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Proposals 
2 0 0 f l f l  

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

A t  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 ( W R )  facility, zuhich 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 zuhom visited LANSCE to participate in 
measurements. In addition, 3 (nuclear physics) participating research teams, compris- 
ing 44 scientisfs, carried out experiments a t  LANSCE. Instrument beam time zuas 
again oversubscribed, with 552 total dnys requested and 473 available for nllocntion. 
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Overview 

The Manuel Lujan Jr. Neutron Scattering Center 
(LANSCE) is a pulsed-spallation neutron source 

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. 

equipped with time-of-flight spectrometers for 

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 

Important industrial uses of the facility include the 
measurement of residual stress in metals, ceramics, 
and composites; the determination of texture 
in metals and alloys; the characterization of void 
and precipitate sizes in alloys and ceramics; and 
the examination of layer structure of protective 
surface coatings. 

At LANSCE, 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. 

other instrument of its type in the United States. 

Flux-trap Lower target Neutrons (flight path 
penetration) 

Target design with pux-trap moderators and shielding for the LANSCE upgrade 
design of the spallation neutron source. 
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Missioiz 
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 
academia, federal laboratories, and industry; and 
it is a resource for condensed-matter researchers 
at Los Alamos. 

To support its primary missions, LANSCE 
designs and builds new and powerful 
neutron-scattering spectrometers, 
designs and builds targets/moderator 

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

A n  artist's conception of the proton beam from LAMPF (1) feeding info the PSR (2), which then 
sends it to the LANSCE neutron prodiiction target (3). Several of the spectrometers are contained 
in Experiment Hall 1 (4), and additional resources are contained in the support building (5). 
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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 

Science and Technology Alliance (STA) 
Service Academies Research Associates (SARA) 

1 2  

i a  

8 

6 

4 

2 

0 

Science and Engineering Research Semester 

Historically Black Colleges and Universities 

High School Cooperative Program 
Undergraduate Student Program 
Graduate Student Program 
University Internship / Co-op Programs 

(SERS) 

Program (HBCU) 

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. 

Students and postdocs 
I 

High School 

Undergraduate 

1 Graduate 

ea Postdoctoral 

987 1988 1989 1990 1991 1992 1993 
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Upper left: David Knniil,  n SERS stzideizt fronz Clarkson University, installs infrared heaters on the stress rig for the NPD. 
Upper right: Jininiiig Morgan, a gradiiate stzideiit froin Nezu Mexico State University, places nn anvil info the high-pressiire 
cell, idiich is iised in HIPD. Lower left: A doctoral candidate at New Mexico State University, Agus Pzlrzuanto, sets l ip  
a n  experiment to observe the striictlirnl distortion of a sample on NPD. Lower right: Stephen Wnges, zuho mine ns both an 
iindergrndiinte and grndziate stiideizt froin Rochester lizsfitute of Technology, analyzes reflectivity data after an experiment 
on SPEAR. 
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User Program 

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

informal user program. Advice on experiments 
to be performed in this category is provided by the 
LANSCE advisory committee. DOE cost-recovery 
rules apply to proprietary experiments. LANSCE 
sponsors participating research teams (PRTs), 
which are guaranteed access to a beam line for a 
negotiated period in exchange for financial partici- 
pation in constructing a neutron spectrometer or 
ancillary equipment. 

E 

i -  

i 

Dick Visser, left, of Lougkborougk University of Technology and Allen Larson of LANSCE 
examine SCD data. 
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Sergei Stishou, right, Director of the Institute for High-Pressure Physics, Russian 
Acodemy of Sciences, and Bob Von Dreele of LANSCE look at a high-pressure assembly. 



Users visiting LANSCE during 1993 

Last name 

Beninore 
Butler 
Havela 
secIzovs/aj 
Dotson 

Hasegawa 
Stride 
Egami 
Allison 
Hellstrom 
Roll 
Hellman 
Swope 
Forsman 
Dunand 
Weidizer 
Rakova n 
zocco 
Wilcoxon 
Visser 
Toprakciogl u 
Thiyagarajan 
Craft 
Suck 
Smyth 
Kergil 
Russell 
Vrndis 
Rhyne 
Parise 
Osborn 
Browning 
Mari 
Lager 
Leinenweber 
Jayasooriya 
lkeda 
Hoffer 
Hamilton 
Gray 
Egelstaff 
A1 biiia t i 
Mattes 
Ezeilo 
Stishov 
Kent 
Dreux 

JL77lleS 

First 

Christopher 
Paul 
Ladislav 
Vladimir 
Lori 
Mike 
Tu i 
John 
Takeshi 
John 
Eric 
Armin 
Frances 

W 
David 
Donald 
John 
Thomas 
Jess 
Dirk 
Christopher 
Pappannan 
Sharon 
Jens-Boie 
Joseph 
Deanna 
Thomas 
Alexnndros 
James 
John 
Raymond 
James 
Daniele 
George 
Kurt 
Upali 
Susumu 
James 
Will iam 
George 
Peter 
Albert0 
B. 
Andrew 
Sergei 
Michael 
Peter 

R. JeffYJ 

Affiliation 

University of Guelph 
University of Tennessee-Knoxville 
Charles University 
Charles University 
Arizona State University 
Rockwell International Science Center 
Stanford University 
University of East Anglin 
University of Pennsylvania 
Ford Motor Company 
University of Wisconsin-Madison 
Ludwig-Maximilians-Universitat 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 
Cavend ish Laboratory 
Argonne National Laboratory 
Sandia National Laboratories 
Institut Laue Langevin 
University of Colorado 
Los Alamos National Laboratory 
IBM 
University of Pntrns 
University of Missouri-Columbia 
State University of New York 
Argonne National Laboratory 
Martin Marietta 
lnstitut de Genie Atomique 
University of Louisville 
State University of New York 
University of East Anglia 
KEK National Lab. for High Energy Physics 
10s Alamos National laboratory 
Oak Ridge National Laboratory 
Los Alamos National Laboratory 
University of Guelph 
Universita' d i  Milano 
Los Alamos National Laboratory 
Imperial College 
Institute for High-Pressure Physics 
Sandia National Laboratories 
University of Pennsylvania 

Country 

Canada 
U S A  
Czech Republic 
Czech Republic 
U S A  
U S A  
U S A  
United Kingdom 
U S A  
U S A  
U S A  
Germany 
U S A  
U S A  
U S A  
U S A  
U S A  
U S A  
U S A  
U S A  
United Kingdom 
United Kingdom 
U S A  
U S A  
France 
U S A  
U S A  
U S A  . 

Greece 
U S A  
USA 
U S A  
U S A  
France 
U S A  
U S A  
United Kingdom 

U S A  
U S A  
U S A  
Canada 

U S A  
United Kingdom 
Russia 
U S A  
U S A  

Japan 

Italy 



Last name 
CllflikO 

watsoi1 
Todd 

Shn/JiI'O 

First 
DflZd 
Alex 
5usai1 
R iclza rd 

Aff i I iat ion 
Argoiiize Nnfioiinl Lnboratory 
Uiz iversity of Califorii ia-Saiz Diego 
University of Califorizia-Sarz Diego 
University of Osford 

1993 user affiliation 

Country 
U S A  
U S A  
U S A  
Uizited Kiizgdam 
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Filter Differerzce Spectrometer (FDS) 

The Filter Difference Spectrometer (FDS) is 
designed.to determine the energy hnsferred 
to a sample by measuring changes in the -energies 
of neutrons scattered by the samplein the beam. 
Because it detects neutrons over a very-large solid 

. angle, the FDS is most useful for measurements 
requiring high sensithi6;such as dilute systems 
and the vibrations of molecules adsorbed on 
surfaces. Scattered neutrons reach the detectors 
through polycrystalline Be or Bedfilters, which ' . 
will only pass neutrons that fall within the energy 
bandwidth of the filters. This pass through the 
filters determines the final energy of the scattered 
neutrons. Energy transfers can then be calculated 

from the time of flight of the neutron from the , 

source to the detector. The use of both Be and Be0 
filters allows different spectra to be taken, -which . 
results in much improved resolution. Data can also 
be correkted using a model 'filter-response function 

' using eitheca numerical filter-difference-method or 
maximum-entropy-m$iod deconvolution. Energy 
resolution can thereby be improved to a range of 
1.5 t9 2% of the energy transfer over most of-the 
range of the spectrometer. Because the energy 
-transfer varies in a fixed way with momentum ' 
transfer, FDS is best used to observe excit_ations 
with little or no dispersion. 

- 

'. 



Instrument Details 

Energy-transfer range 
Q range 
Energy-transfer resolution 
Beam size at sample 
Detectors 
Filter analyzers 

Moderator 
Sample environment 

Sample size 
Experiment duration 

100-5000 cm-' (1 3-620 meV)* 
1 5-1 7 A-' 
1.5-6.5%, depending on data treatment 
2.5 cm wide x 10 cm high 
60 3He (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 

0.5-1 00 g 
2 hours to 2 days 

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

Juergen Eckert, instrument scientist 
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FDS Experiment Reports 

6025 

6026 
6084 

6085 

6086 

6087 

6089 

6091 

6092 
61 07 

Vibrational Spectroscopy of Oxocentered Trinuclear Metal 
Complexes 
Cluster Surface Analogy 
Highly Elongated H-H Bonds in Dihydrogen Complexes of Osmium 
Dynamics of Doped Polyaniline Films 
The Temperature Dependence of the Vibrational Modes of 
Acetanilide-F, 
A Platinum-Ethylene Complex with a Highly Activated C=C Bond 
Application of Zirconium Disulfide as Catalyst in Preparation 
of Amines 
Ligand Effects on Dihydrogen Binding 
Active Sites in Zeolites 
Hydrogen Bond Dynamics in Quinolinic Acid 

27 
29 
22 
23 

25 
27 

29 
32 
33 
34 
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Juergen Eckert 

Instrument used: (plerrse fJpc)  Local contact: IProposal number: 

VIBRATIONAL SPECTROSCOPY OF OXOCENTERED 
TRINUCLEAR METAL COMPLEXES 

Ifiw LANSCE i i w  otily) 

6025 
Report received: 
f j i ~ i .  LANSCE ii.w otily 

6/23/94 
I 

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( 00CR)&3],  
have been reported in detail in a series of papers beginning in 1981 

The complexes include homonuclear trivalent metal clusters (M=Cr, Mn, 
I 

111. 
;e, Rh and Ru), mixed-metal M2M' and mixed-valence M2IIIMII systems. 
rhey are important metal model systems for the study of magnetic and 
:lectronic interactions between metal ions and we have already found that 
'or a proper understanding of such phenomena a detailed knowledge of the 
Yibrational characteristics of these compounds is essential. One point of major 
mportance has been the characterisation of the mixed-valence compounds as 
localised' or 'delocalised' relative to the time-scale of molecular vibrations. 
h r  approach to this problem has been to assign the normal modes and hence 
.he symmetry, of the metal ion triangle, by comparing suitable examples of 
nixed-valence and mixed-metal clusters. In particular, the in-plane 
{ibration vas(M30) of the central oxygen atom has been used to show that (in 
he case of M=Fe and Mn), the electron transfer process MI1 - MI11 is slow on 
he vibrational time scale[lc, e]. 
in the curvature of the relevant adiabatic potential surfaces, rather than 
,elying on simple theoretical models which are all we have at present [lc], 
md for this a thorough knowledge of the vibrational modes is required. 
nfrared and Raman spectroscopies were the main techniques used in the 
last with a single inelastic neutron scattering (INS) study [lg], which gave an 

To proceed further, we plan to obtain data 

17 



assignment of the 'illusive' vibrations of the ligated water and those of water 
molecules of crystallisation to a broad spectral feature stretching from c a  
400 to 800 cm-1. 
strengths of INS coupled with partial isotopic substitutions to get a better 
vibrational assignment for this important molecular system. 

[Fe2MnO (00 CCH3)6(H20)3] 3H20 were run together with deuterated analogues 
with either only (OOCCD3) or only D20 substituted. Spectra of fully 

The present investigation is to further explore the unique 

The INS spectra of the compounds [Cr30(00CCH3)6(H20)3]Cl. 5H20 and 

deuterated samples were also run. 
quality and detailed assignments are in progress. 
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. 
shown in the following figures. 
and the broader ones at ca 620 
and 700 cm-1 in the fully 
deuterated sample spectrum are 
due to the few percent of protons 

vibrations of these isotopically 
diluted species are expected to 
be decoupled from the rest of the . ,3 -. 

All spectra obtained were of good 
Of particular interest is 

The chromium compounds with different isotopic substitutions are 
The relatively sharp band at ca 500 cm-1 

C i - , 0 ( ~ 1 ) 3 C O O ) , ( l ) , ~ ) ~ ~ : l . ~ ~ ~ ~ ,  mezei  

I _- 7'7 ' 7 1 - - - T - - - -  

0 left over in this sample. The 0 -  - 
T-- 

. - 
v) 

"1 

system and therefore one C - e  

observed. The band at 500 cm-l 
is assigned to the stretching 
mode of the Cr-OH2 bond while 

librational motions of the water 0 - ~ ~ ~ I _ _ l - _ I _ _ _ - I _ _ _ L _ I _ I -  

molecules of crystallisation. 

* e  - 
e . ,  

expects to see sharp features as g --: ~ 0 0 0  "* *o 
- 

" 0  

6 0 0 0  
3 .e"* 9- 

*1. "0 " 0  

- . e '  * 
, a * -  

" 0  
D D  

* *  ~* 
- 9  - -  0 1 the others are assignable to the 

500 1000 

Wave NiJmbcr ((:m--') 

d 

References: 
l(a) M.K.Johnson, D.B.Powel1, R.D.Cannon, Spectrochim. Acta 37A (1981) 995; 
(b) M.K.Johnson, D.B.Powel1, R.D.Cannon, Spectrochim. Acta 38A (1982) 307; 
(c) R.D.Cannon L.Montri, D.B.Brown, K.M.MarshaI1, C.M.Elliott, J.Am. ChemSoc. 
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 (1 987) 
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.A.Jayasooriya Spectrochim. Acta 46A (1990) 903. 
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Instrument used: (plaase type) Local contact: 

Juergen Ecken FDS 

Proposal number: 
Ifor LANSCE use only) 

6026 
ritle: 

CLUSTER SURFACE ANALOGY 

Report received: 
(for- LANSCE iise only) 

I 7/5/94 
I 

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 [l]. 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]. 

absorption infrared spectroscopic data of methoxy on copper surfaces was 
O S ~ ( C O ) ~ ~ ( ~ ~ - H ) ( ~ - O C H ~ ) .  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. 

the ethoxy analogue, Os3(CO) ~ O ( ~ ~ - H ) ( ~ - O C H ~ C H ~ ) ,  and therefore the 
experiment was carried out on this compound. 
(Figure). 
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-1 which tend to obscure the ligand bands of interest when IR 
and Raman spectroscopy is used. 
frequency deformation and torsional modes of the ligand of interest. 

A cluster compound used for some initial interpretations of reflection 

However at the time of the experiment, we were only able to synthesis 

Good spectra were obtained 
A confirmation of this A tentative assignment is given (Table). 

Second, the high intensities of the low 
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7- -I---- rr--- lsperirnent report fc .or i / i r i i rc t l ) :  
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The osmium dihydrogen complexes trans-Os(en)2(q2-H2)LI 1, (Fig. I ) ,  where en 
ethylenediamine, are highly unusual among the growing class of dihydrogen 

zomplexes in that these compounds are stable for a large variety of t rans 
igands L, ranging from CI- to biomoleculesl , such as inosine 5'- 
monophosphate. In fact, the 1H NMR signal from the dihydrogen ligand can be 
lrtilized 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 
ind ing of dihydrogen ( "trans effect'' ). We have previously2 shown that the 
Darrier to rotation of the dihydrogen ligand may be taken as a reIative measure 
Df the degree of backbonding from metal d - orbitals to the antibonding o* 
Drbital of the H2 ligand. It is therefore of great interest to determine the 
garrier to rotation of H2 for a number of complexes 1 with different L in order 

N4 

N1 

Fig. 1 Neutron Diffraction structure3 of [os(en)2(q2-H2)L]PFg with L = CH3C02 
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Experiment report (conrinued): 
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 8, ) and low values of J(H,D). The rotational tunnel 
splitting for H2 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-H2 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)2{ H 2 - 
D2}CH3CN ] is shown in Fig. 2. Librational transitions are evident at 80 and 175 
c m  -1.  Additional features may be attributed to incomplete subtraction of 
skeletal modes because of the strong Os-H interactions and to Os-H2 wagging 
and rocking modes. 

(2 
II 1 

100 200 300 400 500 

Wave Number (cm ') 
Fig. 2. FDS spectral difference [Os(en)2{H2 - D2)CHsCN ]PF6 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 
s u rp r isi n g 1.y I ow. 
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Experiment report: 

Title: 
Dynamics of doped polyaniline films 

Since the original observation of their exceptional electronic transport 
properties by Shirakawa and coworkers1 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,6 light emitting diodes7) in addition 
to the many "conventional" applications originally envisi0ned.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. 

Report received: 
lfor LANSCE Use Only 

4111194 

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. llNS 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 IlNS spectra of three polyaniline samples at 15K, as- 
cast, doped in HCI 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 
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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 
experimentlo, and it is clear that 
INS can provide important 
information on these systems 
especially since it can be used on 
metallic samples as well. 

I I 1 1 * ' I  ' ' ' ' ' ' ' ' 
500 1000 1500 

Wave Number (crn- ' )  

Fig. 1 INS spectra (Maximum Entropy 
Reconstruction) of polyaniline films: as cas1 
(top); doped in HCI (center) and doped in DCI 
(bottom). 
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Title: . 
The temperature dependence of the vibrational modes of 
ace tanilide-F3. 

The anomalous temperature dependence of the amide 1 mode and other vibrational 
anomalies in acetanilide ( C6H5NHCOCH3 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 number 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. 

Report received: 
(for LANSCE Use On!\ 
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We have recently shown by single crystal neutron diffraction1 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 4~5,"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 isotopomersl0-12 and had demonstrated12 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. 
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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 
previous ly  o b s e r v e d l l  for  phenyl ring 
deuteration. 
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The ethylene ligand in the complex P ~ ( C ~ H ~ ) ( ~ B U ~ P - C H ~ - P ~ B U ~ )  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[PtC13(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 P ~ ( C ~ H ~ ) ( ~ B U ~ P - C H ~ - P ~ B ~ ~ )  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 C2H4 ligand 

Fig. 1. Structure of Pt(C2H4)(tBu2P-CH2-PtBu2). 
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Experiment report (continued): 

should result in the lowering of some of the internal mode frequencies of C2H4 
relative to those of free C2H4, whereas Pt- (C2H4) deformation modes should 
have higher frequencies than those of the less strongly bound C2H4 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 C2H4 . The spectral difference of the 
two samples is shown below in Fig.2. Tentative assignments are based on 
previous INS studies1 and normal coordinate analyses2. The expected trends 
are indeed observed. For example, the Pt-Cz 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 C2H4 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-1 in this compound compared 
with 1515 cm-1 for Zeise's salt and 1614 cm-1 in solid ethylene. 

0 
0 
c\l 

0 

:-'-- -- 

100 200 300 

Wuve Number ( c m - I )  

Fig. 2 Sample difference spectra Pt{ (C2 H 4)-C12}(tB u 2 P - C H 2- PtB u 2) s howins 
primarily Pt- (C2H4) 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 TIS2 which is representative of redox-rearrangement 
reactions. NH3 and NHq+ are co-intercalated into TiS2 with a concommitant charge 
transfer of 1 mol e-/mol NH4' to the host conduction band. The resulting compound is best 
described as (NH4+),'( NH3)y19TiS2Y'-, where y'=0.25 for the equilibrated material 

In contrast, MoS2 is an example of a host with a completely filled dz2 band and does not 
intercalate ammonia. The transition metal dz2 band in MoS2 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 C H 3 N H 2  into ZrS2. It is 
known to intercalate NH3, is isostructural and isoelectronic with TiS2, yet it has a larger 
band gap (1.6 eV) than Tis2 (0.32 eV). Since the valence band is comprised primarily of 
sulfur p orbitals, to the first approximation the energy levels are comparable for Tis2  and 
ZrS2.  In any case, the top of the valence band for ZrS2 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 ZrS2. 

We have been investigating1 92 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 CH3NH2 
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 CH3NH2. We have therefore also 
collected INS spectra of CH3NH2 and CD3NH2, as well as other methylamines and/or their 
HC1 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/ZrS2(left), CH3NH2/ZrS2 (right, top) and bulk CH3NH2 (right, bottom). 

I . . . . I . . I  

500 1000 

Wave Number (cm-')  

The INS spectrum for CH3NH2 is found to be 
somewhat altered upon intercalation into 
ZrS2. For example, the very low CH3 torsion in 
the bulk shif ts  up to much higher  
frequencies in the more restricted host 
environmentof ZrS2. Changes in the external 
mode region are most pronounced, but shifts 
in the internal modes are evident as well. 
Detailed analysis of these spectra, including 
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 CH3NH2/ZrS2. . 

CH,NH, in ZrS ,  - L r S ,  

Apart from the strong peak at 600 cm-1 the spectrum of NH3/ZrS2 shows few change: 
relative to that of bulk NH3. This is in strong contrast to the case of NH3/TiS2, and support: 
the conclusion that there is no electron exchange to ZrS2 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 o*(H2). 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 o-donor, 
on the other hand, may impede the o-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 .n-acceptors, such as CO, may compete with the 
backdonation to o*(H2), and can therefore stabilize dihydrogen binding towards cleavage 
to hydride in the earlier, more 7c-basic transition metals ( e.g. group 6 ) or in the presence 
of other electron-rich ligands . 

Title: 

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 d,(M) - o*(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 d6 
transition metal complexes. In this approach electrochemical parameters EL for each type 
of ligand are added and a value for the electrochemical potential E1/2(d5/db) 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 E112 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. 

ReDort received: 

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)Z 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)(H~)(R~PCH~CH~PR~)~ where R = -CH2-C& (1) and -CH2-m-C6H4CH3 (2), and 
are closely related to the compound with R = Ph (3) which we have previously studiedz. 
Both of these ligand sets would be expected to be slightly more electron-donating than 3 
and therefore lead to marginally higher barriers to H2 rotation. The INS differential 
spectra ( complex with H2 ligand minus complex with D2 ligand) for 1 and 2 are shown 
below (left and right, respectively). 

Wave Number (cm- ' )  Wove Nurnbcr ( u n  ~ ' )  

While the spectrum of 1 can be readily assigned ( torsional transitions at 122, 187 and 293 
cm-1 yield1 a rotational potential with V2 = .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 Lkon 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 
H2 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 ir  
zeolite-L. However, the INS spectra we collected on these samples werc 
contanimated by noisy detectors to the point where reliable identifcation ol 
adsorbate vibrational modes cannot be made. 
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Hydrogen bond dynamics in quinolinic acid 

Horst Kuppers, Universitik Kiel, Germany 

Juergen Eckert, LANSCE 

Experiment report: 

As part of our ongoing program to study the dynamics and geometries of extremely short 
hydrogen bonds ( R(O0) - 2.4 A ) we have been collecting extensive vibrational spectra 
on single crystals of lithium hydrogen succinate, lithium hydrogen phthalate dihydrate1 
and most recently, quinolinic acid2 ( QNA; 2,3-pyridinedicarboxylic acid; C7H3H2N04). 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). 

* 
0 

Q? C- OH 
OH.,, 

1 2 3 4 
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Experiment report (continued): 

Phthalic Anhydride I 

1 1 1 1 1 1 1 1 1 1 1 ,  -L_ I- 

500 1000 1500 

Wave Number (cm- ' )  

Fig. 1 INS spectra of Phthalic 
Anhydride (top) and Phthalic Acid 

500 1000 1500 

Wave Nurnber ( c m -  ' )  

Fig. 2 INS spectra of Picolinic 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: 
. H. Kuppers and J. Eckert, 15th European Crystallographic Meeting, Dresden, Germany 

. H. Kuppers and J. Eckert, Acta Cryst. A 49, C173 (1993). 
, G. J. Kearley, Spec. Acta 48A, 349 (1992). 
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High lntensiby Powiier Difirrctorneler (HE'D) 

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 
n'eutron 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- 
tGmperature, 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 crystallograph'ic 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. 

I -  

Moderator to sample distance = 9 meters - 

, 



-- 

Instrument Details 

Wavelength range 0.2-1 0.0 A 
Beam width 0.3-1 .O cm, variable 
Beam height 0.3-5.0 cm, variable 

Detector banks, d-spacing range (approximate), and resolution: 
Q range 0.2-60 A '  

fl4" 2.0-33.6 A 
+40° 0.84-13.7 A 
f90" 0.40-6.65 A 
+153" 0.25-4.75 A 
14O-153" 
Chilled water at 283 K 
13-300 K; closed-cycle refrigerator; 

1 0-GPa high-presssure cell; 
vacuum furnace, limit 1000 K 

0.005-4 cm3 
5 minutes to 1 day, depending on sample size 

Range of scattering angle 
Moderator 
Sample environment 

Sample size 
Experiment duration 

3.0% 
1.0% 
0.5% 
0.3% 

Robert Von Dreele, instrument scientist 
Eric Larson, instrument technician 
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Certification of NIST Standard Reference Material (SRM) 656 - Si3N4 
Authors and affiliations: 
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Proposal Number: 
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506 1 
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5/6/94 

Robert 13. Von Dreelc, 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 refinemcnt of neutron TOF data. Recent 
iniprovcments in the TOF background functions have rcsulted in accurate (to <O. 1%) and prccise 
(<0.02%) quantative analysis of thcsc mixtures demonstrating that either one is suitable as a spiking 
material for certification of a new quantative analysis SRM for the amorphous content of silicon nitride. 
Moreover, the power of a properly foimulated Rietveld refinement procedure for quantitative phase 
analysis was also demonstrated. Parallel Rietvcld analysis of x-ray powdcr diffrxtion 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 prcfiles, used by 
the Rictveld 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 iieutron diffraction on HIPD and 40 samples were 
examined by inonochromatized 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. 

I 
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Experiment report: 

It was thought[l,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 a = 4.5 A and b = 7.2 A as reported 
elsewhere[2]. Peaks with significant intensities at 5.31 A, 2.75 8, and 2.30 8, 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 P2lcn or Pnma. The choice of lattice 
parameters for the former are a = 4.54 A, b = 7.84 8,, c = 7.22 8, while the latter are a = 7.22 A, b = 
4.54 8,, c = 7.84 8,. We obtained the best fit for P2lcn 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 P2lcn, 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 x2, wRp and Rp lowered by 2.2%, 1.2% and 1 .O% 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 TN = 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. 
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Fig. 1. Plot of a portion of 
the time-of-flight spectra, 
along with Rietveld fits, 
reflection markers and 
residual, from one 1530 
bank of HIPD at r6om 
temperature with P2lcn 
space group. The intensities 
have been divided by the 
incident spectrum. 

Experiment report (continued): Bank 1 .  2-Theta 153.4, L-S c y c l e  897 Obmd. ond D i f f .  P r o f i l e r  
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Fig. 2. Plot of a portion of 
the UCuSn raw data taken in 
one 400 bank of HIPD at 
four different temperatures. 
As the temperature is 
lowered, four extra peak 
a pear at about 7.81 A, 4.53 { 3.83 A, 2.96 A. The 
bottom plot (e) is the 10 K - 
78 K difference curve. The 
indices are preliminary in 
h e  orthorhombic 
symmetry. The intensities 
have been divided by the 
incident spectrum, 

78K 

2.0 4.0 6.0 8.0 
d-rprdag (A) 
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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 Ucompounds. 
Uirx compounds order in a variety of structures [ 11, from the cubic MgAgAs (or "half-Heusler") 
structure type, through CaIn2 and Fe2P hexagonal structure types to the orthorhombic CeCu2 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, WtSn exhibits fairly strong antiferromagnetic interaction in the paramagnetic phase and 
appears to order antiferromagneticdy at about Tw75 K, though the variation of the magnetic 
susceptibility with temperature is by no means normal - there is no clear maximum at TN. 

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 F33m 
u (4) 1/2 1/2 1/2 
R (44 314 314 3/4 
Sn (4a) 0 0 0 
Lattice parameter at 85 K 
a(r$)=6.60234 k 0.00015 

The data obtained showed no udectable magnetic signa 
low temperature must be less than 0.4 pg. 

Our data inbcates that any ordered moment at 
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Experiment report (continued): 
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iig. 1. Plot of a portion of the diffraction pattern along with Rietveld fits, reflection markers and 
nesidual, from one 1530 bank of HlPD at 85 K. The intensities have been divided by the incident 
ipectrum. 
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3xperiment report: 

Powder data were collected on HlPD for one hydrogarnet sample 
(Ca3A12(04H4)3; space group lu3d; a=12.00 A) loaded in the Nelmes-Besson pressure 
cell. The objective of t h e  experiment was to determine the  effect of OH- substitution on 
t h e  compressibility of the  garnet structure. The substitution of even small amounts of OH- 
ion in t h e  garnet structure can  have a large effect on physical properties. To test 
current geophysical models of t h e  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 a n  important 
element of t h e  compression mechanism. 

Unfortunately, t h e  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-crystallized, fully-deuterated, and a n  excellent 
neutron scatterer, based on previous experiments at IPNS (Lager ef a/., 1987). It is 
possible that hydrogen-deuterium exchange occurred during loading; however, t h e  
structure of Mg(OD)2 was successfully refined in a previous high-pressure experiment on 
HlPD in which t h e  same cell and loading procedures were used. In addition, given the  
short exposure time (30 minutes) to the  atmosphere, and t h e  low relative humidity af 
LANSCE (5%). one  would expect the  exchange to be minimal. This particular sample 
has been recently investigated by X-ray powder methods (Olijnyk ef a/,, 1991) at 
pressures up  to 42 GPa. In t h e  entire pressure range, t h e  X-ray pattern was of sufficient 
quality to determine the unit-cell 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 t h e  pressure cell revealed no observable changes in t h e  diffraction 
pattern. 
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Experiment report (continlied): 
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Experiment report: 

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

M. R. Fitzsimmonss, J. A. Eastman", R. B. Von Dreeles, and L. J. Thompson* 

§ 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 Nee1 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 NCel 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 AF1 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-polxized AJ3 spin density wave phase can not be ruled out 
unambiguously. 

submitted to Phys. Rev. B, 1994. 
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Experiment report: 

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 
€or 4.7 GPa and 13.0 hours for 5.7 GPa. The pressure data points were calibrated by the lattice 
parameter of NaCl('). Rietveld refinement was carried out with General Structure Analysis System, 
(GSAS) program for data analysis. 

As a reference, the structure of PbTi0.3Zr0.703 at ambient temperature and pressure was also 
investigated by neutron diffraction. As expected, the neutron data show that the structure of 
PbTi0.3Zr0.703 at ambient temperature and pressure has the rhombohedral ferroelectric phase, or so- 
called FR(L?? phase, with space group R3c (see Fig. la). This result agrees with the previously 
published result(2). 

At 3.2 GPa, the structure of PbTi0.3Zr0.703 is already in the parent cubic paraelectric phase (Pc 
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. lb). The residuals are R, = 
3.0431 for 3.2 GPa, Rwp = 0.0363 for 4.7 GPa and Rwp = 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 FR(L?~ and PC phase. We have tried 
several structures for refinement, such as R3c (PZT FR(L?? phase) (see Fig. IC), R3m ( E T  FRO 
phase), P63/mmc (BaTiO3 hexagonal phase), Cmcm (Orthorhombic phase with doubled BaTi03 unit), 
Pba2 (PZT orthorhombic antiferroelectric 
Unfortunately, they all failed to fit the experimental data for 0.97 GPa and 1.8 GPa particularly for the 
sxtra reflections not observed in the PC phase. The fitting for these two data sets still needs more work. 

The compression data for the PbTi0.3Zr0.703 cubic phase were obtained by fitting three 
zxperimental data points to the Birch equatiod3), 

High pressure neutron scattering experiments for PbTi0.3Zr0.703 at room temperature have been 

phase), and P 4 m  (PZT tetragonal FT phase). 
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Experiment report (continued): 

Here we set KO' = 4 for simplification, so the equation reduces to 

The fit of the data points to this formulation gives the values for the bulk modulus Ko = 99 f 8 
GPa, and initial volume VO = 68.75 k 0.22 A3 for cubic phase. The curve fit is shown in Fig. 2. The 
large uncertainty for 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 PbTi0.3Zr0.703. (a) 
rhombohedral phase at ambient temperature and pressure. (b) cubic phase at 4.7 GPa. (c) 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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Experiment report: 
A large number of UTX compounds where Tis a transition metal element and X is a p-electron metal 
has been studied in order to see the role of 5'-ligand hybridisation on the magnetic ordering[ 11. In 
h o s t  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 U2T2X compounds crystallizing in tetragonal U3Si2 structure with P4/mbm 
space group has been studied by means of bulk measurements and x-ray diffractions at room 
temperatureC21. For most of them, the nearest U-U distance is along the c-axis denoted by d _ ~  (see Fig. 
l(a)), except for U2Ni2Sn and U2Pd2Sn which have the nearest U-U distance in the basal plane denoted 
by dll (see Fig. 1 (b)). Based on the simple picture obtained for UZ'X compound, we expect for most of 
U2T2X 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 U2Pd2In and U2Pd2Sn. At room temperature, 
the nearest U-U link of the former is definitely d_~ ,  while the latter is marginally dll[2]. However, at low 
temperatures, we observed that the nearest U-U link for U2Pd2Sn is d l .  We have shown that the 
xossover 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 1 11,210,200 for both compounds and in addition 201,211 for 
U2Pd2Sn (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 p~ per U-atom for U2Pd2In 
and U2Pd2Sn respectively. These compounds obey the same picture as that of the UZX 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): 

mirror planes 

'ig. 1 : The crystallographic structure of U2Pd2X, with 
=In and Sn : a) schematic view, showing one of the 
earest U-U distance in c-direction d l  and b) projected 
nto a basal plane, showing one of the nearest U-U 
istance in tetragonal basal plane 41. The atom sizes are 
D t  drawn to scale, but the atom coordinates within the cell 

-*-"- 

E 

"i a - 

Fig. 2 : Plot of a portion of a difference 
curve 10 K- 50 K for (a) U2Pd2In and (b) 
U2Pd2Sn raw data taken in the S O 0  and 
f1530 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. 

Y 

Fig. 3 : The magnetic structure of U2Pd2X, 
where X=In and Sn, projected onto 
tetragonal basal plane. The atom sizes are 
not drawn to scale, but the atom coordinate! 
within the cell are drawn to scale 
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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 55kbar. 

LB. Von Dreele, LANSCE, Los Alamos National Laboratory 
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Cxperiment report: 

The pressure dependence of the structure of nitromethane was investigated at pressures up to 55kbar on 
3IPD employing the "Paris-Edinburgh" pressure cell. The deuterated nitromethane was loaded into the 
:ell made up into a paste with aerogel powder and salt (as pressure caIibrant). Aerogel is a low 
lensity/high surface area amorphous material which promoted rapid crystallization of the nitromethane 
hus assurmg that a fine grained powder was produced with no pressure induced preferred orientation. 
Zarlier attempts using nitromethane liquid samples produced apparently coarse grained powders with 
Jery strong texture. The first figure illustrates this difference; the plot on the left is of pure nitromethane 
ind the one on the right is from the nitromethane/aerogel paste at approximately the same pressure (ca. 
j0k bar). 
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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 NO2 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 (continued): 
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Cxperiment report: 

Ne proposed to examine the phase transitions in the cristobalite form of Si02 at high pressure in an 
tttenipt to understand the compression mechanism in this geologically important mineral. As can be see1 
i-om the first figure we did not succeed in obtaing diffraction data which were suitable for structure 
inalysis. 

CRISTOBALITEfSALT 40T 
Bank no. = 3 Two-theta = 90.00 Observed Profile 

- 

1.0 1 . 2  1.4 1.6 1.8 2 . 0  2.2 2 .4  2 . 6  2 . 8  3.0 
D-spacing, A 

The only peaks visible in this pattern belong to the salt which was included as a pressure calibrant. In a 
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 resultin 
computed pattern is shown in the next figure. 



Experiment report (continued): 

Cristobalite simulation 
Bank 3, 2-Theta 90.0, L-S cycle 2 Obsd. and Calc. Profiles 
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[t is evident that, apart from two peaks at 1.1 and 1.2& 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 
:xpected that there would have been a phase transition by this pressure (28kbar) and a pattern this weak 
precludes identifying the new phase. 
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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 Nb,Sn. The p form, which is the one obtained by ordinary preparation techniques, has 
the structure shown in Fig. I. 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 U,UD,,. 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. p-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-UD, is non-magnetic. 

u 
Fig. 1. Structure of P-IJD,. 

- - - -  

Fig. 2. Structure of a-UD3. 
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Experiment report (continued): 
We undertook the study of newly prepared material on HlPD 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 a- and p-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 p-phase, but it is very much less pronounced than that 
previously observed for pure p-phase. [I] 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 [l] The Debye-Waller 
temperatures for the a- phase are overall somewhat lower than for the p 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 
of a-UD, versus temperature 

J 
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Fig. 3. Lattice constants of a- 
and p-UD, versus temperature. 

Fig. 5. Debye-Waller factors 
of p-UD, versus temperature. 
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Zxperiment report: 

Powder neutron diffraction patterns for 2 mixed metal oxides Bi 3 2  Ru SbOll 
and Bi Ir SbOll have been collected on HIPD. 

Analysis of the data is in progress, the presence of small amounts of a 
monoclinic phase, SbBiO4 is complicating the refinement, especially in 
attempting to detect any non-stiochiometry at the oxygen sites. 

3 7  
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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 [l]. There is also 
evidence that these structural distortions couple to the carriers and therefore affect the 
properties of these important materials [l]. 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)2Cu04] 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 CuO2 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-0 and 0-0 correlations disappear, allowing us to concentrate on the 
important Cu-Cu, Cu-0 and Cu-La correlations. We have obtained this function using 
powder diffraction data from HIPD. 
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Cxperiment report (continued): 
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Figure 1. Copper direrentid PDF’s from La1.875Sro.125CuO4. The upper curve is from 
powder diffraction data collected on HIPD, the lower curve is calculated from the crystal- 
lographic LTO structure. 

Data were collected over a range of temperatures around T, from two log samples 
of La1.875Sr0.125CuO4: one sample was made with isotopically enriched 65Cu and the 
other with isotopically enriched 63Cu. 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 U'IX compounds (T=transition metal, X=pelectron metal) which 
has been studied extensively in order to understand the role of 5f-d hybridization in U-moment 
formation. Previous bulk magnetic investigations[ 11 revealed magnetic order at about 47 K, but the 
results were inconclusive regarding whether the ground state is ferromagnet, which exhibits domain 
effects, or antifemmagnet'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 (3g) x o  112 x = 0.580018 f O.ooOo26 
co (24 1/3 2/3 0 

Ga (3fi X 0 0 x = 0.239151 f O.ooOo34 
a(A)=6.66456 f O.OOO10 
c(A)=3.92653 f 0.00006 

Co ( lb)  0 0  112 

Below the N k l  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 001 magnetic contribution does not mean 
that the majpetic structure must be ferromagnetic (as in Fig. 2(c)) since two noncollinear models (Fig. 
2(a) and (b)) also have no 001 magnetic contribution. This is easily understood since the net moments in 
the 001 basal plane are zero for both noncollinear 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 f 0.03) pg per U-atom. This result is in a good agreement with 
the value of 0.78 pg per f.u obtained fiom the high-field magnetization [l]. Note that the Co moment is 
zero to within experimental error of fo. 1 clg per Co-atom. Also note that model 2(a) yields much larger 
U-moment of (1.04fo.04) pg per U-atom. 

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

Bank 3 ,  2 - T h e t a  9 0 . 0 ,  L-S c y c l e  56 Obsd.  a n d  Diff. Profiles 
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/ f f 
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X 

?ig. 2. The Shubnikov magnetic sub&oups of P52m. In (a), the U-moments are perpendicular to the 
nirror planes. In (b) and (c), the U-moments are parallel to the mirror planes. The moments in (a) and 
3) lie in the hexagonal basal plane, while in (c) are ferromagnetically coupled along the c-axis. Our data 
lndicate that model 2(c) is the right one. 
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Tig. 1. Plot of the time-of-flight spectra, along with Rieweld fits, reflection markers and residual, from 
me 900 bank of HIPD at 60 K. The intensities have been divided by the incident spectrum. 
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Low-Q Diflracfbrneter (LQD) 

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

hydrogen moderator is used, which produces a 
neutron spectrum that peaks at about 2.4,8, and has 
usable flux from 0.3 to 20 A. A pair of single- 
aperture collimatw plates yields an angular 

' resolution of 0.09O and a pe'numbra diameter 

. length ("cold") neutrons. Therefore, a liquid- 

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

Beam 

aperture convLrging collimator allowa a four times 
increase in intensity without affecting the resolu- 
tion. At20 Hz, the slowest neutrons used on the 
-LQD fall 12 mm under the influence of qavity. 
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 phenam- 
ena, colloid structure, biomolecular organization, 
phase separation, and phase morphology and 

, 
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. 
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molecular ciSnformation in polymers. 
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Automatic sample changer 
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Instrument Details 

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

(single aperture, 30 PA): 
Detected intensity 

Detector 
Moderator 
Sample environment 

Experiment duration 

0.2-1 5 A at 20 Hz 
6-60 mrad 
0.003-0.5 8-1 

10 mm x 13 mm 
24 mm x 27 mm 

0.2 < h < 1.6 A 0.2 x IO4 n/s 
1.6<h<5.0A 8.0 x lo4 nls 
5.0 < h < 15 A 2.0 x IO4 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. Hje/m, Jr., instrument scientist 
Dennis Marfinez, 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 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 lo4, 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, &= 235 A, is in qualitative 
agreement with microscopic images. The backup plan was as follows: 

The precipitation of rutile (TiOJ needles in sapphire (Al,O,) single crystals is well known. 
These form twinned needles with the [Oll] direction in rutile parallel to the [lOlO] 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 (conrinued): 

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:AI,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 anglt neutron scattering would appear to be an 
ideal technique. Last summer's experiment confirms these assumptions and demonstrates the 
unique attractiveness of S A N S  to this problem -- it samples cubic millimeter sized volumes 
and returns useful dimensions and statistics in single experimental runs. 

References: 
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Experiment report (coitriniicd): 
of sample were prepared; one with high values of KU and one set with low KU. These samples were characterized 
by magnetization measurements which gave the moment, magnetic ordering temperature and macroscopic 
anisotropy constant KU. 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 Tc. 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, K = t-', 
common to both 

d o -  A + B 
rn Q ~ + K ~  ( Q ~ + K ~ P  --- 

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 KU and the low KU 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 KU 
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 Ku 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 
5 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). 

Hi ghKuy 30c LowKu 30c 
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0 - z 
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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 ~oprecipitation.1~ 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 S A N S  utilizes the more expensive deuterated alkanes, and this has important consequences on 
the microemulsion microstructure as we discovered. 

Materials and Methods 

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. 

The cationic surfactant, DTAC Dodecyltrimethylammonium, CH3(CH2) 1 1N(CH3)3Cl was 
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Experiment report (continued): 

Results and Discussion 

4s mentioned above, we choose the DTAC system to take advantage of its extraordinarily large single 
shase 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, 
ion-interacting microstructure. In contrast, nonionic systems exhibit huge increases in scattering and 
3pparent 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) 
:an be added to the system in large amounts (up to nearly 0.5 h4) and even facilitate expansion of the 
stable single phase region up to ++.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. 
[t 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 S A N S  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 O<-W<O.O8. We noted similar 
kamatic 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. 
[n 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)/d2o, effect of water 
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Figure 1.  The effectif addition of water to the DTAUhexanoUoctane inverse micelle system is shown as a function of 
water weight Eraction, cpw. 
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I 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 cpw= 0.015 were observed, indicating intermicellar interactions are quite weak in this system 
compared to nonionic micelles. 

DTAC/cl6(D)/hZo, effect of water 
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Figure 2. The effect of addition of water to the DTAChexanoVhexadecane inverse micelle system is shown as a function 
I of water weight fraction, <pw. 

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. 

DTAC/cyclo(D)/d20, effect of water 
I I m 10 1 

0.1 I 
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Figure 3. The effect of addition of water to the DTAChexanoVcyclohexane inverse micelle system is shown as a function I of water weight fraction, 'pw 
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We also investigated the effect of the presence of an electrolyte on the microstructure and 
:ability of the DTAC/hexanol/octane system shown in figure 1. The single phase microemulsion 
ecreased in size as shown in figure 4, but the structure remained droplet-like. The preservation of the 
licrostructure in the presence of this salt explains the high quality of the spherical Sn clusters formed 
1 the corresponding non-deuterated system by reduction of this metal salt. 

DTAC/c8 (D)/Sn( BF4)2( .2M) 
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:igure 4. Effect of addition of a tin salt to the DTAChexanoVoctane inverse micelle system as a function of water weigh 
raction, (Pw. 

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

DTAC/c8(D), 0.1 M Fe(BF4)2 titration 
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Figure 5.  Effect of addition of a iron salt to the DTAChexanoVoctane inverse micelle system as a function of water 
weight fraction, (Pw. 
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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 
:ontaining 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 Li2S titration 
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3gure 6. Effect of Li2S titration on microstructure in the DTAChexanoVoctane system. 
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Experiment report: 
The goal of this experiment was to use small-angle neutron scattering ( S A N S :  

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 2 from the surface of the particle. 

The work reported here is an extension of previous ex eriments on narrow 
molecular-weight-distribution poly(n-butyl methacrylate) c R ains chemically bondec 
(grafted) by one chain-end to nearly-monodisperse, 2300 A SiOa spheres. 

In this work, bare SiOa 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(dimethy1 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, 2 = 0, and the density profile increases with 
increasing Z until it reaches a maximum. 
experimental results and model predictions could be obtained i y assuming density 
profiles of the form: 

Indeed, satisfactor agreement between 

where 4 M  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 i1 
scattering cross-section between spheres with adsorbed polymer and bare spheres 
(all values corrected for solvent scattering and background). Assuming + M  - 0.2 
and h = 120 A gives agreement between experimental difference scattering and 
model predictions shown in figures 1-3. The three figures ive results over 
various ranges of Q. agreement over 9 orders of magnitude 
in difference scattering. The model for x t e polymer density profile is shown in 
figure 4. 

There is satisfacto 
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Experiment report (continued): 
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Figure 2. 
for Polymer [200,5001 over the mid-range of Q. 

Agreement between theory and experiment 

025 1 
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The polymer density profile for  Polymer 
acording to equation (1) with 4 " -  0.2 and 

Figure 3. 
for Polymer [200,5001 over the high range of Q (tail 
of the difference scattering). 

Agreement between theory and experiment 

This profile gives a surface coverage of 5.5 mg/m2 and a root-mean-square 
extension of polymer out into the continuum liquid of 290 A. 
approximately one-half of the root-mean-square radius of gyration for this 
polymer in IPA solution, 570 A, which was determined by SptNS measurements from 
solution. 

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. 

we conclude that none demonstrated the "parabolic" brush behavior described in 
the extensive review by Milner(l). 
tatively in agreement with predictions of Scheutjens and Fleer. (2) 
however, our results were also in qualitative agreement with a model for 
polymer chains under theta conditions that was published 49 years ago. c3)* 6) 

This extension is 

Similar results were obtained for the other polymer samples. With the lim- 

The number of cases reported here is limited. But for the examples studied 

Our experimental results were, however, quali 
Curiously, 

rafted 
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Experiment report: 

Small angle neutron scattering experiments were performed on thin films of 
polystyrene, PS, to determine the configuration of the polymer molecules confined to ;I 
thin film geometry. Experiments were perfornied on 50/50 mixtures of PS and d-PS, 
each having a molecular weight of S.0~105. In the bulk, PS molecules of this molecular 
weight will have a radius of gyration or  -225A. Individual film thickness of 200A wcrc 
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 
surface of de-ionized water and retrieving the film with the coverslip. Four such 
samples were prepared on coverslips 7.5 cm in Icngth. ‘These were mounted on top o f  
one another with the incident neutron beam impinging on the narrow side of the 
coverslips. In this geometry a total scattering volume of 3.0~10-3cm3 was achieved. A 
typical polymer sample with a diameter of I cm and a thickness of 1 rntn has a 
scattering volume of 7 . 9 ~  IO-2cm3. Consequently, the scattering volume of the thin film 
samples was only a factor of 25 smaller than the usual specimen. IIowever, the 
contrast and the concentration were maximized to optimize the possibility of seeing the 
scattering arising from the individual polymer chains. 

SANS experiments performed on LQD were atnbiguous. While there was ample 
scattering arising from the polymer chains, there was an additional component to the 

that, during the sample preparation, impurities were entrapped between successive 
layers giving rise to a periodic variation in the scattering length density. It should he 
noted that entrapment of hydrogenous impurities would be sufficient to give rise to the 
observed scattering. Resolving the scattering parallel to the layers was dificult in that 
the dimensions of the polymer chain are large in that plane and, consequently, the 
scattering falls off quite rapidly. ‘Therefore, while these particular experiments failed, 
an improved sample preparation should provide information on the configuration of 
the entrapped polymer chains. The flux arid resolution capabilities of 1,QII were 
suficicnt for the experiments and the scattering from thc polymer chains was 
resolva ble. 

. ‘This was manifest as a peak in the scattering profile occurring at  a spacing scattcrinl of -200 which corresponded to the thickness of the individual layers. It is apparent 

82 



Local contact: Prcposal number: Instrument used: (please o p e )  
Ifor LANSCE use only) 

LQD REX HJELM 6061 
Title: Report received: 

lfor LANSCE use only) 
LOWER CRITICAL ORDERING OF DIBLOCK COPOLYMERS 

11/7/94 

'I1, P. Russell 
IIIM Almaden Rescarch Center, San Jose, California 9.5 I20 

A. M. Mayes 
MIT ,  Mat. Sci. & Eng., Cambridge, MA 02139 

Y.  Gallot 
Institut Charles Sadron, CRM, Strasbourg Ccdcx, France 

Experiment report: 

Small anglc neutron scattcring cxpcnmcnts were performcd on symmetric diblock 
copolymcrs of pcrdeuterated polystyrcnc, d-PS, and poly(n-butylmethacrylate), 
~ '(II-I~MA), denoted P(d-S-b-nBMA) as a ftmction of temperature undcr an atmosphcrc 
to prcvcnt oxidative degradation. fkating and cooling cyclcs were used to ensure 
rcproducibility of the results. Copolymcrs having weight average moleculeclar weights 
of 2.6~104, 6.8~104, 9.9~104 and 1.7~105 were investigated. 

ccntcrcd at  O.O4r$-l corresponding to a spacing of 157A and is characteristic of a 
dihlock copolymer in the phase mixcd state. With increasing temperature, the peak 
intensity in the maximum decreased slightly (up to S O O C )  and then incrcased with 
incrcasing temperature up to -160°C. 

SANS measurements on the 68K copolymer, again showed a d i k e ,  but intense 
rcflection occurring a t  0.018A-1 corresponding to a spacing of 34781. As with the 26K 
copolymcr, at 100°C, the 68K copolymer is in the phase mixcd state. IIowever, with 
incrcasing tcmpcraturc the peak intensity incrcascd markedly up to 200°C. Increasing 
tcrnpcraturc further resulted in a flow of thc copolymer sample from the sample cell. 
'I'hc incrcasc in the SANS intensity clearly indicates that this copolymer is approaching 
an ordcring transition a t  clcvated temperatures. This is the rcverse, fiom what is 
ordinarily secn in diblock copolymers where a transition from the disordered state to 
thc ordcrcd state upon cooling occurs. By analogy to the lower critical solution 
tempcraturc in polymer mixtures, this ncw transition in diblock copolymers has been 
called the lower critical ordering transition, 1,COT. 

In an attempt to reduce the transition temperature into an obscrvahlc range, 
SANS studies were performed on the 170K P(d-S-b-nDMA). IIere an intensc reflection 
was obscrvcd a t  0.01 IA-1 corresponding to a period of 580A. IIigher order reflections 
indicatcd that thc copolymer was ordered over the cntire tempcraturc range studied. 

Consequcntly, SANS studies wcre performed on the 99K copolymer. 'The SANS 
rcsults 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 kecping with the 
copolymer undcrgoing an ordering transition. However, a distinct asymmetry in thc 
scattcring pattcrn emergcd which incrcascd with increasing tcmoeraturc. At 

SANS measurements on the 26K copolymer a t  60°C showed a diffuse reflection 
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Experiment report (continued): 

ternpcratures in excess of 1 30”C, according to the x-ray scattering measurements, the 
copolymer is ordered. The asymtnetry of the scattering pattern suggests that a residual 
orientation o r  thc copolymer chains remained from the initial film prcparation process. 
‘I’hc temperature range over which the copolymer is disordered and the time that the 
copolyrncr was in  the disordered statc must not have been suficient to fully relax the 
chains. I n  thc ordered state, increasing the temperature causes the copolymers to  ordcr 
morc fully, cnhancing the anisotropy. 

269’0d-PS and 74%0 I’nBMA where the total molecular weight of the copolymer was 
99K. IIere, R distinct reflection was observed at  a spacing of 314A. With increasing 
temperature, thc peak intensity increased and at  180°C a distinct second order 
reflection was evident. The appearance of the second order reflection clearly shows 
that thc copolymcr has undcrgonc a transition from the disordered to ordered state 
upon heating. 

‘I’hc major finding of the experiments is the confirmation of the 1,COT in 
P(d-S-ti-nRMA). IIowvcr,  more quantitative work is necessary to dcline clearly thc 
transition temperaturc. This will require the design or a new temperature cell which 
allows a hetter control of the temperature and that prohibits the flow of the sample 
from the cell. Nonetheless. the findings of  thcsc experiments were critical in the 
dcfinitc establishment of the IXOT in diblock copolymers and opens another realm i n  
thc complcx morphological behavior of block copolymers. 

Measurements were also performed on an asymmetric P(d-S-b-nBMA) having 

leferences: 

84 



Instrument used: (please type) 

LQD 

Authors and affiliations: 

Glenn A. Olah, Sue Rokop, and Jill Trewhella 

Chemical Science and Technology Division 
Spectroscopy and Biochemistry Group 
Los Alamos National Laboratory 

Local contact: Proposal number: 
(for LANSCE use only) 

607 1 Philip Seeger 

Experiment report: 

Muscle contraction is one example of a multitude of diverse biochemical 
processes regulated by the divalent calcium ion. 
of muscle action, thin and thick filaments move past each other causing 
contraction or relaxation. 
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 wetghts 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 TnI and TnT to the tropomyosin and the interactions of the thick 
and thin filaments are modulated to give rise to the sliding mechanism. 
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. 

In the sliding-filament model 

The filaments are composed of proteins. The thin 

The 

Title: 

Neutron Scattering Studies of the Muscie Protein 
Complex Troponin C/Troponin I 

With our beam time allocation in 1993, we completed a full contrast series on 
deuterated TnC complexed with TnI. 
scattering sample of this complex in 100% D20. 
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(r) for the TnC component is consistent with 
the crystal structure of that component which shows an extended dumbbell shape 
with two globular domains connected by an extended helix. 
right is a plot showing the Sturhmann analysis of the radius of gyration data as 
a function of contrast. 

Specifically we measured the very weakly 
By combining these data with 

Below and to the 

This analysis indicates the centers-of-mass of the two 

Report received: 
(for LANSCE use only) 

31 15/94 
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Experiment report (continued): 

2omponents are approximately coincident and the TnI is more toward the outside 
3f the complex than the TnC. 
Zomplex and its components by the scattering data, plus known physical 
parameters such as the volume of the complex, we have derived a three 
limensional 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 
zontraction. 

With the structural constraints placed on the 

This model provides new insights 

We are currently refining this model for publication. 

L 

4Caa'* TnC 

8800 

1800 

e -4 

01 

E" 
1000 

600 

TnI 
0 

-1.0 -0.8 0.0 0.8 1.0 

0 20 40 6 0 0  80 100 120 

r (4 

Solid lines indicate the vector 
listribution functions, P(r), derived 
Erom the scattering data. The dotted 
Line indicates the crystal structure 
P(r) calculated for TnC 

The solid line is the straight line 
fit of the data (i.e. 0 f i  separation 
of the centers of mass for each 
component). The dashed lines are 
fits with increasing curvature 
expected for 5, 10, 15, 20 f i  
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 [ 11 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. 

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 S A N S  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 [l] 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)/(lOO ml 
NMP) = wlv %) of 3,5 and 9 w/v%, and contained 10010,80120, and 60140 w/w% LCPLCT. All measurements were 
done at room temperature (22' C). Scattering data were reduced to differential scattering crosssection per gram of LCP, 
I (Q,  (m2 g"),'as a function of momentum transfer, Q = 4 n h  sin 8, where 28 is the scattering angle and h 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 
wlv% 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 wlv% solution of LCP scattering intensity follows I = Q-4. All mixtures containing 9 w/v% LCP with the 
different LCT's in 80120 and 60140 wIw% proportions show the same basic shape of the scattering curve with I Q: 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 S A N S  instrumentation( > 50 run), but too 
small to be observed in the polarized optical microscope. 

The 5 w/v% solution of LCP shows the same steep decline, I = Q-4, for Q < 0.15 nm-l (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 nm-l, as illustrated for two of these in Fig. 2, 

In real systems, however, the polymers are better described as semirigid rods [2] and there are often attractive 
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Experiment report (continued): 
suggesting a low-dimensional, filamentous structure. An exception is the 80/20 w/w% mixture with LCT I1 (Fig. 2). In 
:his case the scattering for Q < 0.2 nm-l goes approximately as Q-2. 

h e  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-l (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-l (Fig. 2). The very low-Q scattering measured from the 3 wIv% 
LCP/LCT solutions suggests that the structure seen in the 3 wlv% LCP solutions (Fig. 5) is still present. 
DISCUSSION: The presence of LCT in Nh4P 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 [l] 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 effect 
in the organization of the rods. Our results show [lO,ll] 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. 

The 3 wIv% LCP solution shows significantly different scattering from the more concentrated solutions in that 
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Fig. 1. Small-angle neutron scattering from 9 w/v% LCP and LCP-LCT solutions in NMP. 0, LCP only; 0, LCP with 

LCT, 80/20 w/w% LCPLCT; A ,  LCP with LCT, 60140 w/w% LCP/LCT. Lines indicate scattering law 
behavior: -, Q- 4 ; - - - , Q-2. 

Fig. 2. Small-angle neutron scattering from 5 w/v% LCP and LCP-LCT solutions in NMP. Symbols are the same as for 
Fig. 1. Lines indicate scattering law behavior: -, Q-4; - - - , Q-2, - - - -, Q-' . 

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-' . 
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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) 
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LQD 
I I 

Title: I Report received: 

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=O 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 sizelshape and that the return to thermodynamic 
equilibrium is slow. 

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 
Na2C03 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 tertiarv structure may be similar to that of the monomer as the high a 

In order to understand the nature of the partition coeffient inequilibrium exhibited by 
~ ' 
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It is known that salts containing anions such as PO$- are more effective at promoting 
biphase formation than salts containing divalent anions like SO$-, which in turn are more 
effective than monovalent &ions 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. 
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Experiment report (continued): 
regions of SANS data for the monomeric PEG and the aggregate match reasonably well; but 
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 Na2C03 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 set 
from the variation in intensity of the low q regions signal under different shar rates (Fig. 3). ' 
biphase system got mixed upon shearing into a white dispersion and the scattering signal wai 
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 f 
their surfaces (log-log slope=-3.83). Comparison of the data in the whole q region suggests 
the tertiary structure of PEG might be changing under these three conditions as evidenced bj 
completely different shapes of the SANS curves through out the q region (Fig.4). 
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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 f o r  
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 (27mm3> crystal was mounted and exposed for 15 minutes per position; 
with crystal 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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Cxperiment 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 soVgel 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 (1 975) 
technique designed to improve peptization kinetics. These included one sample aged in light 
water with the recommended 0.07 mole HNO, per mole AlOOH (AX23), one aged with 0.15 
mole acid (AX22) , and a sample both hydrolyzed and peptized with D,O 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 hrther study. Samples from both light-water peptizations were extracted at various 
ageing times, transferred to 1 mm suprasil cuvettes, and their S A N S  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. 

92 



~~ 

Experiment report (continued): 
Alumina Gels - H,O 
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Moreover, this information is pragmatically usefil 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 studv. 
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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 8, in 
diameter by 55 A in height by both solution scattering and crystallography. However, a significant discrepancy 
exists between the calculated R, 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 E& 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 E& of 
29.8 A (3) which agreed well with the crystal structure 
calculated & of 29.7 A. A neutron scattering contrast 
series experiment was undertaken at LQD on 
trypsinized nucleosome core particles in order to 
determine the effect of trypsinization on the intact core 

ResuIts. Scattering curves were obtained at 0, 25, 63 
and 100% D,O solvent compositions. & values were 
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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 & values for the protein and 
DNA components of 31.7 and 44.8 A, respectively. The radius of gyration at infinite contrast is calculated to 
be 38.94 8. 

Conclusions. The & of 31.7 %, determined for the trypsinized histone octamer component of the core particle is 
significantly smaller than the & 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 & of the 

previously determined for intact core particles. The 
radius of gyration at infinite contrast is within the 
values previously determined of 39-41 A. 

Trypsinization of the N-terminal histone tails is often 
considered to mimic the effects of histone acetylation. 
Acetylation of the lysine epsilon-amino group results in 
a loss of a positive charge and this is presumed to 
reduce the interactions between the tails and the DNA, 
potentially affecting the structure of the nucleosome. 
While trypsinization also eliminates these interactions, 

including interactions of positively charged arginine 
residues are also eliminated. These results support the 
argument that trypsinization may have effects beyond simple positive charge elimination. 

Stuhrrnann plot of typsinized core particles 
DNA component of 44.8 compared to 47-49 A 2500 ' " " " " ' * ~ ~ , ' . . . . ' , * ' ~ ! . ~ ~ ~ ' " . " ~ ~ . ~  
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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(dimethy1siloxane). A 
comprehensive study of miscibility in these blends has not been reported. Lapp, Picot and 
Benoit' determined the interaction parameter for d-PDMSPDMS (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 at room 
temperature. Using x 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 kgmole 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 lowestq. 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 W A  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 R, 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 75kgmole 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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interaction parameter, x was the second fitting parameter. Monotonic dependencies in 
temperature were observed for both parameters with b dways 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 xc"tid are plotted against l/r below. The horizontal lines are 
calculated values for the critical x. Linear fits to the measured values are shown and the 
estimated critical temperature is shown. Negative values for x may be due to end-group effects 
in the low molecular weight samples. The temperature dependence of x indicates UCST 
behavior. 
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In t roduct ion  

automatically redistributes itself into a uniform layer on the inside of the container walls1. The driving 
force is the self-heating due to beta-decay of tritium into 3He . The redistribution occurs by 
sublimatiodcondensation at the solid-vapor interface, following an exponential rate constant z E 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 D2 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 designed. 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 &l of the 3He produced in the solid resides in the central, interior vapor 
region.3 However, it has been observed3,4,5 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. 

Beta-layering is an effect whereby solid tritium, or a solid deuterium-tritium (D-T) mixture, 

B eta-Layering 

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 fust experiment 
and shipped to Los Alamos overnight. The amount of D-T is sufficient to yield a 200 pm-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. 

3 / 1 5 / 9 4  
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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 
ariy 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 k 0.02 K. 

Results 

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, Le., there is no abrupt cut-off of 3He 
intensity at the (calculated) interior edges of the D-T solid layers. 

S A N S  - In spite of the 'nul' results, the following conclusions can be made: 
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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 4He atom is formed, and over a long period of time these 
atoms can collectively add to a substantial amount of trapped helium in the lattice of the 
metal. It is important to know the distribution of trapped helium in order to predict its 
effects (e.g. , swelling) on plutonium components. 

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

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 *%Pu. 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 25OOC for two hours, and the third for 4OOOC 
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(25OC)-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 samde annealed at 25OOC data seem to be 
about the same as the unannealed (RT) sample, but the data for the sample annealed at 
4OOOC are quite different. These data deserve a proper analysis by the maximum entropy 
method. 

239 
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Neutrouf' 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 apegtures 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 

- 

' 

lm 

- 
. I  

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 
fuinace, and a closed-cycle helium refrigerator. 
The NPD accomm.odates a.beam collimation and, 
sample manipulation system mainly for residual 
stress measurements and a stress rig tliat provides 
uniaxial dompression 0: tension up to +lo00 MPa 
and at the same time is capable of heating - 
components toapproximately 1200 K in vacuum. 

. 
' 

I 
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Instrument Details 

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

Moderator 
' Sample environment 

Maximum beam size 

Experiment duration 
at s'am p I e : 

f20° (future) 1.2-1 5.8 A 0.91-1.5% 
k 4 5 O  (future) 0.65-7.6 A 0.37-0.62% 
f90" 0.35-4.2 A 0.25% 
fl48O 0.25-3.1 A 0.1 5% 
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, inst rumen t scientist 
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Experiment report: 

UPdSn is crystallographically ordered in P@mc. 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 (ApO.350) which sets in at 25 K[ 13. The orthorhombic distortion seems to be 
linearly coupled to the total U-moment, while the monoclinicity is linearly coupled to the "magnetic 
monoclinicity" pp 

In contrast, UAuSn crystallizes in P4/mmc in which the AdSn atoms are chemically disordered[2]. 
Note that P63/mc has an extra m]BrOr plane compared to P63mc. UAuSn is a collinear 
antiferromagnet below Tw37 K and the moment at low temperature is 1.1 p~ [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, 40 K, 35 K, 30 K, 25 K, 
20 K, and 10 K. There are no noticeable splitthgs of any peaks as the temperatme is lowered. The 
Etietveld 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. But in Cmcm at 10 K, the 
quantity (a-b/43) is (6.3 f 4.8) x 10-4 A. That is the orthorhombicity is zero to within 2 standard 
deviations. 

Individual line-widths for two peaks With strong intensities, Le; 1 lhex and 102hex were extracted using 
FlT'-PEAKS[3]. In principle, these peaks should, at least, broaden as the temperature is lowered. The 
1 l h e x  should tend to split to 200ofio and 1300fi0, while 102hex to 1 120fi0 and 022,d0. The 
temperature dependence of 02 line-shape parameter for both peaks are plotted in Fig. l(a) 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 a* line-shape parameter with temperature for (a) 11oh,, and (b) 102hex reflection. 
TN indicates the N k l  temperature which is 37 K. The dashed-lines are guides to the eye and have no 
theoretical significance. 
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Y2In crystallizes in the Ni2In structure type[ 11 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 experjments (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, Le; 28 
= f1480 and B O O .  

We obtained a good Rietveld refinement for the room temperature data c o n f i g  the Ni2I.n structure 
type of the parent phase, However, about 17% (by volume) of elemental Y was detected. There is a 
significant preferred orientation. Fig. l(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. l(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. l(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 [l]. 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 cx titanium 
alloy, by loading samples in tension insitu while making neutron diffraction measurements. 

Report received: 
lfor LANSCE use only; 

121 13/93 

Samples 
The samples were titanium alloy IMI 834 with chemical composition as follows; A1 5.8%, C 
0.06%, Sn 4.5%, Zr 4%, Nb 0.7%, Mo OS%, 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 m a ,  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 c for each load increment. The elastic constants as measured by profile 
refinement techniques were 119 GPa for a and 147 GPa for c and Poissons ratio v, was 0.30 for 
a and 0.27 for c. 

d (A) 
2.54 
2.34 
2.23 
1.72 
1.46 
1.32 
1.24 
1.22 

(M) reflection 

(1 0- 10) 
(0002) 
(10-1 1) 
(1 0- 12) 
(1 1-20) 

(1 1-22) 
(20-21) 

(10-13) 

E (hkil) 
W a )  
126 
154 
126 
128 
123 
136 
127 
126 

V 

0.28 
0.28 
0.33 
0.32 
0.27 
0.29 
0.31 
0.35 

ores *a 
(after 1 cycle) 

13 
38 

-9 
-59 
-64 
-82 

-29 
40 

ores *a 
(after 5 cycles) 

13 
19 

-12 
-124 
247 
40 
39 
-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 (1 1-20) 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 (10-1 1) 
reflection gave the best neutron intensity. It is therefore suggested that for neutron diffraction 
engineering residual stress measurements the (10-1 1) reflection be used. 
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Experiment report: 
Nacrite is.an uncommon polymorph of Al2Si2O5(Ol3J4 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 @ish and Von Dreele, 1989; Bish, 1993; 
Toswig 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 
jifiaction 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 
nterlayer 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, 
md it appears that partial explanation for the comparative rarity of nacrite lies in its interlayer bond 
snergy. 

The structure of nacrite was first determined and refined in space group Cc using single-crystal 
X-ray methods (Ellount et al., 1969). Unfortunately, the resultant structure model is incomplete and 
naccurate, due in part to twinning of the analyzed crystal. The positions of the hydrogen atoms that 
we so important in determining and understanding the interlayer bonding were not determined. In 
3ddition, a number of interatomic distances are obviously in error. Blount et al. (1 969) proposed that 
ingular strain in the directed interlayer hydrogen bonds was a partial explanation for the lesser 
zbundance of nacrite. In addition, they suggested that the nacrite layer (7.186A) 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. suggested that this 
3ifference is due to a less favorable packing of layers. 

High-quality X-ray powder diffraction data were obtained at room temperature from the 
sample to be used for neutron data collection. Rietveld refinement of the structure was performed and 
[ obtained a structure model that appears to be superior to that published by Blount et al. (1969). The 
room temperature unit-cell parameters are a = 8.9168(4)& b = 5.1553(2)& c = 15.6766(9)& and 
&113.606(2)O. Neutron diffraction data were collected at 10K using NPD and the X-ray sample of 
well-crystallized nacrite. Although incoherent scattering from the hydrogen in the mineral apparently 

3 13 



114 

Experiment report (continued): 
degraded the diffraction information somewhat, the data were sufficient to allow location of at least 
two of the four hydrogen atoms. In addition to the incoherent scattering, the diffraction information 
for nacrite was somewhat degraded by the presence of approximately 38% dickite in the sample, 
estimated from the refined scale factors. The room temperature structure of nacrite (Blount et al., 
1969) was used as the starting model for nacrite, and the dickite in the sample was represented by the 
refined low-temperature dickite structure, including H atoms, of Bish and Johnston (1993). Atomic 
positions for dickite were fixed, and profile, preferred orientation, and thermal parameters for nacrite 
and dickite were constrained to be equal. To locate hydrogen atoms, difference-Fourier techniques 
were used after performing a Rietveld refinement using only the aluminosilicate framework of nacrite 
(without the hydrogen atoms) and the low-temperature structure of dickite. During this process, only 
profile, scale, and lattice parameters were refined, keeping the positions of the aluminosilicate 
framework fixed. After refinement of these parameters, a difference-Fourier map was calculated to 
search for the hydrogen atoms. Probable positions of the interlayer H2 and H3 atoms were obtained 
from the difference-Fourier map; however, consistent positions for the interlayer H3 atom and the 
inner H1 atom were not located. Instead, positions for these two H atoms were taken from the results 
of electrostatic energy modeling. To-date, the positions of the H atoms have been refined, along with 
unit-cell and profile parameters. The profile parameters show that the observed peak broadening is 
due primarily to strain rather than finite crystallite size. Refined low-temperature unit-cell parameters 
for nacrite are a = 8.893(2)& b = 5.147(1)& c = 15.690(4)& and p=113.944(3)" (including 
refinement of the instrument parameters). The a and b parameters are significantly smaller at low 
temperature, but the c parameter is significantly larger. By analogy with the behavior of dickite, it was 
expected that the greatest thermal contraction would be along the c axis. The unusual behavior in 
unit-cell parameters with temperature may have resulted from an apparent sample displacement due to 
the highly absorbing nature of the hydrogenous sample. The refined preferred orientation correction, 
1.017(3), is consistent with the platy nature of the sample and the sample holder geometry. 

One of the the refined H positions is significantly different from those proposed by Blount et 
al. (1969). The inner H atom and the interlayer H(3) and H(4) atoms give OH orientations similar to 
those previously proposed, but the interlayer H(2) atom gives an OH orientation that is much closer to 
being in the plane of the silicate layers. Full three-dimensional refinement of the structure, including 
the H atoms located here, should clarifjl the details of the interlayer H bonding and provide an 
explanation for the relative rarity and instability of the mineral. Ultimately, the best structural results 
will probably be obtained when a purer sample of nacrite is discovered. 
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~ ~ y t & ~ p o s i t e s  consisting of bonded alternating ceramic and metal layers offer 
attractive structural properties. Thermal residual stresses are usually present which affect 
both the  integrity of the bond and crack propagation across the interface. Complementary 
studies were made with neutron and x-ray diffraction to provide an understanding for the 
development of the residual thermal stresses. 

Neutron Diffraction Measurements - Experimental Procedure 

Measurements were made on three multilayer samples of AI203 with either Cusil or A 
metallic layers and on equivalent monolithic reference samples of Al2O3, Cusil and A 
which were used to provide unstrained references. Specimens were placed in thc 
Neutron Powder Diffractometer (NPD) at 45" to the neutron beam. Time-of-flight diffractior 
patterns were recorded in each of the four detector banks. The 90" detectors recorded thc 
strain parallel and normal to the multilayer lay-up. 

The diffraction pattern for the, Cusil braze (nominal composition 63wt%Ag, 1.75%Ti 
balance Cu) gave definitive Cu and Ag peaks indicating they are separate and immiscibk 
phases. There was no indication of a ternary phase of Cu, Ag and Ti. Well separatec 
Bragg reflections were fitted individually and strains were calculated by comparing 
equivalent reflections between the multilayer samples and the monolithic reference 
standards. For example, for Al2O3, eight diffraction peaks were used. The values reportec 
are the average strain over all the peaks and the corresponding standard deviation. 

The diffraction data was also analyzed using Rietveld refinement to calculate the lattice 
parameters for the multilayer and monolithic standard states. Because of inconsisteni 
peak shifts of the Cu and Ag phases, the accuracy of the lattice parameters for the 
multilayer samples was too low to be worthwhile. However, Rietveld refinement lattice 
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Experiment report (continued): 

parameters calculated for the standard AI203 were used for estimating the thermal 
expansion coefficient. 

1 layer Cusil/Al203 AI203 
3 layer Cusil/Al203 AI203 

AI/A1203 A1203 

Room Temperature Neutron Diffraction Compared to X-rav Diffraction Results 

Predicted Neutron Neutron X-ray 
Scatter 

-820 -763 * 82 -790 
-560 -500 *lo9 -540 
-1 70 -66 *72 -90 

The in-plane strain (EA) values in the AI203 phase of the multilayer samples were very 
reasonable for all three samples with a magnitude close to that predicted by an elastic- 
perfectly plastic analysis. Neutron and x-ray (surface measurement) measured values are 
compared in Table 1. However, the in-plane strain in the metal layers are very different 
from that predicted for a homogeneous layer and further though must be given to the 
behavior of the metal layers. 

Table 1 In-Plane Residual Strain (xl0-6) 

Significant strains were measured by neutron diffraction in the ~3 direction (Le., through 
the thickness) in the metal layers although interpretation of this remains as perplexing as 
that for the in-plane strains in the braze alloy. Both the Cu and Ag phases exhibited 
significant variation among different lattice planes making the determination of an 
average strain unwarranted. For the AI203 phase, measurable but statistically zero 
strains were found. 

Elevated Temperature Results 

Elevated temperature data were analyzed the same way, Le., individual diffraction peaks 
were fit and compared. The furnace data was plotted as lattice strain vs. temperature for 
the AI203 phase as calculated from the difference between the averaged room 
temperature and elevated temperature interplanar spacings. Extrapolation of the elevated 
temperature slope gave a stress free temperature of about 700 "C. The composite was 
consolidated at 825°C. Further details on these results can be found in Ref. 1. 
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1 Experiment report: 

Knowledge of the pressure dependence of hydrogen bonding in 0-H bearing minerals and 
other solids is of importance in understanding their stability and crystal chemistry. In the earth 
context, pressure induced H-bonding could increase the stability of OH-bearing phases under 
conditions of the earth's interior1S2; the limit to the stability of hydrous materials at high temperature 
is the entropy gain associated with dehydration. Stronger H-bonding might inhibit this dehydration. 
Indeed our recent resu1ts3s4 suggest this mechanism operates to stabilize brucite at high pressure to its 
melting point; this contrasts to its behavior under ambient conditions5. The eophysical implications 

weakly H-bonded systems which may strengthen with pressure pertains to recent efforts to model 
these materials theoretically8v9. Structures derived from data at high pressures place powerful 
constraints on these theoretical models. The studies of prototypical hydrous phases and comparisons 
with theoretical calculation are useful for evaluating the theoretical stability of the more complex 
phases proposed to exist in the earth's mantle2. 

materials at high pressure. Since the introduction of the Paris-Edinburgh celllo at HIPD the prospect 
for gaining new insights into changes in H-bonding with pressure has greatly improved. This cell 
provides pressures in excess of 10 GPa - a usable range at least 4 times greater than previously 
attainable - with large sample volume and no interference from the sample holder. Its installation at a 
spallation source provides for superior data of the type required for Rietveld refinement. This 
apparatus has enabled us to recently complete a study of deuterated brucite, Mg(OD)2, the results of 
which are summarized in the figure below. 

Rietveld analysis of the data collected at four pressures (Table 1) suggests the deuterium 
moves from the 2d site in P3ml to 6i. Strengthening of the H-bonding is indicated by increase in the 
0-D..O angle and decrease in the D...O distance (Figure). The splitting of 1/3-occupied D-sites 
increases with pressure. This feature of the structure can also be modeled with an anisotropic thermal 
parameter which flattens considerably at high pressures. Interestingly the low pressure data, obtained 
here and reported by others in the literature, also show a flattening perpendicular to c, suggesting 
there may be some weak H-bonding in this solid under ambient conditions. 

for the dehydration behavior is adequately reviewed in several publications & . A further interest in 

Powder neutron diffraction is THE technique for structure determination of hydrogenous 
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Experiment report (continued): 

1.00 - 
h 

Q, a95 

a90 - 8 - 

Presswe (GPa) 

;imre 1. Variation in structural parameters 0-D (top), 0-D..O angle (middle) anu D...O (bottom) foi 
brkite up to 9 GPa. 

Table 1. Refined atomic parameters* for the "split atom model" of deuterated brucite 
pressure (GPa) 0.4 1.9 5.4 9.3 

a 3.1382(2) 3.1 167(3) 3.0728(4) 3.03 65 (6) 
C 4.713(1) 4.630( 1) 4.496( 1) 4.403 (2) 
io 0.2 14(3) 0.2 1 9 (2) 0.229(2) 0.232(2) 

X D  0.3 67 (4) 0.373(3) 0.389(2) 0.402(2) 
Z D  0.41 2(2) 0.4 17 (2) 0.43 5 (2) 0.449 (2) 

Rwp 
RP 
x2 - 

Uiso (O)** O S (  1) 0.7( 1)  1 .O( 1) 1 .O( 1) 

Uiso (D)** 1.7(4) 1.3(3) 1.2(3) 1.0(4) 
4.28 3.77 3.98 3.90 
3.01 2.70 2.68 2.83 
1.56 1.87 1.79 1.93 

* Space group P3m1, Mg at site la, (O,O,O); oxygen at (1/3,2/3,z); 
D moved from site 2d at (1/3,2/3,2) to 6i at (x,-x,z). 
(x 102); thermal parameters for ~g constrained to equal those for oxygen. ** 
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Experiment report: 

Metal matrix composites (MMC) are an important new material for the automotive 
industry. Ford Motor Company has been investigating the mechanical behavior (1,2> 
and applications of this class of materials for over 8 years. Interest has focussed or 
particle reinforced aluminum MMCs because of their superior cost-performance 
ratio compared to whiskers or continuous fiber reinforced material. In general the 
differences that exist between the thermal expansion coefficients (CTE) of the 
reinforcing particles and the matrix induce residual stresses, which have a significani 
effect on mechanical propoerties of the bulk material. 

The measurements we performed in this experiment addressed the evolution ol 
residual stresses following differing thermal treatments. A high strength aluminurr 
alloy containing varying volume fractions of Sic (see figure 1) was subjected to 1)l 
solution treatment (500"C), followed by rapid quenching to room temperature and 2: 
an aging treatment (1 50-200""C) followed by moderate cooling to room temperature 
Stresses were determined after both treatments as well as in several identicallj 
treated specimens to assess the degree of variation. 

In a second study measurements were performed to assess the influence of smal: 
plastic strains of less than .001 since this is an important strain regime for man] 
automotive components. Because of the directionality of these strained specimen: 
measurements along the straining axis of a cylindrical specimen required that the 
cylindrical specimens were placed horizontally in the neutron beam. 
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xperiment report (continued): 

Residual strains in AI Sic for differing volume fractions of Sic 
1 0 0 0  

5 0 0  

0 

- 5 0 0  

- 1  0 0 0  

.......................... 

-+- 2016 ... 

A53 A71 A72 A1 01 A1 02 
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Figure 1 Residual strains measured in 5 samples containing, 10,20,20,30, and 
30~01% Sic  
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Experiment report: 
Using the NPD, we measured strains in both copper-niobium and copper-silver alloys during applied 
loading to help understand the development of residual strains in codeforming composite systems being 
:onsidered as possible winding materials for high field pulsed magnets 

Title: 

In situ measurement of strain in CuNb & CuAg during loading 

Alloys containing two insoluble ductile phases can be heavily cold worked by rolling or swaging to 
produce in-situ composites, termed HDISC (heavily deformed in-situ composites). Studies of thek 
mechanical properties reveal that their strengths often exceed predictions based on the simple "rule-of- 
nixtures". This strengthening is presumed to result from cold working of the individual phases. 
Understanding their strength and hardening behavior requires a knowledge of the residual strains 
produced within each phase by plastic deformation. Previously, we measured residual strains in each 
3hase of a copper-niobium alloy resulting from deformation at different temperatures and strain rates 
[l). In this experiment, we complement that work by exploring the respective phase behavior of Cu 
15%vol Nb and Cu-l6%vol Ag composites, during slow strain rate, room temperature, uniaxial 
loading. 

Report received: 
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1l/10/94 

The microstructure of the two systems were very different; the niobium reinforcement was essentially 
spherical and quite soft (following annealing) while the Ag was filamentary and much harder 
[following extensive cold drawing). Figure 1 shows the elastic strains (parallel to the load axis at a 
series of static load levels) of 4 Cu reflections and 2 Ag reflections from the CuAg sample during 
miaxial tensile loading. The small initial strains were produced by a preload to 5OOMPa and do not 
include any contribution from the initial thermal residual stresses. The sample had a rectangular cross 
section of 4x6 mm and a volume of =140m3 was irradiated by the neutron beam. At the maximum 
load of 775 MPa, which is just larger than the nominal yield stress (763MPa), there was evidence of 
load transfer from the Ag to the Cu as indicated by the Cu 200 and the Ag 11 1 reflections. The 
assumption that this was due to yielding of the Ag filaments is supported by the residual strains 
neasured on unload (not shown). 

Figure 2 shows measured elastic strains of Cu and Nb reflections from a lOmm diameter cylindrical 
specimen of CuNb during a uniaxial compression test. Following anneal the niobium is spherical and 
relatively soft. Cu Nb in this state would not be used in any practical mechanical applications but was 
selected for ease of comparison with FE models. Clearly the moduli of the Cu and the Nb are 
substantially different. On loading to -280MPa, load transfer is evident from changes in slope of the 
stress-strain data. Upon unload a range of residual strains were noted for the different Nb reflections. 
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xperiment report (continued): 

Jnlike the Cu Ag, in the CuNb the residual strains on unload indicate that the copper yielded f is t  
ansferring load to the Nb. Finite element calculations are currently being performed to see if 
uantitative predictions of these results are possible. 

Applied tensile stress v s  Measured elastic strain 
(parallel Po the loading direction) Cu Ag 

800 
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0 2000 4000 6000 8000 1 104 

Measured ELASTIC strain (pe) 

Figure 1 : (0 to 775MPa unload not shown) 

Compressive s tress  v s  Measured elastic strain 
(parallel t o  the loading direction) Cu Nb 
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Experiment report: 

We tested a boron-phosphide (BP) solid state neutron detector. The detector consisted of a 12mm thick 
single crystal film of BP grown on silicon. The BP-silicon interface formed an ohmic contact as did 
the aluminum contact to the sililcon substrate. A Schottky barrier at the interface between the surface of 
the BP film and a gold contact provided the rectifying barrier used to measure charges produced during 
the conversion of boron to lithium and a-particles. Curve (a) in Fig. 1 shows the intensity measured by 
the BP detector as a function of time-of-flight. Curve (b) is the intensity measured by the detector after 
the neutrons are absorbed by a one centimeter thick piece of boron-nitride. The oscillation in curves (a) 
and (b) are believed to be the result of grounding loops at the instrument. The difference between these 
curves is shown as curve (c) and represents the neutron spectrum measured by the BP detector. The 
similarity of curve (c) in Fig. 1 to the spectrum measured by a conventional BF3 gas detector (Fig. 2) 
suggests that semiconducting BP can be used to detect neutrons. 
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lxperiment report (continued): 
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Sxperirnent report: 
Jnlike a single-phase material, the load-induced average elastic strain (elastic macro-strain) in a two- 
hase material may be nonlinear with the applied load [ 11. It was found that the tangent of the curve ol 
lastic macro-strain vs. applied stress in a multiphase composite is a function of not only the elastic 
roperties of each phase, but also load sharing between phases, i.e. the ratio of stresses between the 
:inforcement and the matrix. Recent analytical and numerical analyses suggest that [ 11 the slope of the 
urve of a uniaxial stress vs. elastic macro-strain can be rigorously expressed as the following: 

,here f is the reinforcement volume fraction, G , E and A are the elastic constants of the individua 
lhases, R is the load sharing ratio, i.e. the ratio between the change of stresses in the reinforcement anc 
ne matrix ( Aa',/A< ) as induced by an increment of applied stress. In a composite, the individua 
lhases elastic properties are independent of the applied load. Therefore, the slope changes only with thc 
 ad sharing ratio "R." It can be further shown that the slope increase with the load sharing ratio, R 
vhen the ratio of Young's modulus between the reinforcement and the matrix is approximately greatei 
han 0.5. A significant implication of this finding is that the onset of reinforcement fracture may bt 
dentified during loading since fracture of reinforcement will relief load from the reinforcement 
vhereas matrix plastic flow will induce transfer of load to the reinforcement. 

n 1993, we have measured the evolution of elastic macro-strain of a 2080 Al reinforced by 15 vol. pc 
;iC particulates. Figure 1 displays the evolution of the elastic macro-strain from averaging of the latticc 
ihase-strain obtained from Rietveld refinement. The sample was loaded in steps of 50 MPa (10 MP: 
ntervals when the applied stress is greater than 450 MPa). At the end of each steps, neutron difiactio~ 
'ata was taken, and the sample was put into a constant-stress control mode (rather than a constan, 
ross-head displacement control) to minimize creep-induced relaxation of applied stress. Each data 
cquisition step took about four hours. From Figure I,  the following is observed during loading: 
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I Experiment report (continued): 
When the applied load is lower than about 350 MPa, the elastic macro-strain remains approximately 
linear to the applied load; At about 350 MPa, the slope increases; At about 440 MPa, the slope 
iecreases again. 

Based on the prediction by Eq. (l), we propose that the following physical process takes place during 
.oading. When the applied load is small, the matrix remain largely elastic and no significant internal 
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stress redistribution takes place during 
this period, this warrants a linear 
relationship between the applied load 

~ O ~ O - A I / S ~ C  (1 ~ v % P - T ~ )  Macro-Strain and the elastic macro-strain. As a. 
significant part of the matrix in the. 
composite starts to plastically yield (3501 

Fractura MPa), the matrix becomes more 
compliant and load is transferred to thei 
reinforcement. From Eq. (I) ,  this is/ 
accompanied by an increase of slope. 
Figure 1 displays this increase of slope 
as marked by "Plastic Flow." As the 
applied load further increases (440 
MPa), fracture of brittle S i c  
reinforcement is inevitable [2]. These 
fractured particles, then, are released 
from load-carrying process, and, in 
contrast to matrix plastic flow, load is 
transferred back to the matrix. As 
predicted by Eq. (l), such a process is 

5 0 0 f  

I 0 t , 1 accompanied by a decrease of slope. 
- 1 0 0 0  0 1 0 0 0  2 0 0 0  3 0 0 0  4 0 0 0  5 0 0 0  

Strain (10.c) 

This decrease of slope is markedby 
"Particle Fracture" in Fig. 1. 

Figure 1: Evolution of the elastic macro-strain with the 
applied load. The elastic macro-strain is derived from 
averaging of lattice phue-strh obtained from &meld 
refinement. 

One other aspect that is important in 
understanding the changes of slope is 
the role Of anelastic relaxation during 
neutron data acquisition. First, the 208C 
AUSiC composite did not experience 

ignificant anelastic relaxation as evidenced by the fact that no significant time-dependent deformation 
vas observed during the iso-stress holding for neutron diffraction measurement. Second, a separate 
neasurement of the 6091 Al matrix composite on the anelastic relaxation shows that a progressive 
nelastic relaxation will induce further increase of slope. Therefore, the decrease of slope at applied 
tress greater than 440 MPa may best be described by reinforcement fracture. 
References: 
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Experiment report: 
[ntroduction - The shape-memory intermetallic alloy NiTi exhibits a thermoelastic phase transfonna- 
tion near room-temperature. When deformed in the low-temperature martensitic phase, NiTi ex- 
hibits large strains as the result of twinning and reorientation of martensite variants. These strains 
can be fully recovered by heating above the transformation temperature and cooling the resulting 
austenite back to the martensitic structure, a phenomenon called "shape memory effect". The intro- 
duction of an elastic, non-transforming phase such as T i c  in a NiTi matrix is expected to induce 
large internal stresses as a result of the strain incompatibility between the two phases during defor- 
mation and transformation. Since both twinning and shape memory are sensitive to stresses, the 
purpose of the experiment is to investigate the effect of internal stresses on these properties in 
deformed NiTi-Tic composites, by measuring elastic internal strains by neutron diffraction. 
Exwrimental Procedures - Bulk martensitic NiTi samples (containing 0 and 20 vol% TIC particles), 
as well as control powder samples of NiTi, TIC and NiTi-20vol%TiC contained in vanadium cans 
were investigated by neutron diffraction in the Neutron Powder Diffractometer (NPD). The two an- 
nealed bulk samples were outfitted with strain-gauges and subjected to a complete compressive 
Loading-unloading cycle in the NPD mechanical rig. Neutron diffraction measurements were made 
to measure the lattice strains parallel and perpendicular to the following applied compressive 
stresses: -3 MPa, -100 MPa, -210 MPa, -280 MPa, -100 MPa and -3 MPa. Furthermore, the un- 
loaded samples were examined after shape-memory recovery of the macroscopic anelastic compres - 
sive strains by applying a 5 minute anneal at 150 "C. 

Results and Discussion - Two phenomena take place upon mechanical loading of martensitic NiTi: 
(i) elastic deformation and (ii) twinning and reorientation of martensite, resulting in a "pseudo- 
plastic" deformation that can be recovered upon cycling above the phase transformation temperature. 

Figures la and b show the material behavior during loading. Below 100 MPa, both NiTi and 
NiTi-Tic exhibit elastic behavior, as measured from strain gauges. However, comparison with lat- 
tice strains in the loading direction measured by neutron diffraction shows that the strain gauge 
strains are much larger, resulting in a low apparent modulus of 60 to 66 GPa for NiTi-Tic and NiTi, 
as compared to neutron moduli of between 100 and 150 GPa. It is concluded that twinning deforma- 
tion takes place at very low stresses. 

Above 100 MPa, where twinning plasticity is observed macroscopically, load is transferred 
in NiTi to certain plane families as variant reorientation occurs: diffraction peak intensities (Fig. 2a) 
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show that the fraction of variants with (100) and (011) planes perpendicular to load decreases and in- 
creases, respectively. The opposite phenomenon is observed for these same planes oriented parallel 
to load. Comparing NiTi to NiTi-Tic, variant reorientation is enhanced in the composite (Fig. 2b), 
while the lattice strains at the inaxiinum loading are decreased (Fig. lb), indicative that the 
reinforcement is carrying some of the load. As seen from the curvature of stress vs strain data in Fig. 
lb,  most planes transfer load to the reinforcement with increasing load, and, at  the highest load, 
planes (-121) and (021) actually shed load upon stressing of the composite. 

Unloading curves show purely linear behavior, resulting in residual strains after unloading 
that are, relative to the starting state of the material, both positive and negative depending on the 
crystallographic planes. The planes also tend to revert towards their annealed intensity (Figs. 2), in- 
dicating that moderate reverse twinning is taking place, as also observed in the macroscopic strain 
measured by the strain gauge. This phenomenon is more marked in the unreinforced samples show- 
ing that the T i c  reinforcement prevents recovery upon mechanical unloading. 

After shape-memory recovery, the sample recovers macroscopically most of its deformation, 
while the stresses on different crystallographic planes are on average reduced, and near zero. Also, 
both samples exhibit peak intensities for all planes near or below their initial anneal value, the largest 
difference being the reorientation of plane (100). 

In summary, the strains in different planes of martensitic NiTi and NiTi-Tic have been mea- 
sured by neutron diffraction as a function of external loading. Load transfer in the composite is ob- 
served; furthermore, in both samples, twinning is recorded, resulting in preferential orientation of 
some of the planes perpendicular or parallel to the macroscopic stress. Upon shape-memory recov- 
ery of both samples, stresses and plane orientations are recovered at the microscopic level. 
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Experiment report: 

We have had success using neutron diffraction for the measurement of isotropic Debye-Waller factors. 
[ 11 Proving the validity of this technique for anisotropic materials is important. In many materials, the 
atomic sites do not have cubic symmetry, even in cubic materials. In particular, we have in the past 
assumed isotropic values for hydrogen atoms sitting in tetrahedral or octrahedral sites in the cubic 
hydrides. Most actinide materials crystallize in anisotropic structures and undergo multiple phase 
changes to other anisotropic structures. Examining the variations in anisotropic Debye-Waller factors 
through these phase transitions can give important clues about the driving forces for these structural 
changes. To validate the anisotropic approach, this year we conducted careful Debye-WalleI 
measurements on an anisotropic material for which the elastic constants are well known and highly 
anisotropic, namely zinc. In addition we looked at a simple cubic binary alloy, NiAl. 

Data were collected on the NPD at several temperatures, 10K to 300K, using a closed cycle helium 
refrigerator and automatic temperature control to +1K. All data were analyzed using Rietveld 
refinement of the Generalized Structure Analysis System (GSAS) developed at LANSCE. Care was 
taken to use the correct background function -- one that correctly models the physics of the background 
scattering and thus is temperature independent. [2]. The figures below show the lattice parameters and 
thermal parameters for zinc and NiAl as a function of temperature. The thermal parameter data are fit to 
a model [ 11, which requires fitting a Debye-Waller temperature and offset for atom to a single Debye 
formula. Thus in the case of zinc, the anisotropic Debye temperatures are obtained for the two 
crystallographic directions, while for NiAl, the Debye temperatures for Ni and AI are obtained. FOK 
zinc the values are 260(1)K for the a-axis and 163.4(3)K for the c-axis. For NiAl, the values obtained 
are 335( l)K for Ni and 596(5)K for Al. 

One important reason for studying zinc is that anisotropy is large. The cl l  constant is 165 GPa and the 
c33 constant is 61.8 GPa. [3] According to the model presented in reference [l], the Debye-WalleI 
temperature is proportional to the square root of the elastic constant. For the case of zinc, cll/c33 = 
2.67 and (CE%W,CECDW )2 = 2.54, which is good agreement. Thus measurement of the temperature 
dependence of thermal parameters offer a good alternate for obtaining the anisotropy of elastic 
constants in polycrystalline materials. In particular for radioactive materials that require containmen1 
this tehcnique is possibility the easiest method for gaining this information. 

For the NiAl, the Debye temperatures reported here are significantly different from the elemental Debye 
temperatures. For nickel, the reported Debye temperature is 450K and for aluminum it is 428K. The 
bulk modulus for NiAl is 193 GPa. [4] This value gives an average Debye temperature of 590K. 
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Experiment report (continued): 

:1] "Elastic Properties of Materials by Pulsed Neutron Diffraction" A. C. Lawson, A. Williams, J. A. Goldstone, D. T. 
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21 A. C. Lawson, J.A. Goldstone, B. Cort, and R. B. Von Dreele, "Debye-Waller Factors of &Plutonium", LANSCE 
Experiment Reports, 1992 Run Cycle, LA-12647-PR, p.46. 
[3] G. Grimvall, Thermophysicul Properties of Mutter, (North-Holland, Amsterdam, 1986). 
[4]R. D. Noebe, R. R. Bowman, and M. V. Nathal, "Physical and Mechanical Properties of the B2 compound, NIAI", 
[nternational Materials Reviews, 38 (1993) 193. 
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kperiment report: 

Tk.c cubic intermetallic compound YbBiPt[l,2] has the largest electronic specific heat of any heavy 
fermion compound: y = 8 Jmol-’K-2, and order of magnitude more than that of typical heavy 
ferndon compounds &e Wt3. It crystallises in the c l b  or MgAgAs structure type (with space 
group F43m), which is a common Heusler-alloy structure. There is one formula unit per unit cell 
and the atoms are distributed on 3 of the 4 sites along the [ 1 1 11 body diagonal. The sequence is 
not arbitrary in that one site is vacant, two have vacancies as nearest neighburs and the final site is 
special in that it has no vacant nearest-neighbour sites. The previous x-ray study[2] reported that 
Bi was on the special site, and to date, two band-structure calculations have assumed this sequence. 

However, refinement of mom temperature data taken on NPD (see Fig. 1) indicates that Pt is on 
the special site: With Pt special we get reduced x 2  = 1.554, while with Bi special x 2  = 1.751. This 
makes more sense from a chemical and atomic size point of view, as the Pt ion is smaller than Bi. 

We also find approximateiy 8% elemental Bi in the sample, and this not altogether surprising as 
the sample was grown from a bismuth flux. However, this is more important than one might 
think at first. A long-standing puzzle has been the fact that the I”;ilgh-temperarure magnetic 
susceptibility is significantly lower than that one could obtain frcm the full Hund‘s rule moment for 
Yb3+. Our data indicate that this discrepancy is partly due to miscalculation of molarities, as a 
consequence of the Bi hpurity. In fact, the structure on YbBiPt turns out to closely related to that 
of Bi, which is rhombohedral, as shown in Fig. 2. If the x parameter were 0.25 rather than 0.23, 
and the rhombohedral cla ratio was 46 = 2.449 rather than 2.608, [hen Bi would be cubic. Then, if 
half the Bi atoms were systematically replaced with Yb, one wodd have the fictitious rock-salt 
structure compound YbBi. Finally, the smaller Pt atom can be inserted into half of the “vacant” 
sites as an interstitial to give the true MgAgAs structure for YbBiPt. 
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Experiment report (corztiriricd): 

Finally, there is evidence from inelastic neutron scattering experiments on the crystal-field levels of 
Yb3+ that the symmetry is lower than cubic. We searched very carefully for both rhombohedral 
and tetragonal distortions, and also intra-cell rhombohedral displacements, but have no evidence 
for any such symmetry breaking. 

' 

This work has been submitted for publication in Phys. Rev. B. [3] 

Figure 1 

Figure 2 
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Experiment report: 

. There are two aspects to 
osite using peaks from a 
s of the measured strain 
eaks were successfully 
te, A1203/30vol% s ic ,  
cimens. The success of 
of the composite peak 
d as a result it was not 

stic models for the matrix strains predict non-Gaussian MSDs[l]. 
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The variation of the strain in both phases had the variation with volume fraction 
models, and corresponded to a relaxation free temperature drop of 1650OC. The 

The strains were 25% higher than those found in similar microcomposites (3pm Sic). This 
ay be because most of the S i c  in the nanocomposites resides within the alumina grains, and 
erefore requires volume diffusion rather than grain boundary diffusion to relax the stresses by 
ffusion, and because the nucleation of prismatic dislocation loops around the particles should be 
hibited by their small size. 

corresponded to hydrostatic stresses of -1.SGPa. 

It since the force balance between the two 
the alumina reference specimen and the 

effects is a reaction between the 

f the S i c  whiskers in that direction. 
The stress levels measured were about half as 

The strains normal to the { 006) and { 300) planes have 
sc. It is hoped to relate these to an elastic model for the 
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Sxperiment report: 

Measuring phase strains during the static load tests has provided insight into the mechanisms and 
Inset of load transfer in metal matrix composite materials. Since diffraction measure elastic strains 
ionlinearity in plots of applied loading vs. elastic strain for individual phases in coniposite materials 
ndicates load transfer Although obscrved nonlinearities do not unambiguously distinguish between 
lossible deformation mechanisms, it does provide a test for material modelsl. Using a stress rig on the 
VPD all lattice reflections in a specimen are recorded simultaneously, corresponding to strain directions 
xirallel and perpendicular to an applied load. In this experiment we demonstrated simultaneous high 
ieniperature and applied load measurements are possible and that in at least one situation creep 
:elaxation measureiiients are possible. 

The perennial metal matrix material AlSiC has many potential applications in the autoniobile 
industry, including connecting rods, brake rotors or drive shafts all of which niay see sustained or 
periodic temperature fluctuations. To exaniine its high temperature behavior, a uniaxial tension 
specimen of a 15 vol% S i c  A1 material (DWA) was heated using I" long (125W) cartridgc heaters. 
The sample was 160 mm long with a circular cross section and a diameter at the gauge section of 10 
mm. Only a 14 nini length was irradiated by the neutron beam which was controlled at 110°C 
(although the ends were hotter). The specimen was surrounded by a vanadium heat shield. 

Figure 1 shows the data during both load and unload; for clarity only a few reflections arc given. 
The inset shows the macroscopic strain recorded using a strain gauge. Measurements were made at 
static loads and took approximately 4 hours. Above 200 MPa the sample was creeping over the 
duration of each stress level. On unload the aluminum reflections were left slightly in tension (=IOOpc) 
relative to the starting state of the material and the silicon carbide in compression (< -100pe). Apai-t 
from the A1 200 , not surprisingly the unloaded residual strains were small compared to equivalent tests 
perfoiined at room temperature to the same final plastic strain. Although small the sign of the residual 
strains suggests that diffusional rather than plastic relaxation of the aluminum occurred. Further 
analysis of the morphology of the loading curves niay allow inferences about the material 
deformation2. 

In figure 1 the strains reported correspond to one measurement at each stress level, however in 
reality the elastic strains niay evolve over the duration of a measurement at each load. This evolution at 
temperature at a given load has been recorded in an aluminuni A12219 alloy (T6 condition) reinforced 
with 15 % vol. T i c  particles. This material has no immediate applications but is an excellent system 
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Experiment report (continued): 
?or comparison with numerical modeling by virtue of its microstructure with approximately spherical 
Tic particles (formed in-situ using the X D m  process) that possess clean interfaces and do not appear 
;o fracture under either monotonic or cyclic loading. Previous room temperature measurements on this 
naterial have been compared to finite element (FE) modeling3 . On examination of the strain contours 
In the model it was shown that the presence of thermal residual stress alters the strain field so that the 
site of matrix initial yielding changes which in turn alters the morphology of the loading curve. 

To examine its creep behavior, a uniaxial tension specimen was used as described above. As in the 
previous example, the specimen was aligned so that strains parallel and perpendicular to the applied 
load were measured simultaneously. The sample was heated to 15OOC then measured unloaded and 
3t initial loads of 150 MPa, 200 MPa, and 225 MPa. At each load level data were collected at 40 
minute intervals for approximately 4 hours. Although 40 minutes is not a long enough count to allow 
individual reflections to be fitted Rietveld refinement (using GSAS) of the overall patterns is more than 
sdequate to allow the bulk phase behavior to be measured. Figure 2 shows the data for the lattice 
parameter of Al and TIC parallel to the loading direction. The test was performed under stroke control 
so that the stress decreases over the duration of a hold level resulting in a decrease in the elastic strains. 
Analysis of these data is not complete. 
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Figure 1: Strain relative to initial material state in 
a uniaxial tension test of a 15 vol% S ic  Al6091 
(T6) particulate MMC 
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Figure 2: Parallel strain relative to initial material 
state in a uniaxial tension creep test of a 
15 vol% Tic AI particulate MMC. Data were 
taken in 40 minute intervals at a given load. 
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Neutron Transmission Flight Path (NTFP) 

The Neutron Transmission Flight Path (NTFP) is 
designed for transmission experiments in which a 
downstream detector measures the neutron 
intensiv passing through a sample in the neutron 
beam. The flight path consists of a shielded cave 
that is approximately 2.5 m wide and 4.5 m deep 
along the beam path, the center of which is located 
about 7.75 m from the target moderatpr. Various , 

experiment apparatus can be placed in this cave 
to accommodate samples and special sample 
environment equipment. Detectors can also be 
mounted in the cave. At the downstream end 
of the cave, a 0.75-m diameter, 45-m-long pipe 
extends along the beam path. This pipe can be . 

evacuated and leads to a room in which detectors 
can be placed. With detectors approximately 59 m 
from the neutron moderator, a resolution 
of about 5 x lo-' can be achieved in time-of-flight 
experiments. 

- .  
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hperiment report: 

Basic statistical information on the phonon frequency spectrum g(v) of a 
material can be obtained from the study of narrow low energy neutron resonances 
of its atomic nuclei. Plutonium, for which single crystals suitable for neutron 
inelastic scattering measurements on a triple-axis spectrometer, is a prime 
candidate for Doppler broadeneing experiments. In the experiment undertaken here 
the aim was to measure the effective cross sections of a few of the resonances 
of plutonium isotopes over a range of temperatures and in sufficient detail to 
extract some of the low-order moments and "quasi-moments" of the phonon 
spectrum. ("Quasi-moments" are weighted by temperature dependent functions of the 
frequency). In these experiments the samples can be metallic foils or cylinders 
in normal micro-crystalline form, or even powders. It should be noted that 
Doppler broadening gives phonon information specific to the frequencies residing 
on the atom with the resonance cross section. Thus the method, if successful, 
could be applied to a range of alloys and other materials with suitable elemental 
constituents containing narrow neutron resonances. 

In the crudest approximation Doppler broadening is treated in a classical 
gas model. This gives rise to an effective cross-section in which the true 
nuclear cross section in the centre-of-mass frame is convoluted with a Gaussian 
function (of the energy transferred to or from the surrounding medium) with 
dispersion parameter related to the average recoil energy R given to the compound 
nucleus from the momentum of the bombarding neutron and the ambient temperature 
of the target material. In the next approximation, for a crystalline target, the 
temperature in the dispersion parameter is replaced by the mean energy o f  
occupied oscillator states; this is the "quasi-moment" (of  order 1) 

In practice, this approximation works quite well for neutron resonances measured 
at normal room temperatures and above, the difference between < h ~ > ~  and kT being 
a few percent or less. Higher order approximations can be achieved by adding to 
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ixperiment report Icotititnredl: 
the Gaussian convolution function extra terms that are the products of Hermite 
?olynomials (in the energy transfer to the crystal lattice) with the Gaussian. 
rhe coefficients of these can be expressed in terms of the moments and "quasi- 
noments" of the phonon frequency spectrum. Beyond the unadorned Gaussian, one may 
2xpect the "skew" and "kurtosis" terms (involving third and fourth order 
?olynomials, respectively) to be significant. The coefficients of these terms can 
>e expressed using the second phonon moment < ( h ~ ) ~ >  and the quasi-moment o f  order 
3 .  

Such expansions of the convolution function can be very accurate with a 
reasonably small number of terms (fewer than ten) except for resonances below a 
few eV. At these low energies a substantial fraction of the resonance cross 
section resides in a recoilless "line", the neutron analogue of gamma-ray 
Mossbauer spectra. The fraction ofthe resonance cross section in this recoilless 
profile is given by the Debye-Waller factor. The recoilless line arises from a 
delta function in the Doppler-broadening convolution function. The delta function 
is not amenable to a treatment based on moments. Hence such cases are best 
treated by first separating out the recoilless line and then treating the 
remainder of the convolution function by the moments method. It should be noted, 
however, that the Debye-Waller factor contains the quasi-moment of order -1, and 
hence also gives important information on the phonon spectrum. Indeed, this 
quantity has been extracted for this purpose from powder diffraction measurements 
in thermal neutron scattering. 

It is the objective of this experiment to determine the first 3 or 4 
moments (or quasi-moments) of the phonon spectrum of plutonium metal, stabilised 
in its delta phase by alloying with a few percent of lighter elements, from 
accurate measurements of  the low energy neutron resonance total cross sections 
of the plutonium isotopes at different temperatures. The cross sections are 
measured by the transmissionmethod. To make accurate measurements over resonance 
peaks and well down on to their wings, and to cover resonances of widely 
different peak cross-section, a broad range of sample thicknesses has to be used. 

Owing to difficulties last year in obtaining and fabricating the plutonium 
samples required for these experiments, many fewer measurements than envisaged 
were completed in 1993.  In fact data were obtained on only one sample giving 
information on the cross section over the centre of the 2.67 eV resonance of 
242Pu at several temperatures from 15 K upwards, but with inadequate data on the 
resonance wings. No data were acquired on other suitable resonances, such as the 
1.04 eV resonance of 240Pu. Background runs, open beam runs and runs suitable for 
calibration were completed. Also valuable data were acquired on a series of 
tantalum and tungsten metal samples; these will be used for "proof of principle" 
of the method. The large amount of data is taking considerable time to process. 
So far they have been tested for temperature equilibration over time, and 
consistent temperature-stable data sets have been obtained for each sample- 
temperature combination. Work on detailed fitting of the resonances, with careful 
treatment of background and resolution effects has now started. 
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Experiment report: 

Nucleation and growth problems, so called TIT (time - temperature - transformation) 
processes, pervade much of materials research. However, the measurement of such 
processes remains largely unexplored. The determination of structure and the measurement 
of (e.g. study of quenched specimens or use of ambient structural data to interpret 
properties under extreme conditions), and usually with different specimens. We have 
developed a short burst neutron transmission technique that now allows investigation at 
many points of time during a phase transformation. Spectra are recorded continuously in- 
situ from a single sample. 

We have measured in-situ the decomposition of austenite (fcc structure) into bainite (bcc 
structure) within globulitic gray iron (3.6 wt.% C, 2.4 wt.% Si, and 0.45 wt.% Mn) in real 
time. This is a diffusion controlled, eutectoid solid state phase transformation. The 
measurement was accomplished by recording continuously 30 sec. transmission spectra of 

thermal neutrons from the sample. Our results show that the transformation follows the 
Avrami law (see figure 1.) during its intermediate stages (between 250 sec. and 500 sec.). 
However, for the Avrami law the transformation quickly reaches its completion, whereas 
we see the progression of the transformation break off after approximately 500 sec. 
Thereafter, the transformation proceeds slowly for the next 2500 sec. to about 80% 
completion and then stops. 
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"lie reason for this behavior is that the driving force for the transformation is not constant. 
At first the energy balance is dominated by the increase of free energy of the single atoms. 
During the initial growth of the new phase, the bainite grains grow very quickly and 
relatively undisturbed for the first 500 sec. But, after that the bainite grains start to impinge 
against each other and the gain in free energy is more and more compensated by an 
increasing energy of distortion. The latter occurs because the specific volume of the 
austenite is very much smaller than that of the bainite. Further, the transformation is 
retarded because it proceeds through a martensite-like intermediate stage and the specific 
volume of martensite is even larger. This causes residual stresses of the 2nd kind and 
reduces the driving force of the transformation. Thus, the decomposition of the austenite 
becomes more and more retarded until if finally almost completely stops. In summary, we 
have shown that through this neutron transmission technique it is possible to follow a 
structural phase transformation in-situ in real time and to produce a complete l T T  diagram. 
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Chopper Spectrometer (PHAROS) 

The chopper spectrometer, PHAROS, is.designed 
for low-angle studies such as neutron Brillouin 
Scattering and magnetic excitations. The 
instrument provides 0.5% incident energy resolut . 
for incident energies between 50 meV and 2 eV. 
The sample is positioned 20 m from the moderator, 
which is currently water at room temperature.. 
Phase I is complete (Fig. a), and the Spectrometer 
consists of an evacuated, shielded flight path 
for low-angle scattering (1" < I$ < 10"). When 
Phase I1 is completed (Fig. b), the spectrometer 
will be a high-resolution, general-purpose chopper 

' 

. 

" spectrometer with 10 m2 of detectors covering 
scattering angles between -10" and 140". PHAROS. 
.will then be able to accommodate the full range 
of inelastic scattering experiments, including 
phonon densities of states, magnetic excitations, 
momentum distributions, crystal-field levels, 
chemical spectroscopy, and measurements 
of S(Q,o) in disordered systems. In addieon, the 
low-angle detectors will be available for use 
at distances between4 and 10 m, with scattering 
angles down to 0.65", thus making it suitable 
for high-resolution inelastic studies at'low Q: 

. 

Phase1 ' 

Bulk shield 

- Primary chopper 

ER-1 - 

Phase i i  

ER-2. 

Bulk shield 

ER-1 
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Instrument Details 

Moderator-chopper distance 
Chopper-sample distance 
Moderator 
Chopper frequency 
Chopper diameter 
Chopper slit spacing 
Sample size 
Incident energy resolution 

18 m 
2 m  
Chilled water at 283 K 
600 Hz 
10 cm 
1 mmormore 
up to 5 cm x 7.5 cm 
AE/Ei = 0.5% 

Phase I 
1 m2 of detectors at 3.5 m from the sample; scattering angle between 1 O and 10". 

Phase I1 
9 m2 of detectors at 4 m from the sample; scattering angle between -1 0" and 140"; 
1 m20f detectors in forward scattering position at 4 to 10 m from the sample. 

Robert Robinson, instrument scientist 
Eric Larson, instrument technician 
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Experim yhreqort. is eport describes the results from the neutron Brillouin scattering ( N B S )  study of the amorphous 
metal Mg&nm performed on the high resolution chopper spectrometer PHAROS. NBS experiments refer 
to inelastic neutron scattering measurements made at momentum transfers ttQ within the first pseudo- 
Brillouin zone (Q < 13.0 nm-' for Mg&n,). As an experimental tool NBS plays an important role in the 
investigation of the collective dynamics in liquids and amorphous materials [ 11, [2]. This type of experiment 
is possible using the PHAROS instrument, as a sufficiently large w-range is covered at momentum transfers 
within the zone [3]. 

Strips of the Mg,Zn, melt-spun glass (of mean density 1.72 g cm") were pressed into a flat 
container of sample volume 8.0(height) x 5.5(width) x 2.O(thickness) cm3 intersected by a 6 mrn x 6 mm 
square grid of 0.5 mm thick cadmium blades. An incident energy of 187 meV (close to the absorption 
maximum for neutrons in Cd) was chosen to maximize the effect of the grid and thereby reduce the large 
multiply scattered neutron background. An identical grid was also used for the empty sample container and 
placed either side of a 3 mm Vanadium plate for the calibration run. Forty, 10 atm, linear position sensitive 
3He detectors, arranged in vertical rows and placed in the forward scattering direction, gave a low-angle 
scattering range of 1.3" to 8.8". At the time of the experiment the instrument resolution was measured 
to be constant at 4.8% (FWHM = 9.0 meV at hw = 0) over the entire angular range. 

Two experiments were performed on the metallic glass at temperatures of 100 K and 297 K using 
epithermal neutrons. However due to the relatively low count rate at high incident energies and attenuation 
of the scattered beam by the Cd grid, sample run times of 9 days at 100 K and 4.5 days at 297 K were 
required for acceptable statistics on the sample alone. In addition long empty container and Vanadium runs 
were required so that a total of 22 days good running took place. Detector calibration measurements were 
also performed before and after the experiment and showed a high degree of detector stability. 

The raw x-y detector data were corrected to form Debye-Sherrer rings. In this analysis the data were 
grouped into 5 concentric rings, at fixed 8.  Other detector groupings are also possible, for example at 
constant Q increments, and will be examined at a later stage in the analysis. The final ringed data were 
rebinned from time-of-flight onto a constant energy scale using 2.5 meV bins, corrected for detector 
efficiency and normalised to the lowest angular ring using the number of counts under the elastic peak in 
the Vanadium spectrum. The empty container scattering was then removed and an absorption correction 
made. A two-channel maximum entropy method [4] was used to separate out the sharp, one-phonon 
scattering events from the large, broad background comprising multiphonon and multiple scattering events. 
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In figures 1 and 2 the error bars denote the data and the solid line is the maximum entropy fit to the data. 
I 

The dispersion relation, determined by plotting the maxima of the measured excitation peaks as al 
function of momentum transfer (shown by the squares and diamonds in figure 3) is in good agreement w i d  
the theoretical predictions of Hafner [5] (solid line). A comparison between the overlapping results obtained1 
on the HET time-of-flight spectrometer at ISIS ([ 11, circles fig. 3) and this study for the range 
11.5 < Q (nm") < 13.3 also show good agreement within experimental error. A unique advantage of NBS' 

couple directly to longitudinal vibrations they only couple to transverse vibrations via Umklapp processes -i experiments is the ability to distinguish between longitudinal and transverse excitations, as whilst neutro 

outside the first Brillouin zone. The collective excitations observed in this study 

Brillouin zone. Further analysis of the data is in hand, which may extend the measured data to lower 

The dotted line shows the background term. 

unambiguously be identified as longitudinal vibrations since the dispersion relation extends far inside the 

values. The present results clearly demonstrate the viability of performing successful NBS 
~ the PHAROS spectrometer, and at the same time, a need for long run times and improved resolution. 
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Figs. 1 & 2 show examples of the data 
at 1 OOK and 297K, and their interpretation 
using Maximum Entropy methods. 

Fig. 3 Dispersion curve for glassy MgJn,. 
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Experiment report: 

As test experiments, we took data at various temperatures and incident energies on TiH2 and 
KHF2. A sample of the results are shown in Figures 1-3. 

TiH2 is a classic metal-hydride system and it has often been used as a test sample for new inelastic 
scattering spectrometers, by virtue of its large scattering cross-section and simple vibrational 
dynamics. Essentially it is a classical Einstein oscillator (with characteristic fieqency given by fiu - 150 mew, but with slight dispersion. This results in the splitting shown in Figure 1. The only 
unusual thing about this spectrum is that the lower energy peak (at 140 meV) is weaker in intensity 
than the high energy peak (at 155 mew. This is the reverse of what is normally seen in spectra 
from TiHz[l]. We believe this is due to our measurement being made at much smaller Q than is 
customary: PHAROS currently records data at scattering angles less than 10'. Much the same 
has been seen in low-Q measurements on a similar metal hydride ZrH2[2]. In this experiment 
24.43 of sample was used and the total counting time was 23 hours. 

KHF2 is a classic hydrogen-bonded system, which exhibits internal m2 molecular modes 
between 140 and 200 meV, as shown in Figure 2. The broad peak centred at 180 meV is a 
"phonon wing"[3]. The peak at 155 meV is in fact split into an asymmetric stretch mode and a 
doubly degenerate bending mode. This can be seen more clearly in the higher resolution data 
shown in Figure 3. In this experiment lOOg of sample was used. The counting time was 17 hours 
for the data in Figure 2, and 3 hours for the data in Figure 3. 
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Figure 1. Excitation spectrum from 
24.48 of TiH2 at 40K. E1 = 3OOmeV, 
Chopper frequency = 600 Hz 

Figure 2. Excitation spectrum from l00g 
of K H F 2  at 50K. E1 = 300 meV, 
Chopper frequency = 600 Hz 

Figure 3. Excitation spectrum from lOOg 
of K H F 2  at 50K. E1 = 180meV, 
Chopper frequency = 240 Hz 
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- 
Single C y s ta l  Diffractometer (SCD) 

The Single Crystal Diffractometer (SCD) is used 

variety of materials. Neutrons are scattered from 
the crystalline sample into an area detector (25 x 
25 cm2; position-sensitive; 3He gas-filled propor- 
tional counter), and the wavelength of the neutrons 
is determined by their time of flight from the 

. source to the detector. To collect all the required 
data for a particular crystal, the orientation- of the. 
sample can be changed by rotating the goniometer 
about @ and o. The SCD has been used to study the - 
structure of organometallic molecules that show a 

.' to determine the crystal structures of a wide ' 

. 

unique binding of H2; crystal-structure changes 

structure; twinned or multiple crystals; the texture 
analysis of polycrystalline materials that have been 
subjected to extreme geological environments; and 
crystal structures of materials under pressures 
of 10 to 20 thousand atmospheres. The instrument 
measures.a large volume of reciprocal space at one . 
time and, therefore, can be used for studies 
of unknown incommensurate structures, diffuse 
scattering; and so forth. The SCD also accowo-  
dates nonambient sample environments; 

a t  solid-solid phase transitions; magnetic spin / 

r 

To 

. 

1 beam 
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Instrument Details 

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

Detector resolution 
Moderator 
Sample environment 
Sample size 
Experiment duration 

0.5-1 0 A 

-20 A 

1-5 mm 
-1 % 

1 multiwire proportional counter (25 cm x 25 cm) 
at 90" 

2.5 mm 
Chilled water at 283 K 

0.5-1 0 mm3 
2 to 4 days per octant of reciprocal space 

10-300 K 

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

Based on powder neutron-diffraction results, Murasik et al. [ 11 claimed that UNiGe crystallizes in the 
CeCu2 structure type with Ni and Ge atoms being randomly distributed on copper sites. An 
antiferromagnetic structure with a propagation vector q = (1/2,0,1/2) and U-moments oriented along the 
a-axis was proposed below 43.3 K. At 13 K, the U-moment magnitude is (1.37 f 0.07) ~LB. In 
contradiction, Kawamata et al. [2] claimed that they observed magnetic reflections coinciding with the 
nuclear ones on a UNiGe single crystal at 10 K. This suggests an identical size of the magnetic and 
nuclear unit cell. These inconsistent results have motivated our study on single crystalline UNiGe. 

The SCD experiment on UNiGe single crystal was done at LANSCE at zero external magnetic field for 
six different temperatures, i.e; 20 K, 44 K, 46 K, 48 K, 52 K and 60 K. 

To answer the question whether UNiGe crystallizes in the structure type of CeCu2 (Imma space group) 
or TiNiSi (Pnma space group), we indexed the 60 K single crystal data using GSAS. We observe 
reflections both with h+k+Z=2n and h+k+Z=h+l. The latter are forbidden in Imma, but not in Pnma. 
Therefore, the space group of UNiGe is Pnma (TiNiSi structure type). The intensities fit well to this 
structure. 

Fig. 1 shows some qualitative observations obtained by SCD of LANSCE on the single crystalline 
UNiGe in zero external magnetic field. At 20 K, a magnetic Bragg peak appears at 0,312,-1/2 indicating 
a commensurate antiferromagnetic ordering with propagation vector q = (0,1/2,1/2). This 
commensurate phase is preserved up to around 41.5 K [3]. At 46 K, the Bragg peak is flanked by a pair 
of magnetic satellites at 6 = f (0, ,141, ,141) suggesting an incommensurate antiferromagnetic phase. Ir 
fact, this incommensurate phase emerges just above 41.5 K and disappear around 50.5 K [4] . 
More quantitative analysis of the magnetic neutron data is in progress. 
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lxperiment report (continued): 

?ig. 1. Contour plots of the 
SCD raw data showing the 
nagnetic reflection in the 
Jicinity of 0,3/2, -1/2 at (a) 
20 K and (b) 46 K. 
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Experiment report: 
Alignment is thought to be needed to attain high critical current density in the high temperature 

;uperconductors. Neutron diffraction pole figures studies were carried out to quantify the degree of alignment that 
3eveloped in Ag-sheathed Bi2Sr2CaC%08 (2212) tapes and wires. These studies showed higher c-axis alignment 
in flat tapes that had been melt processed using step solidification compared to tapes melt processed using 
:ontinuous cooling. In addition, they confirmed that there was no detectable alignment in large diameter (0.7mm) 
round wires made by Vacuumschmelze, but showed that radial alignment can be attained in small diameter (60pm) 
round wire that had been processed using step solidification melt processing. 

Ray' proposed a mechanism that explains the 2212 alignment that occurs during melt processing. (Thxs 
is a process in which 2212 forms from a melt during cooling.) A key feature of this mechanism is that the chemical 
nature of the substrate material is not critical for alignment (so long as there is no chemical reaction), but the 
geometry of the substrate and superconductor region is critical. Specifically, the model predicts that in a two 
dimensional planar geometry, the grains will grow parallel to the plane with the c-axis aligned perpendicular to the 
Dlane. Extending the analysis to one dimension, it predicts that in a rod geometry, the grains will grow parallel 
o the long axis of the rod with the c-axes of the grains radially aligned around the long axis of the rod. The degree 
)f alignment is expected to increase with decreasing oxide thickness in two dimensional geometries, and to increase 
vith decreasing diameter of the oxide in the one dimensional rod geometry. 

A second point that was investigated was the effect of cooling conditions during melt processing on the 
dignment. Again, Ray developed a technique called step solidification melt processing that increases the degree 
)f alignment in 2212 conductors. 

The table lists the samples that were investigated, their geometries, and the type of melt processing used 
o make the samples. Figure 1 shows the (OOU pole figures for the samples listed in the table. The table lists 
he maximum multiples of random distribution (mrd) for each sample. 

The flat 2212 tape that was slow cooled (Fig. la) had less alignment than the flat tape that was processed 
ising the step-solidification method (Fig. lb) described in the table. The continuous cooling at 10"Chyielded 
ess alignment and more second phases in the fully-processed tape than did the step-solidified sample. These 
.esults show quantitatively that step-solidification processing is very conducive to forming well-aligned 2212. 

The neutron diffraction data showed that the round 2212 wire (0.7 mm diam.) that Vacuumschmelze makes 
s not aligned (Fig. IC). This confirms their claim of not alignment,2 and is particularly significant since the 
najority of work on 2212 is based on the premise that high alignment is needed to attain high J,. These neutron 
liffraction results confirm that their reasonable J, values can achieved in unaligned samples. 

The 61-filament round wire that was step solidified showed radial c-axis alignment (Fig. Id). These results 
;how that it is indeed possible to generate radial c-axis alignment in small diameter wires when processing using 
;tep solidification melt processing. In the next cycle we plan to run the control experiments on small diameter 
:60pm) round wires using a heat treatment that is less conducive to attaining high alignment. 
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Fig 1. (OOl2J pole for (a) flat tape slow cooled at 10"Clhr (data from '93- run cycle), (b) flat tape (step solidified), (c) monocore round wire 
(0.7mm diam) (Vacuumschmelze), and (d) 61-filament round wire (step solidified) (60pm filaments) (Intermagnetics General Corp.). 
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Experiment report: 

Clinohumite occurs as a vein and accessory phase in metamorphosed ultramafic rocks, and as a major 
phase in metamorphosed limestones and dolomites and carbonatites. Clinohumite has been reported in 
mantle-derived rocks form several localities including Moses Rock, Utah and Buell Park, Arizona. 
Clinohumite has been proposed as a possible host for H in rocks of the upper mantle. Trace amounts 
of H occur in mantle-derived olivines which show IR spectra similar to that of clinohumite, and it has 
been suggested that this H may occur in humite-like defects in the host olivine. H positions in the 
humite minerals have not been determined, so the objective of this experiment is to locate the H 
position in order to clarify the role of H in the clinohumite and possibly in the related olivine structure. 
Olivine is the dominant phase in the upper 400 km of the Earth and trace substitution of H in olivine 
may control the early de-volatilization of the planet. 

The structure of a natural, F-free titano-clinohumite [(Mg7.33Fe1.00Ti0.47)(Si04)400H] from Val 
Malenco, Italy had been previously refined from X-ray data collected at room temperature and the cell 
parameters determined by X-ray methods at several temperatures down to 100K. A relatively large, 
equant crystal of the hydroxyl titano-clinohumite measuring approximately 3 mm in diameter was 
selected for study and mounted on an A1 pin in the vacuum shroud of an Air Products Co. Displex 
model 201 refrigerator. The crystal was cooled to approximately 30K and a short-duration histogram 
of data collected to determine the orientation matrix. A preliminary unit cell and angle coordinates for 
the twenty histograms of data required to cover a unique quadrant of reciprocal space were determined 
from these data. Twenty histograms of data, each approximately 4 hours duration, were recorded. The 
Bragg peaks were indexed and intensity data for 3 108 reflections extracted from the histograms. Of 
these, 2454 were greater than zero, and 1832 were greater than 30(F2> which includes all unique 
intensities with sin 8 /h less than 1 .OO. 
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Experiment report (continued): 

The lattice constants for the a-axis unique monoclinic unit-cell are a = 4.7403(8), b = 10.2607( 18), 
c = 13.6943(22), a = 101.1 19(12)". The structure was refined to a final R value of 0.08 in space group 
P21h. A hydrogen position with 50.0% occupancy was located at fractional coordinates x = 0.083(7), 
y = 0.013(1), z = 0.0103(7); the titanium is fully ordered, occupying approximately 25% of the M3 site 
at a position displaced -0.25 A from that of the Mg in M3. However, numerous reflections in 
violation of the b-glide in P21h were observed, as were several in violation of the 21. It appears that 
the true space group is either P I ,  or possibly, made up of domains of P21 and Pb so that violations of 
the b-glide are due to ordering of both H and Ti. Refinement of the structure in the lower symmetry 
space groups, however, did not converge. 
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Report received: 

Experiment report: 

Surfaces play an important role in the partitioning of trace elements into 
crystals as well as  in the ordering of trace and major e!ements during growth. 
Samples of natural hydroxy-fluorapatite have been found that show regions of 
dissymmetrization, from hexagonal to monoclinic or triclinic symmetry, that 
correlate directly to different growth sectors and subsectors within single crystals 
(see figure). Sectors formed under the (00.1) faces are uniaxial negative and 
exhibit a continuous extinction when viewed in optic axis sections under crossed 
polars. Sectors that have grown under t h e  { 10. I}, { 1 1. I}  and { 10.0) faces, 
however, are not uniaxial. These regions are biaxial and show differential 
extinction orientation, in sections cut perpendicular to t h e  c axial direction, 
between and within different sectors. Within time equivalent portions of a given 
sector, subsectors of different extinction orientation are polygonized and may 
show differences in optic angle (2V) as large as 13 degrees. 

Rakovan and Reeder (1994) studied a number of apatites from different 
locations, including those in this study, that display sectoral and intrasectoral 
zoning of a large number of trace elements. In all of these samples, compositional 
heterogeneities correspond directly to different faces and symmetrically 
nonequivalent growth steps on a given face. Hence, it is postulated that this  
differential distribution of trace elements occurred during growth and was 
controlled by t h e  structure of the crystal surface. The optical observations suggest 
that differences in surface structure are also affecting the ordering of atoms as 
they are incorporated into the crystals. Thus far, sectoral and intrasectoral 
dissymmetrization are only seen in the hydroxy-fluorapatites investigated here. 
These samples are the only ones from Rakovan and reeder (1994) with a 

Single Crystal Neutron Diffraction Study of Apatite Exhibiting 
Growth Related Sectoral and lntrasectoral Dissymmetrization. 
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detectable OH component. The lack of  anomalous optical behavior in the OH-free 
apatites suggests that the most probable cause of  the reduction of  symmetry in 
the biaxial sectors is positional ordering of  OH and or OH/F ordering. 

interpretation o f  possible surface structural influences. Single, optically 
homogeneous, subsectors were cut for neutron diffraction. Intensity data from 
one full and one partial octant of  reciprocal space were obtained. Structural 
refinement is not yet complete, however, the data collected are not consistent wi th 
PZ,/b symmetry, which is the symmetry of  almost all other non-P6,/m hexagonal 
apatites. Rather, the optical data combined with such observed reflections as 001, 
I = 3n, indicate a nonhexagonal space group not yet observed in apatite. 

Quantitative characterization of the differential ordering is essential for the 

(00.1) 

(10.0) 

Fig. 1 Idealized crossection o f  an apatite single crystal showing optical variation 
between (00.1) and (10.0) sectors. 
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Experiment report (continmi): 

For a crystal which shows an isotropic propagation of sound one will observe either one TDS 
(thermal diffuse scattering) peak when the one phonon scattering surface has the form of two 
ellipsoids or two when the scattering surface is a hyperbolical one. 
Our data falls into the region of these two types of scattering processes. At present the data is being 
analyzed. The data will provide information on the velocity of sound in the different principle 
directions as well as parts of the phonon dispersion curves (surface). 

8 i b  t 7 H  

Fig. 1 Elastic Bragg scattering and TDS in CsFeBr3 along the [OOl] direction at room temperature. 
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Experiment report: 

The newly discovered family of compounds RE2-,Pt &a8+y (where RE is rare earth) has been found 
to have many interesting transport properties. The material readily crystallizes into large hexagonal 
prismatic crystals, but the structures have been difficult to solve. Both neutron powder diffraction data 
and single crystal x-ray data had been collected, but refinements of coherent structural models against 
these data produced inconclusive results. The introduction of static disorder (vacancies andor 
substitutional disorder) did not help the understanding of the structure although reasonably good 
refinement results were obtained. There was some indication that the unit cell found might be a sub-cell 
of the true cell. So a single crystal was examined on SCD which would produce conclusive data 
concerning the unit cell size and perhaps give an indication of the problem. 

Y i  0.500 

X. 0 510 
Y. -0.500 

X. -0.500 I .  0.000 
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Experiment report (continued): 

A data set for a trigonal unit cell was collected on SCD. Examination of this data did not show the 
presence of any super lattice reflections, ruling out that as the cause of the problem. However, plots of 
the intensity data in various hkl nets showed the presence of diffuse scattering along the reciprocal 
lattice vectors n1/3, m2/3, 1. A typical plot is shown above. This plot shows the h,2-h,Z lattice net 
centered on the 3 10 reflection. The h,2-h,0 vector is horizontal increasing to the right and 001 points 
upward in the plot. The columns of discrete peaks are the 201,3 11 and 421 lattice rows. There are 
prominent streaks from diffuse scattering along the 8/3,2/3,1 and 10/3,4/3,1 lattice rows and the 7/3,1/3,1 
and 11/3,5/3,1 lattice rows show somewhat weaker diffuse streaks. 

These data can be interpreted in terms of a disordered structural model. These results are supported by 
data obtained from EXAFS data. 

Further analysis of these data has not yet been carried out. 
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Experiment report: 

In the previous experiment we showed that for different values of Q different 
types of diffuse intensity distributions due to phonon scattering (thermal diffuse 
scattering) are observed in the diffraction data of CsFeBr3. Sofar we have 
investigated the [OOl], [110] and [loo] directions. We observe in all directions the 
predicted (3) different scattering regimes which are due to the change of the 
neutron velocity in respect to the velocity of sound(direction dependent) of the 
crystal. We also obtained information from the [OOl ]  direction that the space 
group of CsFeBr3 may have a lower symmetry than P63/mmc. We observed 
reflections of the type 001; 1 = odd. These reflection are forbidden in spacegroup 
P63/mmc. A similar observation has been made for CsMnBr3. For this material 
is has been found that the (001) and (003) reflections are present in large crystals 
(DlO - ILL) at low temperatures and disappaer at T= 70 K (1). 
In order to understand the diffuse scattering profiles in CsFeBr3, it was necessary 
to redetermine the crystal structure of CsFeBr3. We collected two sets of 
diffraction data on a small crystal at room temperature as well as at 20 K. This 
data is presently analysed. It became clear that these data sets do not show the 
forbidden reflections. Therefore we reexamined the big crystal in different 
settings (different scattering conditions). We found that the forbidden reflections 
disappear when changing the scattering conditions. This might indicate that a 
double diffraction process takes place (2). 
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Experiment report (mnritiiied): 

Further experiments were carried out on the big crystal of CsFeBr3 at 20 K in 
order to determine the TDS scattering. 
CsFeBr3 contracts anisotropically, therefore one expects the phonon spectrum to 
change too. Such behaviour would be directly reflected in the diffuse scattering 
profile. One expects further that the profile of the diffuse scattering due to the 
energy gain process will not be present. Such indication have been observed. 
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Experiment report: 

The goal of the experiments described here is to use neutron diffraction to determine the extent 
of neutron-induced cation disorder in spinel (MgA1,O4> single crystals , via measurement of the 
cation inversion parameter before and after irradiation. The general formula for spinel is given 
by: 

(Mg:: AZ:+)AR [Mgizf ACTi]: 0, 
i = O  => normalspinel 
i = 2 / 3 => random cation arrangement. 
i = 1 => inverse spinel 

The quantity in parentheses represents the average occupancy of A-sites (coordination N), while 
the quantity in brackets represents the average occupancy of B-sites (Coordination VZ). The 
variable i is the so-called inversionparameter, which specifies the fraction of trivalent aluminum 
ions that occupy A-sites. 

Spinel single crystals were irradiated in the Materials Open Test Facility (MOTA) of the Fast 
Flux Test Facility (FFTF). The nominal irradiation conditions experienced by the crystals in the 
FFTF reactor were 24.9010~~ n/m2 (En>o.l MeV) at 658K (249 dpa); 5.3a1026 n/m2 at 678K (53 
dpa); and 5.6a1026 n/m2 at 1023K (56 dpa). One crystal was not irradiated, but stored under 
ambient conditions as a control sample (dpa represents displacements per atom). 

Irradiated crystals were analyzed using the single-crystal diffractometer (SCD) at the Manuel 
Lujan, Jr. Neutron Scattering Center (LANSCE), Los Alamos National Laboratory. The data 
reduction and structure refinement were carried out using the diffraction code GSAS (General 
Structure Analysis System [ 11). 
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Experiment report Iconrinicedj: 

Table 1 shows the results of the crystal structure refinements, based on the neutron diffraction 
data obtained from unirradiated and irradiated spinel samples. The only constraint in these 
refinements is that oxygen sites are fully-occupied by oxygen anions. Normalized, average 
scattering powers are shown for A- and B-site cations and for oxygen anion sites. Also indicated 
in Table 1 are the residual indices from the crystal structure refinement for each sample. The A- 
site (8(a)) scattering power, j,,, is normalized by the coherent neutron scattering length for 
magnesium, b 
normalized by bAI = 3.449 fm, while jo for the oxygen-site (32(e)) is normalized by bo = 5.805 
fm. Coherent neutron scattering lengths were obtained from Koester et al. [2]. 

It is readily apparent in Table 1 that the scattering powers of both A- and B- cation sites in spinel 
are changed following neutron irradiation. It is observed that the average scattering power of an 
A-site diminishes following irradiation, while the scattering power of a B-site increases. Since 
the scattering length for Mg is much larger than for Al, these results suggest that the higher 
scattering power Mg atoms are replaced by A1 atoms on A-sites and vice versa on B-sites, during 
neutron irradiation. 

To determine the extent of inversion in each crystal, an additional constrained least-squares' 
refinement procedure was performed. The initial condition for this refinement procedure was a 
normal spinel lattice. The refinement required that (i) all A and B sites be occupied by a Mg or 
A1 atom; (ii) occupancy of an A-site by an A1 atom required simultaneous occupancy of a B-site 
by a Mg ion; (iii) the A1:Mg atom ratio in the crystal was fixed at 2:l. A summary of the results 
is presented in Table 2. Here, i is seen to increase from i - 0.24 in the unirradiated sample to 
inversion values ranging from 0.59 to 0.69 in the neutron irradiated samples. In fact i - 0.69 for 
the highest fluence sample (249 dpa) exceeds the value of i pertaining to randomized cation 
sublattices ( i  = 0.67). 

These results suggest that in all neutron irradiated spinel samples, at least 35% of the A-sites (or 
equivalently, - 17% of the B-sites) in the irradiated spinel crystals have experienced A13+ for 
Mg2+ disordering replacements. This retained dpa on the cation sublattices is the largest retained 
dpa ever measured in an irradiated spinel material (only 0.002 - 0.09% of the instantaneous dpa 
has ever been observed in the microstructure of irradiated spinel). 

= 5.375 fm. Similarly, the scattering power j B  for the B-site (16(b)) is 
Mg 
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Table 1, Scattering power of tetrahedral and octahedral cation sites, and oxygen anion lattice 

sites, in unirradiated and neutron irradiated spinel crystals. Also tabulated are the residual 

indices from the crystal structure refinement for each crystal. 

Scattering Power 
(normalized) 

il 
0-Site 

Unirradiated 0.862 1 .oo 1 1 .ooo 

L3 
B-Site j '4 

Sample 

A-Site 
8(a) 16(d) 3 w  

56 dpa 1 1023 K ,765 1.167 1 .ooo 
53 dpa I678 K -756 1.123 1.000 

249 dpa J 658 K .687 1.086 1 .ooo 

Residual Index 

R R W  

0.076 0.065 

0.095 0.099 

0.1 12 0.103 

0.107 0.096 

Table 2. Least-squares refinement results for inversion parameter, oxygen parameter, and 

residual indices for unirradiated and neutron irradiated spinel single crystals. 

Sample Inversion 
Parameter 

(i> 

Unirradiated .237 k .020 

.644 k .016 

.592 f .026 

.692 f .026 

56 dpa 1 1023 K 

53 dpa J 678 K 

249 dpa / 658 K 

Residual Index 

R W 
R 

0.074 0.066 

0.093 0..072 

0.115 0.092 

0.109 0.099 
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Surface ProfiZe Analysis Reflectometer (SPEAR) 
The Surface Profile Analysis Reflectometer 
(SPEAR) is designed to study solid/solid, solid/ 
liquid, solid/gas, and liquid/gas interfaces. 
SPEARS moderated neutrons are collimated into 
two beams, inclined downwards at angles of 1.5" 
and- 1.0" ta the horizontal that converge at a 
common sample position, which is 8.73 m from the 
moderator. A specially designed shutter allows the 
beams to be operated either-independently or - . 
simultaneously. The vertical resolution .of each 
beam (A.O/O) is +5% for horizohal surfaces and, 
the horizontal resolution (A@) is.+0.25". A t-zero 
chopper, which interrupts the beam during the 
initial flash of high-energy neutrons and gamma 
rays, significantly reduces the background that 
may limit reflectivity measurements. A frame- 
overlap chopper, which defines the wavelength 

~ 

. 
. 

c 

r 

band (1 to 16 A or 16 to 32 A) to be used, sup- 
presses frame-overlap background problems. 
Polarizing supermirrors and spin-flippers can be 
inserted into the beam line before and after the 
sample position when polarized neutrons and 
analysis of the polarization' state-of 'he beam 
scattered by a sample are required. A goniometer 
at the sample position allows solid samples to be ' . 
accurately tilted in order to change the angle 
of incidence of the beam'relative €0 the reflecting 
surface. A vibration isolation system (Newport 
Corporation) supports the sample and actively 
dampens vibrations transmitted through the floor . 
or air. SPEAR uses a single 3He detector for low- 
reflectivity studies or a singlelineat position- . 
sensitive detector with 2-mm resolution for studies 
of off-specular scattering. 

Adjustable skimmer slitslguide field 

sample environment Moderator ' 

I '  

Incident beam Alignment laser/ Spin flipper Second Second I 
monitor 1 incident beam ., spin polarizing Shielding walls 

monitor 2' flipper mirror 
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Instrument Details 

Moderator-to-detector distance 
Wavelength frames at 20 Hz 

Q range (horizontal sample) 
Beam cross section at sample position 
(maximum sample acceptance) 

Moderator 
Neutron flux at sample position 
for 1.5" beam at 60 FA: 

Detectors 

Sample environment 

Minimum reflectivity 
Experiment duration 

12.38 m 
1 < h < 1 6  A 
2 c h c 7 A (polarized beam) 
16 c h c 32 A 
0.007 < Q < 0.3 A-l 

5 mm high x 25 mm wide (1 O beam) 
7.5 mm high x 25 mm wide (1 So beam) 
1 mm high x 25 mm wide (polarized 1.5" beam) 
Liquid hydrogen at 20 K 

1 < h c 6 A 3.4 x l o 5  n/cm2/s 
6 c h < 1 6  A 3.3x105n/cm2/s 
1 6 c h < 3 2  A 2x105n/cm2/s 
Single 3He tube 
2-mm resolution linear 3He position-sensitive 

Solid/liquid interface cells; UHV evaporator; 
detector 

UHV oven; Langmuir trough; 
electromagnet (< 1 Tesla); 
controllable humidity oven; 
solid/liquid interface Poiseuille cell 

<10.6 
30 minutes to 6 hours 

Greg Smith, instrument scientist 
Mike Fitzsimmons, instrument scientist 
Ross Sanchez, instrument technician 
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SPEAR 

Characterization of the Surface Depletion Layer For a Tethered Chain 
(PDMS-PS Diblock Copolymer Monolayers at the Air Surface of 
Ethyl Benzoate) 
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Report received: 
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Experiment report: 
We have used neutron reflectivity to study the conformation of PDMS-PS diblock 

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

In previous work1 regarding a 4.5k-60k copolymer, we observed that the best fit 
profile required a maximum in PS segmental concentration away from the surface, or in 
other words, a depletion layer right at the surface. The goal of the present work was to 
characterize the variation of the form of the profile, and specifically the depletion layer, 
as a function of the PS molecular weight and the surface density. We therefore examined 
a new copolymer (21k-169k) at three surface concentrations covering nearly the entire 
range of surface density which is accessible in this experiment. In addition, we examined 
another copolymer (28k-330k), which, along with the 4.5-60 copolymer examined 
previously, should allow the characterization of the molecular weight dependence of the 
depletion layer. 

Figure 1. The inset shows the low q region. Figure 2 shows the best fit profile using a 
parabolic function with a depletion layer and an exponential tail. In every case, the 
addition of a depletion layer in the profile significantly improved the quality of the fit. 
Our preliminary analysis indicates that the magnitude of the depletion layer is relatively 
insensitive to the surface density and the molecular weight of the PS block. 

Representative curves for the 21-169 copolymer and the pure solvent are shown in 
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Experiment report (continued): 
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Figure 1. Reflectivity data for the pure solvent surface (lower) and with a 
monolayer of the 21-169 sample at high surface density (upper curve). The inset shows 
the low q region. 
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Experiment report: 

Measured Enhancement of the Magnetic Moment of Nickel 
at a Large-Angle [OOl] Twist Grain Boundary 

M.R. Fitzsimmons", A. Rollt, E. BurkelS, K.E. Sickafuss, G.S. Smith* and R. Pynn" 

Manuel Lujan Jr., Neutron Scattering Center, 
Los Alamos National Laboratory, Los Alamos, New Mexico, USA 

hektion Physili der Universitat Miinchen, Miinchen, Germany 
$Friedrich- Alexander Universitat, Erlangen-Niirnberg, Germany 

~ L O S  Alamos National Laboratory, Los Alamos, New Mexico, USA 

* 

Abstract- The atomic density and magnetization of a nickel twist grain boundary averaged over its 

lateral dimensions have been measured as a function of distance from the grain boundary plane. The 

magnetic moment of a nickel atom is found to be about 52% larger in a twist grain boundary than in the 

mlk. This enhancement is attributed to the reduced density of the grain boundary. 

PACS numbers: 61.72.Mm, 75.50.Rr, 75.70.Cn 

submitted to Phys. Rev. Lett., 1994. 

183 

http://75.70.Cn


Instrument Used: (please fype) 
SPEAR 

Local Contact 
Greg Smith 

Title: 

Proposal Number: 
(for LANSCE Use Only) 
6 0 2 8  

Report received: 
Analysis of the Stucture and Orientation of Adsorbed 
Polymers in Solution Subject to Dynamic Shear Stress 

I (for LANSCE Use Only) 

I 4/22/94 
Authors and affiliations: 

Shenda Baker 

Greg Smith LANSCE 

Chris Toprakcioglu 

Harvey Mudd College, Claremont, CA 

Universi ty  of Patris, Greece 

Experiment report: 
Understanding the details of flow induced deformation of adsorbed and grafted polymer layers 

is especially important in applications such as size exclusion chromatography, adsorption and 
separation processes, waste water treatment, ultra filtration, enhanced oil recovery and microbial 
adhesion. Typically, the polymers are adsorbed to spherical colloidal particles in a column to maximize 
exposed surface area. By flowing a solution through the column past the polymer with an active 
binding ligand attached (occasionally, the polymer itself has binding capabilities), a specific component 
in the fluidcan bound to the polymer and separation can be achieved. Depending on the interactions 
between the polymers, surface and solvent, the polymer geometry will be closely packed to the surface, 
tightly intermingled among themselves or extending out into the solution. Thus, the binding site may 
be exposed to the solvent or hidden in the entangled polymer chains. 

The effectiveness of these polymer based separation techniques depends on the interaction of 
molecules in the fluid flow with these adsorbed polymers of a certain geometry. Polymer detachment is 
also a concern when using high shear rates to increase throughput and is difficult to measure directly. 
Furthermore, the effect of shear and extent of solvent interactions on the polymer geometry may be 
drastically different after the selected macromolecule has adsorbed to the polymer support1. As such, 
knowledge of the thickness, orientation, solvent and effect of shear rate on these polymer properties is 
imperative in the design of effective systems. 

A number of techniques have been used to measure, in static equilibrium, the average adsorbed 
layer thickness, called the effective hydrodynamic thickness (EHT). However, only the hydrodynamic 
flow method2 and the ellipsometric technique3 have been used to examine the dynamic flow-induced 
deformation of adsorbed polymers. These techniques, though useful in obtaining an average polymer 
thickness, are unable to give information regarding the packing of the polymer, solvent interactions, 01 
the location of the interactive end groups of the polymer in or out of the polymer "brush". Clearly, if 
the molecular portion of the polymer responsible for binding does not extend into the solution, any 
separation process will be thwarted. 
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Experiment report (continued): 
To study these shear effects, we have began a series of neutron reflection experiments to 

measure the density profile of an adsorbed diblock copolymer in solution. The diblock chosen was the 
same as in previous studies, namely (po1y)styrene-(po1y)ethylene oxide. The solvent chosen was 
deuterated cyclohexane which is a poor solvent for both blocks at room temperature. The reflection 
measurements were made in a quartz cell as previously described4. Figure 1 shows our preliminary 
results where the reflectivity X Q4 is plotted versus Q. The solid curve is for the case of zero shear. 
When the shear flow was established, the reflectivity curve changes dramatically as shown by the data 
represented by the triangles in the figure. We are currently in the process of analyzing this data in 
terms of models used previously for good solvent$. 

0.00 0.06 0.10 0.16 
q - (~-PI-~~~(TH~TA)/uMLwA) 

Figure 1. The measured reflectivity for a PS-PEO diblock copolymer in cyclohexane. The solid curve 
is for zero shear and the curve represented by triangles is for shear on. 
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3. J.J. Lee and G.G. Fuller, Macromolecules, 17, 375(1984). 
4. S.M, Baker, S.S. Smith, R. Pynn, P. Butler, J Hayter, W. Hamilton, and L. Magid, Rev. Sci. 
Instrum., 65(2), 412 (1994). 
5. J.B. Field, C. Toprakcioglu, L. Dai, G. Hadziioannou, G. S. Smith and W.A. Hamilton, Journal de 
Physique II, 2 ,  2221 ,(1992). 
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Experiment report: 

Quantitative analysis of reflectivity data has traditionally been limited to the specular 
part of the scattering with a simple assumption of Gaussian roughness to explain the 
reduction in specular intensity due to diffuse scattering. While this approach may 
provide a satisfactory interpretation of the specular data (although we are beginning to 
see deviations from this assumption for very rough surfaces) little is learned about the 
nature of the rough surface itself. The diffuse scattering, which is easily measured using 
the PSD on SPEAR, contains information about the height-height correlations of the 
interfaces within a reflecting sample. In the simplest case of a bare substrate, the diffuse 
scattering is simply related to the Fourier transform of the height-height correlation 
function of the air/substrate interface. More complex situations arise for layered 
samples which display fringes of diffuse scattering either at constant kl,, constant kZz, or 
constant 4,. Here kl, and k2, are respectively the components of the incident and 
scattered neutron wavevectors perpendicular to the sample and qz = klz + kZz. 

Fringes at constant qz are indicative of correlations between the roughness of parallel 
interfaces, while those at constant kl, or constant kl, result from interference between 
diffuse scattering from one interface and specular reflection from a nearby interface. [2] 
The profile of the fringes (ie the manner in which intensity dies off along the fringe) 
provides information about the degree of roughness of an interface and the healing 
length for roughness correlations between interfaces. The overall fringe intensity is 
related to the number of correlated rough interfaces. Intensities of the fringes can be 
calculated quantitatively within the distorted-wave Born approximation (DBWA). 

Last year we started experiments on several rough systems. [l] First, we wanted to 
examine the effect of a rough surface on the roughness of the air/liquid interface of a 
thin wetting film of polymeric material. A theoretical treatment of this case has already 
been provided by Robbins [3]  who analyzed the way in which thin liquid films wet 
rough solid surfaces. The authors derive a general equation for the equilibrium shape of 
the surface, which depends strongly on wavevector. Surface height fluctuations on 
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Experiment report (continued): 
length scales smaller than the film thickness or a "healing length", 6 ,  are strongly 

damped and produce little roughness of the film surface. At larger wavelengths, the 
films conforms to the local fluctuations of substrate height. Second, we examined a 
multilayer of 30 bilayers of vanadium and carbon that was provided by Ovonics Corp. 
In fact, the design specifications called for this multilayer to be as perfect as possible with 
very smooth interfaces. Nevertheless, we observed significant diffuse scattering in a 
very distinctive pattern which we have been able to explain qualitatively by a DWBA 
calculation. Furthermore, we are presently performing calculations on polymer systems 
which form catenoids [4] having intense diffuse scattering. 

Experiment 
In order to complete the above studies, these experiments were done in 1993: 

1--A detailed examination of "island" structures [SI prepared b T. Russell of IBM, 

both specular and diffuse scattering. To determine wetting effects of different layers, 
both carbon and gold were subsequently deposited on the rough surfaces. 

Almaden was performed. Both "thick" and "thin" islands (200-500 8: ) were examined for 

2--Holographic and blazed gratings provide fairly uniform "rough" samples with which 
diffuse scattering of a known surface can be examined. Furthermore, nearly complete 
wetting on these surfaces can be done with Fomblin, provided that the grating of glass 
or silicon. 

Analysis of these experiments is time consuming and computer intensive and are 
thus still in progress. However, we can see certain results already: 

1--In both the thick and thin bare island samples, the diffuse scattering is spectacular. 
Figure 1 shows a lambda vs theta plot showing lines at constant k, in addition to a line 
from the critical edge at constant qz. We have shown this to be expected for the type of 
islands with facets that are present on this surface. Two-dimensional fitting routines are 
being developed as well as adequate theory to describe the bare surface. 

When a film of carbon or gold is deposited on the surface, clear diffuse scattering is 
still observed, however the detailed nature of the scattering is difficult to discern by eye. 
When the 2-D fitting is operational, these distinctions will be accounted for. 

2--Diffuse scattering from the gratings (bare) proved to be quite remarkable. By rotating 
the sample axis with respect to the incident neutron beam, we could effectively change 
the observed spacing of the grating and thus bring the diffuse scattering in and out of 
the range of our detector reproducibly. Figure 2 shows a 3600grove/mm holographic 
grating rotated at 4" from perpendicular to the incident beam. We are still interpreting 
the details of the scattering, but can clearly state that we are observing overall roughness 
correlated in the x-direction (or y, depending on how you look at it) on the surface. We 
hope to incorporate the shape of the grating lines in our code since we have looked at 
both holographic (sinusiodal) and blazed (sharp known angle cuts). We also have 
wetted these surfaces with Fomblin, but have not begun analysis on those yet. 
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Figure 1 Specular and diffuse scattering: from a thin island sample plotted as lambda as a function of theta. 

Figure 2 Specular and diffuse scattering from a 
peaks shown can be made to shift by varying t 
the incident beam. The shapes and intensities ( 
shape of the observed rough surface changes. 

holographic 
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If the peaks i 

~ grating 
spacing 

also chai 
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of the grating with rotation relative 

nges as would be expected since the 
to 
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Experiment report: 

A number of complex fluids exhibit viscoelastic properties which are widely exploited in industrial 
processes. There is however, little fundamental understanding of such systems at the molecular level. 
Our research has focused on this question, using the aqueous cetyltrimethylammonium 
dichlorobenzoate surfactants (denoted as i j  - indicating the position of the chlorine substituents on the 
benzene ring) as model systems. Indeed, 3,5 solutions, for example, are already viscoelastic at 
concentrations below 1%, while 2,6 solutions never show any elastic properties [ 11. Adjusting the 
position and number of the chlorine substituents on the counterion provides a means of tuning the 
solutions through a range of behavior from Newtonian to highly viscoelastic. While the bulk properties 
of these systems are clearly important, and experiments in that area are ongoing, knowledge of the 
surface properties is critical to an understanding of some of the most important aspects of viscoelastic 
fluids, such as lubrication. 

Using a new shear cell for reflection measurements[2], results of our 1993 quartz shear cell reflection 
measurements on 3,5/D20 solutions revealed two very interesting features. When the 3,5 solution is 
sheared a small peak appears at Q=0.018 A-1 (figure 1). This is probably due to the formation of a 
shear induced ordered state of characteristic length -400 A in the near surface region. To our 
knowledge this is the first observation of such an effect, which saturated at surprisingly low flow rates 
and had a short relaxation time (<15 min). Data from SANS [3], TEM [4], and light scattering [5] all 
indicate that the bulk 3,5 solution contains a mesh of very long rod-like micelles. Also, recent SANS 
measurements performed in the same quartz cell reveal that the rod-like micelles form an hexagonal 
lattice of rods when shear is applied[6]. Preliminary analysis of this data suggests that there is a 
monolayer of surfactant adsorbed to the quartz int5rface and that there is an oscillating density profile 
near the surface which decays within the first 2000A from the surface. 

The second feature that we have seen in the data is the appearance of diffuse scattering when the shear 
flow is established (figure 2). This same diffuse scattering is absent when the shear flow is removed. 
This type of scattering is consistent with a roughened interface at the surface. This may be due to the 
local wiggles performed by the ordered rod-like micelles as they flow through the cell. 
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Exgeriment report (continued): . . . .  
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FIGURE 1. The measured reflectivity curve plotted as Reflectivity X Q4 versus Q. The solid line is the 0 shear data 
while the triangles are the data for the case of shear flow. We observe a peak in the shear data near Q=.O17A-l. 

axis represents an angle -oi reflection from 0 to 1.2 degrees. the bright line across the data is the specular scattering. In 
addition, we see an arced curve of diffuse scattering which appears only in the sheared sample. 
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Experiment report: 
Ncutron rcllcctivity mcasurcmcrits, in  conjunction with x-ray rcllcctivity, was ~ i w l  

t o  irivcstigatc thc ordcring of thin films of diblock copolyincrsl . Syinmctric diblock 
copolyincrs of pcrdcutcratcd polystyrcnc, Ci-I'S, and poly(mct1iyl rnctliacrylntc), 
I'MMA, dcriotcd, I'(d-S-b-MMA), having M, = XxlO4 with Mlv,'M,, = 1.05 wcre 
iiivcstigatcd in this study. Films of thc copolyncr with thickncsscs or  680 arid 8OOA. 
corrcsponding to 2. I I ,  and 2..'iI,, rcspcctivcly, wlicrc I ,  is thc bulk pcriod, wcrc prqxirctl 
on polislicd 5 cni diarrictcr Si suhstratcs l y  spin coating tolucnc solutions. For cacli 
thickricss ;I matched scts sarnplcs wcrc prcparcd and anncalcd 1 70nC fbr dilrcrcnt 
pcriotls of tirnc to esaminc thc cvolutioii of thc ordcring of thc copolyincrs. 'I'hc 
idcritical sarnplcs invcstigatcd by neutron rcflcctivity wcrc, also, studictl by x-ray 
rcflcctivity. Ncutron rcflcctivity is scnsitivc to thc dcvclopmcnt of the internal 
structurc of thc copolymcr, whcrcas x-ray rcflcctivity nicasurcriicrits arc scnsitivc to tlw 
siirfmc roughncss. 

Shown i n  Figurcs 1-4 arc a scrics of' ncutron rcflcctivity rricasurcincnts on thc 
8OOh lilm initially aftcr spin coating (1;ig. 1 i and aftcr anncaling at  I70"(: for 0 .1  hr  
(I;ig.2), 0.25 Iir (I;ig.3) and 4 hr (Fig.4). 'I'hc dcvclopnicnt of thc intcrfcrcnccs arising 
kom tlic rnultilaycring of thc diblock copolymcr structurc is clcarly cvitlcnt without ;I 
dctailcd analysis of thc data. Shown d o n g  with cach of thc rcflcctivity prolilcs arc tlic 
scattering Icngth dcnsity profilcs that yicldcd thc bcst lit to thc rcllcctivity data. I n  t l i r  
;IS cast film, onc clcarly sees that tlic prcfcrcntial interaction of the I'MMA block with 
thc substratc and thc lowcr surfacc cncrgy of thc d-I'S block, causc thc dcvclopmcnt ol' 
oscillations in  the conccntration of thc coinponcnts from both thc substratc and air 
intcrliiccs. As a rcfcrcncc, thc rcflcctivity profilc shown as  tlic dashcd linc in 1:igul-e I 
corrcsponds to that calculatcd from a honiogcnous film. Within a short pcriod of 
anncaling, the pcriod of the oscillation has incrcascd rapidly and has achicvcd hnsicall~ 
tlic bulk pcriod. 'I'his rapid changc in thc pcriod corrcsponds to R rapid, local 
rcl:ixation of thc copolymcr. As thc anncaling timc incrcascs, thc period of thc 
copolymcr rcinains fixcd, howcvcr, thc ordcring of the copolymcr with rcspcct to thc 
improvcs niarkcdly and, aftcr four hours of anncaling, the rcflcctivity profile shown i n  
I;igurc 4 is obtaincd which is typical for a wcll ordcr inultilaycrcd structurc. 

Ovcr this sariic timc pcriod, x-ray rcflcctivity rcsults show that tlic surhcc 
roughncss undcrgocs a dramatic incrcasc initially. 'I'his corrcspontlc to the timc during 
which thc copolynicr is undergoing n rapid local rclauation. I lowcvcr, aftcr thc pcriotl 

. 
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Iias hccn cs t ahlishcd and t lic pcr-iodic s t ructurc cx tcnds through t Iic cri t i IT [i lni, thc 
surfhcc rouglincss lxgiiis to tlirninisli. Iicconiiiig coinparahlc to thc rouglincss of thc 
initial, ;is cast lilrn. This hcliavior ivas ohscrvctl for both tlic 2. I I ,  and 2.51, thick 
san ip lc~  suggcsting a clifllisivc motion of copolyrncr chains ovcr thc srirl;ncc of the filii). 

'I'hc rcsults froin thcsc stwlics, couplcd witli corrcspontling clcctron microscopy 
sttidics2. intlicntc that thcrc arc scvci-til tlifT'crcrit rclnxation tirncs associntcd with the 
ordcriiig o f  thc clihlock copolyrncr. I;irst. thcrc is ;I rapid local relaxation of thc clxiinq 
t o  acliicvc their hulk cquilibriuni pcriod. 'l'liis rcsults i n  tlic forniatioii of a nctwork 
type 01. strrictrirc within the film. 'I'his three-dimclisional microphasc scparritcd 
11 c I KO 1.k s t rti c t 11 re pro v i dcs pathtvay s of 1 ow rcs i s t a ri cc d i frus i o f i  o f t 11 c cop o 1 y mer 
chain< along tlic intcrhcc to producc thc rcsultaiit multilaycrcd structrirc. This. 
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Figure 1. Neutron reflectivitJ7 profile for 800-8, film in the as- 
cast state. Dashed line through the data indicates best fit for a 
uniform film. Solid line corresponds to inset b/V profile. The 
air/polq-mer interface corresponds to 0 in the scattering length 
density profile. 
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Figure 2. Neutron reflectivity profile for 800-8, film annealed 
0.1 h. Solid line through data corresponds to inset b/ V profile. 
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Experiment report: 

We tested a boron-phosphide (BP) solid state neutron detector. The detector consisted of a 12mm thick 
;ingle crystal film of BP grown on silicon. The BP-silicon interface formed an ohmic contact as did 
:he aluminum contact to the sililcon substrate. A Schottky barrier at the interface between the surface of 
:he BP film and a gold contact provided the rectifying barrier used to measure charges produced during 
:he conversion of boron to lithium and a-particles. Curve (a) in Fig. 1 shows the intensity measured by 
:he BP detector as a function of time-of-flight. Curve (b) is the intensity measured by the detector after 
:he neutrons are absorbed by a one centimeter thick piece of boron-nitride. The oscillation in curves (a) 
ind (b) are believed to be the result of grounding loops at the instrument. The difference between these 
:urves is shown as curve (c) and represents the neutron spectrum measured by the BP detector. The 
;hilarity of curve (c) in Fig. 1 to the spectrum measured by a conventional BF3 gas detector (Fig. 2) 

iuggests that semiconducting BP can be used to detect neutrons. 
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Experiment report (continued): 
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Title: 

A Study of Moisture Adsorption at the MolybdenumPolyurethane Interface 

Experiment report: 
We have used neutron reflectivity to study the profile of adsorbed moisture at the 

molybdenudpolyurethane (Mo/PU) interface as a function of the presence of a silane 
coupling agent. This work is part of a larger study of adhesion failure mechanisms at this 
interface.' To our knowledge, this is the first use of neutron reflectivity to study moisture 
adsorption at a metal/polymer interface. A recent report by Wu, et al. described the use 
of neutron reflectivity to study the adsorption of moisture to the interface between a 
polyimide and the native oxide surface of a silicon wafer.* 

The samples were prepared by first evaporating a thin (- 1000 A) la er of 

then spin-coated onto the surface of the Mo from a toluene solution. Three samples were 
prepared containing 0.0,0.63 and 1.93 wt. % 3-glycidoxypropyltrimethoxysilane in the 
PU. The neutron reflectivity for each sample was measured both in the dry state and upon 
exposure to a saturated D20 atmosphere. Immediately upon exposure to D20, the 
reflectivity was measured as a function of time to determine the rate of diffusion of D20 
through the -1000 8, PU film. The reflectivity curves for the three samples varied with 
time for the first - 30 minutes. The final time-independent curves for the 0.0 and 1.9 
wt % silane samples, along with the curves for the dry state, are shown in Figures 1 and 
2. 

For each sample, we observe an increase in the reflectivity of the wet samples 
relative to the dry state. With decreasing concentration of silane, the increase in 
reflectivity for the wet samples is greater and, in addition, there is a shift in the maxima 
toward lower q which increases in magnitude. This shift indicates the presence of a 
moisture rich layer at the interface. The data indicate a moisture content greater than 
80% in this adsorbed layer (- 15 A) with no silane and roughly 50% for the 0.6 % silane 
sample. The 1.9 wt % silane sample shows no shift in the maxima, which indicates that 
the region adjacent to the Mo contains little or no excess moisture. In addition, the 
samples with no silane and 0.6 wt % silane indicate that moisture has penetrated into the 
oxide layer of the Mo. It is uncertain whether moisture penetration into the oxide occurs 
with the 1.9 % silane sample. 

In conclusion, we have demonstrated that the amount of moisture adsorbed to the 
Mo/Pu interface decreases with the amount of silane originally mixed into the bulk of the 
PU. The amount of silane needed to achieve a very low level of adsorbed moisture is 

molybdenum onto the surface of a polished silicon single crystal. A 1000 K PU film was 

Report received: 
lformScE use Only)  

31 15/94 
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I Experiment report (continued): 

between 0.6 and 1.9 wt %. Further work relating this characterization information to 
mechanisms of adhesive failure for this and other systems is planned. 
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Figure 1. Reflectivity data along with best fit curves for the sample with 

0.0 wt % silane. The upper and lower curves are for the wet and dry samples, 
respectively. 
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Figure 2. Reflectivity data along with best fit curves for the sample with 

1.9 wt % silane. The upper and lower curves are for the wet and dry samples, 
respectively. 
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Experiment report: 
Conducting polymers have received significant attention in recent years as 
new materials with unique combinations of good electrical conductivity, 
mechanical flexibility, and ease of formation on surfaces. Furthermore, some 
conducting polymers have the additional qualities of high charge capacity and 
good charge cyclibility. For this reason, some of these materials emerge as 
candidates for use in electrochemical capacitors for use as car batteries etc. 

It has been shown using optical elipsometry and 
balance techniques that the overall morphology and density of conducting 
polymer films depend on the growth conditions of the film as well as the 
voltage cycling history of the films. 
potential multicycling was shown to bring about an annealing effect in films 
using ellipsometry. Although much information has been inferred from these 
experiments, no direct measurements of the detailed structure of the films 
as a function of the various treatments have been undertaken. 

quartz-crystal micro 

Specifically, in polyaniline films, 

To perform these studies, we have designed an electrochemical cell for 
reflectivity studies. 
to any neutron facility. The cell is made such that a polymer film is deposited 
onto a quartz crystal and the crystal is placed into an electrolyte solution. A 
platinum gauze is submerged in the same electrolyte to be the other plate of 
the capacitor. Then the density profile may be studied as a function of the 
cycling history of the potential. Also, the IN curve may be measured as the 
cycling continues to match the behavior of the capacitor with the film's 
density profile. 

This cell is small and portable and may be transported 
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3xperiment report (continued): 
rhis will provide valuable information on the detailed morphological changes 
n the film as the capacitor is charged and discharged. This information will 
n turn help to modify film preparations so that the capacitors will be more 
*obust. These studies will begin using polyaniline films, and will be 
2xpanded as new promising polymer materials are developed. 

The first data taken in the cell is shown below. As can be seen, as a function 
I f  cycling history, the conducting polymer layer evolves with cycling. A 
:ursory glance at the data suggests that the solvent-polymer interface is 
3ecoming more diffuse as a function of cycling. The data is presently being 
malyzed to obtain the detailed density profile. 

I 0.0010 

Figl. The measured reflectivity for a conducting polymer. 
was first prepared by depositing a film of titanium and then a film of 
platinum. The polymer was then deposited. The solid curve shows the 
reflectivity before any voltage cycling when the applied voltage was O.6volts. 
The dashed curve is after cycling between 0 . 6 ~  and - 0 . 1 ~  for -1000 cycles. 
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