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Abstract

This year the Manuel Lujan Jr. Neutron Scattering Center (LANSCE) ran an informal
user program because the U.S. Department of Energy planned to close LANSCE

in FY1994. As a result, an advisory committee recommended that LANSCE scientists
and their collaborators complete work in progress:

At LANSCE, neutrons are produced by spallation 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, which results in LANSCE
spectrometers being available to external users for unclassified research about 80%

of each annual LAMPF run cycle. Measurements of interest to the Los Alamos National
Laboratory (LANL) 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. This year, a total of 127 proposals were submitted. The proposed
experiments involved 229 scientists, 57 of whom visited LANSCE to participate in

mensurements. In addition, 3 (nuclear physics) participating research teams, compris-

ing 44 scientists, carried out experiments at LANSCE. Instrument beam time was
again oversubscribed, with 552 total days requested and 473 available for allocation.
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Qverview

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 LANGSCE, spallation neutrons are produced
when pulses of high-energy protons (800-MeV)
impinge on a tungsten target. The Clinton P.
Anderson Meson Physics Facility (LAMPF) pro-
vides the pulses, and the Proton Storage Ring (PSR)
can alter the intensity, time structure, and repeti-
tion rate of the pulses. Spallation produces neu-
trons 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 flux-trap design

of the target/moderator/reflector shield, LANSCE

produces neutrons more efficiently than any other
spallation neutron source used for condensed-
matter research. This capability means that scien-
tists can perform experiments more quickly, more
accurately, and with smaller samples at LANSCE
than at any other similar facility.

Upper__,,
target

-——
Back-
cattering,

flux-trap

-—
Flux-trap Lower target

moderators\

Protons

Beryllium
reflector

Nickel
reflector-shield

Neutrons (flight path
penetration)

Target design with flux-trap moderators and shielding for the LANSCE upgrade

design of the spallation neutron source.




Mission

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
missions: it serves as a national user facility
with peer-reviewed access for scientists from

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,

academia, federal laboratories, and industry; and e assists users of the facility during data

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,

e designs and builds targets/moderator

collection and analysis,

¢ promotes the application of neutron-

scattering techniques to new areas
of science and technology, and
¢ provides an educational resource

for undergraduate and graduate students.

Manuel Lujan, Jr. Neutron Scattering Center

LANSCE

1. Proton beam from LAMPF

3. Target area

2. Proton Storage Ring (PSR)

4. Neutron Scattering Experimental Hall
5. Laboratory/support building

An artist's conception of the proton beam from LAMPF (1) feeding into the PSR (2), which then

sends it to the LANSCE neutron production target (3). Several of the spectrometers are contained
in Experiment Hall 1 (4), and additional resources are contained in the support building (5).

900-111



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, writing and editing, and
organizational development. Student appoint-
ments range from 90 days to 1 year (with possible
extensions depending on funding and program-
matic impact). LANSCE encourages students

to work independently and to develop their ideas
to fruition.

Student employment is coordinated through the
Human Resources Division, Staffing—Special
Programs and Services, and Science Education and
Outreach. Programs at the Laboratory include

e Science and Technology Alliance (STA)

¢ Service Academies Research Associates (SARA)

Students and postdocs

e Science and Engineering Research Semester
(SERS)

e Historically Black Colleges and Universities

Program (HBCU)

High School Cooperative Program

Undergraduate Student Program

Graduate Student Program

University Internship /Co-op Programs

In addition, LANSCE participates in the
Laboratory’s Postgraduate Programs. Postdoctoral
candidates must have received their doctoral
degree less than 3 years before the appointment at
LANSCE. Candidates are nominated

by LANSCE scientists and reviewed by a
Laboratory-wide committee before the awards

are given. Each appointment is for a period of 2
years, with a discretionary third year for research-
ers with good potential. The Postgraduate 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
8 EEE High School
6l ggi, - H Undergraduate
Ei !’:5 - ,L: 03 Graduate
4l i Bl A o A
£ H ?: §EE A Postdoctoral
FH AR PR T g;
HPARE (AN P P
2H u PN Y A
u FA R I H
5 /:\,\n ﬁ; n //’,
& N 1 H A
Iz ZANH 7N AN A
1987 1988 1989 1990 1991 1992 1993




RB94 026 03

1]
L]

—=

T E L
.
L \
RB94 026 04

ol

45T

Upper left: David Knaul, a SERS student from Clarkson University, installs infrared heaters on the stress rig for the NPD.
Upper right: Jiaming Morgan, a graduate student from New Mexico State University, places an anvil into the high-pressure
cell, which is used in HIPD. Lower left: A doctoral candidate at New Mexico State University, Agus Purwanto, sets up

an experiment to observe the structural distortion of a sample on NPD. Lower right: Stephen Wages, who came as both an
undergraduate and graduate student from Rochester Institute of Technology, analyzes reflectivity data after an experiment
on SPEAR.
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User Program

Research programs at LANSCE cover a broad informal user program. Advice on experiments
range: solid-state physics, chemistry, metallurgy, to be performed in this category is provided by the
crystallography, structural biology, materials LANSCE advisory committee. DOE cost-recovery
science, and nuclear physics. About 80% of the rules apply to proprietary experiments. LANSCE
available beam time is intended for unclassified, sponsors participating research teams (PRTs),
nonproprietary research, and the remaining 20% which are guaranteed access to a beam line for a

is for support of the Laboratory’s programmatic negotiated period in exchange for financial partici-
mission. Of the time available for condensed- pation in constructing a neutron spectrometer or
matter research, three-quarters is distributed to an ancillary equipment.

RB93 071014

//~ 44 — \
Dick Visser, left, of Loughborough University of Technology and Allen Larson of LANSCE
examine SCD data.
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Sergei Stishov, right, Director of the Institute for High-Pressure Physics, Russian
Academy of Sciences, and Bob Von Dreele of LANSCE look at a high-pressure assembly.
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Users visiting LANSCE during 1993

Last name

Benmore
Butler
Havela
Sechousky
Dotson
James
Hasegawa
Stride
Egami
Allison
Hellstrom
Roll
Hellman
Swope
Forsman
Dunand
Weidner
Rakovan
Zocco
Wilcoxon
Visser
Toprakcioglu
Thiyagarajan
Craft
Suck
Smyth
Kergil
Russell
Vradis

Rhyne
Parise
Osborn
Browning
Mari
Lager
Leinenweber
Jayasooriya
Ikeda
Hoffer
Haimnilton
Gray
Egelstaff
Albinati
Mattes
Ezeilo
Stishov
Kent
Dreux

First

Christopher
Paul
Ladislav
Viadimir
Lori
Mike

Tai

John
Takeshi
John
Eric
Armin
Frances

R. Jeffrey
w

David
Donald
John
Thomas
Jess

Dirk
Christopher
Pappannan
Sharon
Jens-Boie
Joseph
Deanna
Thomas
Alexandros
James
John
Raymond
James
Daniele
George
Kurt
Upali
Susumu
James
William
George
DPeter
Alberto
B.
Andrew
Sergei
Michael
Peter

Affiliation

University of Guelph

University of Tennessee—Knoxville
Charles University

Charles University

Arizona State University

Rockwell International Science Center
Stanford University

University of East Anglia

University of Pennsylvania

Ford Motor Company

University of Wisconsin-Madison
Ludwig-Maximilians—Universitit Munchen
University of California-San Diego
University of Colorado

University of Pennsylvania

MIT

State University of New York

State University of New York-Stony Brook
Los Alamos National Laboratory
Sandia National Laboratories
Loughborough University of Technology
Cavendish Laboratory

Argonne National Laboratory

Sandia National Laboratories

Institut Laue Langevin

University of Colorado

Los Alamos National Laboratory

IBM

University of Patras

University of Missouri-Columbia
State University of New York
Argonne National Laboratory

Martin Marietta

Institut de Genie Atomique
University of Louisville

State University of New York
University of East Anglia

KEK National Lab. for High Energy Physics
Los Alamos National Laboratory

Oak Ridge National Laboratory

Los Alamos National Laboratory
University of Guelph

Universitd di Milano

Los Alamos National Laboratory
Imperial College

Institute for High-Pressure Physics
Sandia National Laboratories
University of Pennsylvania

Country

Canada

USA

Czech Republic
Czech Republic
USA

USA

USA

United Kingdom
USA

USA

USA

Germany

USA

USA

USA

USA

USA

USA

USA

USA

United Kingdom
United Kingdom
USA

USA

France

USA

USA

USA

Greece

USA

USA

USA

USA

France

USA

USA

United Kingdom
Japan

USA

USA

USA

Canada

Italy

USA

United Kingdom
Russia

USA

USA

11



Last name
Chaiko
Shapiro
Watson
Todd

First
David
Alex
Susan
Richard

Affiliation

Argonne National Laboratory
University of California—San Diego
University of California-San Diego
University of Oxford

1993 user affiliation

Country

USA

USA

USA

United Kingdom
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Filter Diﬁ"erence Spectrometer (FDS) g . ' )

The Filter Difference Spectrometer (FDS) is from the time of flight of the neutron from the -
designed to determine the energy transferred _ source to the detector. The use of both Be and BeO
to a sample by measuring changes in the energies filters allows different spectra to be taken, which .
of neutrons scattered by the sample in the beam. resulfs in much improved resolution. Data can also
Because it détects neutrons over a very large solid _ be corrected using a model filter-response function
~angle, the FDS is most useful for measurements using either a numerical filter-difference-methdd or
requiring high sensitivity, such as dilute systems maximum-entropy-method deconvolution. Energy
and the vibrations of molecules adsorbed on - resolution can théreby be improved to a range of
surfaces. Scattered neutrons reach the detectors 1.5 tp 2% of the energy transfer over most of the
through polycrystalline Be or BeO filters, which *~ - range of the spectrometer. Because the energy
will only pass neutrons that fall within the energy ‘transfer varies in a fixed way with momentum’
bandwidth of the filters. This pass through the transfer, FDS is best used to observe excitations
filters determines the final energy of the scattered with little or no dispersion. -

neutrons. Energy transfers can then be calculated

Preamplifiers . e - ~a

g . - ~
7o S~ ~
. . ~ . g
Incident beam N 5
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. Displex head .
* (forfilter cooling) s . K
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Instrument Details

Energy-transfer range
Qrange

Energy-transfer resolution
Beam size at sample
Detectors

Filter analyzers

Moderator

Sample environment

Sample size
Experiment duration

100-5000 cm™ (13-620 meV)*

1.5-17 A

1.5-6.5%, depending on data treatment

2.5 cm wide x 10 cm high

60 He (1.3 cm in diameter)

5 Be, 5 BeO, each subtending a scattering
angle of 18°; refrigerated

Chilled water at 283 K

10-300 K; closed-cycle refrigerator;
furnace temperature limit 673 K;
Be-Cu pressure cell to 20 kbar

0.5-100g

2 hours to 2 days

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

Juergen Eckert, instrument scientist

15
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Instrument used: (please rvpe) Local contact: Proposal number:
Juergen Eckert (for LANSCE use only)
6025
Title: Report received:
VIBRATIONAL SPECTROSCOPY OF OXOCENTERED (for LANSCE use only)
TRINUCLEAR METAL COMPLEXES ' 6/23/94

Authors and affiliations:

Upali A. Jayasooriya and John A. Stride
School of Chemical Sciences

University of East Anglia

Norwich NR4 7TJ

UK

Experiment report:

VIBRATIONAL SPECTROSCOPY OF OXOCENTERED
TRINUCLEAR METAL COMPLEXES

Vibrational spectra of complexes of the general type [M3M'O(OOCR)gL3],
g have been reported in detail in a series of papers beginning in 1981
[1]. The complexes include homonuclear trivalent metal clusters (M=Cr, Mn,
Fe, Rh and Ru), mixed-metal MpM' and mixed-valence MpIIMII systems.
They are important metal model systems for the study of magnetic and
electronic interactions between metal ions and we have already found that
for a proper understanding of such phenomena a detailed knowledge of the
vibrational characteristics of these compounds is essential. One point of major
importance has been the characterisation of the mixed-valence compounds as
'localised’ or 'delocalised' relative to the time-scale of molecular vibrations.
Our approach to this problem has been to assign the normal modes and hence
the symmetry, of the metal ion triangle, by comparing suitable examples of
mixed-valence and mixed-metal clusters. In particular, the in-plane

vibration v,5(M30) of the central oxygen atom has been used to show that (in
the case of M=Fe and Mn), the electron transfer process MII - MIII js slow on
the vibrational time scale[lc, €]. To proceed further, we plan to obtain data
on the curvature of the relevant adiabatic potential surfaces, rather than
relying on simple theoretical models which are all we have at present [lc],
and for this a thorough knowledge of the vibrational modes is required.
Infrared and Raman spectroscopies were the main techniques used in the
past with a single inelastic neutron scattering (INS) study [1g], which gave an
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Experiment report (continued):

assignment of the 'illusive' vibrations of the ligated water and those of water
molecules of crystallisation to a broad spectral feature stretching from ca
400 to 800 cm-l. The present investigation is to further explore the unique
strengths of INS coupled with partial isotopic substitutions to get a better
vibrational assignment for this important molecular system.

The INS spectra of the compounds [Cr30(OOCCH3)g(H20)3]ClL. SH>0 and
[FeoMnO(OOCCH3)6(H20)3] 3H20 were run together with deuterated analogues
with either only (OOCCD3) or only DO substituted. Spectra of fully
deuterated samples were also run. All spectra obtained were of good

quality and detailed assignments are in progress. Of particular interest is
the observation of INS bands assignable to isolated water molecules, present
as either ligands or as molecules of crystallisation. This was done by making
use of the isotopic dilution of the protons in the almost fully deuterated
sample. The chromium compounds with different isotopic substitutions are
shown in the following figures. The relatively sharp band at ca 500 cm-!
and the broader ones at ca 620

and 700 cm-! in the fully Cr;0(CD;C00)4(D,0),CL.5D,0, mezei
deuterated sample spectrum are
due to the few percent of protons
left over in this sample. The
vibrations of these isotopically i
diluted species are expected to I 5
be decoupled from the rest of the
system and therefore one
expects to see sharp features as e e
observed. The band at 500 cm-! LT
is assigned to the stretching I
mode of the Cr-OH> bond while
the others are assignable to the ,
librational motions of the water o b——t——— Ll
molecules of crystallisation. >00 1000

T T T T 1 T

100
T
!

Intensity

Wave Number (cm™')

References:

1(a) M.K.Johnson, D.B.Powell, R.D.Cannon, Spectrochim. Acta 37A (1981) 995;
(b) M.K.Johnson, D.B.Powell, R.D.Cannon, Spectrochim. Acta 38A (1982) 307;
(c) R.D.Cannon L.Montri, D.B.Brown, K.M.Marshall, C.M.Elliott, J.Am.Chem.Soc.
106 (1984) 2591; (d) L.Montri, R.D.Cannon, Spectrochim. Acta 41A (1985)
643; (e) L.Meesuk, U.A.Jayasooriya, R.D.Cannon, J.Am.Chem.Soc. 109 (1987)
2009; (f) L.Meesuk, U.A.Jayasooriya, R.D.Cannon, Spectrochim. Acta 43A
(1987) 687; (g) R.P.White, N.Chai Sa-ard, S.K.Bollen, R.D.Cannon,
U.AJayasooriya Spectrochim. Acta 46A (1990) 903.
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Instrument used: (please type) Local contact: Proposal number:
(for LANSCE use only)
Juergen Eckert ]
FDS = 6026

Title: Report received:

CLUSTER S ALOGY (for LANSCE use only)
URFACE AN
7/5/94

Authors and affiliations:

Upali A. Jayasooriya and John A. Stride
School of Chemical Sciences

University of East Anglia

Norwich NR4 7TJ

UK

Experiment report:

Small organic groups attached to metal cluster cores in metal cluster
compounds are providing an essential link in the understanding of vibrational
data from surfaces of catalytic importance [1]. Alkoxy groups on metal
surfaces, methoxy groups in particular, are of current interest because of the
industrially important methanol synthesis using copper catalysts. The
structural assignments for the methoxy species on metal surfaces is still
controversial with spectroscopic data apparently disagreeing with
interpretations of diffraction data [2].

A cluster compound used for some initial interpretations of reflection
absorption infrared spectroscopic data of methoxy on copper surfaces was
0s3(CO)10(n2-H)(u-OCH3). For successful use of model compounds for any
assignment problem, it is imperative to have an unambiguous assignment of
the vibrational modes of the model. We therefore planned to investigate the
above cluster compound using inelastic neutron scattering, which should
highlight the vibrations of interest, those of the hydrogenous ligand.

However at the time of the experiment, we were only able to synthesis
the ethoxy analogue, Os3(CO)10(n2-H)(u-OCH2CH3), and therefore the
experiment was carried out on this compound. Good spectra were obtained
(Figure). A tentative assignment is given (Table). A confirmation of this
assignment will require spectra of partially deuterium substituted
compounds. This experiment illustrates the main advantages of using INS for
these studies. First the absence of the forest of carbonyl deformation modes
around 500 cm-! which tend to obscure the ligand bands of interest when IR
and Raman spectroscopy is used. Second, the high intensities of the low
frequency deformation and torsional modes of the ligand of interest.
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Experiment report (comtinued):

T T

ol .

N :‘"

© [L__ B O T IA

200 400 600
Wave Number (cm™')

WAVENUMBER/CM-1 | ASSIGNMENT
125 7(O-Et)
147 w(Os2-0OEt)
177 3(0-C-C)
255 7(CH3)
275 p(Osy-OEt)
300 to 400 v(Os-CO)'s
500 v(0s2-0) & y(Osp-H)
705 p(CH3) & p(CH2)
980 v(C-C)
1140 v(C-O)
1250 w(CHp)
1330 05(CHz)
1525 88(CHy) & 638(CH3)

References:

[1]  N.Sheppard, Ann. Rev. Phys. Chem., 39 (1988) 589;

[2] U.AJayasooriya, C.E.Anson, O.Al-Jowder, G.D'Alfonso. P.L.Stanghellini,

R.Rossetti, Surface Science 294 (1993) 131.




Instrument Used: (please type) Local Contact Proposal Number:
FDS Juergen Eckert (for LANSCE Use Only
6084
Title: Report received:
Highly elongated H-H bonds in dihydrogen complexes of osmium. (for l./ANSC/E Use Only
4/12/94

Authors and affiliations:

Tai Hasegawa, Stanford University
Juergen Eckert, LANSCE, LANL
Henry Taube, Stanford University

The osmium dihydrogen complexes trans-Os(en)a(n2-Hao)L, 1, (Fig. 1), where en
= ethylenediamine, are highly unusual among the growing class of dihydrogen
complexes in that these compounds are stable for a large variety of trans
ligands L, ranging from CI- to biomolecules?, such as inosine 5'-
monophosphate. In fact, the TH NMR signal from the dihydrogen ligand can be
utilized as a molecular recognition probe for the trans ligand L. The reason for
this is that the electronic properties of L have a pronounced effect on the
binding of dihydrogen ( "trans effect' ). We have previously2 shown that the
barrier to rotation of the dihydrogen ligand may be taken as a relative measure
of the degree of backbonding from metal d - orbitals to the antibonding ¢~
orbital of the Hs ligand. It is therefore of great interest to determine the
barrier to rotation of Hy for a number of complexes 1 with different L in order

Fig. 1 Neutron Diffraction structure3 of [Os(en)2(n2-H2)L]PFg with L = CH3CO»
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Experiment report (continued):

to ascertain how the nature of L influences backdonation to and binding of
dihydrogen and the attendant varying NMR properties. However, complexes 1
appear to have large values for the H-H distance, as indicated by the neutron
diffraction result3 (d = 1.34 A ) and low values of J(H,D). The rotational tunnel
splitting for Ho would therefore be small, and perhaps unobservable. The
higher librational transitions of the dihydrogen ligand, on the other hand, are
always measurable, and we have therefore collected vibrational data on FDS of
an such an Os-Ho complex with L = CH3CN utilizing the spectral difference
method. This compound has a value of J(H,D) of 17.7 Hz which is much larger
than that of 1, i.e. 9.04 Hz so that we may expect d(HH) to be shorter in the
acetonitrile compound. The resulting spectral difference [Os(en)o{Ho -
D2}CH3CN ] is shown in Fig. 2. Librational transitions are evident at 80 and 175
cm-1. Additional features may be attributed to incomplete subtraction of
skeletal modes because of the strong Os-H interactions and to Os-Hs wagging
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Fig. 2. FDS spectral difference [Os(en)o{H2 - D2}CH3CN ]PFg at T = 15K.

Shortly after the FDS experiment we were able to collect low frequency INS
data on the MIBEMOL spectrometer at the Laboratoire Leon Brillouin of the CE
Saclay, France. These data revealed a surprisingly large rotational tunnel

splitting of about 17 ¢cm"1. Preliminary analysis of all the observed rotational
transitions suggests that the rotational potential is predominantly of four-
fold symmetry, most likely because of the highly symmetric coordination of
the N ligands about the metal. Because of this backdonation may not vary much
as the dihydrogen ligand rotates and so that the barrier to rotation is
surprisingly low.
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Experiment report:

Since the original observation of their exceptional electronic transport
properties by Shirakawa and coworkers! in 1977, conducting polymers have
undergone a remarkable evolution in terms of synthesis, processing, and
materials properties. As a direct result of this focused effort there are now a
wealth of new possibilities (e.g., highly selective separation membranes,2-4
biosensors,5 corrosion resistant coatings,® light emitting diodes?) in addition
to the many "conventional" applications originally envisioned.8.9 Still many
basic questions remain concerning the fundamental nature of electrical charge
storage and mass transport in these unusual compounds. Moreover these
properties are known to be inextricably linked to both synthesis and
processing procedures which can impart structural modifications on a
multitude of length scales.

The aim of the present experiment was to assess the use of vibrational
spectroscopy by incoherent inelastic neutron scattering (IINS) as a tool for
obtaining local structural information on the changes in polyaniline films that
result from acid doping. These changes have a dramatic effect on the selective
gas permeability of the polyaniline membrane2 when used for gas separation.
Polyaniline films have, of course, been extensively studied by optical
spectroscopies. |IINS spectroscopy has the advantage that spectra can readily
be obtained on metallic polymers, and that it is most senstitive to low
frequency motions involving protons, such as the important ring torsional
modes, and the bending of the N-H groups along the polymer backbone.

We have collected the [INS spectra of three polyaniline samples at 15K, as-
cast, doped in HCl and doped in DCI. The three spectra are shown in Fig. 1 over
the range 300 - 2000 cm-1. Most of the features in this range arise from the
ring modes and the in- and out-of-plane bending modes of the CH groups.
Differential spectra do reveal noticeable intensity changes which are the
result of different numbers of NH groups and quinoid rings. On this basis we




Experiment report (continued):

may assign the N-H bending mode
in the vicinity of 850 cm-1. This
value for y(NH) ‘also indicates that
the intermolecular H-bond is
fairly strong. Other differences
occur in the C-N and C=N

stretching region. Other spectral
changes upon doping are masked
by the presence of a relatively
large amount of water in the
doped sample. Further analysis of
the data is in progress, but future
experiments will utilize fully
dried films as well as oriented
films to differentiate between in-
plane and out-of-plane modes. Our
data do represent a substantial
improvement over an earlier
experiment!0, and it is clear that
INS can provide important e
information on these systems 500 1000
especially since it can be used on Wave Number (cm™")
metallic samples as well.

! PR

1500

Fig. 1 INS spectra (Maximum Entropy
Reconstruction) of polyaniline films: as cast
(top); doped in HCI (center) and doped in DCI
(bottom).
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The anomalous temperature dependence of the amide 1 mode and other vibrational
anomalies in acetanilide ( C6eH5NHCOCH3 or ACN) have been the subject of a large
amount of attention because of their potential relevance to such important issues as the
energy transport in biological systems. A large numbér of explanations have been
proposed for these observations, including solitons or self-trapped states. Localization of
vibrational energy has been predicted but not observed for lattices of pure systems and is

also invoked to model some biological processes in polypeptides such as conformational
changes in DNA. A full understanding the dynamics of the amide group in the model

system ACN is therefore of importance as a contribution to both of these issues.

We have recently shown by single crystal neutron diffraction! that a previous suggestion
by W. Fann et al. 2 that the unconventional amide-1 mode3 in acetanilide has its origin
in two slightly non-degenerate configurations of the amide proton is incorrect. This
suggestion had contradicted previous theories of the excess intensity in this mode at low
temperature that involve Davydov-like solitons 4°,"polaronic” localized modes 6.7,
coupled oscillators8, or the temperature tuning of a Fermi resonance 9.

In order to make progress in resolving these issues we have been carrying out a series of
spectroscopic studies on ACN and its isotopomers10-12 and had demonstrated!? that the
vibrational dynamics of the amide proton are largely decoupled from those of the rest of
the molecule, i.e. that it has local mode character.

In this series of experiments on FDS we had planned to study the temperature
dependence of the vibrational spectra of methyl-fluorinated ACN. The reason for this is
that we found the amide dynamics to be strongly influenced by the methyl group: the
vibrational anomalies disappear when the methyl group is deuterated; methyl-
flourinated ACN, however does show the vibrational anomalies. Moreover, in recent ab-
initio calculations Gao and Karplusl3 demonstrated the interaction between the amide
proton and adjacent methyl group in the related system N-methylacetamide.

We were not, however, able to carry out successfully most of our intended work because
the INS spectra we collected on our samples were contanimated by noisy detectors to the
point where reliable identifcation of vibrational modes could not be made.
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Additional time was made available later in the cycle and we were able to collect a good
spectrum of amide-deuterated acetanilide. This was necessary because we have begun
analyzing all our INS data by normal coordinate analysis and INS spectral lineshape
fitting. Isotopic data is crucial for reliable assignments as well as identification of

vibrational interactions.
ACN 12K

Three spectra are shown below: on the left
| we compare the methyl torsional band in
normal ACN with that of amide-deuterated
ACN. On the right the high frequency part
of amide-deuterated ACN is shown. The

influence of amide proton deuteration on

the torsional band of the methyl group is
very pronounced, and similar to what we
previously observedll for phenyl! ring
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The ethylene ligand in the complex Pt(CoH4)(!BusP-CH2-P!Bug) was recently
found by us to have a highly activated C=C bond as shown by a bond distance of
1.443(7) A. This may be compared with that for the well known Zeise's Salt,
K[PtCI3(C2H4)] where d(C=C) = 1.375 A. Normal bond distances for a single and
double carbon- carbon bond are 1.541 and 1.337 A, respectively. Pt-C carbon
distances reflect the stronger Pt-C interactions which accompanies the
weakened C=C interactions in olefin binding: these are 2.089 A (ave.) for the
complex in our study compared with an average distance of 2.131 A in Zeise's
salt. The molecular structure of Pt(CoHa4)(!BugP-CH2-PiBug) dteremined by
single crystal X-ray diffraction is shown in Fig. 1 below.

Quantitative indication of these interactions can be obtained by vibrational
spectroscopy. For example, weakening of the C=C bond of the CoH4 ligand

Fig. 1. Structure of Pt(CoH4)(1BusP-CHa-PiBus).
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Experiment report (continued):

should result in the lowering of some of the internal mode frequencies of CoHy
relative to those of free CoHg4, whereas Pt- (CoHg ) deformation modes should
have higher frequencies than those of the less strongly bound CoHg4 ligand in
Zeise's salt. Since particularly the latter modes are most easily identified by
INS we have collected INS spectra of the title compound and a "blank" sample
with two chloride ligands instead of the CoHg4 . The spectral difference of the
two samples is shown below in Fig.2. Tentative assignments are based on
previous INS studies! and normal coordinate analyses2. The expected trends
are indeed observed. For example, the Pt-Co rock, wag and twist are assigned
at 212, 123 and 185 cm-1 in Zeise's salt whereas we find these at 262, 198
and 235 cm-1, respectively, for the more strongly bound CoHg4 in the title
compound. The weakening of the carbon - carbon bond in turn is reflected, for
example, by the C=C stretching mode at 1425 cm-! in this compound compared
with 1515 cm-1 for Zeise's salt and 1614 cm-1 in solid ethylene.
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Fig. 2 Sample difference spectra Pt{(C2H4)-Cl2}{(tBugoP-CH2-P1Buz) showing
primarily Pt- (CoH4) modes.
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Unlike the amphoteric host graphite, transition metal disulfides (TMD) intercalate only
electron donors, such as alkali metals and Lewis bases. Ammonia is the simplest Lewis base
that intercalates into the TMDs. Hence, it can be considered a prototypical molecule for
studying intercalation, reaction mechanisms and the nature of guest-guest and guest-host
interactions in these materials. A redox-rearrangement scheme is now generally accepted
to explain NH3 intercalation into TMDs

The driving force for intercalation is thought to be the transfer of electrons from the
guest to the lowest unoccupied energy levels of the host which are either empty or

partially empty transition metal d bands. In the case of a completely filled metal dz2 band,
charge transfer cannot occur. There are two classic examples which illustrate this
behavior.

The first is NH3 intercalation into TiSp which is representative of redox-rearrangement
reactions. NH3 and NHy4t are co-intercalated into TiSp with a concommitant charge
transfer of 1 mol e/mol NH4% to the host conduction band. The resulting compound is best

described as (NH4+)yv(NH3)y--Ti82y", where y'=0.25 for the equilibrated material

In contrast, MoS, is an example of a host with a completely filled dz2 band and does not
intercalate ammonia. The transition metal dz2 band in MoS, is completely filled and the

next available states are much higher in energy. Assuming that the electronic ground
state for NH3 is lower than this band, the charge transfer reaction is not favorable.

In order to further explore the role of redox chemistry in stabilizing intercalation
compounds, we are investigating the intercalation of NH3 and CH3NH) into ZrSj. It is
known to intercalate NHgz, is isostructural and isoelectronic with TiSy, yet it has a larger
band gap (1.6 eV) than TiS9 (0.32 eV). Since the valence band is comprised primarily of
sulfur p orbitals, to the first approximation the energy levels are comparable for TiS» and
ZrS2. In any case, the top of the valence band for ZrSp is expected to be somewhat higher
in energy because the d orbitals for Zr are higher than those of Ti. This results in a
higher level for the available states in ZrS2. This is expected to reduce the degree of
charge transfer to ZrSp.

We have been investigating!:2 intercalation compounds of TMD's by inelastic neutron
scattering. This technique provides unique information on guest-host and guest-guest
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Experiment report (continued):

interactions as well as some insight into the structural arrangement of the guest
molecules within the host. We have therefore collected INS spectra of NH3 and CH3NH3
intercalated in ZrS2. In order to assess the relative strengths of guest-host interactions in
various TMD's it is necessary to have INS spectra of bulk samples of the intercalants for
comparison. Such data does exist for NH3, but not for CH3NH,. We have therefore also
collected INS spectra of CH3NH, and CD3NH, as well as other methylamines and/or their
HCl salts. Data on di- and trimethylamines was taken in order to determine if these species
are formed upon intercalation of methylamine. INS spectra obtained on FDS are shown
below for NH3/ZrSp(left), CH3NH,/ZrS, (right, top) and bulk CH3NH, (right, bottom).
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Detailed analysis of these spectra, including Wove Number (cm ')
normal coordinate analysis3 of the bulk

spectra is in progress. We do not, however,

find any evidence for di- or trimethylamines

in the spectrum of CH3NH,/ZrS,. .

Apart from the strong peak at 600 cm-1 the spectrum of NH3/ZrS; shows few changes
relative to that of bulk NH3. This is in strong contrast to the case of NH3/TiSy, and supports
the conclusion that there is no electron exchange to ZrSp upon NH3 intercalation
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The direct electronic interaction between the dihydrogen ligand and the metal center also
reflects the effect-of the co-ligands of dihydrogen. The reason for this is that the electronic
state of the metal is strongly affected by these other ligands. For example, the more basic
these ligands are the more electron density is shifted to the metal. This in turn raises the
energy of the highest occupied d-orbital in the complex and thereby increases the

interaction with ¢*(H>). Backdonation from the metal to the dihydrogen ligand may then
become strong enough to result in cleavage of the H-H bond, which is the accepted

mechanism for oxidative addition to form a dihydride. A ligand that is a strong c—donor,

on the other hand, may impede the c-donation from the dihydrogen to the metal and
thus prevent dihydrogen binding, especially when it is located in the trans position to

the dihydrogen. Ligands that are m-acceptors, such as CO, may compete with the
backdonation to 6*(H>), and can therefore stabilize dihydrogen binding towards cleavage

to hydride in the earlier, more n-basic transition metals ( e.g. group 6 ) or in the presence
of other electron-rich ligands .

It is apparent from the foregoing considerations that a careful analysis of these ligand
effects in relation to measured barriers to dihydrogen rotation could provide detailed

information on the origin and strength of the all important dgz(M) - 6*(H2) interaction.
Morris has recently applied the concept of ligand additivity effects to derive
generalizations of the acidity and stability of dihydrogen complexes of octahedral dé
transition metal complexes. In this approach electrochemical parameters Ej, for each type
of ligand are added and a value for the electrochemical potential E1/2(d>/d®) calculated by
empirical formulas derived by Lever that differ for each metal. This quantity gives an
overall measure of the electron-donating ability of the ligand set. Morris obtained ranges
of the parameter Ej/7 for which stable dihydrogen complexes may be expected. No
obvious correlation was foundl, however, between the overall electron donating ability
of the metal fragment as derived from the ligand additivity method and the measured
barrier to rotation.

One of the problems in comparing the effects of different sets of ligands arises from the
fact that the barrier to rotation measures essentially a difference in backbonding for the
dihydrogen ligand between its orientation at the maximum and minimum of the
rotational potential function. Nonetheless, if changes are made to the ligands that are
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Experiment report (continued):

not as drastic as going from FeH(dppe)2 to FeH(PP3), for example, then the barrier should
be a good relative measure of the degree of backbonding as it should be for comparisons
of the effect of the metal center when the ligands are the same.

We have therefore collected INS data on two Mo dihydrogen complexes in which only
minor changes have been made to the ligands. These are of the form
Mo(CO)(H3)(R2PCH>CH3PR3)7 where R = -CH-CgHs (1) and -CHy-m-CgHy4CH3 (2), and
are closely related to the compound with R = Ph (3) which we have previously studied?.
Both of these ligand sets would be expected to be slightly more electron-donating than 3
and therefore lead to marginally higher barriers to Hy rotation. The INS differential
spectra ( complex with Hj ligand minus complex with D ligand) for 1 and 2 are shown
below (left and right, respectively).
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While the spectrum of 1 can be readily assigned ( torsional transitions at 122, 187 and 293
cm-! yield! a rotational potential with V; = 48, V4 = .72 kcal/mol) , the data for 2 are
more complex. This is confirmed by low frequency data collected by us on the MIBEMOL
instrument at the Laboratoire Léon Brillouin, which shows considerable structure in the
rotational tunneling peaks. In the absence of a structure determination for 2 we can only
suggest that either disorder in the molecular structure or steric interaction between the
Hj ligand and the methyl group in the nearby m-position could be responsible. A
prelimnary analysis of the rotational data for 2 yields a barrier that is intermediate
between those previously obtained for two forms of 3 that were crystallized with different
solvent molecules.
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We had intended to study the adsorption of ethylene and cyclopropane in
zeolite-L. However, the INS spectra we collected on these samples were
contanimated by noisy detectors to the point where reliable identifcation of
adsorbate vibrational modes cannot be made.

Upgrade of the FDS detector electronics is wurgently needed before this
experiment can be repeated.
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Experiment report:

As part of our ongoing program to study the dynamics and geometries of extremely short
hydrogen bonds ( R(OO) ~ 2.4 A ) we have been collecting extensive vibrational spectra
on single crystals of lithium hydrogen succinate, lithium hydrogen phthalate dihydratel
and most recently, quinolinic acid? ( QNA; 2,3-pyridinedicarboxylic acid; C7H3H2NO4). In
a prior experiment on FDS we obtained data on two polycrystalline samples with the H-
bond either protonated or deuterated. Assignments of the vibrational modes of these
systems is greatly facilitated by the use of oriented single crystals (as well as the selectively

deuterated compounds ) since in all three of these systems the H-bond is macroscopically
oriented in a single direction, which can be aligned either parallel or perpendicular to the
Q vector of the neutron. There are, of course, two different perpendicular orientations,
one in-plane (relative to the ring system of these molecules), the other out-of-plane.
Thus it is, for example, a relatively simple matter to distinguish between the out-of-plane
and in-plane deformation modes of the C-H groups on the ring, or the in- and out-of-
plane bends of the H-bond proton. Nonetheless, we found that some ambiguities in the
assignments remained, and have therefore collected INS powder spectra of four
compounds that are structurally closely related to the two H-bonded systems of interest.
These are phthalic acid 1 and phthalic anhydride 2 (related to Li-H-Phthalate) as well as
picolonic acid 3 and nicotinic acid 4 (related to quinolinic acid).
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Experiment report (continued):
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Fig. 1 INS spectra of Phthalic Fig. 2 INS spectra of Picolinic Acid
Anhydride (top) and Phthalic Acid (top) and Nicotinic Acid.

The above spectra are an important aid in our ongoing effort to perform  full
normal coordinate analyses and INS intensity calculations with the program
CLIMAX 3. This should enable us to obtain the most detailed dynamical
information yet on very short hydrogen bonds.

References:
1. H. Kiippers and J. Eckert, 15th European Crystallographic Meeting, Dresden, Germany

8/28-9/2,199%.
2. H. Kiippers and J. Eckert, Acta Cryst. A 49, C173 (1993).
3. G.]. Kearley, Spec. Acta 48A, 349 (1992).
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High Intensity Powider 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, a collimator
directs the pulsed neutron beam onto a cylindrical
or flat plate sample supported in a vacuum cham-
ber. Banks of detectors located at various angles

to the incident beam detect the neutrons. A VAX -
computer collects the data from each detector as a
function of time of flight (TOF) and stores the data
in a FASTBUS memory module. Because the
neutron TOF is directly proportional to the neutron
wavelength, the measured diffraction pattern
yields exact information on the atomic arrange- - .

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

Wavelerigth range 0.2-10.0 A

Beam width 0.3-1.0 cm, variable

Beam height 0.3-5.0 cm, variable

Qrange 0.2-60 A

Detector banks, d-spacing range (approximate), and resolution:
+140 2.0-33.6 A 3.0%
+40° 0.84-13.7 A 1.0%
+90° 0.40-6.65 A 0.5%
+153° 0.25-4.75 A 0.3%

Range of scattering angle 14°-153°

Moderator Chilled water at 283 K

Sample environment 13-300 K; closed-cycle refrigerator;

10-GPa high-presssure cell;
vacuum furnace, limit 1000 K
Sample size 0.005—4 cm®

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

Robert Von Dreele, instrument scientist
Eric Larson, instrument technician
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Instrument Used: (please type) Local Contact Proposal Number:
(for LANSCE Use Only)
HIPD R.B. Von Dreele 5061
Title: Report received:
(for LANSCE Use Only)
Certification of NIST Standard Reference Material (SRM) 656 - Si3zN4 5/6/94

Authors and affiliations:

Robert B. Von Dreele, LANSCE, Los Alamos National Laboratory
James Cline, Ceramics Division, NIST

Experiment report:

The two NIST Standard Reference Materials, SRM 676 (alumina powder) and SRM 640b (silicon
powder) have been demonstrated to exhibit no preferred orientation or extinction. Four samples,
individually made up as 50/50 by weight, were examined on HIPD to determine the accuracy and
prtccision of quantitative phase analysis by Rietveld refinement of neutron TOF data. Recent
improvements in the TOF background functions have resulted in accurate (to <0.1%) and precise
(<0.02%) quantative analysis of these mixtures demonstrating that either one is suitable as a spiking
malerial for certification of a new quantative analysis SRM for the amorphous content of silicon nitride.
Moreover, the power of a properly formulated Rietveld refinement procedure for quantitative phase
analysis was also demonstrated. Parallel Rietveld analysis of x-ray powdecr diffraction data resulted in
less accuratc but cqually precise analysis. It would appear that for the latter analyses, the accuracy of the
method is limited by the ability of the model functions, particularly those for the peak profiles, used by
the Rietveld code to correctly fit observed data.

Certification of SRM 656 for amorphous silicon nitride content and a/b ratio was effected by parallel
examination of x-ray and TOF powder diffraction data from a suite of samples in which the chosen
silicon nitride material was spiked with SRM676 alumina. Ten individually prepared mixturcs of
SRM656 and SRM 676 were examined by TOF neutron diffraction on HIPD and 40 samples were
examined by monochromatized Cu Ko x-ray diffraction at NIST to provide the certification data. As
noted above the results from the X-ray data and neutron TOF data are of similar precision but the x-ray
results display a small offset from the TOF results.
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Instrument Used: (piease type) Local Contact: Proposal Number:
HIPD R. A. Robinson (for LANSCE Use Only)
6000
Title: Repo;é received:
(for LANSCE Use Only)
Magnetic and Crystallographic Properties of UCuSn 4/12/94

Authors and affiliations:

A. Purwanto*, R. A. Robinson; LANSCE, LANL

L. Havela, V. Sechovsk§ ; Charles University, Prague, Czech Republic
H. Nakotte ;  University of Amsterdam, The Netherlands
*and NMSU

Experiment report:

It was thought[1,2] that UCuSn crystallizes in the hexagonal symmetry, together with UAuSn and
UPdSn. Since the atomic size of Cu is significantly smaller than that of Sn, the atomic radius
argument[3] suggests that UCuSn should be ordered crystallographically. This is, in fact, the case for
UPdSn[4] which crystallizes in the GaGeLi structure type (P63mc space group). Magnetically, UCuSn
would then be expected to exhibit a bizarre noncollinear magnetic order as in UPdSn[4].

However, we were surprised by the fact that the neutron data taken at LANSCE indicating UCuSn does
not crystallize in hexagonal symmetry with the lattice parameter @ = 4.5 A and b = 7.2 A as reported
elsewhere[2]. Peaks with significant intensities at 5.31 A, 2.75 A and 2.30 A are unindexed. A weaker
unindexed peak also appear at about 2.45 A. Note that a higher order of 5.31 A peak situates at 2.66 A
having the strongest intensity.

The unindexed peaks can all be indexed assuming an orthorhombic structure. Preliminary analysis
indicates that the possible crystallographic space groups are either P2icn or Pnma. The choice of lattice
parameters for the former are a =4.54 A, b=7.84 A, ¢ =7.22 A while the latterare a = 7.22 A, b =
4.54 A, c=7.84 A. We obtained the best fit for P2jcn with the reduced %2, wRp and Rp, respectively,
about 20.8%, 11.0% and 8.3% lower than those of Pnma. We also checked whether UCuSn is
crystallographically ordered. Note that there is only one site symmetry in P2;cn, i.e; the general site.
The atomic fraction refinement dropped the Cu occupancy by 4.8% and raised the Sn occupancy by
2.7% with the reduced %2, wRp and Rp lowered by 2.2%, 1.2% and 1.0% respectively. This indicates
that the compound is in 1:1:1 stoichiometry with small deviation, i.e; it is crystallographically ordered .

Below the ordering temperature Ty = 60 K, four extra peaks appear at about 7.81 A, 4.53 A, 3.83 A,

2.96 A. Magnetic contributions to nuclear reflections appear at about 5.28 A, 3.26 A, 2.82 A.
Preliminary analysis indicates that they are indexable in orthorhombic symmetry, respectively, as 010,
100, 101, 120, 011, 012, and 102.

Further analysis is in progress.




Experiment report (continued):

Fig. 1. Plot of a portion of
the time-of-flight spectra,
along with Rietveld fits,
reflection markers and
residual, from one 153°
bank of HIPD at room
temperature with P2icn
space group. The intensities
have been divided by the
incident spectrum.
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the UCuSn raw data taken in
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Instrument Used: (please type) Local Contact: Proposal Number:

HIPD R. A. Robinson (for LANSCE Use Only)
6003

Title: Report received:

Magnetic and Crystallographic properties of (for LANSCE Use Only)

the Heusler Alloy UPtSn 4/12/94

Authors and affiliations:

A. Purwanto*, R. A. Robinson, A.C. Lawson ; LANSCE, LANL
H. Nakotte ; Univ. of Amsterdam, The Netherlands

K. H. J. Buschow ; Philips Research Laboratories, The Netherlands

*and NMSU

Experiment report:

For some time, we have been working on magnetism in UTX (T=transition-metal element and X=p-
electron metal) compounds, with the intent of understanding the effect of 5f-d hybridization on U
magnetic moment formation and, in particular, the very large magnetic anisotropies in U-compounds.
UTX compounds order in a variety of structures [1], from the cubic MgAgAs (or "half-Heusler")
structure type, through Calnj and Fe,P hexagonal structure types to the orthorhombic CeCuj structure
type. We have measured magnetic structures in U-compounds with each of the 4 structure types, but the
simplest is clearly the cubic MgAgAs structure type, in which U-atoms lie on a simple FCC lattice.
Also, there has been considerable interest in the cubic structure because of its "half-metallic magnetic”
behavior in UNiSn [2].

In this experiment, we concentrated on another cubic compound, namely UPtSn. Based on the bulk
measurements, UPtSn exhibits fairly strong antiferromagnetic interaction in the paramagnetic phase and
appears to order antiferromagnetically at about 7n=75 K, though the variation of the magnetic
susceptibility with temperature is by no means normal - there is no clear maximum at 7N.

The powder diffraction data were taken at 85 K, 50 K and 10 K. The crystallographic refinement
confirms the MgAgAs structure type. The structural parameters are :

Space Group F43m

U &b 12 12 112

Pt (4d) 314 3/4 34

Sn (4a) O 0 0

Lattice parameter at 85 K

a(A)=6.60234 + 0.00015

The data obtained showed no detectable magnetic signal. Our data indicates that any ordered moment at
low temperature must be less than 0.4 pg.
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Experiment report (continued):
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Fig. 1. Plot of a portion of the diffraction pattern along with Rietveld fits, reflection markers and
residual, from one 1539 bank of HIPD at 85 K. The intensities have been divided by the incident
spectrum.
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Instrument used: (please type)
HIPD

Local contact:

Robert Von Dreele

Proposal number:
(for LANSCE use only)

6010

Title:

Report received:
(for LANSCE use only)

Compressibility of Hydrous Garnets
3/15/94

Authors and affiliations:

George A. Lager, Department of Geography and Geosciences, University of Louisville,
Louisville, Kentucky 40292

Experiment report:

Powder data were collected on HIPD for one hydrogarnet sample
(CazAla(O4Hp3: space group la3d; a=12.00 A) loaded in the Nelmes-Besson pressure
cell. The objective of the experiment was to determine the effect of OH" substitution on
the compressibility of the garnet structure. The substitution of even small amounts of OH"
jon in the garnet structure can have a large effect on physical properties. To test
current geophysical models of the Earth's interior, high-pressure, in-situ data must be
obtained for these minerals. Neutron-diffraction methods were used in order to
evaluate whether changes in hydrogen-bond geometry at pressure were an important
element of the compression mechanism.

Unfortunately, the diffraction data were unusable. No well-defined diffraction
peaks were observed in either of two data sets collected at low pressure (~ 2 GPa) for
24-36 hours. The sample was well-crystaliized, fully-deuterated, and an excellent
neutron scatterer, based on previous experiments at iIPNS (Lager ef al., 1987). It is
possible that hydrogen-deuterium exchange occurred during loading; however, the
structure of Mg(OD)9 was successfully refined in a previous high-pressure experiment on
HIPD in which the same cell and loading procedures were used. In addition, given the
short exposure time (30 minutes) to the atmosphere, and the low relative humidity af
LANSCE (6%). one would expect the exchange to be minimal. This particular sample
has been recently investigated by X-ray powder methods (Olijinyk ef al., 1991) at
pressures up to 42 GPa. In the entire pressure range, the X-ray pattern was of sufficient
quality to determine the unit-celi parameter. Therefore, the poor quality of the neutron

pattern was not due to amorphization of the sample. X-ray examination of the sample
after removal from the pressure cell revealed no observable changes in the diffraction
pattemn.




Experiment report (continued):

References:
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Instrument Used: (please type) Local Contact Proposal Number:

(for LANSCE Use Only)
HIPD M.R. Fitzsimmons 6012

Title: Report received:

(for LANSCE Use Only)
Studies of the Magnetic Structures and Strain Content of Nanocrystalline
Antiferromagnets 3/7/94

Authors and affiliations:

M.R. Fitzsimmons, LANSCE, LANL
J.A. Eastman, Materials Science Division, ANL

Experiment report:

The Roles of Grain Size and Strain on Antiferromagnetic Order
in Nanocrystalline Chromium

M. R. Fitzsimmons§, J. A, Eastrnan*, R.B. Von Dreele§, and L. J. Thornpson*

§ Manuel Lujan Jr., Neutron Scattering Center, Los Alamos National Laboratory,
Los Alamos, NM 87545

*Materials Science Division, Argonne National Laboratory, Argonne, IL 60439

Abstract- Neutron diffraction investigations of powder and consolidated ultra-fine-grain-sized
chromium samples indicate that antiferromagnetic order in the body-centered-cubic phase of this
material is suppressed to well below the Néel temperature of coarse-grained and single crystal
chromium. The suppression is correlated strongly with decreasing grain size. Antiferromagnetic order
was not observed in powder nor consolidated samples with grain sizes less than 16nm, indicating that
free surfaces and grain boundaries play the same role in preventing antiferromagnetic order.
Antiferromagnetic order was observed in nanocrystalline samples with grain sizes greater than 19 nm at
20 K. No correlation is seen between the Néel temperature and the degree of long-ranged microstrain,
nor with contents of light-element impurities in the samples. Even in cases where antiferromagnetic
order is detected, the transversely-polarized AF| spin density wave magnetic phase is never seen.
While this may suggest that spin density wave phases do not occur in nanocrystalline chromium, the
presence of the longitudinally-polarized AF7 spin density wave phase can not be ruled out

unambiguously.

submitted to Phys. Rev. B, 1994.




Instrument Used: (please type) Local Contact Proposal Number:
HIPD Bob Von Dreele (for LANSCE Use Only
6030
Title: Report received:
A High Pressure Neutron Powder Differaction Study of Pb(Zrq7Tig 3)O3 (for LANSCE Use Only,
12/8/93

Authors and affiliations:
J. G. Morgan LANSCE, Los Alamos
R. B. Von Dreele

A. P. Wilkinson Materials Department
A. K. Cheetham University of California at Santa Barbara
CA 93106

Experiment report:

High pressure neutron scattering experiments for PbTig 3Zrp 703 at room temperature have been
performed at several pressures, ranging from 0.97 GPa to 5.7 GPa. The run-times for these
experiments were 7.0 hours for 0.97 GPa, 8.5 hours for 1.8 GPa, 7.0 hours for 3.2 GPa, 11.0 hours
for 4.7 GPa and 13.0 hours for 5.7 GPa. The pressure data points were calibrated by the lattice
parameter of NaClD, Rietveld refinement was carried out with General Structure Analysis System,
(GSAS) program for data analysis. .

As a reference, the structure of PbTig 3Zrg 703 at ambient temperature and pressure was also
investigated by neutron diffraction. As expected, the neutron data show that the structure of
PbTig 3Zrg 703 at ambient temperature and pressure has the rhombohedral ferroelectric phase, or so-
called Fr ) phase, with space group R3c (see Fig. 1a). This result agrees with the previously

published result®®.

At 3.2 GPa, the structure of PbTi 3Zr( 703 is already in the parent cubic paraelectric phase (P¢
phase), with space group Pm3m. At increased pressure, up to 5.7 GPa, the diffraction pattern remains
the same, and no further phase transition is observed apart from compression with increasing pressure.
The data collected at 90° were chosen for refinements. For the refinement, the d-spacing range was
from 0.7 A to 3.3 A, and the number of data points refined was 786 corresponding to a compression
factor of four to match the resolution of the 90° detector. The refinement using Pm3m structure for three
different pressure (3.2 GPa, 4.7 GPa, 5.7 GPa) is fairly good (see Fig. 1b). The residuals are Ry, =
0.0431 for 3.2 GPa, Ry, = 0.0363 for 4.7 GPa and Ry, = 0.0308 for 5.7 GPa. However, the
structure for 0.97 GPa and 1.8 GPa is still a mystery. Since these two data sets have same diffraction
pattern, we think they have the same structure and thus the same phase. We find several extra reflection
peaks in these two patterns compared with the data sets for the Fra 1) and Pc phase. We have tried
several structures for refinement, such as R3¢ (PZT Fr_t) phase) (see Fig. 1c), R3m (PZT Frr)
phase), P63/mmc (BaTiO3 hexagonal phase), Cmcm (Orthorhombic phase with doubled BaTiOs unit),
Pba2 (PZT orthorhombic antiferroelectric Ag phase), and P4mm (PZT tetragonal Fr phase).
Unfortunately, they all failed to fit the experimental data for 0.97 GPa and 1.8 GPa particularly for the
extra reflections not observed in the Pc phase. The fitting for these two data sets still needs more work.

The compression data for the PbTig 3Zrp 703 cubic phase were obtained by fitting three

experimental data points to the Birch equation®,
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Experiment report (continued):

7 J 3
P=3 Kol (0)5 - ()3 115 (4-Ko) (35~ 1]}

Here we set Ko' = 4 for simplification, so the equation reduces to
3 vz V.3
P=5Ko[(y)5-(55) 51

The fit of the data points to this formulation gives the values for the bulk modulus Ko =99 £ 8
GPa, and initial volume Vg = 68.75 £ 0.22 A3 for cubic phase. The curve fit is shown in Fig. 2. The
large uncertainty for Ky may be caused by insufficient experimental data points as well as the assumption
Ko' = 4.
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Figure 1. Observed and calculated (full line) neutron intensity profiles for PbTig 3Zro 703, (a)
rhombohedral phase at ambient temperature and pressure. (b) cubic phase at 4.7 GPa. (¢) unknown
phase at 1.8 GPa with R3c fit.
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Experiment report (continued):
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Figure 2. experiment data fit to Birch equation
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6032
Title: Report received:
Magnetic Ordering in U2Pd2In and U2Pd2Sn UO’L;’:SZ Use Only)
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Authors and affiliations:
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Experiment report:
A large number of UTX compounds where T is a transition metal element and X is a p-electron metal
has been studied in order to see the role of 5f-ligand hybridisation on the magnetic ordering[1]. In

almost all ternary (1:1:1) U-intermetallic compounds, it has been found that the U-moments are highly
anisotropic and are systematically aligned perpendicular to the directions of nearest-neighbor U-U links.

Recently, a large number of U37,X compounds crystallizing in tetragonal UsSij structure with P4/mbm
space group has been studied by means of bulk measurements and x-ray diffractions at room
temperature[2]. For most of them, the nearest U-U distance is along the c-axis denoted by d; (see Fig.
1(a)), except for UpNisSn and U,Pd>Sn which have the nearest U-U distance in the basal plane denoted
by 4 (see Fig. 1(b)). Based on the simple picture obtained for U7X compound, we expect for most of
U, T>X compounds studied elsewhere[2] that the U-moments to lie in the tetragonal basal plane. That is,
most of them have in-plane anisotropy.

In this work, we concentrate on the magnetic ordering of UpPdaIn and UPdaSn. At room temperature,
the nearest U-U link of the former is definitely 4, while the latter is marginally d) [2]. However, at low
temperatures, we observed that the nearest U-U link for UsPdsSn is d). We have shown that the
crossover which occurs at about 225 K is due to a change in U-positions within the cell and not to
anisotropic thermal contraction[3].

For both compounds, a pure magnetic peak appears at 101 reflection in tetragonal symmetry. Other
magnetic contributions appear at 111, 210, 200 for both compounds and in addition 201,211 for
UsPd;Sn (see Fig. 2). Using GSAS and fitting the individual peak, we obtained the same magnetic
structure for both compounds. U-moments lie in the tetragonal basal plane in a noncollinear
arrangement shown in Fig. 3, with moment magnitudes of 1.57 and 1.95 up per U-atom for UsPdyIn
and U,Pd)Sn respectively. These compounds obey the same picture as that of the UTX compounds,

namely; U-moments are systematically aligned perpendicular to the directions of nearest-neighbor U-U
links.

This work has been submitted for publication[3].
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Experiment report (continued):
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Fig. 2 : Plot of a portion of a difference
curve 10 K- 50 K for (a) UzPd;In and (b)

UsPd;Sn raw data taken in the $90° and
11530 bank respectively. An extra peak
appears at about 3.35 A, indexed as 101 in
tetragonal symmetry. The intensities have
been divided by the incident spectrum.

=-=-= mirror planes

Fig. 1 : The crystallographic structure of UaPd,X, with
X=In and Sn : a) schematic view, showing one of the
nearest U-U distance in c-direction 4 and b) projected
onto a basal plane, showing one of the nearest U-U
distance in tetragonal basal plane dj. The atom sizes are
not drawn to scale, but the atom coordinates within the cell
are

Fig. 3 : The magnetic structure of UyPd)X,
where X=In and Sn, projected onto
tetragonal basal plane. The atom sizes are
not drawn to scale, but the atom coordinates
within the cell are drawn to scale

References:

IR. A, Robinson, A. C. Lawson, V. Sechovsky, L. Havela, Y. Kergadallan, H. Nakotte and F. R. de Boer, submitted to
Actinides '93, Conference, Santa Fe 19-24 Sept. 1993, accepted for publication in J. Alloys and Compounds.

2H. Nakotte, K. Prokes, E. Briick, N. Tang and F. R. de Boer, P. Svoboda, V. Sechovsky, L. Havela, J. M. Winand, A.
Seret, J. Rebizant and J. C. Spirlet, submitted to Physica B

3A. Purwanto, R. A. Robinson, L. Havela, V. Sechovsky, P. Svoboda, H. Nakotte, K. Proke¥, F. R. de Boer, A. Seret,
J. M. Winand, J. Rebizant, J. C. Spirlet, submitted to Phys. Rev. B.

53




54

Instrument Used: (please type) Local Contact Proposal Number:
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Authors and affiliations:
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Experiment report:

The pressure dependence of the structure of nitromethane was investigated at pressures up to 55kbar on
HIPD employing the "Paris-Edinburgh” pressure cell. The deuterated nitromethane was loaded into the
cell made up into a paste with aerogel powder and salt (as pressure calibrant). Aerogel is a low
density/high surface area amorphous material which promoted rapid crystallization of the nitromethane
thus assuring that a fine grained powder was produced with no pressure induced preferred orientation.
Earlier attempts using nitromethane liquid samples produced apparently coarse grained powders with
very strong texture. The first figure illustrates this difference; the plot on the left is of pure nitromethane
and the one on the right is from the nitromethane/aerogel paste at approximately the same pressure (ca.
SOkbar).
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Analysis of the texture free data taken at 15kbar and 40kbar gave essentially the same result as obtained
earlier by single crystal x-ray work in a diamond anvil cell at similar pressures(1). The methyl group is
disordered at 15 and 25kbar and at 40kbar it is "locked-in" rotated ~45° from its position at low
temperatures and ambient pressure. At higher pressure (55kbar) a further rotation of the methyl group
occurs so that it returns back to the orientation seen at ambient pressure although the molecule as a whole
has been repositioned in the unit cell. The three figures below show how the methyl group reorients as a
function of pressure for 15kbar, 40kbar and S5kbar.




Experiment report (continued):

The first view shows the methyl group disordered over two orientations, the second shows it rotated so
that one of the C-D bonds is nearly in the same plane as the NO7 group, and the third shows the methyl

rotated back to its orientation in the ambient pressure structure with one C-D perpendicular to the NO)
plane.
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Experiment report:

The proposed experiment was o investigate the possible dimerization of acetic acid at high pressure.
Although the ambient pressure/low temperature structure of acetic acid is known (1,2) nothing is known
of a high pressure phase originally noted by Bridgeman(3). We have obtained powder diffraction
patterns from d4-acetic acid at 3 pressures in the range 15-25kbar. The figure below shows that the
patiern from acctic acid is quite weak apart from two peaks near 2.3A. A trial model composed of acetic
acid hydrogen bonded dimers proposed by Derissen & Smit (4) was used in an attempt (o fit this data
with no success. The figure shows a reasonable fit to the NaCl but completely misses the two strong

features from the acetic acid. Evidently, the high pressure form is different from the proposed dimer
structure.
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Experiment report (continued):
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Experiment report:

We proposed to examine the phase transitions in the cristobalite form of Si02 at high pressure in an
attempt to understand the compression mechanism in this geologically important mineral. As can be seen
from the first figure we did not succeed in obtaing diffraction data which were suitable for structure
analysis.
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The only peaks visible in this pattern belong to the salt which was included as a pressure calibrant. In an
attempt to understand the lack of diffraction peaks from the cristobalite we have calculated a simulated
pattern using the known ambient pressure structure of cristobalite and the values of various other
coefficients obtained (scale, background, etc.) from successful high pressure experiments. The resulting
computed pattern is shown in the next figure.




Experiment report (continued):

Cristobalite Simulation
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It is evident that, apart from two peaks at 1.1 and 1.2A, there is insufficient intensity in the diffraction
pattern for this experiment to be successful. Although some diffraction peaks can be seen in the
simulated pattern, there isn't enough of them to be usable in a Rietveld refinement. Moreover, we

expected that there would have been a phase transition by this pressure (28kbar) and a pattern this weak
precludes identifying the new phase.

References:
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Experiment report:

Uranium hydride crystallizes in two different crystal structures. They are both cubic, with space group
Pm3n, and both structures are related to the p-W structure. The latter is more familiar as the structure of
the superconductor NbsSn. The B form, which is the one obtained by ordinary preparation techniques, has
the structure shown in Fig. 1. There are two types of uranium atom, one of which is the Nb analog, the other
the Sn analog. The hydrogen is interstitial. A revealing structural formula is UsUD,,. The a-form, which
can be obtained only by low-temperature preparation techniques, has the structure shown in Fig. 2. In this
structure, U is analogous to Sn, and hydrogen to Nb. B-UD; is a ferromagnet, with a Curie temperature of
170 K. It has the curious property that the magnetic moments on the two uranium sites are identical within
experimental error. As far as is known, a-UDj5 is non-magnetic.

Fig. 1. Structure of §-UD;.

Fig. 2. Structure of a-UD;.




Experiment report (continued):

We undertook the study of newly prepared material on HIPD with the hope that it would be single phase a
material. Unfortunately, our diffraction patterns showed that the material was only 63% (by volume). Since
the structures are so simple, we were able to refine the parameters for the o~ and B-phases simultaneously.
The lattice constants for the two phases are shown in Fig. 3. There is a pronounced minimum in the lattice
constant curve for the a-phase. This does not correlate with any obvious structural or magnetic anomaly of
this phase. There is also a shallow minimum in the B-phase, but it is very much less pronounced than that
previously observed for pure p-phase. [1] These observations are consistent with an earlier measurement
[2], but there is a consistent overall shift in the lattice constants. We do not know whether this is caused by
a calibration error in the earlier measurements or by a difference in samples.

Debye-Waller factors [3] for the two phases are shown in Figs. 4 and 5. The Debye-Waller temperatures of
the p-phase are roughly consistent with those reported for single phase material [1] The Debye-Waller
temperatures for the o~ phase are overall somewhat lower than for the B phase. As in the previous
experiment [2,4], no sign of magnetism in the a-phase was found above 15 K. The magnetism of the p-
phase was clearly observed at low temperatures.
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Fig. 4. Debye-Waller factors Fig. 5. Debye-Waller factors
of a-UDj versus temperature of p-UD; versus temperature.
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Experiment report:

Powder neutron diffraction patterns for 2 mixed metal oxides Bi3 Ru2 Sboll
and Bi3 Ir7 SbO11 have been collected on HIPD.

Analysis of the data is in progress, the presence of small amounts of a
monoclinic phase, SbBiOg is complicating the refinement, especially in
attempting to detect any non-stiochiometry at the oxygen sites.

(for LANSCE use only)

(for LANSCE use only)
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Authors and affiliations:
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G. H. Kwei, MST-10
S. Ikeda, National Lab. for High Energy Physics (KEK), Japan

Experiment report:

A growing number of experiments now indicate that the local atomic structures of the
high-T. materials are distorted away from the average crystal structure [1]. There is also
evidence that these structural distortions couple to the carriers and therefore affect the
properties of these important materials [1]. It is therefore very important to study the
local structure of these materials in detail. We have used the pair distribution function
(PDF) technique to study local structure in the 2:1:4 [(La, Sr,Ba)3CuOy] class of materials
[2]. These systems are simple, single-plane, materials which, nonetheless, exhibit all of the
canonical behavior of the cuprate superconductors.

The superconductivity is associated with the CuO, planes. It is, thus most important
to consider structural distortions which involve primarily copper and oxygen atoms. It is
possible to study only the atomic correlations in the material which involve copper by con-
sidering a differential-PDF (DPDF). In this function, which is experimentally accessible,
all of the La-La, La-O and O-O correlations disappear, allowing us to concentrate on the
important Cu-Cu, Cu-O and Cu-La correlations. We have obtained this function using
powder diffraction data from HIPD.
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Experiment report (continued):
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Figure 1. Copper differential PDF’s from Laj g75570.125CuO4. The upper curve is from
powder diffraction data collected on HIPD, the lower curve is calculated from the crystal-
lographic LTO structure.
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Data were collected over a range of temperatures around T, from two 10g samples
of Laj.g755T0.125Cu04: one sample was made with isotopically enriched ®®Cu and the
other with isotopically enriched $3Cu. After taking a difference the data were Fourier
transformed yielding the copper DPDF. To our knowledge, this is the first differential
PDF obtained from a crystalline material. The Cu-DPDF from the 10K data is shown in
Fig. 1 as the upper curve. Below it is a model calculation for the Cu-DPDF assuming
the crystallographic LTO model for the structure. The general features of the model are
reproduced very nicely in the data; however, there are some discrepancies. The data are at
an early stage in the analysis and it is difficult to draw definite conclusions at this point.
We intend to analyse the temperature dependence of the Cu-DPDF and investigate in
detail the origin of the discrepancies between the model and the data.
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Experiment report:

UCoGa belongs to the large group of UTX compounds (7=transition metal, X=p-electron metal) which
has been studied extensively in order to understand the role of 5f-d hybridization in U-moment
formation. Previous bulk magnetic investigations[1] revealed magnetic order at about 47 K, but the
results were inconclusive regarding whether the ground state is ferromagnet, which exhibits domain
effects, or antiferromagnet with a spin-flip transition in very low fields. That is, the coercivity of the
hysteresis loop is too small to distinguish between the ferromagnet and antiferromagnet.

UCoGa crystallizes in the hexagonal ZrNiAl structure (space group P62m). The structural parameters
obtained from our data at 60 K (see Fig. 1) are :

U (3 x 0 12 x=0.580018 £ 0.000026
Co (2) 3 23 0

Co (Ib) 0 0 12

Ga (3 X 0 0 x=0.239151 £+ 0.000034

a(A)=6.66456 + 0.00010
c(A)=3.92653 + 0.00006

Below the Néel temperature (47 K), although there are no purely magnetic peaks, magnetic contributions
to nuclear peaks appear at 110, 200, 111, and 210. The possible magnetic structures were derived from
the space group analysis (see Fig. 2). The fact that there are no 00/ magnetic contribution does not mean
that the magnetic structure must be ferromagnetic (as in Fig. 2(c)) since two noncollinear models (Fig.
2(a) and (b)) also have no 00! magnetic contribution. This is easily understood since the net moments in
the 00/ basal plane are zero for both non-collinear models. Model 2(b) is excluded due to the absence of
the calculated 110 magnetic contribution which we observe in the data. Model 2(c) gives a slightly better
fit compared to model 2(a). The moment magnitude corresponding to model 2(c), which is
ferromagnetic in c-direction, is (0.74 £ 0.03) up per U-atom. This result is in a good agreement with
the value of 0.78 pp per f.u obtained from the high-field magnetization [1]. Note that the Co moment is
zero to within experimental error of £0.1 pg per Co-atom. Also note that model 2(a) yields much larger
U-moment of (1.04+0.04) pup per U-atom.

This work has been submitted for publication[2].
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Experiment report (continued):

Bank 3, 2—-Theta 90.0, L—-S cycle 56 Obsd. and Diff. Profiles
I

| | | | |

- {
w 9L -
o _ s
x

ln_ —

. O
Q
(4}
n
g
s WG p i, P
had CRPRY e T !
50 ' |
Q [T o NNE 1B iR 1t [} i 11 1 t
o ©
ey L ..Y._ PO AN RO YAty ".“l“‘whmm

£
(e}
z | | | ] | ]

1.0 2.0 3.0 4.0 5.0 6.0
D-spacing, A

Fig. 1. Plot of the time-of-flight spectra, along with Rietveld fits, reflection markers and residual, from
one 90° bank of HIPD at 60 K. The intensities have been divided by the incident spectrum.
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Fig. 2. The Shubnikov magnetic subgroups of P62m. In (a), the U-moments are perpendicular to the
mirror planes. In (b) and (c), the U-moments are parallel to the mirror planes. The moments in (a) and
(b) lie in the hexagonal basal plane, while in (c) are ferromagnetically coupled along the c-axis. Our data
indicate that model 2(c) is the right one.
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Low-Q Diffractometer (LQD)

The Low-Q Diffractometer (LQD) is designed

to study structures with dimensions in the range
from 10 to 1000 A. A significant feature of the LQD
is that it measures a broad range of Q (0.003 to

0.5 A) in a single experiment without any changes
to the instrument's physical configuration. The
LQD requires an intense source of long-wave:

. length (“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 pehumbra diameter

of 10 mm at the sample. An optional five-hole-

aéerture converging collimator allowa a four times
increase in intensity without affecting the resolu-
tion. At 20 Hz, the slowest netuitrons 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. The LQD is

* useful in addressing problems of critical phenom-

ena, colloid structure, biomolecular organization,

phase separation, and phase morphology and
molecular cSnformation in polymers.

P
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. Choice of three . . on optical benchinan . Removable Trahsmitted beam
collimators Rotating beam “open” sample area i monitor
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Instrument Details

Wavelength range
Scattering angle
Qrange
Sample size:
Single-aperture collimator
Multiple-aperture collimator
Detected intensity
(single aperture, 30 pA):

Detector
Moderator
Sample environment

Experiment duration

0.2-15 A at 20 Hz
6-60 mrada
0.003-0.5 A~

10 mm x 13 mm
24 mm x 27 mm

o.2<x<1.6/§\ 0.2x10* n/s
16<A<50A 8.0 x 10% n/s
5O0<A<15A 2.0x10* n/s

1 multiwire, 59 cm in diameter

Liquid hydrogen at 20 K

Air; vacuum,; closed-cycle refrigerator;
pressure cell (up to 3 kbar);
shear cell; or user supplied

20 minutes to 12 hours

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

The objective of this experiment was to measure the density and long-range order of the void
array in a single crystal sapphire filament grown by the edge-defined film-fed growth process
(EFG.) These voids were identified previously by transmitted light microscopy (with
accompanying resolution limits). It was hypothesized that the voids order in an
approximately helical arrangement, though it was difficult to quantify this impression in direct
microscopy.

We (actually Phil) ran this experiment for six of the eight hours of beam time allocated. At

the end of this period, no measurable scattering attributable to the void array had been
observed, so the experiment was terminated. This is probably a consequence of simply
inadequate void fraction, at roughly 10™ of the 50 micron diameter by ca 1 cm sample.

For the last two hours of beam time allocated this project, Phil substituted a titanium-doped

sapphire crystal previously designated as a backup experiment. Although the precipitates
under study here are also dilute, 8 x 10™, this sample scattered very well and permitted a
statistically significant measurement of the mean needle radius at an early stage of the
precipitation reaction ultimately leading to star sapphire. This information is useful, since the
major traditional tool for studying the precipitation (transmission electron microscopy) gives
notoriously poor counting statistics. The measure obtained, R = 235 A, is in qualitative
agreement with microscopic images. The backup plan was as follows:

The precipitation of rutile (TiO,) needles in sapphire (Al,0,) single crystals is well known.
These form twinned needles with the [011] direction in rutile parallel to the [1010] direction
in sapphire; both are orientations of close oxygen packing. The needles grow to great length
and coarsen rather slowly in width. The detailed structure of the needles has been thoroughly
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Experiment report (continued):

studied by TEM. Rutile needles, though the most stable form of titanium dioxide, are still
metastable in sapphire with respect to the pseudobrookite intermediate compound AL TiO.

Two other precipitates in Ti:Al,O, have more recently been discovered -- a TiO, analog to
PbO, and a yet undetermined phase. Both form (qualitatively) at lower temperatures than
rutile, though no decent measure of the precipitation kinetics of any of these at any

temperature is yet available.

To measure the kinetics of any of these reactions, one would need a bulk technique capable
of measuring particle volume fraction (and ideally, size as well) for samples quenched from
various ageing times and temperatures. It is important for the measurements to be rapid and
to interrogate substantial numbers of particles. If the scattering factors of rutile and sapphire
are sufficiently distinct for neutrons, small angl€ neutron scattering would appear to be an
ideal technique. Last summer's experiment confirms these assumptions and demonstrates the
unique attractiveness of SANS to this problem -- it samples cubic millimeter sized volumes
and returns useful dimensions and statistics in single experimental runs.
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Experiment report:

A large number of magnetic materials exhibit “spin-glass-like" properties, meaning that although they
possess strongly interacting local magnetic moments, the interactions are frustrated in such a way as to lead to a
disordered magnetic state with no net moment. One group of "spin-glass-like” magnets are the amorphous rare
earth-containing alloys in which the frustration arises from a competition between exchange and randomly-directed
local magnetic anisotropy (due to local "crystal fields").12 These disordered magnets are characterized by a spin
freezing temperature below which they possess only a finite magnetic correlation length &, defined as the length
over which the directions of the local magnetic moments are correlated. The amorphous rare earth alloys possess
an interesting and important additional attribute: the degree of randomness in the local axis directions can be
precisely controlled and measured; in other words, we can introduce a coherence to the directions of these local
axes.3 This coherence gives the materials a macroscopic magnetic anisotropy Ky, which is easily measured. It has
been theoretically predicted, but never experimentally confirmed, that even finite values of such a coherence will
restore long range magnetic order and cause & to diverge above a critical value of Ku.4’5 Small angle neutron
scattering (SANS) allows us to measure  in a material with controlled amounts of macroscopic anisotropy.

Amorphous Tb-Fe samples were prepared at UCSD in an ultra-high vacuum deposition system and
protected from oxidation by Nb overlayers. To reach the necessary sample thickness (10 ym was desired), each
sample consisted of a stack of 6-10 individual substrates, with a 1-1.5 pm thick a-Tb-Fe layer on each. Two sets
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Experiment report (continued):

of sample were prepared; one with high values of Ky, and one set with low Ky. These samples were characterized
by magnetization measurements which gave the moment, magnetic ordering temperature and macroscopic
anisotropy constant Ky;. Structural and compositional characterization was made by Rutherford back-scattering and
by x-ray diffraction including EXAFS analysis. SANS measurements were made in a vacuum furnace at LANSCE
at a series of temperatures below the magnetic ordering temperature and then normalized by the non-magnetic
background (nuclear) scattering above T¢. For a random anisotropy material, the scattering cross-section should be
represented by the sum of a Lorentzian plus a Lorentzian-squared with the inverse correlation length, x = g1,
common 1o both terms6:7:

do__A B

d© Q@+ (P (1)

Typical results are shown in figure 1 and 2 for data taken at room temperature, Figure 1 shows the
normalized intensity of the scattering I from the high Ky and the low Ky sample in a grey scale ¢(Q) plot. The
most striking result, and a completely unexpected one, is the asymmetry in the plane of the sample of the high Ky
material. This effect is presumably growth-induced, but there is no evidence (to quite high accuracy) for any in-
plane asymmetry in any of the macroscopic magnetic properties. Since the low K;; samples do not show this
effect, it is not a trivial consequnce of the sample preparation technique. We are currently exploring models for the
asymmetry. Future neutron scattering experiments on this problem would involve the effect of an applied
magnetic field on the scattering, from which longitudinal and transverse spin fluctuation effects can be separated.

Figure 2 shows plots 1/I versus Q2 with a polynomial fit to the data. The data shown is for relatively
low values of Q, where the scattering in amorphous magnetic materials is not well understood and does not fit the
form shown in Eqn. 1. At higher values of Q, the data is dominated by noise. As a result, no sensible values for
€ could be derived. In the future, we plan to count for longer at each temperature, taking data at fewer
temperatures, and to work with different substrates which would allow more data at each Q to be included (the Si

substrates used for this experiment gave large Bragg peaks due to mutiple forward scattering-type events; only the
longer wavelength events could therefore be analyzed).
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Experiment Report
Introduction

The purpose of this experiment was to learn more about the microstructure and interactions of
inverse cationic microemulsion systems with added electrolyte. These systems consist of droplet-like
structures with hydrophobic entities forming an interface with the majority oil phase, and an interior
hydrophilic environment friendly to both water and electrolyte species (salts). We are particularly
motivated to investigate these systems since they provide excellent environments to carry out simple

chemical reactions such as reduction and coprecipitation.1-3 Examples of reactions which we have
successfully executed using inverse microemulsions include formation of a wide range of useful metal
sulfides such as FeS2 (cubic pyrite), MoS2, CdS and metal oxides such as Fe304. Nanosize clusters
of these materials formed in inverse microemulsions have enormous technological importance,
particularly in the areas of catalysis and photocatalysis. By investigating the initial size and interactions
in several of these systems we hope to gain insight into the relationship between micelle size,
polydispersity, interactions and final metal oxide or sulfide cluster size, shape, and polydispersity. This
is a very ambitious goal in view of the large complexity inherent to these multicomponent systems, and
makes interpretation of scattering data difficult. Our approach is to use both SANS measurements and
static and dynamic light scattering to investigate structure, dynamics, and interactions on length scales
from ~500 nm to ~1 nm. The light scattering is typically done using normal hydrogenated alkanes,
while SANS utilizes the more expensive deuterated alkanes, and this has important consequences on
the microemulsion microstructure as we discovered.

Materials and Methods

The cationic surfactant, DTAC Dodecyltrimethylammonium, CH3(CH2)1 1N(CH3)3Cl was
investigated since it has an exceptionally large single phase microemulsion region when combined with
an appropriate cosurfactant such as hexanol. In addition, unlike the surfactant CTAB, studied
previously, no water is required to form a stable spherical droplet structure. This has major advantages
from a synthetic standpoint since many strong reducing agents used to form metal clusters cannot abide
the presence of water. The continuous phase aliphatic oils were all deuterated to improve both contrast
and reduce the incoherent scattering contribution of hydrogen.
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Experiment report (continued):
Results and Discussion

As mentioned above, we choose the DTAC system to take advantage of its extraordinarily large single
phase microemulsion region for which light scattering investigations had suggested a droplet-like
microstructure even very close to the phase separation boundary. Near this boundary at a water
weight fraction ~w~.25 the measured hydrodynamic radius was only ~18 nm, indicating a compact,
non-interacting microstructure. In contrast, nonionic systems exhibit huge increases in scattering and
apparent size near their phase boundaries, consistent with strong inter-micellar interactions. These
interactions complicate the interpretation of SANS data, of course. Therefore, we anticipated this
system would be ideal for SANS investigations.

Another remarkable feature of the DTAC system is that certain highly ionic electrolytes (e.g. Li2S)
can be added to the system in large amounts (up to nearly 0.5 M) and even facilitate expansion of the

stable single phase region up to ¢w~.55! This observation is quite different than any other system of
which we are aware. In fact, in most cases addition of such highly ionic species tends to dispute the
microemulsion stability. We wondered what type of microstructure existed near this phase boundary.
It is difficult to imagine a droplet like structure with this little surfactant and containing this much
water. But light scattering along with the low viscosity suggested this was precisely the case.

As so often happens in science, we made a serendipitous discovery in the process of preparing our
deuterated SANS samples which gave us a significant and unconventional insight into one of the
key factors responsible for inverse microemulsion stability. For example, we had previously
mapped out the single phase region of the surfactant DTAC in octane and found stable
microemulsions for water weight fractions ~w, between 0 and 0.26. Thus, we were quite surprised
that upon substituting deuterated octane this region decreased to only 0<~W<0.08. We noted similar
dramatic changes with certain added electrolytes. These observations strongly implied that inverse
microemulsion stability is determined primarily by interactions between the oil and the surfactant
tails, not at the interior head group-water interface, as is commonly assumed. These observations
also limited our ability to study the very interesting large single phase structures alluded to in the
introduction.

In our first series of experiments we added water to an initially 8.5 wt% DTAC inverse micelle
system containing 10% hexanol as a cosurfactant and examined changes in the scattering behavior.
The changes we observed are shown for this system in figure 1. The limiting slope exhibits Porod
law behavior as expected for a droplet-like micelle with a sharp interface between the surfactant and
the oil. This limiting behavior does not change with addition of water, unlike some nonionic
systems. Unfortunately it is not possible to make a direct comparison to light scattering data with
respect to size changes because of the very different phase boundaries for the deuterated compared
to the hydrogenated systems.

DTAC/c8(D)/d20, effect of water
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Figure 1. The effect of addition of water to the DTAC/hexanol/octane inverse micelle system is shown as a function of
water weight fraction, @.




Experiment Report (continued)

Due to the obvious importance of the oil interface interactions in determining phase stability, we
decided to examine a longer chain hydrocarbon, hexadecane and also a cyclic hydrocarbon,
cyclohexane in a water titration experiment. As the hydrocarbon number k increases, the

amount of water that can be solubilized without phase separation decreases as shown in figure
2. No major changes in microstructure were observed however. In this regard this system is

very similar to nonionic systems. No significant changes in scattering near the phase boundary

at @w= 0.015 were observed, indicating intermicellar interactions are quite weak in this system
compared to nonionic micelles.

DTAC/c16(D)/h20, effect of water
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Figure 2. The effect of addition of water to the DTAC/hexanol/hexadecane inverse micelle system is shown as a function
of water weight fraction, Qw.

By contrast, use of a cyclic hydrocarbon affects the microstructure as shown in figure 3 where a slight
minima develops. This change emphasizes the importance of packing (which determine interface
curvature) and interactions at the oil interface. It is interesting to note that titration with either H20 or
D20 did not affect the shape of the scattering curves shown in figure 1-3, instead simply altering the
contrast factor. This implies that the inner interface of the micelle which is commonly thought to govern
microemulsion stability and structure, has a much more limited role than expected.
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Figure 3. The effect of addition of water to the DTAC/hexanol/cyclohexane inverse micelle system is shown as a function
of water weight fraction, @y,.
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We also investigated the effect of the presence of an electrolyte on the microstructure and
stability of the DTAC/hexanol/octane system shown in figure 1. The single phase microemulsion
decreased in size as shown in figure 4, but the structure remained droplet-like. The preservation of the
microstructure in the presence of this salt explains the high quality of the spherical Sn clusters formed
in the corresponding non-deuterated system by reduction of this metal salt.

DTAC/c8(D)/Sn(BF4)2(.2M)
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Figure 4. Effect of addition of a tin salt to the DTAC/hexanol/octane inverse micelle system as a function of water weight
fraction, (Pw.

However, not all salts had the same effect on the microstructure in this micelle system. For example, as
shown in figure 5, addition of the corresponding iron salt at the same ionic strength did not decrease
the size of the single phase region compared to the bare micelle, but the apparent mass reflected by the
1(0) value of nearly 1000 at (Pw .07 is significantly larger than the value of ~20 seen near the phase
boundary in both figures 1 and 4. This surprising result implies that a very strong increase in
intermicellar attractive interactions due the presence of the salt may occur. These interactions cannot be
simply explained by either the ionic strength nor the charge (oxidation state is two in both cases). They
must be related to the ionic radius of Fe(Il) compared to Sn(Il) and geometric constraints at the inner
interface of the micelle. However, the structure factor is still consistent with a spherical geometry.

DTAC/c8(D), 0.1 M Fe(BF"')2 titration
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Figure 5. Effect of addition of a iron salt to the DTAC/hexanol/octane inverse micelle system as a function of water
weight fraction, (Pw.




Experiment Report (continued)

Finally, as mentioned in the introduction, we hoped to explore the unusual microstructure
which we assumed must be present in the DTAC/hexanol/octane system when titrated with Li2S.
Unfortunately, in the case of the deuterated system investigated, the single phase microemulsion region
actually decreased in size as shown in figure 6. No change in microstructure was observed and the
single-phase region size remained roughly the same. Again, the well defined spherical cavities
containing the salt can account for the monodisperse metal sulfide clusters formed using this system.
For example, using the systems shown in figure 5 and 6 iron pyrite nanoclusters are easily formed.

DTAC/c8(D), 0.1 M Li,S titration
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Figure 6. Effect of LipS titration on microstructure in the DTAC/hexanol/octane system.
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Experiment report: . .
The goal of this experiment was to use small-angle neutron scattering (SANS)

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

The work reported here is an extension of previous experiments on narrow
molecular-weight-distribution poly(n-butyl methacrylate) chains chemically bonded
(grafted) by one chain-end to nearly-monodisperse, 2300 A 8SiO, spheres.

In this work, bare Si0, spheres (850 A in diameter) and identical spheres
with physically adsorbed block copolymers were dispersed in isopropanol (IPA).
The polymers used were di-block copolymers of non-adsorbing poly(n-butyl metha-
crylate) and adsorbing blocks of poly(dimethyl aminoethyl methacrylate). The
adsorbing block might or might-not lie close to the adsorbing surface with the
non-adsorbing block being more extended out into the continuum liquid.

The polymers are designated [15,40], [10,492] and [200,500] where the
first number in the square brackets is the degree of polymerization of the
adsorbing block and the second number is the degree of polymerization of the
non-adsorbing block. Total molecular wights were 8000, 71400 and 102400 g/mol.
In all cases the data could only be successfully modeled by assuming that the
polymer density profiles demonstrated a depletion layer. That is, there is very
little polymer at the surface, Z = 0, and the density profile increases with

increasing Z until it reaches a maximum. Indeed, satisfactory agreement between
experimental results and model predictions could be obtained by assuming density

profiles of the form:
¢(z>=( o )ze('zm (1)

he™!

where ¢4 is the maximum volume-fraction of the density profile and h is a measure
of the extension of the profile out into the continuum liquid. Detailed results
on sample [200,500] are shown graphically below. Comparing experimental results
with model predictions is by examining difference scattering, i.e., difference in
scattering cross-section between spheres with adsorbed polymer and bare spheres
(all values corrected for solvent scattering and background). Assuming ¢, = 0.2
and h = 120 A gives agreement between experimental difference scattering and
model predictions shown in figures 1-3. The three figures give results over
various ranges of Q. There is satisfactory agreement over 3 orders of magnitude
%n diffzrence scattering. The model for the polymer density profile is shown in

igure 4.




Experiment report (continued):
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Figure 3. Agreement between theory and experiment Figure 4. The polymer density profile for Polymer
for Polymer [200,500] over the high range of Q (tail [200,500) acording to equation (1) with ¢, = 0.2 and
of the difference scattering). ho= 120 A,

This profile gives a surface coverage of 5.5 mg/m? and a root-mean-square
extension of polymer out into the continuum liquid of 290 A. This extension is
approximately one-half of the root-mean-square radius of gyration for this
po%ymer in IPA solution, 570 A, which was determined by SANS measurements from
solution.

Similar results were obtained for the other polymer samples. With the lim-
ited number of samples studied, we observed that the amount of polymer adsorbed
increases with the ratio of adsorbing to non-adsorbing repeat units, and with
increasing overall molecular weight.

The number of cases reported here is limited. But for the examples studied,
we conclude that none demonstrated the "parabolic" brush behavior described in
the extensive review by Milner()), Our experimental results were, however, quali-
tatively in agreement with predictions of Scheutjens and Fleer.(2) Curiously,
however, our results were also in qualitative agreement with a model for grafted
polymer chains under theta conditions that was published 49 years ago. (3, ()
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Experiment report:

Small angle neutron scattering cxperiments were performed on thin films of
polystyrene, PS, to detcrmine the configuration of the polymer molecules confined to a
thin film geometry. Expcriments were performed on 50/50 mixtures of PS and d-PS,
cach having a molecular weight of 5.0x105. In the bulk, PS molecules of this molecular
weight will have a radius of gyration of ~225A. Individual film thickness of 200A were
used for this study.

Samples were prepared by spin coating a 200A thick film onto the surface of a
thin, quartz coverslip. Forty layers of films, each having a thickness of 200A were
transferred onto the top of the quartz coated coverslip by floating the film on the
surfacc of de-ionized water and retrieving the film with the coverslip. Four such
samplcs were prepared on coverslips 7.5 cm in length. These were mounted on top of
onc another with the incident ncutron beam impinging on the narrow side of the
coverslips. In this geometry a total scattering volume of 3.0x10-3cm3 was achieved. A
typical polymer sample with a diameter of 1 cm and a thickness of 1 mm has a
scattering volume of 7.9x10-2cm3. Consequently, the scattering volume of the thin film
samples was only a factor of 25 smaller than the usual specimen. ITowever, the
contrast and the concentration werc maximized to optimize the possibility of seeing the
scattering arising from the individual polymer chains.

SANS experiments performed on [.QD were ambiguous. While there was ample
scattcring arising from the polymer chains, there was an additional component to the
scattering. This was manifest as a peak in the scattering profile occurring at a spacing
of ~200A which corresponded to the thickness of the individual layers. It is apparent
that, during the sample preparation, impurities were entrapped between successive
layers giving risc to a periodic variation in the scattering length density. It should be
noted that entrapment of hydrogenous impurities would be sufficient to give rise to the
observed scattering. Resolving the scattering parallel to the layers was difficult in that
the dimensions of the polymer chain are large in that plane and, consequently, the
scattering falls off quite rapidly. Thercfore, while these particular experiments failed,
an improved sample preparation should provide information on the configuration of
the entrapped polymer chains. The flux and resolution capabilitics of 1.QDD were
sufficient for the experiments and the scattering from the polymer chains was
resolvable.
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Experiment report:

Small angle neutron scattering cxperiments were performed on symmetric diblock
copolymers of perdeuterated polystyrene, d-PS, and poly(n-butylmethacrylate),
P(n-BMA), denoted P(d-S-b-nBMA) as a function of temperature under an atmosphere
to prevent oxidative degradation. leating and cooling cycles were used to ensure
reproducibility of the results. Copolymers having weight average moleculeclar weights
of 2.6x104, 6.8x104, 9.9x104 and 1.7x105 were investigated.

SANS measurements on the 26K copolymer at 60°C showed a diffuse reflection
centered at 0.04A-! corresponding to a spacing of 157A and is characteristic of a
diblock copolymer in the phase mixcd state. With increasing temperature, the peak
intensity in the maximum decreased slightly (up to 80°C) and then increased with
increasing temperature up to ~160°C.

SANS measurements on the 68K copolymer, again showed a difTuse, but intense
reflection occurring at 0.018A-! corresponding to a spacing of 347A. As with the 26K
copolymer, at 100°C, the 68K copolymer is in the phase mixed state. However, with
increasing temperature the peak intensity increased markedly up to 200°C. Increasing
temperature further resulted in a {low of the copolymer sample from the sample cell.
The increase in the SANS intensity clearly indicates that this copolymer is approaching
an ordering transition at clevated temperatures. This is the rcverse, from what is
ordinarily seen in diblock copolymers where a transition from the disordered state to
the ordered state upon cooling occurs. By analogy to the lower critical solution
tempcrature in polymer mixtures, this ncw transition in diblock copolymers has been
called the lower critical ordering transition, LCOT.

In an attempt to reduce the transition temperature into an observable range,
SANS studies were performed on the 170K P(d-S-b-nBMA). Here an intense reflection
was obsecrved at 0.011A-1 corresponding to a period of 580A. Higher order reflections
indicated that the copolymer was ordered over the entire temperaturc range studied.

Consequently, SANS studies were performed on the 99K copolymer. The SANS
results from this copolymer were most unusual. At low temperatures, ~120°C, the
SANS profile was isotropic and in keeping with the x-ray scattering results. With
increasing temperature, the intensity of the scattering increased in keeping with the
copolymer undergoing an ordering transition. However, a distinct asymmetry in the
scattering pattern emerged which increased with increasing temoerature. At
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Experiment report (continued):

temperatures in excess of 130°C, according to the x-ray scattcring measurements, the
copolymer is ordered. The asymmetry of the scattering pattern suggests that a residual
orientation of the copolymer chains remained from the initial film preparation process.
The temperature range over which the copolymer is disordered and the time that the
copolymer was in the disordered state must not have been sufficient to fully relax the
chains. In the ordered state, increasing the temperature causes the copolymers to order
morec fully, enhancing the anisotropy.

Mcasurements were also performed on an asymmetric P(d-S-b-nBMA) having
26%d-PS and 74% PnBMA where the total molecular weight of the copolymer was
99K. Ilere, a distinct reflection was observed at a spacing of 314A. With increasing
temperature, the peak intensity increased and at 180°C a distinct second order
reflection was evident. The appearance of the sccond order reflection clearly shows
that the copolymer has undergonc a transition from the disordered to ordered state
upon heating.

The major finding of the experiments is the confirmation of the LCOT in
P(d-S-b-nBMA). Ilowever, morc quantitative work is necessary to define clearly the
transition temperature. This will require the design of a new temperature cell which
allows a better control of the temperature and that prohibits the flow of the sample
from the cell. Nonetheless, the findings of these experiments were critical in the
definite establishment of the I.COT in diblock copolymers and opens another realm in
the complex morphological behavior of block copolymers.
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Experiment report:

Muscle contraction is one example of a multitude of diverse biochemical
processes regulated by the divalent calcium ion. In the sliding-filament model
of muscle action, thin and thick filaments move past each other causing
contraction or relaxation. The filaments are composed of proteins. The thin
filaments consist of a double stranded helical assembly of actin monomers.
Tropomyosin is polymerized head-to-tail in the grooves of the actin helix (one
tropomyosin to every 7 actin monomers), and each tropomyosin has one troponin
complex bound to it. Troponin consists of three protein molecules: troponin I
(TnI), troponin C (TnC), and troponin T (TnT), with molecular weights 24000,
18000, and 37000, respectively. The regulation of muscle contraction is
associated with an increase in calcium concentration and is mediated through the
TnC component of the troponin complex. When TnC binds calcium, a signal is
transmitted via Tnl and TnT to the tropomyosin and the interactions of the thick
and thin filaments are modulated to give rise to the sliding mechanism. The
experiments reported here were aimed at understanding the interactions between
TnI and TnC and the nature of the conformational changes that are involved in
the transmission of the calcium-induced signal that stimulates muscle
contraction.

With our beam time allocation in 1993, we completed a full contrast series on
deuterated TnC complexed with TnI. Specifically we measured the very weakly
scattering sample of this complex in 100% D .O. By combining these data with
data from previous measurements at LANSCE, and with data obtained using the
small-angle neutron scattering station NG3 at NIST, we were‘able to derive the
structural parameters for both the TnC and TnI components of the complex and
their relative dispositions. The figure below (left) shows the P(r) functions
for each component, along with the P(r) function derived from X-ray scattering
data for the overall complex. The P(xr) for the TnC component is consistent with
the crystal structure of that component which shows an extended dumbbell shape
with two globular domains conpected by an extended helix. Below and to the
right is a plot showing the Sturhmann analysis of the radius of gyration data as

a function of contrast. This analysis indicates the centers-of-mass of the two
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Experiment report (continued):

components are approximately coincident and the Tnl is more toward the outside

of the complex than the TnC.

With the structural constraints placed on the

complex and its components by the scattering data, plus known physical
parameters such as the volume of the complex, we have derived a three
dimensional model of the complex describing the molecular boundaries and
relative dispositions of the two components.
into the molecular basis for the calcium-sensitive switch that regulates muscle

contraction.
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Solid lines indicate the vector
distribution functions, P(r), derived
from the scattering data. The dotted
line indicates the crystal structure
P(r) calculated for TnC

This model provides new insights

We are currently refining this model for publication.

2600 LI S RS N RS SN U BN G M SN SN NN REM BN SEE SEE BN NER
O SANS T
2000 - ~ ¥ SAXS —
- ® 4ca""Tnc 1
- ...... “.~ . TnI ]
1600 : —
1000 |- -
600 1—
o q
3 | T S TN WO WO [N S T DU SR U T K TS NN S S S WO | l".n.-

-1.0 -0.8 0.0 0.8 1.0

1/4p (10_10 cmz)

The solid line is the straight line
fit of the data (i.e. 0 A separation
of the centers of mass for each
component). The dashed lines are
fits with increasing curvature
expected for 5, 10, 15, 20 &
separations, respectively.
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Experiment report:

INTRODUCTION: Our understanding of the phase behavior and structure of solutions of long and short rigid rodlike
molecules in a quasispherical solvent comes largely from the work of Abe and Flory [1] who described these systems in
terms of interactions between rodlike molecules governed totally by excluded-volume effects. A complex phase behavior is
predicted by this theory. According to this description (Fig. 1) at low solute concentrations an isotropic solution is
formed. At sufficiently high volume fraction a biphase results, consisting of an anisotropic (nematic) phase rich in long
rods and an isotropic phase rich in short rods. This effect is driven by the entropy of packing the long rods.

In real systems, however, the polymers are better described as semirigid rods [2] and there are often attractive
interactions between the solute molecules and between the solvent and solute. Thus the question arises as to how the phase
behavior and solution structure of real systems might correspond to the theoretical predictions.

We have become interested in this problem as a result of our recent work on the realization of molecular
composites [3]. These materials are predicted to have greatly enhanced mechanical properties [4], but there is presently
little information to validate this notion. Approaches to produce stable molecular composites are limited by immiscibility
between the reinforcement and matrix components [5]. To circumvent this problem, we proposed using liquid-crystal
polymers (LCP) as the reinforcing component, with structurally similar liquid-crystal thermosets as the matrix. The two
components should have better miscibility than systems used in earlier work [5] and therefore should approach the ideal
molecularly-dispersed state more readily. Our initial studies on birefringent films [3] indicated by the open circle in the
mixed nematic part of the phase map showed enhanced miscibility, as indicated by weak segregation of components into
two randomly interpenetrating phases having a characteristic size of 8 nm [3]. These appeared to be equilibrium structure,
as they did not change with extensive annealing of the films. A comparison of theoretical predictions with the
experimental behavior of these systems as they are processed by drying from solution is important in developing concepts
for the nanoscale engineering of these systems.

In this work, we study the solution structure in N-methyl-2-pyrrolidinone (NMP) of the deuterated polyamide
LCP, poly(p-phenylene-2-nitroterephthalamide) alone and in mixtures with any one of three liquid-crystal thermosets by
small-angle neutron scattering (SANS). The use of SANS allows study of nanostructure over length scales from 1 to 50
nm. The solution compositions studied should form isotropic solutions according to the theories for rigid [1] and
semiflexible [2] hard core-interacting rods.

EXPERIMENTAL: The deuterated LCP and the three thermosets used in this study were prepared as previously
described [3,6]. Solutions of LCP in NMP were prepared at different concentrations (expressed as (grams of LCP)/(100 ml
NMP) = w/v %) of 3, 5 and 9 w/v%, and contained 100/0, 80/20, and 60/40 w/w% LCP/LCT. All measurements were
done at room temperature (22° C). Scattering data were reduced to differential scattering crosssection per gram of LCP,
I(Q), (m2g™), as a function of momentum transfer, Q = 4nt/A sin 6, where 20 is the scattering angle and A is the neutron
wavelength. The methods of data reduction for LQD are outlined elsewhere [8,9].

RESULTS: The solutions of LCP in NMP and the ternary mixtures of LCP, LCT and NMP were yellow for the 3
w/v% LCP mixtures to light brown for the 5 w/v% LCP mixtures to dark brown for the 9 w/v% LCP mixtures. There
was no sign of turbidity in the samples. All samples were observed to be isotropic by polarized optical microscopy. The 3
w/v% samples were viscous. Viscosity increased with increasing concentration. The 9 w/v% solutions were highly
viscous and could not be poured.

The 9 w/v% solution of LCP scattering intensity follows I e Q4. All mixtures containing 9 w/v% LCP with the
different LCT's in 80/20 and 60/40 w/w% proportions show the same basic shape of the scattering curve with I o< Q'4 for
Q< 0.1 nm™ (Fig. 1), This Porod law scattering is indicative of domain-like structure. The main source of contrast in

these solutions is from the deuterated LCP; thus the domains correspond to LCP-rich and -depleted microphases. The
characteristic size of the domains is too large to be resolved with available SANS instrumentation( > 50 nm), but too
small to be observed in the polarized optical microscope.

The 5 w/v% solution of LCP shows the same steep decline, I o< Q'4, for Q <0.15 nm-1 (Fig. 2) as the 9 w/v%
LCP solutions. The 5 w/v% LCP-LCT solutions on the other hand show very different behavior. In all but one of the

measured ternary mixtures the scattering intensity goes as Q! for Q < 0.4 nm1, as illustrated for two of these in Fig. 2,
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Experiment report (continued):
suggesting a low-dimensional, filamentous structure. An exception is the 80/20 w/w% mixture with LCT II (Fig. 2). In

this case the scattering for Q < 0.2 nm-1 goes approximately as Q'2.

The 3 w/v% LCP solution shows significantly different scattering from the more concentrated solutions in that
the low Q scattering shows Q'3 dependence (Fig. 3), , which suggests some breakup of the domain-like organization into
smaller, perhaps rougher-surfaced structures.. The 3 w/v% LCP mixtures with LCT (Fig. 5) show scattering that is

identical to that observed with the majority of the 5 w/v% LCP/LCT solutions for Q > 0.05 nm-! (Fig. 2). However,
there is a crossover to a Q‘3 dependence at lower Q (Fig. 3) that could have been missed in the measurements of the 5

w/v% solutions, which accessed only for Q > 0.05 nm-! (Fig. 2). The very low-Q scattering measured from the 3 w/v%
LCP/LCT solutions suggests that the structure seen in the 3 w/v% LCP solutions (Fig. 5) is still present.

DISCUSSION: The presence of LCT in NMP solutions with LCP breaks up the domain-like structure inherent in the
LCP solutions when the solute concentration is low. The region of the phase map explored by these measurements lies in
the isotropic phase, according the prediction of rigid rod [1] and semiflexible rod [2] theory. These theories, as well as the
interpretation of the phase behavior of rigid-rod/flexible coil matrix blends [4], emphasizes the importance of entropic effects
in the organization of the rods. Our results show [10,11] that the situation is more complex for systems involving a
semiflexible, associating liquid-crystal polymer and rodlike short molecule than suggested by theories [1,2] that do not
include the enthalpy of interaction between each of the components.

0.001 |

Fig. 1 Fig. 2 Fig. 3
Fig. 1. Small-angle neutron scattering from 9 w/v% LCP and LCP-LCT solutions in NMP. O, LCP only; O3, LCP with
LCT, 80/20 w/w% LCP/LCT; A, LCP with LCT, 60/40 w/w% I.CP/LCT. Lines indicate scattering law

behavior: Q'4 —_——— Q'2

Fig. 2. Small-angle neutron scattering from S w/v% LCP and LCP-LCT solutions in NMP. Symbols are the same as for
Fig. 1. Lines indicate scattering law behavior: ——, Q4, —_——Q 2, ---.Q 1

Fig. 3. Small-angle neutron scattering from 3 w/v% LCP and LCP-LCT solutions in NMP. Symbols are the same as for
Fig. 1. Lines indicate scattering law behavior: — — —, Q'3, -, Q‘1 .
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Experiment report:

Aqueous biphasic systems are heterogeneous liquid/liquid systems that result from
appropriate combinations of inorganic salts and water-soluble polymers such as polyethylene
glycol (PEG). These solvent extraction systems have received considerable attention for
biotechnology related separations. We have been developing aqueous biphase systems for use in
separating dissolved metal ions and colloid sized particulates. Because aqueous biphase systems
are inexpensive, nontoxic, and are capable of highly selective separations, they are currently
being examined for applications in waste treatment and environmental remediation (1-3)

It is known that salts containing anions such as PO43- are more effective at promoting
biphase formation than salts containing divalent anions like SO42-, which in turn are more

effective than monovalent anions like OH-. However, multivalent cations tend to interact
strongly with the ether oxygens of PEG and thus "salt in" rather than "salt out" the PEG. In
general, ethoxylated polymers exhibit an inverse solubility relationship with temperature.

During measurements of phase diagrams, we noticed that small shifts in the binodial
curve occurred with time after vigorous mixing of the two phase system. We have also observed
that partition equilibrium for low molecular weight solutes takes longer to attain as the biphase
system is mixed more vigorously. In addition, during the extraction of certain metal complexes
from the salt phase into the PEG phase, we have found that the partition coefficient increases
from zero at t=0 to well over 100 at t=30-60s. However, the partition coefficients then begin to
decrease if the mixing time is extended beyond 60s. All of these observation suggest that shear
forces can lead to changes in the PEG aggregate size/shape and that the return to thermodynamic
equilibrium is slow.

In order to understand the nature of the partition coeffient inequilibrium exhibited by
PEG-3400 upon vigours shaking we conducted SANS studies on PEG solutions under shear in
situ. Three cases were studied, 10 PEG in the nonbiphase forming NaCl solution, PEG in
NayCOj3 solution under conditions in which they are in rod-like aggregate and the biphase
system. The first sample has formed large 3-dimensional aggregate upon shearing the PEG
solution at 35 rps. The large aggregates might have formed through entanglements between the
PEG molecules whose tertiary structure may be similar to that of the monomer as the high q
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Experiment report (continued):

regions of SANS data for the monomeric PEG and the aggregate match reasonably well, but the
low q region of the sheared sample shows a power law behavior with a slope of -3.0 (Fig. 1).
The rod-like PEG aggregate in NapCO3 aggregated further into much thicker and longer rods
upon shearing the sample and they do not become smaller rods upon releasing of the shear
forces (Fig. 2). Their lengths seem to be changing under different shearing conditions as seen
from the variation in intensity of the low q regions signal under different shar rates (Fig. 3). The
biphase system got mixed upon shearing into a white dispersion and the scattering signal was an
order of magnitude larger than those for the other two cases. These systems are very large
colloids which become dispersed into the salt solution and thus we are seeing the scattering from
their surfaces (log-log slope=-3.83). Comparison of the data in the whole q region suggests that
the tertiary structure of PEG might be changing under these three conditions as evidenced by the
completely different shapes of the SANS curves through out the g region (Fig.4).

7.1% PEG-3400+NaCl 35 RPS (filled o) 7.1% PEG-3400-4.78% Na2C03 sheared (filled o)
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Experiment report:

A trial experiment using the SANS spectrometer was carried out to test the
feasability of TOF measurements on proteins. It was planned to collect data
for a very low resolution map contrasting an H20 vs a D20 myoglobin crystal.

It was planned to use the difference between the H20 and the D20 reflections
to phase a low resolution neutron map using a search function based on the
known x-ray structure. Such an approach should provide improved phases for
the low resolution data and will serve to inititate a solvent refinement

to calculate the solvent density used in subsequent crystallographic refine-
ments.

The design parameters for the SANS station are far from ideal but trial cal-
culations showed that it should be possible to collect the low order reflec-
tions needed for the solvent refinement.

A large (27mm®) crystal was mounted and exposed for 15 minutes per positionm,’
with ecrystal rotations of 10°. Inspection of the data showed some large ill-
defined peaks with a very nonlinear background. Subsequent tests showed a
detector resolution larger than 5mm--with such a resolution single peaks
cannot be resolved. The uneven detector response suggested degradation of

the 2D counter by previous overexposure to gammas and neutrons. It is planned
to repeat this experiment with longer beam time and a high resolution detector.
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Experiment report:

The objective of this experiment was to understand better the structural development during
the peptization of alumina sols prepared by the Yoldas (1975) technique. It is part of a
longer-term plan to understand the evolution of particle size and morphology through the
individual stages of hydrolysis, peptization, and drying which are roughly separable in
alumina-based sol/gel technology. The behavior of alumina gels is drastically different from
the better-understood silicates particularly in this peptization step, which involves the acid
digestion of the crystalline precipitate resulting from an initial rapid hydrolysis.

Three groups of alumina sol samples were prepared using derivatives of the Yoldas (1975)
technique designed to improve peptization kinetics. These included one sample aged in light
water with the recommended 0.07 mole HNO, per mole AIOOH (AX23), one aged with 0.15
mole acid (AX22), and a sample both hydrolyzed and peptized with D,0O in order to reduce
the background in its scattering profile. All samples were aged in sealed flasks in a 90 C
convection oven for times between 0 and 328 hours. The deuterated sample yielded a coarse
non-dispersible solid on initial hydration which did not digest perceptibly; it was not suitable
for further study. Samples from both light-water peptizations were extracted at various
ageing times, transferred to 1 mm suprasil cuvettes, and their SANS spectra measured in
LQD.

Scattering results show three features of interest (Figure 1). First, all show a "Porod" slope of
roughly 2, indicating that the scatterers are fibrous and "infinitely" long. Second, the radii of
the fibers decrease with increasing digestion time, confirming that the received treatment is
effective. Third, the "expedited" high-acid samples seem coarser at 168 hours than the "by-
the-book" low-acid ones, though this conclusion is compromised by an unusual "peak"” (rather

than shoulder) introduced into their low-Q profiles by long-range interfiber correlations.




Experiment report (continued):
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Moreover, this information is pragmatically useful in improving our processing of finer sols!
Fibrous alumina gel structures were long ago reported for several other preparation routes
(reviewed by Gitzen, 1970) , but the Yoldas recipe has been believed to form platelets. The
difference makes a difference, expecially in understanding the low solid contents normally
observed at the gel points of these systems. Furthermore, these results do not suggest that
this feature can be readily changed by adjustment of peptization conditions. Second, the
information that the mean fiber radius decreases with ageing time tells us that none of these
samples is overaged, even at 328 hours, even with expediting additions of excess acid.
Several previous efforts to refine these sols have ended too soon, not too late. We have
characterized several of these samples in parallel by measuring capillary condensation in
nitrogen adsorption isotherms and by direct observation in TEM, both of which confirm the
results of this SANS study.
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Experiment report:

Background. The nucleosome core particle is the fundamental repeating unit of the eukaryotic chromosome,
and is composed of 1.75 left-handed superhelical turns of DNA wrapped around a histone protein core (an
octamer of two each of H2A, H2B, H3 and H4). The histones are subject to reversible N-acetylation of specific
lysine residues in their N-terminal regions. This- acetylation has long been associated with transcriptional activity
and has been the subject of intense investigation from both a structural and functional perspective. The possible

interactions of the positively charged histone N-termini with DNA both within and outside the core particle have
also been the subject of a great deal of conjecture.

In order to resolve some of these questions, many structural studies have been performed on isolated core
particles. The dimensions of the disc shaped core particle have been determined to be roughly 110 Ain
diameter by 55 A in height by both solution scattering and crystallography. However, 2 significant discrepancy
exists between the calculated Rj; of 29.7 A for the histone octamer in the crystal structure (1) and the measured
R; of 33-35 A determined by neutron solution scattering (2). This discrepancy has been ascribed to the inability
of crystallography to resolve the mobile, apparently randomly organized, N-terminal tails of the histones.
Roughly 20% of the amino acid residues of the histones are found in the mobile tails and this additional mass
was thought to account for the difference in the R values.

The histone N-terminal tails can be selectively removed through limited trypsinization of intact core particles.

This does not cause a significant change in the stability of the core particle or the incorporated histone octamer,

but does cause a loss of protein mass corresponding to the missing mass in the core particle crystal structure. A
neutron and x-ray solution scattering study done on
isolated trypsinized histone octamers gave an Rg of

D,0 Concentration Radius of Gyration, R, (A) 29.8 A (3) which agreed well with the crystal structure
(% vol.) calculated R; of 29.7 A. A neutron scattering contrast
series experiment was undertaken at LQD on
0 405 trypsinized nucleosome core particles in order to
25 371 determine the effect of trypsinization on the intact core
particle.
63 30.2
100 37.1 Results. Scattering curves were obtained at 0, 25, 63

and 100% D,O solvent compositions. Rg values were




Experiment report (continued):

obtained by Guinier analysis of the resulting scattering curves. These values are summarized in the table.

The figure below shows these points plotted on a Stuhrmann plot. The 25% point (open triangle) did not appear
to be in the linear portion of the plot and was not included in the regression analysis. The star and circle
correspond to the theoretical DNA (65%) and protein (40%) match points and give Ry values for the protein and
DNA corrlli)onents of 31.7 A and 44.8 A, respectively. The radius of gyration at infinite contrast is calculated to
be 38.94 A.

Conclusions. The R of 31.7 A determined for the trypsinized histone octamer component of the core particle is
significantly smaller than the Ry previously determined for intact core particle octamers of 33-35 A. This is in
accord with the idea that the loss of the tails leaves only the smaller, globular histone octamer core.

Interestingly, this value is somewhat larger than the value of 29.8 A previously obtained for the isolated
trypsinized histone octamer and 29.7 A obtained for the crystal structure. This may indicate that there may be
some adjustment in the core particle structure which occurs upon the loss of the histone tails. This may also be
reflected in the smaller value obtained for the R; of the e it o (o] -

DNA component of 44.8 A compared to 47-49 A 2500 et 1 RS TRA Sri 1 e e
previously determined for intact core particles. The

radius of gyration at infinite contrast is within the

2000 - Raou = 448 A B
values previously determined of 39-41 A. H
Trypsinization of the N-terminal histone tails is often %Wsoo T i
considered to mimic the effects of histone acetylation. ~g
£z 1000 =

Acetylation of the lysine epsilon-amino group results in
a loss of a positive charge and this is presumed to

Rg prot = 317A

reduce the interactions between the tails and the DNA, 500 - 5
potentially affecting the structure of the nucleosome.

While trypsinization also eliminates these interactions, Y I S
all other potential interactions of the tails with DNA, —20 -10 0 10
including interactions of positively charged arginine 1/rho (x10™" em™?)

residues are also eliminated. These results support the
argument that trypsinization may have effects beyond simple positive charge elimination.
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Experiment report: This experiment was aimed at determining thermodynamic parameters that

describe the miscibility of symmetric, isotopic blends of PDMS, Poly(dimethylsiloxane). A
comprehensive study of miscibility in these blends has not been reported. Lapp, Picot and

Benoit! determined the interaction parameter for d-PDMS/PDMS (267/14.6kg/mole) at room
temperature using a radius of gyration approach for the analysis of SANS data (extrapolation to

zero concentration d-PDMS). The interaction parameter was calculated to be 1.7 x 10> at room

temperature. Using % n =2 at the critical point Lapp predicts that phase separated blends will
occur at room temperature for symmetric blends of about 100 kg/mole. This is very close to our
experimental results discussed below. In this work the random phase approximation approach,
RPA, was used to determine the interaction parameter directly form scattering data. All blends
were composed of equal volumes of the two isotopic components. Molecular weights within a
blend pair were closely matched. The nominal molecular weights were 15 kg/mole, 25 kg/mole,
75 kg/mole and 300 kg/mole. The 300 kg/mole blend appears to be phase separated at all
accessible temperatures. This is deduce by the inability of the RPA equation to describe
scattering data from this blend under the assumption of a single phase. We have obtained direct
evidence of phase separation in the 15 and 25 kg/mole samples in measurements done at NIST
using a cryostat to achieve very low temperatures.

Generally, the RPA equation is used only at low-q since it is difficult to obtain good fits
over a wide range of q and because the thermodynamic parameter of interest is a global
parameter that can best be measured at the largest accessible sizes or the lowest-q. LANSCE
data has the added advantage that a wide span of q is collected. Given that this is an extremely
ideal blend system, it was hoped to fit the LANSCE data globally using the RPA equation to
understand issues related to the limits of the applicability of the RPA approach. The RPA
approach requires a knowledge of the scaling behavior that relates the radius of gyration of a

polymer coil to the molecular weight. Using a Gaussian model for the chains Ry is related to the

degree of polymerization, n by, Rg2=n b2/6, where b is a scaling factor called the statistical
segment length. This scaling factor can be obtained using rheology or light scattering. A value
for b of 5.61 A can be obtained from data presented in the Polymer Handbook, 3'rd edition,
VII/44 [2, 3]. We found that this value was appropriate in some cases for global fitting of the
PDMS blends, particularly for the 75kg/mole blends close to room temperature. For the
remaining blends there appear to be a shift in b with temperature and with molecular weight of
the blends. We therefore used b as a fitting parameter to globally fit the entire data set. The
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Experiment report (continued):

interaction parameter, ), was the second fitting parameter. Monotonic dependencies in
temperature were observed for both parameters with b always showing a value larger than the

expected value of 5.61. This dependency may be due to end-group effects in the blends at lower
molecular weights or may account for expansion of the coils at high temperatures.
A typical global fit to the RPA equation over a wide range of q is shown below. "R" is

the Rayleigh ratio or absolute intensity and "q" is the scattering vector. Values obtained in this

way for x and calculated for ¥critical are plotted against 1/T below. The horizontal lines are
calculated values for the critical ;. Linear fits to the measured values are shown and the
estimated critical temperature is shown. Negative values for y may be due to end-group effects

in the low molecular weight samples. The temperature dependence of % indicates UCST
behavior.
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Introduction

Beta-layering is an effect whereby solid tritium, or a solid deuterium-tritium (D-T) mixture,
automatically redistributes itself into a uniform layer on the inside of the container wallsl. The driving
force is the self-heating due to beta-decay of tritium into 3He . The redistribution occurs by

sublimation/condensation at the solid-vapor interface, following an exponential rate constant T = 30

min. in 50-50 D-T. The effect is noticeably slowed down by the presence of non-condensable 3He in
the vapor space. The National Inertial Confinement Fusion Program, funded by the DOE Defense
Programs, is hoping to exploit the use of ICF target capsules containing uniform shells of solid D-T
fusion fuel. The Omega Upgrade facility being built at the University of Rochester will incorporate a
cryogenic target chamber for fielding both Dy and D-T-filled targets. The next generation ICF driver,
the so-called "National Ignition Facility (NIF), certainly will be built around a cryogenic target
chamber. Although there are several issues about beta-layering which are not yet well understood, it
remains the layering technique of choice for ICF target designersz. The combination of high initial fuel
density, increased implosion efficiency, and targeting stability afforded by a uniform solid D-T fuel
layer gives beta-layered ICF targets considerable advantages over other known capsule designs.

Although the basic equilibration rates for beta-layering can be predicted by simple theory, the
degradation of the rate constants that occur with aging (an effect of 3He accumulation) are usually
addressed by assuming that all of the 3He produced in the solid resides in the central, interior vapor
region.3 However, it has been observed3:4.3 that shortly after solidifying, the normally transparent
D-T solid layers develop optically dark defects which migrate only very slowly toward the interior.
After several days, the solid layers become optically opaque. These defects, which appear to nucleate
at or near the container wall and then grow as they sweep through the solid, are thought to be finite-
sized 3He bubbles . In principle, the formation and morphology of these 3He bubbles can be studied
by small-angle neutron scattering experiments. Likewise, the question of where the 3He really is; in
the central vapor region, in the slowly moving defects, or both, is best answered by neutron
radiography experiments.

Experiments

During the 1993 LANSCE run cycle, two different experiments were carried out on an
aluminum cylindrical target with internal dimensions: 4.0 mm diameter x 4.0 mm length. The target
was filled with 6000 psia of D-T (19.9 Ci) at EG&G Mound just two days prior to the first experiment

and shipped to Los Alamos overnight. The amount of D-T is sufficient to yield a 200 um-thick solid

layer following beta-layering. The target was installed in the cryostat and cooled to 25 K (liquid state)
prior to installation in the LQD cave on the first day of scheduled beam.




Experiment report (continued):

Initial SANS experiments revealed scattering from the surface of the liquid D-T, indicating that
the target had been properly filled. Following background and alignment runs at 30 K (gaseous state),
the cryostat was cooled to 17.0 K (the triple point of the DT molecule is 19.8 K) and several scans
were recorded as beta-layering proceeded. To probe 3He droplet evolution as a function of
temperature, the measurements were repeated at 14 K and at 13 K. However, none of the data showed
any significant departure from background scattering. It was later estimated that the average scattering
length for D-T, as represented by the DT molecule, would be very close to that of 3He. Thus any 3He
bubbles would be undetectable as long as there is no significant density difference between them and
the D-T background.

. Following the SANS experiments, the cryostat was relocated to the SPEAR cave and aligned in
the positioning mount. Following beta-layering at 17.9 K on day 0, the first radiographic scan was not
completed until late the following day. Subsequent scans were measured on day 10 and day 18, all

while keeping the temperature in the cryostat constant to 17.90 £ 0.02 K.

Results

SANS - In spite of the 'nul' results, the following conclusions can be made:
1) The optical defects observed in solid D-T are probably not due to coalescence of voids or 'tracks'
caused by beta-particles, because voids would scatter neutrons strongly owing to the density mismatch.
2) For the range of sizes observable by small angle neutron scattering experiments (10 to 1000 A),
3He bubbles produced during beta-decay of tritium in D-T solid have approximately the same density
as the parent solid.

SPEAR - Although inconsistent beam intensity during each of the three day-long scans made it
difficult to properly normalize the SPEAR data, the following conclusions can be drawn:
1) The formation of 3He was easily detectable. The amount of neutron absorption observed matched
that predicted from the known decay rate of tritium and the measured cross section for 3He.
2) It was obvious that the 3He produced from beta-decay of the tritium in the D-T solid was not held
back in the solid layer.
3) Although the resolution of the measurements (~0.5 mm) do not permit us to distinguish the solid
layer from the rest of the target interior, the data suggest that the density of 3He in the solid layer is

approximately the same as that observed in the central void space, i.e., there is no abrupt cut-off of 3He
intensity at the (calculated) interior edges of the D-T solid layers.
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Experiment report (continued):

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

It is not known a priori what happens to the helium. One possibility is that it will
form small bubbles, or voids, and these are sometimes seen with electron microscopy.
Bubble formation can be influenced by heat treatment.

In 1993 we continued our small-angle scattering experiments to look for helium
bubbles in aged plutonium. We measured three samples of 22 year old py. The
samples are §-phase, stabilized with 1.5 w/o gallium. The first was measured in an “as is”
condition. A second sample was annealed at 250°C for two hours, and the third for 400°C
for two hours. We measured the scattering and transmissions of all three samples on
LQD, and we used a cadmium blank sample to determine the background.

The samples were doubly contained in aluminum sample holders with windows of
very high purity aluminum. The signal from the sample holders must be precisely
subtracted, so that good data are necessary. **Pu is highly absorbing, and this leads to
two kinds of difficulties. First, very thin samples were required. We thinned our samples
to about 0.003” before annealing. This gave satisfactory measurements, but very long
counting times (20-30 hours) were required. The high absorption imposes a wavelength-
dependent attenuation on the measured background, so that the measured background
must be corrected. We solved this problem by developing a “pseudo-transmission”
formalism for data reduction.

The accompanying figures show the results of the measurements; in each case, the
curve marked “difference” is the final reduction. (In the case of “Pu(2560C)-Pu(RT)", the
pseudo-transmission corrections were negligible.) The data are much better than those
obtained last year. There are two reasons for this: the samples were in much better
condition than last year's samples, and the new “pseudo-transmission” gave a more
reliable data reduction. The data from the sample annealed at 250°C data seem to be
about the same as the unannealed (RT) sample, but the data for the sample annealed at
400°C are quite different. These data deserve a proper analysis by the maximum entropy
method.
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Neutror Powder Diffractometer (NPD)

The Neutron Powder Diffractometer (NPD) design
allows for studies of complex structures, internal
strain measurements, and studies in which precise
data are needed to extract electron distributions
for x-ray and neutron comparisons. Standard
collimation in the beam line produces a 5.0 x
1.0-cm beam at the sample position, which is 32'm
from the source. 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 instrument has -
detectors placed symmetrically at several angles
to cover short d-spacings (0.25 to 3.1 A) at a

resolution (Ad/d = 0.15% to 2.5%). Both sides -
of the instrument have identical resolution
because the incident beam is normal to the
moderator. A large sample chamber (74 cm

in diameter) accepts special environment devices
such as a liquid helium cryostat, a vacuum
furnace, and a closed-cycle helium refrigerator.
The NPD accommodates a-beam collimation and .
sample manipulation system mainly for residual
stress measurements and a stress rig that provides
uniaxial compression or tension up to 1000 MPa

- and at the same time is capablé of heating -

components to approximately 1200 K in vacuum.
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Instrument Details

Detector banks, d-spacing
range (approximate),
and resolution:

Moderator
Sample environment

Maximum beam size
at sample:
Experiment duration

+20° (future)  1.2-15.8 A 0.91-1.5%
+45¢ (future) 0.65-7.6 A 0.37-0.62%
+90° 0.35-4.2 A 0.25%
+148° 0.25-3.1 A 0.15%

Chilled water at 283 K

10-300 K; closed-cycle refrigerator;
room-temperature-access liquid-He dewar, 1.2-300 K;
compact stress rig with heating, limit 1200 K;
vacuum furnace, limit 1000 K;
manipulation and collimation system

5.0 cm in height x 1 cm in diameter
4 to 48 hours

Joyce Goldstone, instrument scientist
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Experiment report:

UPdSn is crystallographically ordered in P6smc. It orders antiferromagnetically at 40 K in the
orthorhombic cell, with moments canted within the b-c plane. It then undergoes a second magnetic
phase transition to a monoclinic magnetic phase in which the x- component to the moment condenses.
UPdSn exhibits an orthorhombic distortion of approximately 0.4 %, setting in at 40 K, followed by a
monoclinic distortion (Ay=0.35°) which sets in at 25 K[1]. The orthorhombic distortion seems to be
linearly coupled to the total U-moment, while the monoclinicity is linearly coupled to the "magnetic
monoclinicity" jly.

In contrast, UAuSn crystallizes in P63/mmc in which the Au/Sn atoms are chemically disordered[2].
Note that P63/mmc has an extra migror plane compared to P63mc. UAuSn is a collinear
antiferromagnet below Tn=37 K and the moment at low temperature is 1.1 g [2]. Since the magnetic
structure is orthorhombic, there is a possibility of a crystallographic distortion to orthorhombic. The
purpose of this work is to quantify this magnetically driven orthorhombic distortion, if any.

The experiments were done for 8 different temperatures, namely; 300 K, 60 K, 40K, 35K, 30K, 25 K,
20 K, and 10 K. There are no noticeable splittings of any peaks as the temperature is lowered. The
Rietveld refinement (GSAS) is, then, done to see a possible lattice distortion from P63/mmc to Cmcm:
At 10 K, the reduced %2 for P63/mmc is 1.943 while that for Cmcm is 1.889. Butin Cmcm at 10 K, the
quantity (a-b/y3) is (6.3 £ 4.8) x 104 A. Thatisthe orthorhombicity is zero to within 2 standard
deviations.

Individual line-widths for two peaks with strong intensities, i.e; 110pex and 1025 Were extracted using
FIT_PEAKSJ3]. In principle, these peaks should, at least, broaden as the temperature is lowered. The
110pex should tend to split to 200¢rthe and 130ortho, While 102pex to 1126rthg and 0224rtho. The
temperature dependence of 62 line-shape parameter for both peaks are plotted in Fig. 1(2) and (b).
Although the data points indicate a possible structural phase transition, we found an inconsistency of the

02 line-shape parameter between the two figures. This inconsistency might be due to a variation of
anisotropic strain broadening with temperature. Further analysis is in progress.
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Fig. 1. Variation of 62 line-shape parameter with temperature for (a) 110pex and (b) 102hex reflection.
Ty indicates the Néel temperature which is 37 K. The dashed-lines are guides to the eye and have no
theoretical significance.
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YoIn crystallizes in the NisIn structure type[1] with the space group of P63/mmc. Several bulk
measurement have been performed[2] on a sample made the same way and at the same time as ours.
The susceptibility and resistivity data show that there is a transition at about 250 K. Nuclear acoustic
resonance experiments (an NMR technique that is sensitive to lattice softening) indicate that there might
be some soft-mode behavior in which a sound velocity or phonon frequency is a minimum at the
transition. Macroscopic dilatometry experiments also indicate that there are large lattice anomalies at the
transition. We, therefore, expect that the transition is structural, but a normal structural transition would
not have these peculiar characteristics. The purpose of this experiment is to elucidate the structural nature
of the transition.

Since the sample is air sensitive, the sample was synthesized in a Ta tube which was also used as the
sample holder for the experiment. The experiments were done for 6 temperatures, i.e; 300 K, 26 K, 200
K, 250 K, 275 K and back to 300 K chronologically. The data were recorded at 4 banks of NPD, i.e; 26
= 11489 and £90°.

We obtained a good Rietveld refinement for the room temperature data confirming the NisIn structure
type of the parent phase. However, about 17% (by volume) of elemental Y was detected. There is a
significant preferred orientation. Fig. 1(a) shows part of the diffraction pattern at 300 K, showing two
highest peaks belonging to the parent phase. Clearly, there is a major change at the 26 K data indicated
by the appearance of extra peaks in Fig. 1(b). Fig. 2 shows part of the diffraction pattern in the vicinity
of 250 K for the same orientation. It is clear that the transition takes place at about 250 K. Comparison
between fig. 1(a) and 2(d) indicate that there is an inconsistency in which the peak in the vicinity of 2.6 A
appears in Fig, 2(d). We therefore suspect that there is a pronounced structural hysteresis in this
compound.

Further analysis is in progress.
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Experiment report:

Introduction

Residual stress measurements by neutron diffraction typically rely on the accurate measurement
of the shift of a single Bragg peak to determine the residual lattice strains, which in turn are
converted into residual stresses using elastic constants. Because the elastic constants of a
particular reflection are unknown the bulk modulus is usually used or constants are calculated
from the single crystal elastic constants found in the literature. It is known that use of these
constants can give stresses which are in error by up to 33% in some materials [1]. By applying
known loads to samples insitu, accurate values of the elastic constants can be obtained. Also, by
loading a material into the plastic regime and then unloading, it is possible to obtain an indication
of the residual microstresses introduced by plasticity. This is useful in selecting the most suitable
reflection for performing engineering residual stress measurements.

The aims of this experiment were to determine the (hkil) elastic constants, and also the most
suitable reflection for performing engineering residual stress measurements in a near o titanium
alloy, by loading samples in tension insitu while making neutron diffraction measurements.

Samples

The samples were titanium alloy IMI 834 with chemical composition as follows; Al 5.8%, C
0.06%, Sn 4.5%, Zr 4%, Nb 0.7%, Mo 0.5%, Si 0.4% and Ti the balance. IMI 834 has a
bulk elastic modulus of 119 GPa, a Poissons ratio of 0.32 and a yield strength of 1030 MPa.

Experiments

Instrument NPD was used to perform the neutron diffraction measurements on the samples.
Tensile tests were performed insitu on two identical tensile samples using the NPD stress rig.
Each sample had two strain gauges attached to it to measure the engineering strain parallel to the
direction of the applied load. The first sample was loaded to 600 MPa, within the elastic region,
and the (hkil) elastic constants obtained both parallel and perpendicular to the applied load. The
second sample was given 1 cycle of plastic loading to 1.5 % plastic strain and then 5 cycles of
plastic loading to 2% plastic strain. The residual (hkil) lattice strains after cycling were then
obtained.
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Experiment report (continued):

Results

The modulus of elasticity as measured by the strain gauges was 126 GPa. The powder pattern
revealed the hexagonal close packed crystal structure of titanium. The elastic constants obtained
for each reflection are given in the table below. By using profile refinement techniques the
elastic deformation of the entire lattice was calculated by obtaining refined values of the lattice
parameters a and ¢ for each load increment. The elastic constants as measured by profile

refinement techniques were 119 GPa for a and 147 GPa for ¢ and Poissons ratio v, was 0.30 for
a and 0.27 for c.

d(A)  (hkil) reflection E (hkil) v Oes MPa2 Ores MPa

(MPa) (after 1 cycle) (after 5 cycles)
2.54 (10-10) 126 0.28 13 13
2.34 (0002) 154 0.28 38 19
2.23 (10-11) 126 0.33 -9 -12
1.72 (10-12) 128 0.32 -59 -124
1.46 (11-20) 123 0.27 -64 247
1.32 (10-13) 136 0.29 -82 40
1.24 (11-22) 127 0.31 40 39
1.22 (20-21) 126 0.35 -29 -22
Discussion

It is clear that most reflections give a value of the elastic constant E that is close to that measured
using strain gauges. The (0002) reflection should be avoided for engineering applications
because of its high stiffness. The (10-12) and the (11-20) reflections should also be avoided for
engineering residual residual stress measurements as they both retain high residual microstresses
when there is no engineering residual stress present. The (hkil) values of v seem quite
reasonable compared to the bulk value of 0.32 quoted in the literature. Profile refinement
methods can be used to obtain residual stresses but the appropriate elastic constants must be

used. In addition, for good neutron difraction strain measurements the reflection chosen should
have a high neutron count rate. From the complete diffraction profile (not shown) the (10-11)
reflection gave the best neutron intensity. It is therefore suggested that for neutron diffraction
engineering residual stress measurements the (10-11) reflection be used.
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Experiment report:

Nacrite is an uncommon polymorph of Al,Si,0,(OH), and is one of the four kaolin minerals.
The structures of two of the four polymorphs, kaolinite and dickite, are well known and have been
studied using both X-ray and neutron diffraction methods (Bish and Von Dreele, 1989; Bish, 1993;
Joswig and Drits, 1986; Bish and Johnston; 1993). Halloysite, the third polymorph, is not amenable to
full three-dimensional study by diffraction methods because it exhibits extreme two-dimensional
diffraction effects due to stacking disorder. Much effort has gone into determining the accurate
structures of the kaolin minerals, particularly the details of the hydroxyl group orientations and the
interlayer bonding. Currently, the presence of one hydroxyl group within the silicate layers for every
three hydroxyl groups in the interlayer region is well accepted for the kaolin minerals. Nacrite,
kaolinite, and dickite differ primarily in the manner in which their aluminosilicate layers are stacked,
and it appears that partial explanation for the comparative rarity of nacrite lies in its interlayer bond
energy.

The structure of nacrite was first determined and refined in space group Cc using single-crystal
X-ray methods (Blount et al., 1969). Unfortunately, the resultant structure model is incomplete and
inaccurate, due in part to twinning of the analyzed crystal. The positions of the hydrogen atoms that
are so important in determining and understanding the interlayer bonding were not determined. In
addition, a number of interatomic distances are obviously in error. Blount et al. (1969) proposed that
angular strain in the directed interlayer hydrogen bonds was a partial explanation for the lesser
abundance of nacrite. In addition, they suggested that the nacrite layer (7.1864) is slightly thicker
than the dickite (7.162A) and kaolinite (7.124A) layers. This difference appears to be due to a slightly
greater interlayer separation in nacrite than in dickite and kaolinite. Blount et al. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>