermicellar interactions. Similar

observations were made in the Fe(III) system. Here, it was noteworthy that the higher charge

state led to slightly larger 1(0) and Rg values at the same value of phi.

Ph9E6/cyclohexane(D) system: Effect or Fe(CIO4)2 addition
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Figure 5. The Ph9E6/cyclohexane shown in figure 4 is titrated with a 1M
solution of Fe(CIO4)2 in water.
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Surface Profile Analysis Reflectometer (SPEAR)

The Surface Profile Analysis Reflectometer
(SPEAR) views a liquid-hydrogen moderator
maintained at 21) K. The moderated neutrons are
collimated into two beams within the bulk biologi-
cal shielding*. 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' v for horizontal surfaces,
and the horizontal resolution (A0) is ±0.25".

A "T chopper" is located 5 m from the moderator
in a heavily shielded awe 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.

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 incidence
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 EV1S
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 'He 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.

The SPEAR instrument is undergoing several
improvements:

• the design and implementation of polariza-
tion analysis equipment;

• the automation of the slit- and detector-posi-
tion stepper motors, the shutter, and the chop-
per controls;

• new pieces of sample environment equipment:
a high-vacuum, in situ evaporation chamber
for preparing nonoxidized metallic films; a
Langmuir trough for studying liquid-vapor
interfaces; and a flow cell for studying solid
liquid interfaces under shear; and

• an improved on-line data analysis including
real-time display, black box versions of data
reduction for instant examination of the data,
and the data-space conversion routines.

* of the LANSCE target

Mercury shutter
& collimation

Converging collimation/
Polarizing mirrors

Long
TQ chopper wavelength

filter
Moderator

Target

Beams v

Adjustable skimmer slits/guide field

Sample

Vibration isolation
table

Detector
t

Shielding walls

Beam stop

Incident beam Spin flipper
monitor 1 Alignment laser;

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</ i<32 A
Q range (horizontal sample) 0.007 < Q < 0.3 A '
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 ai 20 K

Neutron flux at sample position for 1.5° beam at 60 uA
1 < X < 6 A 3.4 x 105 n/cm*/s
6 <X<16 A 3.3x104n/cm2 /s
16 < X < 32 A 2x102n/cm7s

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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Experimental Report

Neutron reflectivity studies were performed on mixtures of a symmetric diblock copolymers
containing blocks of perdcutcratcd polystyrene and polymcthylmcthacrylatc, dcrr-rcd
P(d-S-b-MMA) with pcrdcutcratcd polystyrene, d-l'S. Provided the concentration of the
homopolyiner is kept below ~ ! 0 % w/w and the molecular weight of the homopolymcr is less
than or equal to the molecular weight of the d-PS block, a hmcllar microdomain morphology is
retained. As with the pure P(d-S-h-MMA) the interactions of (he MM A block with the
substrate (Si/SiO2) and the lower surface energy of the S block force a strong orientation of the
lamellar morphology parallel to the surface, thereby forming a multilayercd morphology.

The studies performed on SPFAR, however, were directed towards the case where the
concentration of the homopolymcr was high. Previous studies on a reactor source yielded results
which indicated that there was a perturbation to the expected lamellar morphology. Therefore,
these studies were geared specifically towards the observation of the off-specular scattering where
there is a component of the neutron momentum parallel to the surface of (he specimen. Hence,
it is sensitive to lateral correlations in the scattering length density.

The results of these studies arc typified by the contour diagram shown in Figure 1 where the
reflectivity is shown as a function of angle and time or wavelength. These data arc for a mixture
ofP(d-S-b-MMA) with 15%d-PS(5OK) after annealing for 120 his. at 170T. The off-specular
scattering is quite dramatic. The specular ridge (indicated by the arrow) is clearly seen and
analysis of these data are consistent with a tmtltilaycrcd morphology However, the .scattering
length density of the PMMA layers that is required to fit the data is higher than that for pure
PMMA. This result seem to indicate a mixing of the d-PS homopolymcr and the PMMA block
of the copolymcr. However, the scattering observed off" the specular condition is rather intense
and exhibits distinct maxima. These data suggest that there arc strong correlations in the
scattering length density parallel to the surface of the film anil would be consistent with the
formation of d-PS bridges between consecutive d-PS layers. In addition, the maxima suggest
that the spatial distribution of the interconnections is not random.
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These results led to a scries of electron microscopy studies on these mixtures. An example of the
electron microscopy results is shown in figure 2. We will omit the specific details of these
studies hut say only that the micrograph shows a cross section of such a film normal to the
surface. In the micrographs, the d-PS, due to Ru()4 staining, is dark and the I'M MA is light.
What is evident from the micrograph is that there is clear evidence for such an interconnected
lamellar structure. It is impossible, however, to use electron microscopy on these mixtures to
obtain a quantitative description of the interconnections.

We arc currently in the process of treating the neutron reflectivity results to quantify the nature
of the interconnections. However, the results of these experiments were surprising and further
experiments are necessary to approach this problem in a more systematic manner.

I Kil !RI: I Contour diagram of the rcflcctivy as a function of angle and time for a mixture of
!5%d-I'S(5OK) with P(d-.S-h-MMA) cnpolymcr.

I IC11J RI • 2 f'lcctron micrograph of the same mixture as that in !"igurc I. Note the periodic
lamellar array of the d-PS (dark) and I'MMA (PMY1A) domains and the interconnections
running between consecutive d-PS layers.

References:
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Experiment report:

During the 1990, LANSCE run cycle, we performed a set of preliminary
experiments to examine the scattering seen from gold colloids (100A gold balls
coated with AOT surfactant). The samples were prepared by simply pouring a
solution of gold colloids dissolved in toluene onto a silicon substrate which had
been coated with 1000A of gold. In addition to the specular interference fringes
which would be expected due to scattering from the metallic gold film, there was
a pronounced line of scattering which was consistent with dynamic in-plane
scattering from the gold colloidal balls. During the 1991, run cycle we began a
systematic investigation of this phenomenon.

The first experiments were performed to reproduce the same scattering that was
observed during the 1990 run cycle. In addition to running the original sample,
several new samples were prepared. These consisted of gold colloids, with
diameters ranging from 100-SOOA, dissolved in toluene and dodecane. Also a
series of samples were prepared where the gold colloids were mixed with
polystyrene to enhance the contrast between particles. The silicon wafers were
coated by spinning or pouring the liquids directly onto the polished silicon
surface or gold coated silicon to produce the films.

The first set of measurements were made with the detector oriented vertically
with it's active length in the scattering plane. A typical theta versus time-of-
flight intensity plot is shown in figure 1. This is a sample of 100A gold colloidal
balls poured onto a polished silicon substate. In addition to the specular
scattering, there is an increase in the diffuse scattering evident by the intensity
seen below the specular angle. This is indicative of roughening the surface.
However, what is missing is a streak which begins at the specular angle at time
t=0 and extends in a neaiiy straight line away from specular as we saw in our
1990 run. This streak was not seen in any of our new samples.
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K.xpiTiment report ii<>nunm\h:

In addition to the scans described above, we also performed measurements with
the detector rotated by 90 degrees and at a scattering angle equal to the incident
angle (the specular condition). This allowed us to probe any in-plane
components to the off specular scattering. These measurements were only
possible given sufficient in-plane resolution. This was achieved by aligning a
horizontal converging collimator in the beam. The in-plane divergence was
then 0.07 degrees comparable to that of the low q diffractometer (LQD) at LANSCE.
A typical theta-t plot is shown in Figure 2 for these runs. As indicated, the bright
spot is the critical edge and has a width indicative of the in-plane resolution.
Any in-plane Bragg scattering again would be evidenced by a streak originating
at the specular angle at time t=0 and diverging from the specular reflection at
higher wavelengths.

The results of these experiments were null. It is not clear why we were never
able to reproduce the scattering pattern measured on freshly prepared samples
or on the original sample. One possibility is that the 1990 measurements were
taken when the SPEAR moderator was chilled water. This gave us an order of
magnitude more intensity at the shorter neutron wavelengths (<3A) which is
where the "Bragg" off specular scattering was observed. In 1991, the LH2
moderator had a softer spectrum and therefore fewer neutrons in the
wavelength range where this scattering would be expected.

Figure 1 Figure 2

References:
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Experiment report:
For several years, using the surface force apparatus (SFA), direct

measurements of the forces between complex fluid mono and bilayers
have been performed1'2. These forces are measured as a function of
distance between the layers with sub-A resolution The measured force is
the sum of forces such as electrostatic, Van der Waals, undulation and
hydration forces. Complementary to the SFA measurements is information
about the structure of these layers under similar conditions.

We have begun a study of the structure of complex fluids at the
liquid-solid interface. The first system chosen for these studies was a
Polyethylene-oxide surfactant(PEG) consisting of polyethylene-oxide
(PEO) segments attached to distearoyl phosphatidylethanolamine (DSPE)
The PEO segments are hydrophillic whereas the hydrocarbon chains on
the DSPE are hydrophobic. This material was chosen because it has the
advantages for neutron reflectometry of being able to be Langmuir-
Blodgett deposited in a fairly close packed arrangement and that the
number of polyethylene oxide segments can be varied to increase the
thickness of the layer. This gives us good contrast because of the
relatively high density and a layer thickness which can produce
measurable interference fringes. Also, SFA measurements are currently
being performed on this system by Israelachvili and Kuhl.

A standard quartz-teflon eel was used^. The layer of interest lies at
the solid-liquid interface. The neutrons are passed thru the end of the
quartz single crystal and reflected from the layer of interest. Then, the
reflected neutrons pass out of the quartz. The reflectivity is calculated by
normalizing this data to a transmission measurement of the quartz. Since
the quartz is hydrophillic, a layer of lipid, dipalmatoyl
phosphatidylethanolamine(DPPE), was L-B deposited first. Five sets of
measurements were made. The first was a run with D2O only in the cell
(Figure 1). Then, a measurement of a DPPE-DSPE bilayer was made. Next,
the cell was cleaned and a new DPPE layer was deposited and subsequently
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Kxperimenl report (continuedi:
coated with a PEG-DLPE 75/25 Mole% mixture. Measurements were made at
two different temperatures on the 75/25% mixture. The last sample was a
bilayer of DPPE-100%PEG measured only at room temperature. The results
for the lipid bilayer and the 100% polymer surfactant at room temperature
are shown in Figure 2 (the upper curve is the polymer).

Two problems arose during these measurements. The insert in
Figure 1 shows the profile used to calculate the scattering from the D2O
sample. As can be seen, the first complication is that the surface of the
quartz is more complicated than expected. There appears to be an 80A
layer embedded in the quartz itself. This is consistent with measurements
made on this quartz crystal in air. This may be due to the polishing
procedure used on the quartz . In any case, the structure in the quartz
complicates our fitting of the surfactant data. Second, the quartz crystal
was too large (75X37X50 mm) to apply the L-B films properly. Since the
water level in the L-B trough rose during the L-B dipping process, the
surface tension measurements varied such that we were unable to
measure the packing of the surfactants on the quartz surface.

At present, we are still analyzing the collected data. Simple slab
models for the bilayer don't fit the data so we are going to try more
sophisticated schemes . Also, a variety of L-B transfer conditions have
been examined to optimize the film preparation. In addition, we are
redesigning our quartz cell to optimize the transfer process. Finally, we
are modifying the control program for our L-B trough. This will allow us
to ramp the surface pressure in order to produce better monolayer films
and better transferred films. Also, we will be able to correct for the water
height variations.
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Experiment report:

We have continued a series of neutron reflectivity experiments to study the mass transport of boron
atoms in amorphous elemental boron. Our samples are nanometer scale 10B/nB bilayers and
multibilayers deposited by electron beam evaporation onto silicon substrates. The isotopically enriched
boron layers (93.64% 10B and 97.48% ^B) have a high neutron contrast, so that the interference
features of reflectivity profiles are extremely sensitive to changes in the compositional depth profile
resulting from diffusion across the interfaces. This technique is especially applicable to amorphous
materials, for which diffusion lengths must be minimized in order to avoid unwanted crystallization.

The initial set of measurements, taken during the 1990 run cycle, was intended as a survey to
qualitatively map out the diffusion behavior over a wide range of annealing times and temperatures.
Details of these preliminary resul::s may be found in our 1990 experimental report [1]. The data obtained
from this survey was used, in conjunction with simulations, to design the sample structure to be
employed for the next set of measurements, as well as to determine appropriate combinations of
annealing temperature and time. It was decided to use exclusively bilayer samples, because of the
difficulty of maintaining thickness uniformity from period to period during the deposition of multilayers.
The samples had the following structure: Si substrate/1350 A 10B/650 A n B . It was desired that the
highly absorbing 10B layer be thick enough to effectively eliminate the influence of the Si/10B interface
on the reflectivity profile (due both to absorption effects and limited resolution). The data indicate that a
thickness of 1350 A was adequate to meet this goal. The thickness of the ]1B layer was simply chosen
to provide a convenient spacing between the interference maxima in the reflectivity profile.

Samples were annealed for various times at temperatures of 360,400, 430, 440, and 450°C. The
anneals were performed in a vacuum furnace with a base pressure of 10"8 Torr. An important
observation at each temperature was an enhancement in the diffusivity, by up to one order of magnitude,
during the initial stages of annealing. Such enhanced diffusivities have previously been observed in
experiments on amorphous samples, and have been attributed to the initially enhanced defect
concentration resulting from the presence of excess free volume [2], The annealing out of the free
volume from the boron samples in this experiment was reflected by a shift in the location of the
interference maxima, which indicated a decrease in the film thickness of 4-6%.
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Experiment report (continued):

A preliminary analysis of the data was performed using the formalism outlined by DuMond and Youtz
[3]. Using this technique, diffusivity estimates were obtained for each of the above temperatures. The
resulting values lie in the range from 2.4x10'19 cm2/s at 360°C to 1.2xlO"17 at 450°C. When plotted in
the form of ln(D) vs. 1/T, the data are well fit by a straight line, suggesting a conventional Arhennius
relationship between diffusivity and temperature. The intrinsic diffusion parameters extracted from the
fit are 1.7 eV for the activation energy, and 8.3xlO'6 cm2/s for the atomic-jump frequency factor.
Although this analysis formalism is not strictly applicable to neutron scattering data, especially when
applied to absorbing material, the results do provide a framework from which to begin a rigorous
analysis.

A rigorous analysis of the data, making use of simulation programs, is on-going. Initial results suggest
that there may be a measurable asymmetry in the diffusion rates of the two isotopes. The potential cause
of the asymmetry is unknown, as the effect seems to be too large to be accounted for by known mass
effects [4]. The resulting net motion of the lOB/^B interface could also account in part for the observed
shift in the interference maxima. In an effort to resolve this question, x-ray reflectometry measurements
of virgin and annealed samples are being performed, to determine how the thickness of the total bilayer
changes with annealing. As an additional check for diffusion asymmetry, secondary ion mass
spectroscopy/depth profiling measurements are being performed. The SIMS measurements will also
serve as a check on the amount of oxygen, if any, incorporated into the films. The information from
these diverse measurements will prove invaluable in the analysis of the neutron reflectometry data.

The reflectivity results suggest that the as-deposited samples contain significant excess free volume.
This provides a copious source of mobile defects, which significantly enhances the diffusivity during the
initial stages of annealing. A major aim of future proposed work will be measurements on amorphous
samples closer to the maximum theoretical density. These will be prepared by ion-beam assisted
deposition, and may provide a better measure of the intrinsic diffusivity of boron.

Additional future work will include measurements of the diffusivity of boron in refractory boride
ceramics. These materials have great potential for technological application as protective coatings
providing wear and corrosion resistance. Because they may be used in high temperature environments,
it is imperative to understand their response to thermal treatments. These measurements will be
performed using bilayers completely analogous to those used for the elemental boron measurements.
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Experiment report:
Many complex fluids exhibit viscoclastic behavior which is widely

exploited in a multitude of industrial processes and products. Despite their
importance, there is still little fundamental understanding of such systems
at a molecular level. A technique which is proving successful in advancing
our basic understanding of viscoelasticity in complex fluids has been to
measure SANS from samples undergoing shear1 • . This yields information
about the bulk axial anisotropy developed in the fluid structure, but tells
nothing of the effect of shear on the surface structure.

We began a study of surface shear structure using neutron
reflectomeiry on SPEAR. The samples consisted of D2O mixed with
hexadecyltr imethylammonium 3,5-dichlorobenzoate and 2,6
dichlorobenzoate. The nature of these fluids is such that the positions of the
C\ on the benzene rings determines their behavior. Thus, the material
chlorinated in the 3,5 position is a viscoelastic(VE) fluid while the
surfactant chlorinated in the 2,6 position behaves as a Newtonian fluid.

The samples were sealed in a quartz/teflon cell used for studies of
structure at a solid-liquid interface. First the Newtonian fluid was measured
in the cell ( upper curve in Fig. 1) then the VE fluid (upper curve in Fig.2).
Care was taken to avoid shearing either sample when the cell was closed.
After those measurements, the quartz crystal was displaced along the beam
direction to apply a shear force to the VE fluid. The reflection measurements
were then repeated every 16 minutes(with counting times of 15 minutes)
over a period of 7 hours. There were no changes in the observed scattering
during this time.

Although the two surfactants have identical chemical compositions,
there is a marked difference in the scattering between the VE and
Newtonian fluids as can be seen in Figure 2. For comparison Figure 1 also
shows the scattering from 100% D2O in the cell. We note that the Newtonian
fluid reflectivity has a higher value at large Q than the D2O. This may be
due to surface alignment in the system which would produce a peak in the
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Kxperiment reporl (continued):
scattering at a value of Q beyond our measurements. Therefore, the
reflectivity would curve upward on it's way to that peak. The fact that the
VE fluid is higher yet suggests that there may be a greater degree of surface
alignment in that sample or the layered structure may have a different
length scale producing a different Qpeak- Since there is no change in the
observed reflectivity immediately after shearing or for a period of 7 hours
after shearing, this suggests that the surface alignment we see is
spontaneous and that this method of shear alignment is inadequate.

Despite the dramatic differences between the two fluids, we haven't
yet seen an effect of shear. In order to measure this effect, we are in the
process of designing and building a shear cell for reflection geometry
which would allow us to apply a constant and variable shear rate to the
fluid. This should help us untangle the structures previously measured and
study the effect of shear on these structures.

0030 0 0*0 0 050 0 060
Q * ; * .PI -S)N(THETA>/ 'LAM8DA)

Figure 1

0 030 0 040 0.050
0 . («.PI.SIN(THETA)/L»MB0A)

Figure 2
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Experiment report:

During a four day period at the end of July 1991, a polarizing attachment
was installed on SPEAR. The equipment included two polarizing
supermirrors, a Mezzi flipper coil, and a set of magnetic guide fields (see
Fig. 1). Unpolarized neutrons were polarized in the direction of the applied
magnetic field, H, after reflection from the first Co-Ti supermirror (Mj).
The spin state of the polarized neutrons was maintained by a magnetic
guide field (G). The neutrons passed through a Mezzi spin flipper (F), and
were reflected from a second supermirror (M2). If the flipper was not
energized, the polarization state of the neutrons was unaltered, and the
intensity, IQ, of the polarized beam reflected from the second mirror was
detected by a PSD. If, however, the outer coil of the flipper was energized
to negate the magnetic guide field, and the inner coil energized to precess
the spin of a neutron by 3n, the intensity of the anti-polarized or spin
flipped intensity, If, was measured. Since the strength of the flipping field
required to precess a neutron by 3TC varies inversely with neutron
wavelength, X, the flipping coil power was periodically ramped. The power
was ramped by driving a Kepco power supply in current mode with a
CAMAC D-to-A converter.

The flipping ratio as a function of X, i.e. R(A.) = 1Q(X)/1{(X), is shown in Fig.
2. The flipping ratio of a competing instrument at ISIS is shown by the
asterisks in Fig. 2. The SPEAR instrument has flipping ratios 2.5 times
better, and a bandwidth three times larger than that of the ISIS
instrument. The significant improvement of the SPEAR polarizer over the
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Experiment report: (continued!

ISIS instrument can be attributed to the use of more efficient flipping coils
(the ISIS design relies on Drabkin flipper coils). The observed inverse
dependence of R with X was primarily due to two reasons. First, the
polarization efficiency of the supermirrors is known to decrease at small
momentum transfer, which produces a corresponding decrease R at long X.
And secondly, since the neutron spectrum is relatively weak in this region,
the flipper requires more time to properly tune than in the short X region.
Unfortunately, this time was not available due to the poor reliablility (less
than 30%) of the neutron source.

During the next run cycle, with further improvements of the polarization
optics and flipper design we expect to obtain flipping ratios exceeding 60
over a wavelength range of 1.2nm. These improvements are expected to
allow studies of the the structure and properties of magnetic systems at
LANSCE in the near future.

PSD

Figure 1

0.0

Figure 2
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Filter Difference
Spectrometer (FDS)
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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 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 sensitiv-
ity, 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 cm' (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

'In certain cases the range can be extended to elastic scattering.

Juergen Eckert, instrument scientist
Ross Sanchez, instrument technician
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FDS

Local contact:

Juergen Eckert

Title:
Proton Dynamics in Manganese Dioxides

Proposal number:
(for LANSCE use only)

4013
Report received:
(for LANSCE use only)

1/24/92
Authors and affiliations:

Francois Fillaux, CNRS - Thiais, France
Lori Dotson, ASU and LANL
Juergen Eckert, LANSCE
C. Cachet, H. Ouboumour and L. T. Yu, CNRS - Thiais, France

Experiment report:

This experiment was a nearly unmitigated disaster on account of the abysmal
source reliability. Only three samples could be run and collected a total of 2
days' worth of beam in 7 days of operation. A successful conclusion of this
experiment is therefore contingent on the provision of further beamtime. The
following
runs were carried out in this period:
(1) Tekkosha MnO2, prepared from electrodeposited material - same as

sample (1) in ref. 1
(2) Same material after being heated to 450 °C; virtually free of protons
(3) MnOOH; this sample was run at 17.5 and at 75K

The second sample served as a "blank" and was used for subtraction of the
background and to some extent the MnO2 modes.

The difference spectrum (1) - (2) for the Tekkosha sample is shown in Fig. 1.
It is in substantial agreement with previous results obtained on TFXA (Fig. 6 of
Ref. 1). The spectral features in the range from 500 to 1600 cm-1 are assigned
to vibrational modes of protons localized in defect sites,, whereas the apparent
continuum of intensity below the vibrational bands is attributed to nearly free
protons that can move readily within the channels of the crystal structure.

The vibrational spectrum of the oxyhydroxide MnOOH is shown in Fig. 2. This is
a non-reduced sample of MnO2 with some protons in Mn4+ vacancies of the
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Experiment report (continued):

lattice. The spectrum of the dehydrated M11O2 was also subtracted from these
data. The fundamental vibration near 1100 cm'1 from these protons has a
width which is the result of the presence of two different structures of MnOOH,
iicimely pyrolusite and ramsdellite, and that the relative intensities of the
components in this band will change on increasing degree of reduction of the
sample.A test of this hypothesis with the use of samples of different ratios of
these constituents is one of the subjects of the continuation proposal to be
submitted.

Fig. 1. Difference spectrum of
electrodeposited Tekkosha M11O2.

o
m
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o
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Fig. 2. Vibrational spectrum of
MnOOH at 17K
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Experiment report:

Tungsten oxide (WO3) shows promise for use in making "smart windows" for automobiles or boats,
where minimizing the sun's glare and control of light entering the vehicle gives a driver better visibility of the
surroundings. The color of this substance, which range from orange to deep blue, depends on the amount of
electrons that is donated to it by intercalated species. This color can be controlled and cycled electrically, thus
with tungsten oxide immersed in an electrolyte between glass plates and electrodes, the amount of shading on
the vehicle's windshield can be varied with the turn of a potentiometer by the driver or automatically varied by
photosensing devices. A difficulty with using WO3 as the color changing medium is the very slow response of
the devices, taking up to 10 minutes for the color to develop. This limitation may be due to low mobility of
guest species within the host structure. It is our suspicion that hydrogen-bonding between oxide sites in the
host and the hydrogenous guest molecules is hindering the transport of the guests.

Tungsten oxide has the ability to adopt a variety of crystalline forms, which includes: perovskite,
tetragonal, and hexagonal. All of these have one-dimensional arrays of tunnels [1]. More recently, the
pyrochlore form has been synthesized [2,3]. In this study, we will focus our attention on this latter form
because it possess hexagonal and trigonal tunnels along its [110] direction which interconnect to form a three-
dimensional network of paths through which guest molecules can traverse. This feature makes the pyrochlore
form the choice material for future applications because it reduces the problem of having a few molecules block
a tunnel and drastically effecting the flow of molecules through the host.

Inelastic neutron scattering experiments were performed, using the FDS, to determine the energies of
the librational and translatory modes of the water molecules in WQ)*l/2 H2O. This technique is powerful in
that it can measure low energy modes with ease as well as being very sensitive to the motions of hydrogen
atoms in the guests because of the huge incoherent cross-section of H (76 b). The librational modes of H2O are
xpected to have energies between 320 cm"1 and 900 cm"1. They were observed near 450 cm"1 and the at 500

cm"1. The energy of its translatory modes should lie between 100 cm"1 and 320 cm*1. The spectrum in this
nergy region appears complicated. The vibrational spectrum for WC>3*l/2 H2O is shown below.

The guest-host interactions which are hindering the motion of molecules within pyrochlore WO3 can
be modeled in detail with the aid of a normal coordinate analysis program called CLIMAX.
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Experlaeat report (continued):
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Experiment report:

(submitted for publication in Inorganic Chemistry)

The barrier to rotation of the dihydrogen ligand in the
complexes [MH(ii2-H2)PP3]BPh4, M=Fe,Ru: evidence for

stronger backdonation in the Fe-complex.

Juergen Eckert,la Alberto Albinatilb, Ross. P. Whitelc and
Claudio Bianchinild

Contribution from LANSCE, Los Alamos National Laboratory, Los Alamos, NM 87545, USA,
Istituto di Chimica Farmaceutica, Viale Abruzzi 42, Universita di Milano, 1-20131 Milano,
Italy, Institut Laue-Langevin, 156X, F-38042 Grenoble Cedex, France, and Istituto per lo
Studio della Stereochimica ed Energetica dei Composti di Coordinazione C.N.R., Via J. Nardi
39,1- 50132 Firenze, Italy.
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Experiment report (continued):

Abstract

The barrier to rotation of the dihydrogen ligand in the complexes [MHCn2-H2)PP3]BPh4

M= Fe, Ru, was determined from inelastic neutron scattering studies of the dihydrogen

rotational energy levels. Our results demonstrate unambiguously that this barrier is

higher in the Fe-complex than the Ru analog. With the assumption of a simple two-fold

barrier our analysis yields heights of 1.82 and 1.36 kcal/mol, respectively, where the

rotational constant for the molecular hydrogen ligand (B = 43 cm"1) was calculated from a

value for the H-H distance of 0.87 A given by the NMR results of Morris and collaborators

on related complexes. Since previous studies have shown that this barrier has its origin

primarily in the backdonation from the metal to the antibonding orbital of the

dihydrogen one may conclude that the Fe center is a better backdonor than Ru contrary to

what general trends in the periodic table would lead one to expect. This result provides

direct support for a hypothesis made by Morris and collaborators to explain their NMR

results on a different series of dihydrogen complexes of the Fe group.
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Experiment report:

This study is part of a continuing program to investigate intermolecular and
intramolecular vibrational coupling in the insensitive high explosive
triaminotrinitrobenzene (TATB).1 The microscopic detonation mechanism is
an important lattice and molecular dynamics problem. The multl-phonon
up-pumping (MPUP) model2 describes detonation at a molecular level, i.e. it
describes how energy is transferred from a shock wave to vibrational modes in
the solid in order to break a certain bond in an individual molecule, releasing
the energy required for activation of the detonation reaction. Information on
the vibrational modes and vibrational coupling in TATB and related molecules
as a function of pressure is relevant to the intramolecular vibrational
redistribution (IVR) of energy in the MPUP mechanism.

We measure molecular vibrations and assess the degree of vibrational
coupling in TATB and related compounds as a function of pressure using the
technique of inelastic neutron scattering (INS). INS is a sensitive probe of
vibrational modes involving large displacements of one or more hydrogen
atoms. Vibrational coupling may be studied with the aid of isotopic
substitution (deuterium for hydrogen). Furthermore, neutron beams are less
attenuated by high pressure cells than other scattering probes.

The 1991 Run Cycle was disastrously short and there was insufficient time
to run the high pressure experiments. However, we did obtain INS spectra of
ring-deuterated ortho-nitroaniline (oNA) and para-nitroaniline (pNA). oNA and
pNA are molecules related to TATB (see Fig.1). TATB has an extensive
network of intra- and intermolecular hydrogen bonds; therefore, nearly all the
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Kxpcriment report (continued):

internal vibrational modes in TATB are coupled. Coupling is readily apparent
in the INS spectrum of TATB, which has one strong band between 700 and
800 cm-"1. This band contains coupled vibrational modes involving -NH2
motion because all the hydrogen atoms in TATB are in the amino groups. In
order to assign the vibrational modes that contribute to this band in the
spectrum of TATB, we must understand the effects of intra- and intermolecular
coupling. pNA has intermolecular hydrogen bonds only; oNA has both intra-
and intermolecular hydrogen bonds, but fewer than are present in TATB. In
order to measure the degree of vibrational coupling induced by an intra- or
intermolecular hydrogen bond, we are studying the vibrational coupling in the
related but nonexplosive compounds oNA and pNA.

TATB pNA oNA

Figure 1. The molecular structures of TATB, pNA and oNA. Intramolecular
hydrogen bonds are depicted by zigzag lines, intermolecular hydrogen bonds
by dotted lines.
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Experiment report (continued}:

The INS spectra of pNA and ring-deuterated pNA (d4-pNA) are shown in
Figure 2. All INS spectra have been processed utlizing the modern maximum
entropy method to deconvolute the data.3 Isotopic substitution of the
hydrogen atoms on the benzene ring has the effect of removing all uncoupled
vibrations involving motion of the hydrogen atoms on the ring from the pNA
INS spectrum. Therefore, the d4-pNA INS spectrum is dominated by
vibrations of the NH2 group. NO2 group vibrationai modes are expected to
appear via intermolecular coupling. The rock, wag and twist of a -XY2
attached rigid group are designated by greek letters p, y, and x, respectively.
The scissor or bending mode is designated by the greek letter o. The NH2

torsion, wag and rock are apparent in the d4-pNA INS spectrum at 400, 800
and 950 cm-1. Features at 600 and 750 cm-1 are attributed to the NO2 rock
and bend which have gained intensity by coupling to NH2 vibrationai modes
via intermoiecular hydrogen bonds.

c
CD

500

Wove Number (cm )

1000

Figure 2. INS spectra of pNA and d4-pNA. The intensity is in arbitrary units
and the d4-pNA spectrum is offset above the pNA spectrum for clarity.
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Experiment report (continued)'.

Figure 3 shows the spectra of oNA and d4-oNA. Again, we expect the
d4-oNA INS spectrum to be dominated by vibrations of the NH2 group.
However, now the NO2 group vibrational modes will gain INS intensity via
intermolecular and intramolecular coupling. We still see the NH2 torsion and
rock at 400 and 950 cm-1. However, the NH2 wag must have coupled with
NO2 deformation modes (p and Y) and shifted to 630 cm-1. This result is
extremely important. It shows that coupling is most effective via intramolecular
hydrogen bonds.

en
c
0)

500 1000

Wcve Number ( cm" 1 )

Figure 3. INS spectra of oNA and d4-oNA. The intensity is in arbitrary units
and the d4-pNA spectrum is offset above the pNA spectrum for clarity.
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Experiment report (continued):

The INS vibrational spectroscopy of molecules related to TATB and their
deuterated forms gives information on vibrational coupling in TATB. The
results of the 1991 Run Cycle show that the effect of an intramolecular
hydrogen bond on the vibrational modes of a molecule is much greater than
the effect of an intermolecular hydrogen bond. Therefore, the strong band in
the INS spectrum of TATB is probably the result of all the intramolecular
hydrogen bonds coupling modes together. The details of exactly how this is
accomplished is the subject of further studies with other related molecular
solids, i.e. the dinitro anilines.

The isotopic substitution study of pNA and oNA will be complete with the
investigation of the aniline-deuterated isotopemers, i.e. d2-pNA and d2-oNA.
Although tentative vibrational mode assignments have been made with the
help of the ring-deuterated samples, final assignments can only be made once
the isotopic substitution study is complete. Also, high pressure experiments
are needed in order to ascertain how the vibrational coupling is changed by
the application of pressure. High pressure is expected to increase the relative
importance of intermolecular interactions. The high pressure results are
important to the IVR mechanism which occurs at high pressure.

References:

1. S. K. Satija, B. I. Swanson, J. Eckert and J. A. Goldstone, "High Pressure Raman
Scattering and Inelastic neutron scattering studies of TATB", J. Phys. Chem.,
accepted December 1990.

2. D. D. Dlott and M. D. Fayer, "Shocked Molecular Solids: Vibrational Up Pumping,
Defect Hot Spot Formation, and the Onset of Chemistry", J. Chem. Phys., submitted.

3. D. S. Sivia, P. Vorderwisch and R. N. Silver, "Deconvolution of Data from the Filter
Difference Spectrometer: from Hardware to Maximum Entropy", Nucl. Instr. and
Meth., A290, pp 492-498 (1990).

151



PHAROS

10 [leV Spectrometer

153



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. la) 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 excitations.

When Phase II of the construction is completed
(Fig. lb), 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,<o) 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.

Bulk shield

Primary chopper

To chopper / S a m P l e

ER-1

detector positions

Bulk shield

Moderator

Phase II

(b) Beam

Primary chopper Alternative low-angle
detector positions

' S a m P | e / / \ \
/ \ \

ER-1 ER-2

Wide-angle
detectors

10m
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Instrument Details

Moderator-chopper distance 18m
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 A E / E i = ° - 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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10 fieV Spectrometer

The 10 ueV spectrometer is a new time-of-flight
backscattering instrument for quasielastic and
high-resolution inelastic spectroscopy. This
instrument will be installed in 1993. The incident
neutron energy is measured by time of flight
through a long incident flight path of 30 m.
The energy of the scattered neutrons (about 2 ueV)
is determined from backscattering from single
crystals of graphite or silicon. The instrument will
be installed on flight path 11, which is one
of the three flight paths viewing the liquid-
hydrogen moderator. The combination of this
moderator and neutron beam guides between the
moderator and the sample maximizes the neutron
flux incident on the sample in the energy region
between 1 ueV and 4 ueV.

The new spectrometer is designed for studies
of diffusion and low-frequency dynamics.
Examples of future experiments are reorientational
and tunneling motions in molecular crystals,
motion of molecules on surfaces, and dynamics
of simple biological systems.

Target Sample
Analyzers

Beam stop

Spectrometer shield

10 m

/ DrKctor

Focusing nose
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Instrument Details

Quasielastic scattering:
Final energy 2
Q range 0.035 A1 - 2 A-1

Resolution 10neV

Inelastic scattering:
Energy transfer range 0 - 50 u,eV
Q range 1A 1 -1OA 1

Resolution 1 % of incident energy (FWHM)
Moderator Liquid H2 at 20 K
Sample size 3 cm x 3 cm

Torben Brun, instrument scientist
Ross Sanchez, instrument technician
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