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The Manuel Lujan, Jr. Neutron Scattering Center
LANSCE Experiment Reports
1989 Run Cycle

» Compiled by ‘
Dianne K. Hyer and Maria A. DiStravolo

ABSTRACT

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

At LANSCE, neutrons are produced by spallation when a pulsed, 800-MeV proton beam
impinges on a tungsten target. The proton pulses are provided by the Los Alamos 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 facility, which
results in LANSCE spectrometers being available to external users for unclassified research
about 60% of each six-month LAMPF run cycle. Measurements of interest to the Los Alarnos
National Laboratory may also be performed and may occupy up to an additional 20% of the

- available beam time. These experiments are reviewed by an internal program advisory
-committee. Ninety-five proposals were submitted for unclassified research and cight proposals
for rescarch of a programmatic nature to the Laboratory. Oversubscription for instrument beam
time by a factor of two was evident with 439 total days requested and only 246 available for
allocation.

Our definition of beam availability is when the proton current from the PSR exceeds 50% of the
planned value. The PSR ran at 50 pA current (average) at 20 Hz for most of 1989. The overall
beam availability averaged as follows:

* 80% during cycle 53 (May 15 to June 15)

* 71% during cycle 54 (June 28 to August 9)

* 74% during cycle 55 (August 18 to September 26)

All of the scheduled experiments were performed (excluding those few withdrawn because of
problems with samples), and experiments in support of the LANSCE research program were
accomplished during the discretionary periods. ‘



High Density |
Powder Diffractometer
(HIPD)



Beam

High Intensity Powder Diffractometer (HIPD)

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

pattern yields exact information on the atomic
arrangement in the sample. The HIPD offers
exceptionally high data rates with nearly three
decades of range in momenturn transfer or
d-spacing.  An ambient-temperature, high-inten-
sity water moderator provides a usable neutron
flux at wavelengths out to 4 A. Low backgrounds
permit the routine use of wavelengths down

to 0.1 A. The HIPD is intended primarily

for studies of liquids and amorphous solids, for
magnetic diffraction studies, and for crystallogra-
phic studies of samples that are either very small

~or are in extreme environments of temperature,

pressure, or magnetic fields. This instrument is
also appropriate for experiments that require
time-resolved diffraction measurements.

Final collimator
0B

Collimator pipe

Detectors‘

Incident neutron bea&\
: X

1/4" diameter
Add = 9%
153°
" 14°

12" long "

172" diameter 4 I?ng

Ad/d =0.3% 1/2" diameter

‘ Adid = 3%

Moderator to sample dislance = 9 melers

40°
6" long
- 1/2" diameter
Add = 1%
90°
12" long
1/2" diameter
Adid =05%



Instrument Details

Wavelength range, A 0.05-4.0 A

Beam width 1.23 cm

Beam height 2.54 - 5.08 cm, variable

Qrange ' 0.1-200 A

Range of scattering angle 5¢ - 153°

Moderator ' Chilled water at 10° C

Sample environment 13 - 300 K, closed cycle refrigerator;
furnace is planned for 1500° C

Sample size 0.01-20 cm? |

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

Robert Von Dreels, instrument scientist
John Thomas, instrument technician



Instrument used: (please type) Local contact: ‘ Proposal number:
' (for LANSCE use only)

HIPD A. C. Lawson & R. B. Von Dreele D -/0.0

Tithe: Report received:
(for LANSCE use only)

Magnetic Structure of UPdSn

Authors and affiliations:

A. Robinson, LANSCE, LANL
C. Lawson, MST Division, LANL

R.
A,
K. H. J. Buschow, Philips Research Labs., Eindhoven

_iil—x'periment report:

A few years ago, a systematic study of the magnetic properties of a number of ternary uranium
compounds was made by Palstra et al.[1]. Many of these compounds showed evidence of gaps in
[their band structures and a few were thought to be antiferromagnetic. One of us [2] had already
studied UNiSn on a reactor powder diffractometer at NBS and this summer, we studied some of the
other antiferromagnets on HIPD at LANSCE. The most dramatic results were on the hexagonal
compound UPdSn, which has a Néel temperature of 29K. We took data both above and below Ty,
at 45K and 10K. The high temperature data fit well to the Caln; structure {1], with space group
P63/mmc, except for three impurity lines which we have so far been unable to identify. The data

from one of the two 40° banks are shown in the Figure. In the low temperature pattern, there are
clearly 7 extra peaks, which are indexed in the lower figure, We interpret thesc as being magnetic,
with cell doubling in the hexagonal plane. These are some of the best magnetic neutron diffraction
data taken on an accelerator-based neutron source [3-6], with observable reflections out to a d-
spacing of 8A. The analysis of these data is incomplete, but we have established that our data are
inconsistent with all of the collinear structures catalogued for this space group by Prandl[7]. We
have found a simple non-collinear structure that appears to fit our data, but have not completed the
analysis yet. However, we have every confidence that these data are good enough to determine the
magnetic structure and the uranium moment, ‘




Experiment report (continued):
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References:

(b) Portion of the 10K diffraction pattern in one of the 40° banks on HIPD, on

T. T. M. Palstra, G. J. Nlcwcnhuys R. F. M. Vlastuin, J. van den Bcrg,,] A. Mydosh and K. H, J. Buschow,
J. Magn. Magn. Mater. 67, 331 (1987).

M. Yethiraj, R. A. Roblnson J. J.Rhyne, J. A, Gotaas and K. H. J. Buschow, J. Magn. Magn. Mater, 79, 355

(1989).

‘G. P. Felcher, J. D. Jorgensen and R. P. Wiippling, J. Phys. C: Solid State Phys. 16, 6281 (1983).
A. C. Lawson, A. Williams, J. L. Smith, P. A, Sceger, J. A. Goldstone, J. A, O'Rourke and Z. Fisk, J. Magn.

Magn. Mater. 50, 83 (1985).
A. C. Lawson, A. Williams, J. G. Huber and R, B. Roof J. Less-Common Metals 120,113 (1986).

A. L. Giorgi, A. C. Lawson, J. A, Goldstone, K. J. Violin.and J. D, Jorgensen, J. Appl. Phys. 63, 3604 (1988).

W. Prandl, in "Neutron Diffraction", ed. H. Dachs, Springer-Verlag, Berlin 1978, p.113,

UPdSn. The extra peaks are shaded in black and indexed in the hexagonal cell.” |




Instrument used: (please tvpe) Local contact: Proposal number:

HIPD Robert Von Dreele D-3}.0

Title: ‘ ‘ ‘ ‘ Report received:

Neutron Powder Diffraction Study of [Na(ND3)4]+- ‘ 2/7/90

Authors and affilintions:

Dr. Victor G. Young, Jr. Department of Chemistry
‘ Arizona State University

Dr. William S. Glaunsinger ~ Department of Chemistry
Arizona State University

Mr. Gary L. Burr Department of Chemistry
Arizona State University

Dr. Robert B. Von Dreele P-LANSCE |
Los Alamos National Laboratory

Experiment report:

It is known that alkali metal halides form stable complexes with water and
alcohols. However, little is known concerning similar complexes containing ammonia or
simple amines, even though there are several literature reports on their physical properties.
One reason for this is that all of these complexes have a high partial pressure of ammonia
(or amine) at room temperature which makes handling difficult and hazardous. Some
properties of these complexes which make them attractive for study at present are those of
fast ionic conductors and thermal storage systems. The first member of this class to be

studied by neutron powder diffraction is [Na(ND3)4]*I". Data sets were collected at 28,
100.and 200 K on HIPD. All data revealed a sample that had a high degree of preferred
orientation and neither Nal or solid ND3 was present as a minor phase. Visual examination
of the sample after data collection suggested that the sample may have been one large single
crystal.” The data is currently being indexed with the cell fitting programs VISSER and
TREOR. Itis likely that this data lacks the quality needed for a structural solution, but it
should provide cell constants and possibly a spacegroup which could be used after a
method is devised to powder and transfer this complex without ammonia loss. Diffraction
profiles of two individual tubes of the +153 detector are provided below to demonstrate the
severity of the preferred orientation.

(for LANSCE use only)

(for LANSCE use only)




Experiment report (continued):
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Instrument used: (plcase type) Local contact: Experiment no:

HIPD . - R. B. Von Dreele D —3h./

Title:

 "Neutron Powder Diffraction Study of A8 25Tisz”

Authors and affiliations: ‘ Report received: ]

(10 be filled in by LANSCE)

G.L. Burr, V.G. Young, Jr., and W.S. Glaunsinger,
Department of Chemistry, Arizona State University

M.J. McKelvy, Center for Solid State Science, Arlzona State University
R.B. Von Dreele, LANSCE, Los AJamos National Laboratory

Dates of experiment: July 27, 1989

U Approved by external program committee
Q Approved by internal program committee
Q Part of LANSCE discretionary time

Experiment report:

Agg 25TiS; has been studied by neutron powder diffraction at 300 K. The
diffraction pattern is consistant with a mixed phase material. The phases are
stage-1(p3m! where a=3.416A and ¢=6.1A) and stage-11(p3m! where
a=3.416A and c=6.1A) Agg25TiS;. We are presently working toward the
sofutions of these structures using Rietveld refinements. The data set from
the 153 degree detector bank is shown below,




Experiment report (continued):

AG25T1S2 AT 304K
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Instrument used: (please type) Local contact: ‘ Experiment no:

HIPD | R.B. Von Dreele | D-~32_Z
Title: ‘ : ‘ ‘
“Neutron Powder Diffraction Study of (Ag+) (ND.,) TiSO'ZS—”
: ‘ 0,25 3’0.75 2
Authors and affiliations: Report received:

(1o be filled in by LANSCE)

. Burr, V.G. Young, Jr., and W.S. Glaunsinger, Dept. of Chemistry, ASU
. McKelvy, Center for Solid State Science, ASU
Von Dreele, LANSCE, Los Alamos National Laboratory

PEO
RSN

Dates of experiment: , ... 53 1989

O Approved by external program committee
Q Approved by internal program committee
Q Part of LANSCE discretionary time

Experiment report:

Ag‘0.z5(ND3)g,75Ti520'25' has been studied by neutron powder diffraction at
300 K. Due to the large contribution to the background from the quartz
sample container required 1o maintain a ND3 pressure above the sample, the
data refinement was not sucessful. The locations of deuterium positions
were not resolvable. The data set from the 153 degree detector bank is
shown below. Furthur work using a newly f abricated vanadium sample
container, which is capable of maintaining the required ammonia pressure
‘above the sample without the need for a quartz container, is anticipated.




periment report (continued):

AG25ND3T 152 OVERPRESSURE AT 306K
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‘ : ot 1 number:
Instrument used: (please type) Local contact: Proposa
’ (pleuse type ‘ (for LANSCE use only)

HIPD R. B. VonDreele |
| D —/3.0

Title: : Reéport received:
’ (for LANSCE use only)
The structure of Magnesium Deuteroxide ‘

Authors and affiliations:

Daniel Partin and Michael O'Keeffe.
Arizona State University

Experiment report:

Brucite is a layered structure consisting of octahedra of oxygen
around magnesium, with deuterium bonded to the oxygen and directed irto
the area between the layers (see figure) .

‘ Magnesium deuteroxide has a hexagonal unit cell with a 3.1444(2) A,
c 4.7645(4) A, volume of 40.793(6) A3, and spacegroup P-3ml. X2 5.918.

Atom X Y Z ull u33 ul2

Mg l(a) O 0 o 0.006(4)

0 2(d) 1/3 2/3 0.2220(3) 0.0250(8) 0.0052(9) 0.0125(4)
D 2(d) 1/3 2/3 0.4168(2) 0.0265(6) 0.016(1) 0.0132(3)

There was very little difference between the low temperature (10k)
and the room temperature runs.
There were difficulties in the -refinement, for example, being unable

to adequate.y model the Lorentzian broadening in the diffracted peaks
(see figure).

12




Experiment report (continued):

Results to date are:

unit cell is cubic with a 18.3030(1)

A, volume of 6161.5 a3 and spacegroup

Im3m.

Atom ‘ X Y Z

Ba 48 (3) 0.15077(9) 0 10.32021(9)

Ba 24 (h) o 0.36350(8) 0.36350(8)

Ba 16 (f) 0.17666(7) 0.17666 (7) 0.17666(7)

Cu 48 (i) 0.25 0.14970(4) 0.35030(4)

Cu 24 (h) 0 0.12600(6) 0.12600(6)

Cu 12(e) 0 0.2032(1) 0

Cu 12(e) 0 0.4322(2) 0

o} 48 (k) 0.07418(4) 0.14454 (3) 0.34571(7)

0 48 (k) 0.26746(5) 0.26746(5) 0.08488(7)

0 12(d) 0.25 0 0.5

o) 12(e) 0 0.3343(2) 0

0 48 (5) 0.1011(3) 0 " 0.4469(2)
References:




HIPD

Instrument used: (please tvpe)

Local contact:
R. B_< Von Dresla

Proposal number:
(for LANSCE use only)

l>~}’$(,//

Title:

Neutron Powder Diffraction Study of Ba3N2

Report recéived:
(for LANSCE use only)

Authors and affiliations:

Nathaniel E. Brese and Michael Q'Keeffe
Department’ of Chemistry
Arizona State University
Tempa, AZ 85287 USA

-| Experiment report:

the powder samples.

not discern a reliable unit ocell.

plagued by extremely hroad peaks (see Fig.l).
greatly increase the difficulty in indexing the vpa‘ttern, we could

‘ Programs such as TREOR and VISSER
did yield several small monoclinic cells, but all the cells required

indexing of strong peaks with unlikely indices.

BagNg 1z formed by reaction of the elements at between 600 and
An0°C  Both its X-ray and neutron powder diffraction patterns are

Since broad peaks

We are currently trying to develop flux growth methods, so that

srystals can be produced without the inordinate strain evident in

B




Experiment report (continued):

BA3IN2 AT 308K
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Instrument used: (please type) Local contact: Proposal number:

(for LANSCE use only)

HIPD ‘ ‘ R. B. Von Dreele ‘ D_’/t/' ;Z

Title:‘ ‘ ‘ Report received:

(for LANSCE use only)
Neutron Powder Diffraction Study of SrD2 and SrND

Authors and affiliations:

Nathaniel E. Brese, Michael O'Keeffe

Department of Chemistry
Arizona State University
Tempe, AZ 85287 UsSA

R. B. Von Dreele

Manuel Lujan, Jr. Neutron Scattering Center
Los Alamosi, NM 87545 usa

Experiment report:

It has been suggested that Sr2N is actually Sr2NHx (1,2). Further, we
showed that Sr2N can be made without any hydrogen contamination (3). 1In
order to explore the susceptibility of Sr2N to intercalation by hydrogen,

we reacted our Sr2N neutroﬁ sample with D2 and obtained amixture of Srd2 and
SrND. ' Their structures were refined using time-of-flight neutron

diffraction data.

SrD2 and SrND crystallize with the FbC1l2 and rocksalt‘structures,
respectively. Crystal data for SrD2: Pnma, a 6.3707(4), b 3.8714(3),
c 7.3021(5), V 180.09(2), 2 4, Dx 3.38. Sr atoms ¢enter irregular
tricapped trigonal prismé with 2 of the D atoms being significantly
farther away from the Sr atom. The Sr-D distances are 2.811(4) (2x),
2.703(4) (2x), 2.577(4), 2.491(5), 2.444(3) (2x), and 2.415(5). Crystal
data for SrND: Fmim, a 5.4472(2), V 161.67(1), % 4, Dx 4.26. The
center of mass of the rotationally-disordered ND dipole was fixed at the

center of the unit cell; the dipole was directed at the 48 vertices of

Ca truncated cuboctahedron. The N-D distance was fied at 1.01; Sr has

N neighbors between 2,615 and 2.833A and D neighbors between 2.008 and 3.1898.
The data collected at 300K were refined to a final Rwp of 0.042 and Rp of
0.031. The reduced Chi-squared was 4.05% for 7572 profile points and

55 variabloes.

16




Experiment report (continued): -

Submitted to the Journal of Solid-state Chemistry.

References:
1. J. -F. Brice, J. -P. Motte and J. Aubry, Rev. Chim. Miner, 12,
105 (1975).
2. F. Hulliger and F. Levy (Eds.), "Structural Chemistry of Layer-type
Phases", D. Reidel, Dordrecht, lolland (1976) . ‘
3. Ne. E. Brese and M. O'Keeffe, J. Solid—stgpe Chem., submitted for review




: . al ¢ acte dp . ‘ e
lnstru'“ent used: (,)/(l(m-(: f)«/)(t) Local contact: I l(lp()&iﬂ number:

(for LANSCE use only)

D-/6. /

HIPD ‘ Robert B, Von Dreele

Title: ‘ : Report received:

STUDLES OF LONG-RANGE ANTIFERROMACNETIC ORDERING IN Bi,Cuo, | (orlANSCEusconly)

Authors and affiliaf ons;

Eddie W. Ong, Los Alamos National Laboratory and Department of 'Chemistry,
‘Arizona State University. '

George H.‘Kwei, Robert A, Robinson and Rbbert B. Von Dreele, Los Alamos
Natlonal Laboratory

R.L. Ramakrishna, Départment of Chemistry, Arizona State University.

K

xperiment report:

The discovery of the high transition temperature superconductors [1] has led to a great deal
of work on the structure and magnetic properties of the oxocuprates [2,3]. A number of the early
studies used neutron diffraction to study antiferromagnetic ordering in LayCuQy4 and oxygen-
deficient nonsuperconducting YBapCu3Og,s [4]. More recently, magnetic susceptibility, electron
parumagnetic resonance and neutron diffraction studies of related oxocuprates have been reported.
Lividence for antiferromagnetic ordering has been seen in neutron powder diffraction studies of
Y,BaCuOs and Y,CuyOs [5-7]. Currently, the class of oxocuprates with the formula A,CuQy is
being studied intensively. It was found that the structures adopted by these compounds depended
strongly on the size of the trivalent cation (A = rare earth), as demonstrated by the so-called T, T

“and T* phases [8,10]. One of the more interesting oxocuprates that has been studied is BiyCuQy.

The replacement of bismuth for the rare earths resulted in a radically different structure.
Unlike many of the the oxocuprates which have bridging units such as Cu-O-Cu or Cu-0-0-Cu in
planar arrays, the copper ions in Bi;CuQOy, are coordinated by square planes of oxygen ions, which
in turn are stacked above each other in a staggered fashion, forming one-dimensional copper ion
chains. The copper atoms are not bridged by any intervening oxygen ions and the Cu-Cu distance
isonly 2.9 A, only slightly larger than that in metallic copper. This situation allows several
possibilities for the exchange interactions between the copper ions. These may include exchange
through orbital overlap as well as the superexchange through the oxygen and/or bismuth ions. The
dependence of the magnetic susceptibility on temperature shows a broad maximum, typical of low
dimensional antiferromagnets, near 50 K {3]. However, the origin of its magnetic behavior is
clouded somewhat by the differences in the proposed structures for BipCuOy4 [11,12]. The
structural uncertainties and the possibility of antiferromagnetic ordering led us to undertake a joint
x-ray/neutron powder diffraction study of Bi;CuQy4 to determine its structure, at both ambient and
low temperatures. DC magnetometry was used to track its magnetic response as a function of ficld
and temperature. ESR was used to probe the local electronic environments of the copper ions.
This combination of techniques provides both long-range and short-range descriptions of the
magnetic structure of BisCuQy.




Experiment report (continued )

Simultaneous refinement of the room temperature x-ray and neutron.d: .a was used to

obtain accurate cell parameters and atomic positions. Neutron diffraction data at 13 K and 300 K
show that the appropriate space group is P4/ncc at both temperatures and reveal the appearance of a
two magnetic peaks at the lower temperature which can be indexed as 1 0 0 and 2 1 O reflections.
— , - ' The figure at left shows a comparison of portions of

| I (a) 4 the neutron powder diffraction patterns measured on
H " “the -40° detector banx for BioCuOy4 at 13 K and 304

. i x10 | | K. Panel (a) shows the normalized data’'in the d

sl = ' spacing range 3.5-9.0 A taken at 304 K, while panel

0151

o
o

(b) shows the data taken at 13 K and the magnetic

1 peaks at d spacings of 3.8 and 8.5 A. While these

| \ .. | reflections are clearly indicative of long-range

4 antiferromagnetic order, on the basis of these powder
| "1 data clone, one cannot determiine the moment

‘}‘ (b) | direction. But, on the assumption that the moments

|

b

|
1
!
f
|

|
I
t

o
T

-
o
T

1 lie along the c-axis, the copper magnetic moment is
I 1 0.5620.04pg. de magnetometry was performed it
1 | temperatures from 1.66 to 400 K and fields ranging
1 \ from 0.5 to 50 kOe. The magnetization showed no
A J \ field saturation even at 1.66 K and 45 kOe. The
: srmnemet | susceptibility showed a maximum near 50.4 K with a
T I Y TR TR Curie tail‘observ.ed' at low temperatures.
' ‘ ' ' ‘ ~ Antiferromagnetic interactions dominated at all

d SPACING (A) wew temperatures. The magnetic behavior is like that of a

three-dimensional antiferromagnetic system. ESR experiments were done over the temperature

range 4.3 to 300 K. For temperatures above 50 X, one broad line with g = 2.09 was observed.
The resonance field shifted to higher values for T < 37 K, with an eventual splitting of the line
below 15 K. These can be associated with antiferromagnetic resonant modes, consistent with an
ordered antiferromagnetic phase. |
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J. G. Bednorz and K. A. Miiller, Z. Phys. B 64, 189 (1986).

B.L. Ramakrishna and E.W. Ong, J. Appl. Phys. 64, 5953 (1988).

K. Sreedhar and P. Ganguly, Inorg. Chem. 27, 2261 (1988).

See S. K. Sinha, D. Vaknin, M. S. Alvarez, A. J. Jacobson, J. Newsam, J. T.
Lewandowski, D. C, Johnston, C. Stassis, J. M. Tranquada, T. Freltoft, H. Moudden, A. I
Goldman, P. Zolliker, D. E. Cox and G. Shirane, Physica B156 &157, 854 (1989) and
references therein.

5] E. W. Ong, B. L. Ramakrishna and Z. Igbal, Sol. State. Commun. 66, 171 (1988).

[§J T. Chattopadhyay, P. J. Brown, U. Kébler and M. Wilhelm, Europhys. Lett. 8, 685 (1989),
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Experiment report:

The results of an investigation of BioCuO4 using: (1) x-ray and neutron powder
diffraction, (2) dc magnetometry, and (3) electron spin resonance, is presented.
Simultaneous refinement of the room temperature x-ray and neutron data was utilized to
obtain accurate cell parameters and atomic positions. Neutron diffraction data at 13 K and
300 K show that the appropriate space group is P4/ncc at both temperatures and reveal the
appearance of a two magnetic peuks at the lower temperature which can be indexed as 1 0 0
and 2 1 O reflections. While they are clearly indicative of long-range antiferromagnetic
order, on the basis of these powder data alone, one cannot determine the moment direction.
But, on the assumption that the moments lie along the c-axis, the copper magnetic moment
is 0.5110.01j4p. dc magnetometry was performed at temperatures from 1.66 to 400 K and
fields ranging from 0.5 to 50 KOe. The magnetization showed no field saturation even at
1.66 K and 45 KOe. The susceptibility showed a maximum near 50.4 K with a Curie tail
observed at low temperatures. Ann’f‘erromagnedc interactions dominated at all |
temperatures. The magnetic behavior is like that of 3-D antiferromagnetic system, ESR
experiments were done over the temperature range 4.3 to 300 K, For temperatures above
50 K, one broad line with g = 2,09 was observed. The resonance field shifted to higher
values for T < 37 K, with an eventual splitting of the line below 15 K. These can be
associated with antiferromagnetic resonant modes, consistent with an ordered
antiferromagnetic phase.
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Experiment report:

Doping of La3* for Ba2* in TIBa,CuOs, to introduce holes into the CuO, planes,

leads to superconductivity in the material TIBay 5l.ag gCuOs (with T, = 52 K), The

structure (P4/mmm) has been refined using neutron powder diffraction data co'lected at

305 K [a = 3.8479(3) and ¢ = 9.0909(6) A] and 15 K [a = 3.8444(1) and ¢ = 9.0744(3)

Al. An increase in the Cu-O in-plane bond distance from that in TlB'aZCuOS is consistent

with a lowering of the formal oxidation state of copper from its value of 3+, Substantial

static site disorder is observed in the TI-O(3) planes, presumably to allow for better T13+-O

coordination, Examination of the thermal parameters for the CuOg octahedra shows that

this disorder in turn produces a local tilting of the octahedra and a resultant puckering of the

CuO, planes.

To be published in Physica C (1 February 1990),
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Experinient report:

Metallurgical "texture" is the distribution of orientation of the

grains comprising a polycrystalline specimen. In certain applica-
tions, it is important to know the texture so that mechanical prop-
erties of a component can be predicted. Texture can be determined
by diffraction techniques; neutron diffraction is particularly ad-

vantageous when it is desired to sample the entire volume of a
large specimen.

Our sample was a laminated aluminum sphere of 2" diameter using
1/16" circular cold-rolled plates. This configuration, known as
"the Armadillo," was chosen to avoid awkward shape corrections in
our initial experiments. The Armadillo was mounted on a two-circle
goniometer with the normals of the laminates in the diffraction
plane of the High Intensity Powder Diffractometer (HIPD) at the
zero-settings of the goniometer angles. 36 data sets were obtained
at different settings of the gonlometer so that 144 distinct
orientations were realized in the *153° and *90° detector banks,
Data collection times were approximately 20 minutes for each ori-
entation with LANSCE running at 30 pyA. Two typical diffraction
patterns are shown in Fig. 1, and it is evident that much shorter
collection times would be sufficient for such a large sample.

Integrated intensities were obtained for the first 10 reflections
of each pattern, and a procedure based on the "maximum entropy"
principle was used to infer the Orientation Distribution Function
(ODF) from the data. Pole flgures were obtained directly from the
data and by derivation from the ODF are in good agreement. Some of
the derived pole figures are shown in Fig. 2. (As an example of
the utility of the ODF, we were able to estimate the 511 pole fig-

ure from the ODF, even though no data were obtained directly for
this reflection.)




Experiment report (continued):

We consider that our initial experiments have been guite success-
ful. In 1989 we checked the texture of a single laminate of the
Armadillo and extended our measurements to 123-superconductors, but
these data have not been analyzed yet. An important intermediate
goal 1s the systemization of the data analysis, and our future
plans include the study of anisotropic actinide materials. As com-
pared to textures determined on the Single Crystal Diffractometer
(SCD), our method suffers from relatively poor real-space resolu-
tion but has better g-space resolution

Fig. 1 Dfffraction Patterns {Auminum)
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Experiment report;

A few years ago, a systematic study of the magnetic properties of a number of ternary uranium
compounds was made by Palstra et al.[1]. Many of these compounds showed evidence of gaps in
their band structures and a few were thought to antiferromagnetic. One of us [2] had already studied
UNiSn on a reactor powder diffractometer at NBS and this summer, we studied some of the other
antiferromagnets on HIPD at LANSCE. The most dramatic results, which are described in a
separate report, were on the hexagonal compound UPdSn.

In addition, we studied the two compounds UNiAl and UNiGa, which were reported to form in the
FeoP. structure, and appeared to be antiferromagnetic below 21K and 38K respectively, on the basis
of susceptibility measurements|1]. We made measurements at 10K and above the Néel temperature
in cach case. Wkile the high temperature data fir well to the FeoP structure, we observed no extra
intensity at low temperature and conclude that any ordered moment is below the sensitivity of our
measurement.

Furthermore, we studied a sample with the stoichiometry UAgSb, which was thought to crystallise
in the conventional Cly, or MgA gAs structure, with a lattice parameter of 6.‘196/& and an
entiferromagnetic ordering temperature of about 210K [3]. This is the same structure as many Mn-
based Heusler alloys as well as UNiSn [2] and lattice parameters of just over 6A are typical for this
structure. We made measurements at 10K and 250K and portions of the pattern taken in one of the
40° banks are shown in the Figure. A number of extra lines are seen in the low-temperature data.
These reflections are indicative of Type [ antiferromagnetic order[4] on the FCC sublattice (occupied
by Uranium atoms). The absence of a 10X) reflection at ~6.2A indicates that the moment is parallel to
the [100] axis, just as in UNiSn [2]. However, there are a number of impurity lines in the pattern,
which can be idexed to a simple FCC structure, with a lattice parameter of 4.082A. These are
presumably due to the element silver. Furthermore, the intensities of the other phase could not be
made to agree with any ordering or occupation scheme in the MgAgAs structure. However, they did
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hxperlment report umnmwd)
hgree with USb, which has the rock-salt structure (and is FCC, just like the MgAgAs structure) with

a lattice pdrameter of 6.2A. Finally, the magnetic structure of USh was determined many years

ngo[5,6,7]. Ttisindeed Type I antiferromagnetic, with a moment of between 2.16pg and 2.78j1p
plong the [100] direction and an ordering temperature of around 215K. Our data are in coniplete

ngreement with these results. We therefore conclude that our sample was a two-phase mixture of
USb and Ag.
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Experiment report:

Neutron diffraction experiments on three samples of LaNi, 7Alg, 3, one
containing helium-3 from exposure to tritium for twenty one months, were
recently performed on the High Intensity Powder Diffractometer (HIPD) at

the Los Alamos Neutron Scattering Center (LANSCE). The purpose of this

work was to determine how the helium-3 atoms are present in the LaNi, 7Algp. 3
structure by comparing neutron diffraction data for the tritium-exposed
sample with those for unexposed samples. This information will assist in
understanding how the ingrowth of helium-3 from tritium decay influences

the behavior of lanthanum-nickel-aluminum intermetallic alloys that will

be used for tritium processing in the Replacement Tritium Facility presently
being constructed at the Savannah River Site.

Although the quality of the HIPD data for the tritium-exposed sample

was greatly decreased by-the vanadium secondary containment required
because of an unacceptably high level of contamination detected on the
aluminum sample holder, evaluation revealed that the relative intensities
of the neutron diffraction peaks for the primary phase were like those for
the unexposed samples. This observation indicates that the helium-3 atoms
are not incorporated into the crystal structure of the primary phase. This
interpretation is consistent with earlier results of x-ray diffractometry
and desorption plateau pressure measurements that showed the sample of
LaNi, 7Alg.3 exposed to tritium for twenty one months to be in the "recovered"
state rather than the "expanded" state. Helium-3 produced by radioactive
decay of tritium is believed to occupy sites at or near the triton sites in
the crystalline lattice of the primary phase causing lattice expansion and
decreases in the desorption plateau pressure. (Increased aluminum in
LaNig_yAly causes similar effects.) However, the sample exposed to tritium
for twenty one months had been cycled many times and heated to high temper-
atures to remove the tritium. These treatments caused the crystalline
lattice to recover to its original size and the desorption plateau pressures
to recover to near their original values.
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Experiment report: (continued)

The recent experiments at LANSCE showed that neutron diffractometry
of lanthanum-nickel-aluminum intermetallic alloys containing
‘helium-3 is feasible. . Similar experiments should be performed on
tritium-exposed alloys in the "expanded" state. Samples of alloys
in the "expanded" state will be available within a few months from
a tritium exposure program being conducted at the Savantah River
Site, For future experiments, use of a thermal expansion seal on
the aluminum sample holder may allow better decontamination and
eliminate the need for secondary containment in vanadium.
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Experiment report:

Protactinium forms three distinct hydride phases. Two of these are
isomorphous to structures also found in the uranium hydride system; these
are the a-UH, structure in which the uranium atoms occupy a bec lattice
and the B-UH, Structure in which the uranium atoms occupy an Al5 lattice.
The third allotrope of PaH_ forms as a Cl5 cubic Laves phase, a unique
structure in binary hydrides;x The location of the hydrogen atoms is not

known with certainty for any of the protactinium hydrides but are assumed
by analogy to the better-known UH, system.

Both the Al5 and Cl5 strictures are characteristic of transition
metal intermetallic compounds. Their appearance in the actinide hydrides
is most surprising, 'as a metal playing a dual role without an apparent
valence difference 1is unknown elsewhere. The effect is clearly due to
the appearance of broadband, bonding 5f electrons. It is therefore of
great interest to know the structures of these compounds.

Due to delays involved with shipping the protactinium sample from
England, we were able to utilize only two of our allotted six days of
neutron  beam time and to therefore perform only a preliminary
investigation of C15 PaD . The small protactinium sample did not
deuteride completely, and™ the resulting phase composition indicated by
the neutron diffraction data is 83% deuteride and 17% metal. The data
refine reasonably well using the C15 crystal structure, but the crystal
structure and composition are not consistent with the phase diagram.
Because of the small sample size and the sample composition, the data are
not of high enough quality to determine either the composition of the
deuteride or the positions of the deuterium atoms with any degree of
confidence.,

We conclude that the vanadium sample holder for this small sample
mus t be redesigned to reduce the background contribution to the
diffraction data. We must also repeat the deuteriding cycle multiple
times in order to produce a 100% deuteride sample for future experiments.,
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Experiment repcrt: (continued)
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Figure 1. Neutron diffraction pattern for the C15 phase of PaD_. The
reflection markers for the three phases present are identiffed as
follows: top - Pa metal, middle - C15 PaD , and bottom - vanadium from
the encapsualtion. The negative peak near 2.8 A is due to aluminum from a
window in the beam that is not accounted for by the analysis code.
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lixperiment report;

intensities in the weaker reflections,

to-allow for differing sample sizes and irradiation times,

dislocations directed along the hexagonal c—axis, as the stron
were in the (001) reflections and almost negligible in the (hkO%

expected that a publication in Acta Cryst will ensue.

largest grain samples. When a full analysis of the data h
(including the x—ray results and high resolution transmission electron microscopy
observations of the defect structure of the samples awaited from NIST), the
extinetion model may have to be modified to include anisotropy.

A total of nine experimental runs were carried out at 305K on eight samples of
a—alumina (kindly provided by J. Cline of NIST), with particle sizes of 2,59um,
10.10pm, 14.55um, 23.23um, 38.04um, 47.62um, 61.18um and 167um. All the
experiments were conducted in the final week of the run cycle, at a time when
production problems were causing considerably reduced and fluctuating neutron
beam intensities. The mean number of Tos per run was ~ 109,000, a somewhat low
(but adequate) value for the determination of statistically significant integrated

The integrated intensities for the strongest high—d lines were determined and the
degree of extinction for each (hkl) was calculated by "normalizing" each data set

The observed extinction sizes were much stnaller than predicted on the basis of the
stated particle sizes (Kalceff et al 1989, 1990), suggesting that the mosaic block
sizes are significantly smaller than the grains of the samples. Morcover, the

)

apparent anisotropy in the extinction effects may imply the presence of screw
est extinction effects
planes, even for the
as been completed

The results of the analysis will be presented at 1UCr XV at Bordeaux in July; it is
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Experiment report (continued)s

A further experiment has been proposed by Von Dreele, Kalceff and Sabine Sfor
the 1990 run cycle) to study the extinction effect in Cal; (fluorite), a material free
of core defects and easily produced in a wide range of particle sizes. :

Sabine (1990) has developed a vheory for the simultaneous correction of diffraction
data for the effects of extinction and absorption. It is believed that the present
treatment of these effects, particularly as applied to x—-ray data (where it is more
gvident by virtue of the scattering process), needs to be modified. This is
particularly important in cases, as with GSAS, where simultaneous refinements of
neutron and x—ray data are undertaken. The present neutron TOF alumina data,
together with the expected x—ray data from NIST, will ptovide an ideal test case
for the applicability of the new theory.
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kxperiment report:

Ten SYNROC samples were fabricated using the alkoxide route and Purex waste
(simulating US commercial reactor waste) in preparation for these measurements.
Waste loadings ranged from 0% (SYNROC-B) to 30% (SYNROC-C), at
increments of 5%; three samples wit loadings of 20%, 25% and 30% were also
made using a neutralised precursor—-waste mixture,

The research proposal submitted for the LANSCE work envisaged a set of runs at
different temperatures to determine the stability ‘of the major phases with
temperature. Unfortunately there was insufficient time available on the
instruments to complete the full set of measurements, and the HIPD furnace was
not functioning. All samples were Tun on HIPD at 305K, and the 0% one was also
done using NPD at 10K; the total beam time used was ~ 7 days, excluding time
lost with aborted runs due to intermittent problems with the detector electronics.

Analysis of the data is at a stage where the lattice parameter variation of two of
the major phases (hollandite and perovskite) has been determined, showing a
Vegard’s law—type increase in cell volume with waste loading, but the third major
phase, zirconolite, is proving much more difficult to interpret. Recent work at
ANSTO has shown that at a temperature below 1200° C zirconolite forms with a
monoclinic variant of the fluorite structure; above this temperature, a zirkelite
modification forms, with a pseudo—trigonal symmetry., We are secking the
mechanism active in the two cases; it 1s hoped that this will allow the form
stabilized in SYNROC to be deduced.

Electron microscopy work is also in train at ANSTO 1io identify the remaining
impurity phase(s) present in the SYNROC samples.
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Experiment report (continued)s

Once the above questions have been resolved, it should be possible to refine the
diffraction data to identify the sites into' which the varlous waste atoms are
deposited. It is planned to confirm these results by deliberately doping a new set of
samples with varying compositions of waste atoms and performing neutron
diffraction studies similar to the present ones on them. ‘

The determination of temperature factors for the constituent phases in the samples
cannot be done until all gross features of the diftraction data have been explained.
The 10K and 305K data from NPD will be used to attempt a temperaturo
parameter refinement on all phases present; high resolution x—ray diffmct{on data
already collected at UTS and ANSTO will be used in a joint GSAS refincment
with the neutron data.

Whether the data collected at LANSCE and ANSTO/UTS is adequately
statistically significant to support the above analyses remains to be seen.

References:

1. Kalceff, W., October 1989, LANSCE Physics Colloquium, SYNROC studies
at LANSCE,

2, Kalceff, W., Argyriou, J., Sabine, T.M., Aust. Institute of Physics
Condensed Matter Physics Meeting, Feb, 7--9, 1990, Crystalline distortions
of SYNROC due lo simulated-waste loading.

33



Insteament used: please ype) Local contact: Proposal number:
(for LANSCE use only)

; A.C. Lawson, MS'T-5
HIPD nwson Q‘/BO

Title: Report recelved:
] . , \ _ _ s | or LANSCE use only)
OMUEGA PHASE FORMATION IN SHOCK-LOADED TITANIUM ALLOYS

‘ ' Y RS L S

Authors and affiliations:

G.T. Gray Il Los Alamos National Laborutory, MST-5

A.C. Lawson  Los Alamos Natlonal Laboratory, MST-5

Experiment report;

Although the response of titanium alloys to dynamic loading is beginning to be understood, little
experimental data exists concerning the structure/property relationships of titanium alloys subjected to
shock loading, These studies are complicated by the fact that pure o titanium undergoes a
polymorphic shase transition from hexagonal to a more open hexagonal omega () phase at high
pressure. The w-phase transformation in a-T1 under shock or hydrostatic soaking conditions exhibits
a large hysteresis that is responsible for retention of the high-pressure o phase to atmospheric
pressure[1,2]. The w-phase induced in pure Ti is observed to be morphologically similar to w phase
formed in as-quenched B-phase alloys based on Zr, Ti, and Hf (3]. Crystallographically the phase
transformation is believed to be a diffusionless displacive transition|2,3]. "The influence of alloying o
titanium on the details of the substructure evolution and occurrence of the ©-phase transition has not
defined a consistent pattern,

To investigate the influence of alloy chemistry, in particular interstitial oxygen content, on @-phase
formution, neutron diffraction experiments were conducted on 99.99 wt.% titanium shock-loaded at
11 and 23 GPa and A-70 Ti (3600 ppm oxygen wt.%) shocked at 11 GPa and "soft" recovered, The
neutron experiments were conducted with the beam axis parallel to the prior shock direction of the
samples, i.e. through-thickness; one sample was additionally studied with the neutron beam in the
sample plane to investigate the effect of texture on the lattice parameter data. Neutron diffraction data
were obtained at FIIPD at LANSCE and the data refined using GSAS.

Metastable w-phase titanium was found to be retained in the high-purity titanium following both shock
pressures [11 GPa - RUN # 734 & 738(in-plane)] and |23 GPa - RUN # 737] but not in the high-
oxygen-content A-70 alloy-RUN # 735, Diffraction data for the 11 GPa high-purity Ti showing -
phase (Figure 1) and the absence of w-phase in the shock-loaded A-70 Ti (Figure 2) are shown. The
lattice constants for the o and w-phases measured are listed in Table I, We attempted to determine
whether our w-phase is "rumpled” (i.e., whether the true space group is P(-3)m1 instead of P6/mm),
but the refinements were inconclusive, probably because of preferred orientation effects in our highly
textured samples. The refined preferred orientation parameters are not considered significant in view
of the simplicity of the texture madel currently in GSAS. We unsuccessfully attempted to determine
the particle size for the m-phase; either the particle size is too large (> ~ 1000 angstroms) or there is too
much broadening from the large straing in both phases. ‘These straing are caused by the epitaxial
mismatch between the o and o-phases; the "a" of the a-phase tries to mateh "¢" of the o-phase, and
visa versi, The measured lattice constants and strains shown in Table T illustrate how the strain results




Experiment report: (continued)

from the slight mismatch of the lattice constants, While the exact mechanism by which interstitial
oxygen suppresses @-phase formation in T s still under study, tthe current lattice parameter data
supports the idea that any alloying addition which increases the lattice mismateh such as oxygen, glven
the fixed "n" / "¢" orlentation relutionship between the two phases, will probably reduce the tendency
for phase formution or significantly increase the phase treansformation start pressure,
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Fgure 2: Shock-loaded A-70Ti

Table 1., Strains and Lattice Constants for a- and w-Titanium
Run # 734 735 7317 738
volume fraction w (%) 28 0 18 29
lattice constants (&):
a(a) 2,9506(2) 2.9520(1) 2.9516(2) 2.9493(2)
c(a) 4,6795(4) 4.6884(4) 4.679 (1) 4.6712(5)
a(w) 4.614(1) - 4.614(1) 4.611(1)
c(w) ) 2.832(1) - 2.831(1) 2.826(1)
strain from o “ (%):
strain(u) 0.68 0.52 0.79 0.74
strain(w) 0.74 - 0.91 0.93
strain from lattice constants (%):
(a(a)-ap)/a(a) 0.05 - 0.01 0.09
(c(a)=cp)/c(a) 0.19 - 0.20 0.37
(a(a)~c(w))/alu) -4.,02 - -4.04 -4.18
(c(a)-a(w))/cla) ~1.40 - -1.39 -1.29
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Experiment report:

Thls structure determination is a contlnuation of studies of the halogen
derivatives of methane. Previous efforts were described In a review article
(1] and In a series of articles of which the most recent deals with methylene
bromide and methylene iodide [2]. Raman and infrared spectra of a variety
of gsamples have been obtained and the structures of a subgroup of these have
been determined using neutron powder profile techniques.

Spectroscopic results indicate that CDZCBI freezes at 245 K into a

plastic phase and at 195 K a tlransformation to other phases takes place.
Two ordered phases and a disordered phase have been produced by varying the
coollng rate.

In the current experiment two phases were observed at 13 K. One of these
lg an ordered phase which can be indexed to give the selection rules for the
space group Pnma, The other phase produced only a small number of Bragg
peaks and ls clearly disordered.
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T\m.nmnlnpmt Vitreous silica compounds are attractive since they
can be preparced in different structural forms. Those of .
current interest include ; 1) Fused guartz , a simple glass.
2) Cab-0-s7ls , low density colloidal aggregates created
during flame hydrolysis. 3) dervgels , extremely low density
porous glasses commonly produced upon the hyperurltlcal
drying of silica gels.

Vibrational excitations in glasses have been exten51vc1y
studied over the past few decades yet , the origin of the low
eleryy vibrational epectra inherent in the tenuvous solids
ment ioned above remains a central unsolved problem in solid
state physics [1]. For example , it is well known that for
vibrational frequencies below ~ 3 THz that the prarim@ntally
ehserved density of states in fused quartz is significantly
greater then when calculated using Debye's theory.Buchenau
e, al. [2] attribute the enhancement to the relative rot-
ations of $104 tetrahedra in conjunctien with sound waves
below 1 THz. The applicability of this model to the low
energy modes of the less dense Cab-0-3il1 and aerogel phases
of willca is currently unknown . By studying the elastic and
inelastic scattering spectra from silica related compounds we
hope to understand the static and dynamic patterns in
aerogels. ‘

We: have used the HIPD to obtain the integrated neutron
scattered flux spetra from quartz and sundry aerogels as a
furiction of the momentum transfer , Q=4msin(6/2)/A. Figure 1
illustrates preliminary results showing the quartz static
structure factor , $(Q) , as a function of Q .This , although
a well known elastic scattering spectrum , is unique in its
expansive range of . The importance of large Q will be
discussed below,
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although the strength hence resolution of the aerogel peaks
“are significantly diminished. This is not. surprising since
the number of scatterers present in the quartz far exceeds
those in the aerogel sample. We acknowledge the decreasing
trend in S(Q) in Fig. 2 and attribute this to extraneous
counts at short time of flights.

In order for us to make any quantitative comparisons between
these and other aerogel spectra taken at other neutron fac-
ilities [3] the intensities must be normalized. A proper
normalization is with respect to the number of atoms , N
present in the neutron beam. Since S(Q-»°) o« N , the
extensive @ range of our data should allow for normali-
zation and quantification of our amorphous silica spectra.
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Experiment report:

This structure determination is part of a continuing program at the
University of Waterloo to study the structures and vibrations of molecular

- crystals by neutron powder profile techniques, X-ray diffraction and Raman

and infrared spectroscopy. Calculations have been undertaken to match the
experimental results to quantites derived using atom-atom potentials.

The purpose of the experiment was to determine the structure and to see
how this evolves with temperature. Powder profiles were recorded at 13, 90,

210 and 305 K. (The melting point is 317 K.) Our recent Raman' and
infrared work indicated that there 1is only. one phase between room
temperature and 20 K and thls was confirmed by the neutron results. The

lattice parameters and space group, Pb , were known from an X-ray study at
ca '

room temperature [1] and these were used as a starting point for our
structure determination.

Analysis of the data was performed using GSAS [2]. The dimensions of
the molecule were known for the gas phase [3] and these were used in the
rigid body routine of GSAS. An attempt was made to employ Patterson
functions to find the orientations of the molecules but, in the end,
approximate orientations were found using geometrical arguments and these
orientations were refined by the least-squares routine. Finally the rigid
body constraint was dropped and a full analysis of the 13 and 305 K data was
carried out using atomic coordinates and isotropic temperature factors.
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Experiment report:
INTRODUCTION AND PREVIOUS WORK

The halides and Chalcogenides of silver and copper represent the prototype
cation-disordered fast-ion conductors--phases in which the cations are delocalized
and extraordinarily mobile. The ionic electrical conductivity of such materials
is some six to eight orders of magnitude larger than normal ionic solids,
approaching values as large as 6 to 8 reciprocal ohm-cm for B- -Ag,S. Such conduc-
ftivities are comparable to those of strong liguid electrolytes. The materials
thus find application in electrochemically-based devices such as batteries, fuel
cells and sensors. The phases in the CuS-Ag2S system are of basic interest as
model materials toward understanding of the transport mechanism and diffusion
path responsible for this behavior as the mobile cations constitute the dominant
fraction of the scattering density. Calculated structure factors are thus
extremely sensitive to the model constructed for the distribution and thermal
vibration of the cations. Moreover, the present system is of great interest in
pre mineralogy and geochemistry as many ore deposits descended from these high-
temperature solid solutions.

The Ag and Cu halides and chalcogenides are based upon very simple anion
packings In previous work we have used single-crystal neutron techniques to
establish the cation distribution and anharmonicity in bece anion arrays [o-AgI (1),
B-aAg,S (2), B- -AgpSe (3) and o- and B-Ag3SI (4)], hcp arrays [B-Cuss (5)) and fcc
Arrays [o- Cuy,S (3) and tu-CupSe (3)]. These studies have been highly successful
in providing insight into the origin of the cation mobility as a result of several
factors: (a) use of neutron scattering provides a direct measure of the probabil-
ity density function (pdf) of the cation nucleus, free of charge deformation
pffects, rather than a convolution of the pdf with the distribution of electrons on
Ehe atom as with x-rays; this has permitted distinction of anharmonicity from
lisorder over closely~spaced sites; (b) use of neutrons increascs the number and
iccuracy of the recorded intensities (no decrease of scattering power with
5in0/A, negligible absorption); (c¢) use of a recently-developed formalism which
lesceribes scattering from dnharmonl(dlly vibrating atoms; and (d) analysis of all
ptructures as a function of temperature to distinguish position-averaged static
lisorder ("split atoms") from dynamic, time-averaged vibrational disorder
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(anharmonicity). ;

The present study is an extension of such analyses to additional phases with
fce anion arrays, The objective 1s to analyze, as a function of temperature and
composition, the structures of the solild solutilony whilich extend acrogs the
CupS-AgpS system at elevated temperatures (1' > 420°C for CusS, 120°C For CuAg$,
and 593°C for AgpS). The series is of especial interest as it constitutes the
only system of which we are aware in which two cation specles, with different
bonding characterigtics and site preferences (as reflected in their respective
low-temperature structureg), are simultancously mobile. We examine only intor-
mediate solid solutions. The structure of Cuz-xS, for which nongtolchiometry
greatly reduces the transition temperature, has been successfully studied with
single-crystal methods (3). The high transition temperature of 593°C for AgyY
approaches the limit of most of the heating devices which are available for
diffraction measurements. Moreover, the higher temperatures of the stability
range of this compound will greatly increase thermal vibration amplitudes. It
is unlikely, therefore, that a number of detectable intensities sufficient to
complete an analysis would be available. Indeed, the principal experimental
challenge in the present work with any of these phases ig the detection of a
significant number of diffraction peaks, the intensity of which--even in neutron
scattering--is greatly diminished by cation delocalization and unusually large
thermal vibration amplitudes. Such is the inherent nature of these materials
and the reason that their structures remain undetermined. The High Intensity
Powder Diffractometer available at LANSCE thus constituted the most promising
instrument available for conducting the present measurements.

EXPERIMENTAL REPORT

The fcc phases in the CuZS—Ag2S cannot be quenched. Neither can single
crystals be produced upon heating the low temperature phases (hep anion packing
for Cujss and bee for AgsS8) because of sluggish anion rearrangement and the

disruptive nature of the phase transformation. Attempts to grow single crystals‘

directly within the stability range of the fcc phases were unsuccessful due
to immediate oxidation upon exposure to the atmosphere during attempts to
transfer them to a diffractometer without cooling. ‘

Fietveld analysis of powder diffraction profiles has accordingly been under-
taken in the present work. It was desirable to synthesize the phases in situ
in the temperature range of their stability in order to avoid possible degrada-
tion of the quality of the crystallites as a result of cycling through phase
transformations. Fine powders of the elements in appropriate proportions were
thus encapsulated in evacuated silica tubes and placed directly in the vacuum
chamber of a furnace which had been newly-constructed for use on the HIPD.

(The present experiments represented the initial trial of the furnace and it
performed superbly!) The silica tubes served the dual purpeose of maintaining .
the stoichiometry of the specimens which tend to lose sulfur at elevated
temperature, as well as protecting the vacuum chamber and vanadium windows

From possible attack by sulfur vapor. Asg elemental sulfur produces a very

high vapor pressure at elevated temperature, the temperature of the capsules was
slowly increased at first to initiate the reaction (which proceeds rapidly at
all temperatures due to the mobility of the cations) and then increased to a
temperature just above the phase transformation to complete formation of the fco
phase.
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Table I. Compositions and Temperatures for HIPD bata Sets Succesafully
Rocorded for Cupb-AgyS Solid Solutions

‘ Composition
(Cug, 779, 3) 28 (Cug, 5290, 1) 28 (Cugp, 25R90, 75) 25
330°C 337°C 336°C
408° o 430° 405°
442° 530° : 500°
568° 630° 600°

The progress of the reaction wag monitored by recording powder patterns during
heating. when the diffraction pattern indicated the presence of no phase othexr
than the desired fcc structure, the temperature was increased to the highest of
the four at which data were to be recorded to insure complete reaction and homo-
genelty. Subsequent data sets were collected at lower temperatures at intervals
uniformly spaced between limits lmposed by the transformation temperature and an
upper temperature dictated by prudent operation of the furnace. The compositions
and temperatures at which powder profiles were successfully recorded are summar-
ized in Table I. The temperatures cited are precise to +2°C and represent
averages of readings provided by two thermocouples attached to the top and bottom
of the specimen, respectively, and which were connected to the temperature
regulator of the furnace.

The experiments were highly successful in that the silica capsules remained
intact, and in that the desired fcc phases were successfully synthesized in situ.
The supposed fcc nature of the structures has been conclusively established and,
at very least, lattice parameters and thermal expansion coefficients will he
established as a function of composition and temperature with more precision
and over a wider range of temperature. The LANSCE program system for structure
analysis, GSAS, has been installed in our computation system and Rietveld anal-
vsis of the profiles is in progress. A complete and unambiguous determination
of the cation distribution is proving to be a difficult exercise. The diffracted
intensities are extremely weak, as anticipated, and only on the order of five to
seven significant intensities will be available. (The exact number will not
emerge until a final fit to the background intensity has been established for
each pattern.) This is due to the difficulty of distinguishing very weak
intensities from a high and unudulating background introduced by the silica
capsule whose presence, unfortunately, wag necegssary for satigfactory execution
of the experiments. Previous work at LANSCE has achieved successful modeliny
ol this diffuse modulation, but these studies were larger than those of the
present work by more than an order of magnitude. The feeble nature of the
diffraction effects produced by our samples may be appreciated by noting that the
largest intensity maximum provided by a specimen with a volume on the order of
couple which had been attached to the specimen. This inherent problem is not
a meagure of the success of the expeviments, however, as previous x-ray powder
diffraction gtundies had provided no more than three, and often only one single,
diffuse maximun barely distinguishable above background.

Rietveld analysis of an initial pattern has not yet enabled us to establish a
unique distribution of cations among the octahedral and tetrahedral interstices
which are available in an fce array. Similar residuals were obtained for
several likely models in view of the small number of significant intensities.

As we have data for three different compositions, we are presently attempting

teo obtain a fit to the high background which is sufficiently accurate tu permit
extraction of structure factors. Difference maps between compositions will then
be prepared in an attempt to reveal the sites which are preferentially occupied
by Ag rather than Cu.
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Experiment report: (continued)
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Experiment report:

We have made a preliminary study of the relationship of the
glycerol backbone to the position of the tails in the hexagonal in-
plane lattice of the LRF phase of a phospholipid-water system, 1.5
grams of dimyristoyl phosphotidyl choline (DMPC) were obtained
from Avanti Polar Lipids in which the fatty acid chain in the second
position had been fully deuterated.
with the backbone orientation, there is a deviation from the
scattering one would expect for an in-plunc hexagonal lattice.

The samples were prepared by mixing 120 with the DMPC to
obtain 12% D20 by weight mixture, This put the sample in the Lgp
phase. Our initial estimate of 0.5 grams of DMPC per run was low.
We saw no peaks in the scattering at all using 0.5 grams of DMPC,
We then increased the amount of sample to 1.5 grams (our entire
supply) mixed with D20 to get a 12% mixture.
versus d-spacing are shown in figures 1 and 2.
the peak positions due to weak scattering make an absolute
determination of the structure difficult.
indications present in the data to support the hypothesis of backbone
ordering.  First, it is clear that the first two order lamellar peaks are
present in the data at 55 and 27.5A which is consistent with the
lamellar plane spacing for the Lpr phase,
at 8.77 and 6.31A. This is a strong indication of a larger unit cell

If there is a structure associated

The plots of intensity
The uncertainty in

However, there are several

Also, there are weak peaks
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Experiment report (continued): :
than the usual 4.94A which one measures for thls phase. This
supports the idea of backbone orientution, We are presently
applylng maximum entropy techniques to the problem to give us
more certainty in the peak positions ulong with trying to index the
peaks.  We intend to make further measurements with more sample
as well as with a sample for which both fatty acid chains are
deuterated, ‘
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lxperiment report;

The layered hole-doped copper oxide based perovskite superconductors of compositions
La-Ba(Sr,Ca)-Cu-O [ 1], Y-Ba-Cu-Q |2], Bi-Sr-Ca-Cu-0 |3}, TI-Ba-Cu-Cu-0 [4] and T1-Pb-Sr-
Ca-Cu-0 [5] and the electron doped Nd-Ce-Cu-0 [6] and Nd-Cu-O-F |7] compositions, have been
the center of intense interest in the field of oxide superconductivity, However, increasing interest
is being focussed on the related (but non-magnetic) non-copper oxide materials with cubic or near-
cubic perovskite structures such as BaPbg 75Bi( 2503, T, = 13 K [8] - the first oxide high
temperature superconductor, and its subsequently discovered analogs BaPbg 75Sb 2503, T = 3.5
K [91 and Bag (Ko 4BiO5 with T, =30 K [10]. We report here on a reproducible synthesis route,
structure and superconducting propertics of the first thallium based analog in this series, of ideal
composition BaPby sBig 5Tl 2503 g (abbreviated as Ba-Pb-Bi-T1-0), which was described
recently by Sutto et al [11]. The compound BaPby 45Tl 2504 has also been synthesized in nearly
single phase form but has to date not been found to be superconducting under the present synthesis
conditions [12]. :

The most reproducible synthesis conditions involved the use of a welded gold tube with
one opening that was only crimped so as to allow for interaction with the atmosphere of the
reaction chamber. The reaction was carried out in a tube furnace in which the gold tube was place
inside a quartz tube through which high purity gases were passed. Stoichiometric amounts of high
purity BaO,, PbO, BisO5 and TlhO4 were ground together and reacted in three steps. In the first
step, the oxides were fired at 775°C under flowing Ar for 1 to 1.5 hrs followed by rapid cooling in
the same atmosphere. The product was then ground and fired again at 475°C under flowing O, for
1 hr followed by furnace cooling. In the final step, the product was annealed in a reduced oxygen
atmosphere (5% O and 95% Ar) for 3 hrs followed by rapid cooling in the same atmosphere,

The structures for three samples produced by anncaling in different atmospheres were
refined. ORTEP plot of the neutron structure of one unit cell of BPTBO, a superconducting
sample produced by annealing in 5% Oy and 95% Ar, at a sample temperature of 305 K. Each unit
cell contains four formula units. For the sake of clarity, only bonds between Ph/T1/Bi and the
oxygens are shown, The Ba ions are located on the cell faces between the displaced O1; these
displacements probably take place in order to provide the more favorable Ba-O distance of 2,75 A
given by the sum of the ionic radii. The thermal ellipsoids.are drawn as 95% probability surfaces,
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Experiment veport (continued )

One of the objectives of this structural study was to determine the oxygen stoichiometry
that distiguishes the superconducting sample annealed in 5% O, und 95% Ar from the
nonsuperconducting sample annealed in Ar, Surprisingly, we find that the oxygen stoichiometry
differs only by a little: 2.93 for the superconducting sample versus 2,87 for the
nonsupcrconcﬁncting sample,

An account of this work has been submitted to Physica C.
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Experiment report:

lkeda et al. | 1] recently reported surprisingly lar ze atomic Debye temperatures for the
constituent Cu and O atoms in LayCuGOy and YBapCuzO4. These were determined from the recoil
spectra of neutrons in the eV energy range. It was suggested that these large values arise from
high-frequency modes which may in turn play a role in the mechanism for the high transition
temperatures observed for the oxocuprate superconductors, Recent EXAFS experiments by Los
Alamos scientists [2] have suggested other interesting temperature dependent structural features for
Y BapCuzO7 near the superconducting transition: i.e. the Cu2-04 bond becomes shorter or more
harmonic, or both. Since this result is predicted in an excitonic model for superconductivity {3],
there is a need to verify the predictions from EXAFS experiments,

We have been using pulsed-neutron powder diffraction data to provide estimates of the
anisotropic thermal purameters of atoms in crystals and, therefore, information about the
vibrational structure. Of special interest has been both the static and dynamical displacements of
the in the high T, oxide superconductors and the possible relationship between these and their
superconducting behavior [4-6]. Recently, we also have been studying the vibrational properties
ol much simpler compounds and have been successful in delermining ator ic Debye temperatures
from the thermal parameters obtained from Rietveld refinements of structural models using neutron
powder diffraction data taken over a range of sample temperatures [7].

We have also been active using neutron diffraction to study the structures of a large number
of superconducting materials,

Thus, the work by Ikeda et al. provides us with an opportunity to extend our
determinations of vibrational properties to more complex systems and to assess the validity of the
values obtained by eV neutron recoil spectroscopy. Furthermore, a study of the temperature
dependence of the structure and thermal parameters for YBa,Cuy O should provide a test of the
results derived from EXAFS experiments.

Samples of the Debye temperatures obtained for the cations in Y BapCu;05 are shown in
the figure and do not support the unusually high values of the high Debye temperatures for the Cu
ions obtained from neutron recoil spectroscopy. Similarly,and in contrast to the EXAFES results,
the bond distances and thermal parameters for Y BayCusOq show no unusual temperature
dependence near the superconducting transition temperature,
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Experiment report (continued )
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Recently, neutron recoil studies of YBayCuz07 have confirmed our Debye temperature
determinations [8].
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Experiment report:

The lanthanide cuprates RyCuQOy4 form the tetragonal T* phase structure when R is a
mixture of early and later rare earths [1]. The structure of these materials resemble LayCuQy4 (T-
phase) in half of the unit cell and Nd,CuQy4 (T'-phase) in the other half, and belong to the
tetragonal space group P4/nmm. There are two lanthanide sites, one similar to that in the T phase
(M-site) which is coordinated by nine oxygens and one similar to that in the T' phase (M'-site)
coordinated by eight oxygens. Initially it appeared to be difficult to prepare single phase material
with the T* structure, but it was soon discovered that addition of a small amount of Sr greatly
enhances the range of phase stability [2]. Thus T* phase compounds of the type La; g.
xRxS10 2Cu0y, with R ranging from Pr to Ho, have been successfully prepared. Three of these
Sr-doped compounds are superconducting when annealed in Oy: with x =0.9 and R=Sm, Eu and
Gd, annealing at 150 K O, gives T('s circa 20 K, while annealing at 3 Kbar O, gives T,'s of 37,
34 and 33 K. At present, it is not understood why the range of later lanthanides that produces
superconducting materials is narrower than the range required to produce the T* phase or why the
superconducting behavior changes so drastically with O, annealing for those that do superconduct.
This remarkable behavior raises the very interesting questions of the effect of oxygen stoichiometry
and cation ordering on superconductivity. Inorder to clarify this situation, we undertook a joint
neutron/x-ray powder diffraction study of the low absorbing T* phase Lag 9Smyg 15281 ,CuQy, 5
annealed at both atmospheric pressures and 3 Kbar of O, to study these questions.

We find that the large cations again prefer the M site and that the smaller cations the M' site;
however, we find that the ordering is not as complete as found by us previously for
Lag 9Gd( St ,CuOy4 using anomalous x-ray powder diffraction [3]. This result is reasonable in
view of the smaller differences in ionic radii between La+3 and Sm+3, We have not yet had a
chance to refine structures that include defect oxygen sites for the extra oxygen, but fully expect
that this should be possible (especially after our experience with the much more difficult problem
of locating the extra oxygen in the phase separated Lay,CuQy,5). When this work is completed, we
hope to have a much better understanding of the relationshiop between oxygen stoichiometry and
ation ordering and superconductivity in the T* phase materials.




Experiment report (continued):
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Experiment report:

Soon after the high T, superconductor was first discovered, researchers in the field began
transition metal doping studies of the Cu sites in order to gain a better understanding of the
mechanisms responsible for superconductivity. Initial studies involved primarily resistance and
magnetization studies [1], but more recently include x-ray and neutron diffraction studies and
Méssbauer studies [2]. Although the site preference of many of the dopants for the chain Cu(1)
sites and the plane Cu(2) sites have been reasonably well resolved, a few notable exceptions
remain. One of these is the site preference of Fe dopants. There has been considerable
controversy and neither x-ray, neutron or Méssbauer studies seem to agree.

Some time ago, Maeno and Fujita [3] suggested that, in keeping with the assumed site

preference of chains for Fet3 and planes Fe+2 [2], Fe dopes into chains when annealed at high
temperatures in oxidizing environments and into planes when annealed in reducing environments.
They also presented some data suggesting that this was indeed the case.

In order to test this interesting hypothesis, we have measured neutron powder diffraction
patterns for two samples (with x = 0.06 and 0.12) each annealed using the same conditions used
by Maeno and Fujita, e.g. at high temperatures in either oxygen or nitrogen, with a subsequent low
temperature anneal in oxygen. We have completed refinement the structures for all data sets and
find that for all samples Fe strongly prefers the chain Cu(1) sites, invalidating what would
otherwise be an interesting hypothesis. ‘

This work is now being written up for publication.
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Experiment report (continued):
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Experiment report:

UD, is known in two forms, o and B. Both forms have the same space
group (Pm3n), and both are related to the Cr_Si structure, which is
normally found for transition metal compoundg rather than
actinides. B-UD_, has two crystallographically distinct uranium
sites, and may bé regarded as an intermetallic compound of

uranium with uranium that is stabilized by hydrogen. (Such "self
intermetallic" behavior is typical of the light actinide elements.)
B-UD, becomes ferromagneflc below 160K, and the magnetic moment on
the two uranium sites is identical w1th1n experimental error, as
has been determined with three separate neutron diffraction experi-
ments, including some earlier work at LANSCE [1]. «-UD_ is also
said to be ferromagnetic [2], but this claim is suspect, because
the reported Curie temperature is the same as for B-UD and
because a-UD,_ is metastable and cannot be prepared: w1tgout a
considerable“mixture of the B-form in the final product.

We have obtained neutron powder dlffractlon data on a sample of UD
containing nearly 50% of the metastable a-phase. Data were
obtained at 15 different temperatures between 15K and room
temperature on the High Intensity Powder Diffractometer (HIPD).
Because of the ability of the Rietveld analysis method to deal with
multiphase mixtures, the results of our investigation are phase
‘specific.

Mulford, Ellinger and Zachariasen [3] solved the structure of o-UD
from powder x-ray data which permitted the location only of uraniui
atoms with certainty. Our neutron data allow the location of the
deuterium atom. As predicted by Mulford et al., the structure of
tx—UD3 is isomorphous with Crasi (the famous B-W structure.)
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Experiment report (continied);

Our data show that «-UD, is non-magnetic. This is demonstrated by
a comparison of diffraction patterns at different temperatures.
Since no magnetic superlattice peaks associated with a-UD,., were
observed in our experiment, the B-form must be a simple fgrromagnet
if it is magnetic at all. The peak at 2.1 & (the extreme left of
the figures) comprises the 310~reflection of B-UD_ and the 200-
reflection of «-UD_. Our data show that there is Ro magnetic
intensity in this geflection, as the peak is fit perfectly with the
‘nuclear structures alone. It follows that the a-form is non-
magnetic. (It is known from the magnetic structure of BwUD,q [1]
that there is no magnetic intensity in the (310) reflection?)

The principal results of our study are:

o The x-ray crystal structure of Zachariasen and Mulford for
(x——UD8 is confirmed.

0 0(~—UD3 is not magnetic above 15K.

o] The striking minimum in lattice constant previously observed
at the Curie temperature of B-UD_, is confirmed, and a similar
lattice constant minimum is obsefbved for or~UD3 despite 1ts
non-magnetic behavior. ' :

0  The Debye temperatures for the two phases, as determined from
the Debye-Waller factors are nearly the sane.
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Experiment report:

We have been using time-of-flight neutron diffraction to study
strain and particle size effects in materials. Neutron diffraction
is useful when a bulk probe is required, and the time-of-flight
method practiced at pulsed sources offers high resolution, The use
of the Rietveld refinement technique to extract strain and particle
slze information from the diffraction data has the advantage of
using many hkl-reflections simultaneously for the analysis.

The Rietveld method depends on the use of a peak-shape function
that gives a realistic fit to the diffraction peaks over a wide
range of d-spacing. There is always room for improvement. In this
experiment we used some previously characterized palladium samples
(1] to test a newly devised profile function based on the Ikeda-
Carpenter peak Ghageq [2]. We used three palladium samples. The
"alloy" was a Pd solid solution with about 0.2% strain and
negligible partlglg 99 & broadening (P > 1000 A4). The "Magic
Barrel" palladium had 0.5% strain and P = 700 &. The "palladium

black" had the most severe line broadening, with 1.2% strain and
P - 120 A.

The figures show the fits obtained with the usual peak shape
{Profile Function 1) [3] and with the new one (Profile Function 2)
[4]. The fit is considerably better with the new profile function,
and the refined profile coefficients are listed in the table. 1
(The units have been suppressed; they are the usual ones with ps
and A.) The derived values of strain and particle size did not
change as a result of the better fit, but it seems certain that
lower levels of detectable strain and particle size broadening can
now be achieved. It should e noted that Profile Function 2 has
shown some numerical instability when used on high resolution data

from NFPD. Further improvements in the profile functions can be
anticipated.

58




Experiment report (continued):

Alloy - Run HIPD 641
Profile Function 1
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Experiment report:

INTRODUCTION: Thermotropic Liquid Crystals are organic molecules which
self-organize into various ordercd phases as the temperature is altercd. Each
of thesc phases is characterized by a distinct combination of partial
orientational and translational order. Rod shaped thermotropic molecules are
in gencral composed of a central rigid core with flexible aliphatic chaius
attached at each end, This class of molecule often exhibits smectic (layered)
phases in which the molecules align cnd-to-end with a typical interlayer
spacing of 30 Angstroms and an in-planc spacing of 5 Angstroms. Small angle
neutron scattering (SANS) and powder diffraction experiments were
undertaken to investigate the evolution of these parameters and to ultimately
determine the molecular conformations and packing geometrics present in
the various phases.

EXPERIMENTAL RESULTS: High resolution neutron powder diffraction data was
obtaincd on a three gram sample of the thermotropic liquid crystal:
D21C100(CeH4)COO(CeH4)OCED 13 encased in a standard vanadium sample holder
using the Neutron Powder Diffraciometer (NPD) and the High Intensity
Neutron Powder Diffractometer (HIPD). This material exhibits the nematic,
and several smectic llquld crystal phases. It is crystalline at room
temperature.

Experiments on the NPD showed several well defined diffraction peaks in the 1
to 4 Angstrom regime for the crystalline phase, see Fig. 1. These peaks shift
position in Q as the samplc temperature was varied. As the sample is hcated
into the liquid crystalline phases only a few strong peaks remain, see Fig, 2.
Data collection times were on the order of 24 hours per sample temperature.
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Experiment report (continued):

Experiments were performed on the HIPD to (ake advantage of this

instrument's extended Q-range and its' shorter data collection times.  Strong
scattering was obscrved for the crystalline phase.  Typlcal data s shown in
figures 3a and 3b using the 400 and 59 detector banks respectively,  The strong
scattering peaks observed for the crystalline phase disappeared in the data for
the smectic phases.  Data collection times were are approximately 12 hrs.

CONCLUSIONS: We were successful in collecting scattering data from the
crystalline phase of a thermotropic liquid crystal, The crystal structure of this
material has yet to be determined pending the results of planned X-ray
crystallography experiments.  Scattering data from the smectic phases of our
sample contain very few peaks. Information on molecular interactions in the
smectic phases can be gained through a comparison of the liquid structure
factors for like molecules with variously deuterated sites.
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Figure 1: Neutron powder diffraction data for the crystal phase
- of D21C100(CeH4)COO(CgH4)OCED 13 , collected at room temperature on the
Neutron Powder Diffractometer (NPD),
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Figure 2: Powder diffraction data taken on NPD for the smectic C phase -
sample temperature, 72° C,
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Experiment report (continued)t '
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Figure 3: (a) Scattering data collected on the 400 detector banks of the HIPD
for the crystal phase of D21C100(CgH4)COO(CeH4)0CeD 13 taken at room

temperature,  (b) Data from the 50 banks.
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Neutron Powder Diffractometer (NPD)

The Neutron Powder Diffractometer (NPD) sample
position is 32 m from the source. Standard collima-
tion in the beam line produces a 5.0 x 1.0 cm beam
at the sample position, Placed at five points along
the beam, varfable apertures permit adjustment

of both the beam size on the sample and

the viewed reglon of the moderator, The large
cvacuated sample can (74 cm inside diameter) has
sufficlent cloarance to bandle any special environ-
ment device necessary, Detectors are placed
symmetrically at several angles to cover short
d-spacings (0.25 to 3.9 A) at a resolution
(Ad/d=0.17%) to much longer d-spacings (~34 A)
at lower resolution (Ad/d=0.5-1.5%). Both sides

of the instrument have identical resolution because
the incldent beam is normal to the moderator.,

The resolution of the instrument can be adjusted
by changing the collimation and the detector-
position resolution,

148°

Beam

et < W e i T T

Beam dump
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Instrument Detalls

Detector banks: + 20° (1990)
+ 45°(1st in '89, 2nd in '90)
+ 90°
+ 148
d-spacing range for 12- Hz operation (approximate):
+ 200 12 -336A

+ 450 065 - 12.7A

+ 90° 035 - 7.8A

+148° 025 - 52A
Resolution (determined by collimation):

Moderator
Sample environment

+ 20° 091 - 1.5%

+ 45° 0.37 - 0.62%

4+ 90° 0.25%

+ 1480 0.15%

Chilled water at 10° C

10 - 300 K, closed cycle refrigerator;

room-temperature-access liquid- He dewar,
1.2 -300K;

vacuum furnace, limit 700° C

Maximum beam size at sample:

Experiment duration

5 cm (height) x 1 cm diameter
8 - 48 hours

Joyee Goldstone, Instrument sclentist
John Thomas, Instrument technician
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Experiment report:

Materials closely related to LayCuQOy continue to intrigue investigators. The first of the
high T oxide superconductors were made by introducing holes into the CuO, planes by partially

doping divalent Ba2+ for the trivalent La3+ [1]. Subsequently, the undoped parent compound,
LayCuQy, was also found to become a superconductor, with a T,, near 30 K, when treated with
excess oxygen [2-4]. Initially, there was some question as to whether cation deficiency or oxygen
excess provided the hole doping necessary for superconducting behavior, but it soon became
evident that it was the latter when careful studies of the La to Cu ratio in these materials showed
them to be stoichiometric to within 1% [5]. As a consequence, there has been a great deal of
interest in the role of the excess oxygen and its location in the parent crystal. However, in contrast
to the cation doped La;CuQy where BaZ* substitutes for La3+ and the quantity and location of the
dopants is not an issue, the parent LayCuQy is essentially stoichiometric, and both the quantity and
location of the excess oxygen in superoxygenated LayCuQy,5 remain important unresolved
questions. ‘ o

‘ Magnetization data taken with the earlier samples implied low superconducting fractions
(0.2 to 30%, depending on the pressure of O, used in the annealing procedure), and suggested that
detailed diffraction studies of the intrinsic superconducting phase might be difficult. Nevertheless,
the structure of the excess oxygen defect has been the subject of a number of studies. Neutron
powder diffraction showed such samples to be single phase with the space group Bmab circa 320 -
K but to separate into two nearly identical orthorhombic phases with a = 5.33, b= 5.40 and ¢ =
13.1 A and probable space groups Bmab and Fmmm at lower temperatures [6]. The data
suggested that a phase separation occurred upon cooling into a nonsuperconducting Bmab phase
and a superconducting, probably oxygen-rich, Fmmm phase. Because of the limited material
subjected to the higher 3 kbar oxygen annealing pressure, the diffraction analysis was carried out
employing a larger quantity of 0.1 kbar O, treated sample which had an exclusion fraction of only
0.2-C.5% [6]. This low exclusion fraction was attributed to the crystallite grain size of the ceramic
material; however, the diffraction determined fraction of Fmmm phase was ~30% compared to
~60% for the 3 kbar O, treated material. Because of the nearly identical structural arrangements in
these phases, least-squares determined positional and thermal variables were highly correlated, and
because of the low concentration of the excess oxygen, no detailed positional data on its location
was obtainable.

66



Experiment report (continued):

The location of the excess oxygen in the closely analogous LapNiOy4, g system was more
easily elucidated because the Fmmm phase exists as a single phase above the miscibility gap (for §
> 0.13) and samples with large values of the excess oxygen (8 = (.18) can be prepared by
annealing at atmospheric pressures'of Oy [7]. The excess oxygen was found to occupy the

-(1/4,1/4,0.23) position; shifts in the positions of four of the nearest-neighbor oxygens were found
to be necessary in order to make room for this occupancy. In that study, it was inferred from the
remarkable similarity of the structures that the excess oxygen position might be the same in the two
materials. However, it is well known that copper environments are usually more tetragonally
distorted than those found in nickel compounds and such an analogy may not be valid. For
example, significant differences in the lattice parameters for the two compounds (Cu as given
above; for Ni, a = 5.46, b = 5.53 and ¢ = 12.55 A) exist because of these distortions.

Single crystal neutron diffraction data were employed to determine the crystal structure of
superconducting LayCuQy.§ at room temperature and at 13 K by Chaillout et al. [8,9]. Data were
taken on a twinned crystal and short neutron wavelengths were used so that the pairs of reflections
from the twins were as close as possible. The diffraction pattern was indexed to a Bmab space
group; within the standard deviations, the lattice parameters could not be considered significantly
different from those previously determined and the peak widths appeared to preclude two phases
undergoing a separation. By analogy to the structure of L.a;NiOy4, 5, they refined the low
temperature structure for excess oxygen in a (1/4,1/4,z) site and found that it occupied a
(1/4,1/4,0.24) site of the single Bmab phase (these authors actually used the equivalent setting of
Cmca) with an occupancy of 0.032. The excess oxygen was found to displace three of the nearest
neighbor apical oxygens, which left one short O-O bond (1.64 A) between the excess oxygen and
one of the displaced nearest neighbors. The close agreement between this bond length and that of
the peroxide ion, 02", then suggested that the excess oxygen defect is inserted as a peroxide ion.
However, since no tests for occupancy of the more favorable (3/4,3/4,z) site were made and since
the symmetry of the displaced sites may artificially produce both shortened and lengthened O-O
bonds, conclusions on the excess oxygen occupancy and the bond lengths between excess oxygen
and displaced oxygen may just be an artifact of the model used. Recently, these authors have
reported a large splitting of the 0 5 14 peak (in the Bmab setting) at 120 K and have ascribed this to
phase separation. Curiously, and in apparent contradiciton to their earlier work, they then refer to
the Bmab phase as the nonsuperconducting phase and state that the second phase, which is then
presumably superconducting and contains the excess oxygen, must be monoclinic [10].

In order to clarify this situation, we have determined the structures of a high-pressure
annealed sample of Lay,CuQy, g with optimized superconducting properties (Tc = 40 K) using high
resolution neutron powder diffraction data. We find that at room temperature, LayCuOy, 4 is single
phase belonging to the space group Bmab. At lower temperatures, the material separates into two
similar orthorhombic phases. Rietveld refinement provides fits to the data that are consistent with .
an approximately stoichiometric nonsuperconducting Bmab phase and a superconducting, oxygen-
rich, Fmmm phase. Structure and occupancy for the defect oxygen site in both the room
temperature Bmab and low temperature Fmmm phases have been determined. Both the location of
the excess oxygen in the two phases and the distortion of the neighboring lattice induced by the
insertion of the defect oxygen are slightly different; these features therefore suggest that the nature
of the defect is different in the two phases. These results show that the excess oxygen inserted by
high pressure annealing is responsible for the miscibility gap at lower temperatures and that its
presence in the Fmmm phase leads to bulk superconductivity in LayCuQy,s.
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[2] P.M. Grant, S.S.P. Parkin

L840 (1987).
[5] J.E. Schirber, B. Morosin

2197 (1988).

[1] J. G. Bednorz and K. A. Miiller, Z. Phys. B 64, 189 (1986).

,» V.Y. Lee, EM. Engler, M.L. Ramirez, G. Lim and R.D.
Jacowitz, Phys. Rev. Lett. 58, 2482 (1987).

| [3] J. Beille, R. Cabanel, C. Chaillout, B. Chevalier, G. Demazeau, F. Deslandes, J. Etourneau
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[4] K. Sekizawa, Y. Takano, H. Yakigami, S. Tasaki and T. Inaba, Jap. J. Appl. Phys, 26,

’

, R.P. Merrill, P.F. Hlava, E.L. Venturini, J.F. Kwak, P.J.

Nigrey, R.J. Baughman and D.8. Ginley, Physica C152, 121 (1988).

- [6] J.D. Jorgensen, B. Dabrowski, . Pei, D.G. Hinks, L. Soderholm, B. Morosin, J.E.
Schirber, E.L. Venturini and D.S. Ginley, Phys. Rev. B38 (1988) 11337: references therein
contain a detailed background review.

[7] J.D. Jorgensen, B. Dabrowski, S. Pei, D.R. Richards and D.G. Hinks, Phys. Rev. B40,

[8] C. Chaillout, S-W. Cheong, Z. Fisk, M.S. Lehman, M. Marezio, B. Morosin and J.E.
Schirber, Physica C158 (1989) 183.

[9] C. Chaillout, S-W. Cheong, Z. Fisk, M.S. Lehman, M. Marezio, B. Morosin and J.E.
Schirber, Physica Scripta T29, 97 (1989).

[10] C. Chaillout, J. Chenavas, S-W. Cheonyg, Z. Fisk, M.S. Lehman M. Marezio, B. Morosin,
and J.E. Schirber, MM-HTSC Proceedings, July 1989 (to be published).

68



Instrument used: (please type) Local contact: Proposal number:
: (for LANSCE use only)

812

NPD Joyce A. Goldstone

Title; v ‘ ‘ Report received:
~ STRUCTURE AND OXYGEN STOICHIOMETRY FOR THE ELECTRON-DOPED (for LANSCE: use only)
CUPRATE SUPERCONDUCTOR Nd) gsCeq | 5Cu0

4-d
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G.H. Kwei, S-W. Cheong, Z. Fisk, F,H. Garzon, J.A. Golstone and J.D. Thompson,

Los Alamos National Laboratory,

Experiment report:

We have determined the Stfucturc of the newly discovered electron doped
superconductor Nd gsCeq 15CuO4.5 at 11 K and 300 K using high resolution neutron
powder diffraction techniques. Both n'ons'upcrconducting oxygenated and superconducting
Zr-gettered (T, = 24 K with shielding and Meissner fractions of 30 and 16% at 5 K,
respectively) sémplcs were investigated to study the effect of Zr gettering on the crystal
structure and oxygen stoichiometry. Unlike LayCuQy,§, where a bulk superconducting
oxygen-rich phase separates from La,CuQy4, we ﬁnd‘ that the structure remains tetragonal
(I4/mmm) for both samples at both temperatures.  Structure and oxygen stoichiometry of
the oxygenated and Zr-gettered samples remain remarkably similar at both temperatures, the
only difference being a slight decrease (within three standard deviations) in the thermal
parameters of the rare earth ions along the c-axis for the superconducting sample.
Thermogravimetric analyses confirm the oxygen stoichiometry determined from neutron

data by refinement of the oxygen occupancies.

This appeared as Physical Review B40, 9370 (1989).
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Experiment report:

Recently the results of a structural study (1) using neutron powder diffraction, were

reported for a new form of molybdenum trioxide, B'-M003. This material was derived
from the removal of hydrogen from the intercalated HMoO3. The metastable form of
MoO3, from which these materials are derived, can be prepared in bulk from at least two

novel low temperature routes (2,3). This precursor form has been designated B-MoO3.
No report of structural refinement based on diffraction data have been published. However,
strong circumstantial evidence (2) based on a variety of comparisons with WQO3, which

crystallizes with the distorted ReO3-type Structure, suggested that 8-MoO3 also possesses
this type of structure. We have carried out structural studies which confirm this
suggestion. ‘

~ B-MoO3 was obtained from the heat treatment of freeze dried powder (3); this was
derived from liquid obtained from passing a solution of Na2MoO4.2H30 through a cation
exchange column loaded with Rexyn 101(H). ‘ o

Both high resolution neutron and x-ray diffraction data were collected on the NPD

instrument at LANSCE and the x-7a beamline at the National Synchrotron Light Source,
Brookhaven. Both powder diffractograms could be indexed on the basis of a mixture of
two phases - the thermodynamically stable @-MoO3 and B-MoO3 (Table I). Preliminary
analysis of data from the 1480 neutron data bank (Fig 1) confirms the structure to be of the
ReO3-type with atomic parameters reported in Table I.  The structures of B-and B-MoO3

are related, that of B~ being a disordered variant of B'; both consist of corner shared arrays
of MoOg- octahedra and are related to the polymorphs of WO;3.
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Expériment report (continued):

Iable |. Atomic par'ameters for B-MoO3 (P21/c, a=7.122;b=5.374, ¢=5.565,

B=91.88). !

NAME X Yy z . FRAC Ulsox 102
o(1) . -0.25890 i 0.07960 -0.00508 1.0 2.9(2)
Mo(1) 0.00000 0.00000 0.00000 1.0 3.2(3)
Mo(2) 0.50347 -0.02227 0.12281 0.5 1.0(2)
2)  -0.04191  0.28354 0.20849 1.0 0.4(2)
0o@3) 0.56314 0.31810 0.79685 1.0 6.0(4)

- =2
S y"%

I

References:

References ‘

1. Parise, J.B. et al Materials Res. Bull,,22, 803 (1987)

2. McCarron, E. M. 111, J. Chem. Soc Chem, Comm,, 336 (1986)
3. McCarron, E. M. II et al. Patent Pending (1990),
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E.W. Ong, V.G. Young Jr., G.L. Burr and W.S. Glaunsinger, Dept. of Chemistry, ASU;

R.B. Von Dreele and J.A. Goldstone, LANSCE, Los Alamos National Laboratory

Dates of experiment:

® Approved by external program committee
Q Approved by internal program committee
Q Part of LANSCE discretionary time

Experiment report:

Cao 132(ND3)yTi82 has been studied by neutron powder diffraction at both 20 and

300K. Due to the large contribution to the hackgrounds from the quartz sample
container, the data collections were not successful. The deuterium positions

desperately needed were not resolvable for either sets of data. The 20K data

set from the 148 detector banKils shown below. More work using the standard

NPD vanadium containers with indium seal, without the quartz containment, is
being requested.
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Experiment report:

CQo,loz(ND3)y(ND4+)’FiSZ has been studied by neutron powder diffraction at

both 20 and 300K. Due to the large contribution to the backgrounds from the
quartz sample container, the data collections were not successful. The
deuterium positions desperately needed were not resolvable for either sets
of data. The 20K data set from the 148 detector bank is shown below.
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Experiment report: (Np,+), ,c(NDj) T1S " has been studied by neutron
powder diffraction at bogﬁ 300 ang 90 Due to the large contribution to the
backgrounds from the quartz sample container, which was required to maintain
the requisite ND, pressure over the sample, the data collections were not
successful. In particular, the all important D positions were not resolvable
for either data set. The 300K data set from the 148° detector bank 1s shown
below. Further work using a newly fabricated vanadium sample container, which
is capable of maintaining the required one atmosphere pressure of ND, over the
above sample without the need for a quartz container, is anticipated.
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Experiment report:

(NDZ)O 21T152'21' has been studied by neutron powder diffraction at both

300 and 20K. The diffraction patterns are generally consistent with a six-
layer trigonal unit cell with approximate cell parameters of a=3. 414 and
c=41.8%. "The broad intensity band from 2.5 to 2.7A, where the (107) and (108)
reflections should reside, indicates significant Tocal layer disorder for this
intercalate [1]. We are presently working toward the solutions of these
structures using Rietveld refinement. The 148° data taken at 20K is presented
below.

[1] M.J. McKelvy, G.A. Wiegers, J.M. Dunn, V.G. Young Jr. and W.S.
Glaunsinger, Solid State Ionics (submitted).
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Dates of experiment:  May 27, 1989
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Q Part of LANSCE discretionary time

Experiment report:

Na*g 25(ND3)g. 11Ti520'25’ has been studied by neutron powder diffraction at
300 K. Due to the large contribution to the background from the quartz
sample container used for this study, the data refinement was not sucessful,
The locations of deuterium positions were not resolvable. The data set from
the 153 degree detector bank is shown befow. Furthur work using a
vanadium sample container is anticipated. ‘
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Experiment report:

Na‘g,zj(NDj)g,75Ti52°‘25" has been studied by neutron powder diffraction at
300 K. Due to the large contribution to the background from the quartz
sample container required to maintain a ND; pressure above the sample, the
data refinement was not sucessful. The locations of deuterium positions
were not resolvable, The data set from the 153 degree detector bank s
shown below. Furthur work using a newly fabricated vanadium sample
container, which is capable of maintaining the required ammonia pressure
above the sample without the need for a quartz container, is anticipated.
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ErREROUTEROE  started as a study of the phases of elemental neptunium, To avoid preferred
orientation, we attempted to prepare a finely divided powder of Np metal through deuterating and
dedeuterating bulk metal. Unfortunately, the dedeuterating process did not remove all the deuterium and
the sample as prepared was essentially neptunium dideuteride. Data were collected on the sample over
the temperature range of 15 to 620 K. This sample was an excellent deuteride, with little strain owing to
the deuterating process in comparison to previous deuteride samples of Np. This sample was single
phase and remained cubic over the entire temperature range investigated.

The structure is the classic CaFy (Fm3m) in which there are two tetrahedral sites and one octahedral site
per metal atom available for deuterium occupancy. Neutron diffraction data were fit usin g the Rietveld
refinement code GSAS.[1] All diffraction data were successfully fit with using the space group Fm3m
with neptunium occupying the (0,0,0) position and the deuterium in the (1/4,1/4,1/4) and (1/2,1/2,1/2)
positions. No evidence of a phase transition to the tetrahedral structure observed in the higher
deuterides of neptunium was observed.|2] Figure 1 shows a partial neutron diffraction pattern of NpD»
at 15 K; the +'s are the observed data, the line through the data is the Rietveld fit, the lower curve is the
difference between the ohserved data and the fit, and the vertical ticks mark the positions of allowed
reflections for the 'space group. Figure 2 shows the lattice parameter versus temperature for all the
runs; the fit through the data points is a parabola and the data seem to indicate a minimum in the lattice
parameter around 240K. In addition to the lattice parameter data, the temperature dependence of the
thermal displacement can be extracted from the fits. Figure 3 shows the thermal displacement versus
temperature for both the neptunium and the tetrahedral site deuterium. The line drawn through each of
the data sets is a Debye model fit to the thermal displacement with the extracted slopes, equal to Debye
temperatures, given on the figure for each atom. The ratio of the Debye temperatures should be equal to
the square root of the masses of the atoms; the mass ratio is 11 while the Debye temperature ratio is 7.
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‘ lth A }‘Jr'nlnt_. %,rri'de behaves in a similar manner as the rare-earth dihydrides. The structure is the classic
Cal (Fm3m) except that loading up to and beyond the dihydride composition under normal pressure
conditions is not possible. In the Fm3m structure, there are two tetrahedral sites and one octahedral site
per metal utom available for hydrogen occupancy. Only the tetrahedral site is observed to be occupied
in scandium hydrides. Anomalous behavior has been reported in acoustic velocity measurements
suggesting a phase transition around 240 K in ScHj g9 [1]. ESR and x-ray data on
S¢0.995Gdy,005H1 98 indicate a possible phase transition below 140 K [2].” Since x-ray diffraction
studies show no change in the scandium position nor the crystal structure, a neutron diffraction
investigation was undertaken to examine possible changes in the position of the deuterium and/or
ordering of the deuterium on the tetrahedral site.

Neutron diffraction patterns were collected for a sample of ScD) gg over the temperature range of 15 to
305 K. Data were fit using the Rietveld refinement code GSAS.[3] All diffraction data were
successfully fit with using the space group Fm3m with scandium occupying the (0,0,0) position and
the deuterium in the (1/4, 1/4,1/4) position. No evidence of superlattice peaks arising from an ordering
of the deuterium atoms was found. In addition, displacement of the deuterium off the high symmetry
site to a more general (x,x,x) position did not improve the fit to the data. Figure 1 shows a partial
neutron diffraction pattern of ScD) gg at 15 K. Figure 2 shows the lattice parameter versus temperature
for all the runs; no indication of an anomalous change is observed over this temperature range. In
addition to the lattice parameter data, the temperature dependence of the thermal displacement can be
extracted from the fits. Figure 3 shows the thermal displacement versus temperature for both the
scandium and the deuterium. The line drawn through each of the data sets is a Debye model fit to the
thermal displacement with the extracted slopes, equal to Debye temperatures, given on the figure for
cach atom. The ratio of the Debye temperatures should be equal to the square root of the masses of the
atoms; the mass ratio is 4.7 while the Debye temperature ratio is 3.7, so reasonable agreement exists.

The absence of a contraction of the lattice parameter at low temperatures in this ScD gg sample does

not rule out the possibly of a contraction of the lattice parameter in the scandium hydrides; this effect
may be
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Experiment report (continued):
§ onay {sot'ope dependent. It may be worthwhile to investigate scandium hydride using neutron

diffraction, a considerably more tedious task.
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EXASEIRIIERESF vacant sites in the a-phase of pure plutonium ( monoclinic cell ) has been inferred -
from neutron diffraction studies on GPPD at IPNS of pure plutonium. The reduced chi-squared value
of the fit decreased by approximately a factor of two when vacancies were included. The objective of
this investigation was to determine the location of the vacancies in the monoclinic lattice of a high
purity, single phase a-plutonium sample. Neutron diffraction data (see figure) were collected on this
sample at 305 and 15 K. Data were fit using the Rietveld refinement code GSAS [1] and the space
group P2;/m. "All the eight types of Pu atoms in this cell occupy (x,1/4,z) type positions.

The diffraction patterns were fit under the following conditions: (1) site occupancies were varied
independently and the thermal parameters of all Pu atoms were varied independently, but isotropic
values were used; (2) site occupancies were fixed at 1 (full) and the thermal parameters of all Pu atomy
were varied independently, but isotropic values were used; (3) site occupancies were independently
varied and the thermal parameters of all Pu atoms were set equal and isotropic and varied; and (4) site
occupancies were independently varied and anisotropic thermal parameters of all Pu atoms and varied
independently. Tables 1 and 2 show the results of these fits for the 305 K data.

Table 1: Fraction and Isotropic Thermal parameters for Pu at ambient

Uiso and fraction Uiso constrained Fraction constrained
varied independently
Atom#  x z Uiso Frac Uiso Frac Uiso Frac
1 (0.3381(2) 0.1585(1) 0.0102(3) 1.000 0.00775(9) 1.000 0.0084(2) 1.000
2 0.7730¢2) 0.1717(1) 0.0112(4) 0.997(8) " 0.986(5) 0.0093(3) "
3 0.1336(2) 0.3399(1) 0.0044(3) 0.950(7) 1.013(S)  0.0053(2) "
4 0.6573(2) 0.4544(1) 0.00,3(3) 0.946(7) " 0.998(5)  0.0068(2) "
5 0.0293(1) 0.6202(1) 0.0078(4) 0.972(7) " 0.998(5) 0.0075(3) "
6 0.4688(2) 0.6511(1) 0.0084(4) 0.960(8) " 0.974(5) 0.0091(3) "
7 0.3289(2) 0.9265(1) 0.0083(4) 0.994(8) " 1.017(5) 0.0068(2) "
8 0.8715(2) 0.8955(1) 0.0070(4y 0.926(7) " 0.958(5) 0.00942) "
Yo &/ pr 1.264 /3.02% 1.276 /3.02% 1.273/3.04%




ixperiment report (goptingd)s . ST . .
Experiment repo (Iubtfc : f'x'z\cnon and Anisotropic Thermal: parameters for Pu a ambient

Atom#  x ~ Z Ull 22 U33 Ul13 Frac

I 03379(1)  0.1590(1)  0.0079(6)  0.0125(7)  0.0094(6) 0.014(5) _ 1.000
2 07726(2)  0.1716(1) 0.0103(7)  0.0120(8) 0.0086(8) -0.0018(5)  0.995(8)
3 0.1340(2)  0.3403(1)  0.0065(6)  0.0027(60 0.0040(6)  0.0009(5)  0.948(7)
4 0.6574(2) 0.4544(1) 0.0067(6) 0.0080(6) 0.0056(6)  0.0027(4)  0.961(8)
> 0.0287(2)  0.6198(1)  0.0064(6) 0.0067(7) 0.0078(7)  0.0008(5)  0.967(7)
6 04687(2) 0.6514(1) 0.0130(7) 0.0126(9) 0.0052(7)  0.0035(5)  0.976(9)
7 03290(2)  0.9266(1) 0.0084(6) 0.0068(6) 0.0058(6)  0.0011(5)  0.980(8)
8 08717(2) 0.8954(1) 0.0063(7) 0.0108(7) 0.0074(7) -0.0041(5  0.931(7)

X o Ry 1.241/2.99%

The changes in ¥, 2 and Ryyp are insignificant among these various fits, From these data, no conclusive
evidence for the existence of vacant sites in a-plutoniun has emerged. Comparison of these results to
the results obtained from the IPNS data on 4 different pure Pu sample show no systematic agreement
on the location of vacancies in Pu It is concluded that it is best to set the vacancy concentration to zero

In addition, the extra low temperature peak, observed in a different sample on HIPD [2], was not
observed in this sample and addition experiments on NPD on the other sample did not show this extra
peak.
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Experiment report:

The crystal has a plastic phase 'and a fully ordered phase with a
transition temperature of 76.2 K and a melting point of 89.5 K. X-ray
studies (1] have been performed on both phases but grain growth occurs
rapidly in the upper phase so only six reflections were measured and the
intensitieg f these were not reliable. The structure of the upper phase,
based on theue results, is likely monoclinic, which 1s unusual for a plastic
phase, but the pattern could not be indexed. For the low temperature
structure, the space group P21/C was orliginally chosen but the X-ray

diffraction data was later reinterpreted in terms bf a unit cell with space
group C2/C [2],

CF4 gas was transformed to a solld in a copper coill surrounded by liquid
nitrogen. On melting the CF’4 was transferred to a vandium can immersed in

liquid nitrogen where it rapidly refroze. The sample was then inserted in a
top loaded cryostat and cooled to 4.2 K. After the first profile was
recorded, the sample was warmed to 82 K and a series of profiles were
recorded while the temperature remalned constant. Total recording time for
this phase was thirty hours and the ratio of peak intensity to background
Intensity decreased continuously.

The ordered low temperature phase was analyzed using GSAS (3] and the
results confirm the X-ray results, as reinterpreted, but the accuracy of the
present work 1s much greater and anlsotropic thermal parameters were refined
(nol thermal.parameters are glven in reference [1]). Only seventeen peaks
were clearly observed for the plastic phase and these are consistent with
the six peaks seen previously with X-rays. Attempts have bpcen made to index
these peaks but none of the indexing schemes tried to date seem reasonable.




Experiment vreport: (continued)

References:

1. D.N. Bol'shutkin, V.M, Gasan, A.I. Prokhvatilov and A.I.

Crystallogr. B28, 3542 (1972),.
Y.A. Sataty, A. Ron and F.H. Herbstein, J. Chem. Phys. 62,

A.C. Larson and R.B., Von Dreele, LAUR 86-748,

W

Erenburg, Acta

1094 (1975).

N



[nstrument used: (please type)

NPD

Local contact;

Robert Von Dreele

Proposal number:
(for LANSCE use only)

236,/

I'ltles

Structure Refinement of the Complex Rare Earth Oxides - Pr9O16

Report recelved:
(for LANSCE use only)

1/3t/70

Authors and affillations:

Robert B. Von Drecle

Leroy Eyring

LANSCE, MS H805
Los Alamos National Laboratory
Los Alamos, NM 87545

Department of Chemistry
Arizona State University
Tempe, AZ 85287

Experiment report:

Two forms of the oxygen deficient rare earth oxide PrgOjg ("zeta" phase) were examined at room
temperature on NPD, The "high temperature" form (annealed at 400°C) (Figure 1) was
subsequently found to contain a considerable amount of PrypO1g ("epsilon" phase). Because of
the complexity of these two phases and their very great similarity no further analysis of the neutron
diffraction data has been attempted. The "low temperature” form (Figure 2) is probably similarly
contaminated but it is evident from a comparison ot the two patterns that it has a different structure
than the high temperature form, Electron microscopy work currently in progress at Arizona State
University suggest that the high temperature form slowly converts over many days to the low
temperature form. A reexamination of "well aged" low temperature zeta phase material is
warranted as this data shows the broadening effects of a high defect density.
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Experiment report (continued):

ANNEALED ZETA-PR9016 AT 305k
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Experiment report:

The oxygen deficient rare earth oxide Tb11070 ("delta" phase) was examined at room temperature
on NPD. The diffraction pattern was first indexed as a pseudo-cubic cell for the sublattice -
reflections in the space group F1 and a Rietveld refinement performed to give the lattice. parameters:
a=5.2874(2), b=5.2818(4), ¢=5.2856(3)A, 0:=90.038(3), B=90.651(4), y=89.473(5)°
The residuals for this fit were 11.6% for two histograms (+148° and +90° banks) and the
agreement (Figure) was quite good over the sublattice reflections as anticipated. Transformation of
this lattice to the true triclinic cell containing Tb1100 was effected by the transformation:

1 12 12

2 o3 -p

-172 1 1
to give the lattice parameters: ‘
2=6.5192, b=9.8779, c=6.4400A, 0:=89.762, f=99.987, y=96.326, V=405.86A3
in good agreement with earlier electron microscopic results. Analysis of the possible locations of

the two oxygen vacancies within this unit cell with space group P1 shows that there is four
possible models. ‘

One of these has a 6-coordinated Tb atom and the others have only 7-coordinated Tb atoms. Work
is continuing on this analysis.
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Experiment report (continued):

DELTA TB11020 - PSEUDO CuBIC
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Experiment report '

We conducted experiments on two samples: (a) a stainless steel rectangular bar with a notch machined
to produce a stress field at the base of the notch and (b) a copper bar pulled in planar tension.
Experiments with the stainless bar prove infeasible owing to the path length in in the stainless steel
part. ‘ ‘

We obtained data on the rectangular copper bar in an unstressed and stressed condition using the
Neutron Powder Diffractometer (NPD) at LANSCE. The probed region (0.3 cmx 0.3 cm x 5 cm
high) of the bar was defined by collimators in the incident and scattered beams. The volume excluded
the surface to avoid non-uniformity of the strains near the surface region. The bar was stressed to 1%
and 2% macroscopic strain in the direction perpendicular to the 5 cm height and in the plane of the bar.
The bar was aligned at 45 degrees to the incident neutron beam and data were collected in only the £
90° detector banks (see figures 1 and 2).

The geometrical arrangement of the sample and collimnators permitted the measurement of the
anisotropic response of the copper bar. Only the crystal planes whose normals bisect the incident and
scartered beam directions will contribute to the measured diffraction pattern. This implies that given set
of {hkl) planes, one detector bank (in the figure the -90°) will only see diffracting planes which are
perpendicular to the applied stress. The other detector bank will see only difracting planes parallel to
the applied stress. Copper is known to have a have anisotropy in its response to applied stress. So a
large difference in the two detector banks is expected in the shift of diffraction peaks from the
unstressed to stressed states. ‘

This anisotropy in the response of copper was clearly seen in the collected data. Preliminary analysis
of thirteen diffraction peaks plainly show this effect. The shift of all the diffraction peaks in the -90°
detector bank showed compression of the lattice spacings of the planes perpendicular to the applied
stress while the +90° data confirmed the expected increase in lattice spacings of the planes parallel to
the applied stress. The ratio of the strain in the perpendicular to parallel direction allow calculation of
the effective Poisson's ratio for each {hkl}. This measurement also yields the value of the macroscopic |
“Young's modulus. In addition, the precision of the method is confirmed by the agreement of strain
calculated from a family of planes (eg., 111,222, etc.) and the variation of the strain for different
families of planes (eg. comparison of 111 to 100) was precisely measured (see table).

This experiment is a prototype and validation measurement for future work on residual stress
determinations on many materials. The cleverness of the arrangement of the sample at 45° to the
incident beam and the availability of the £90° detector banks permits detailed information not only
about the strain state of the material but also its anisotropic response. The analysis of these data are yet
incomplete and comparison to model calculations is planned. However, a few conclusions can be
drawn from the current progress on the anatysis. High resolution neutron powder diffraction is an
excellent non-destructive technique for the measurement of internal residual strain, hence stress. The
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Experiment report: (continued)

nature of three-dirnensional stress fields may be investigated since this technique samples grains with a

specifically chosen crystallographic axis. This has been illustrated by the (hkl) dependence of the
measured strain. the precise determination of the strain as a function of (hkl) will allow comparison
with calculational models.

HKL Planes | *_
+Parpendicular ) mee
' to Stress = f', r T T Y T T Y
[\]
Sample " HKL Planes
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+ 90 degrees \ - 90 degrees
. Gauge
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: D SPACINC(AY
Incident Beam ‘ ‘

Figurel: Diffraction arrangements for strain’® Figure 2: (111) diffraction peak.of the reference and 1%

measurements. The inset illustrates the diffraction strained copper bar. The ticks marks indicate the pcak

planes giving rise to the +90° (1 planes) and -90° position, ‘

‘ (Il planes) ‘

Representative Shifts in Cu Diffraction Peaks
hkl [d - dgrenl/ d o +90° [d - dyren] £ dyropy_-90°
111 o 168 % §5577)%
200 0.209(3)% -0.150(5)%
220 0.130(4)% -0.117(3)%
222 0.113(5)% -0.112(13)%
References:
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Experiment report:

Juza and his co-workers synthesized BeThN2 by reacting Be3N2 and Th3N4 at
1500C and determined its hexagonal unit cell parameters to be

a = 10.501 and ¢ = 3.955 with % = 8 (density 9.07) (1). They were unable.
to determine the structure (or even the spacegroup) of this material.

In order to maximize the Th-Th distances along t'.e anique direction, we
chose the acentric spacegroup P3ml. Thorium atoms positicons were
determined by guessing and minimizing the differences between the
calculated and observed X-ray diffraction intensities using a simplex
scheme (R =0.3). We are attempting a combined refinement of X-ray and
time-of-flight neutron data. Curréntly, all but one of the N positions
and the Be positions have been determined from difference Fourier maps.
The Th atoms center fairly-regular capped trigonal prisms of N atoms.
We are looking for tetrahedral sites for the Be atoms, since all known
beryllium nitrides contain four-coordinate Be atoms.
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Experiment report:

Sr,N has been synthesized from the elements and its structure
de%ermined by time-of-flight neutron diffrasction. Crystal

data: R3m, a=3.8566(1), c = 20.6058(4) K, V = 266.58(1) A7,
Z =13, D = 2.13, T =300 K, Ryp 0.077, R, = 0.056, reduced

R

X

Chi—squared = 2.06 for 25368 profile points and 53 variables.

Sr2N crystallizes with the 1ayered CdCl2 gtructure as formerly
proposed (1) (see Fig. 1). N atoms center flattened octahedra
with gix equal N-Sr distances of 2.6118(3)‘A.v The Sr-Sr
distanceg in the octahedral layer are 3.8566(1) (6x) and
3.523(1) (3x). The Sr-Sr distances between layers are lh.726(1).
It has been argued that Sr2N is actually SrZNXHy (2,3), but

the neutron data show the absence of any hydrogen contamination.
Ser i1 ametallic conductor with a weak temperature-independent
paramagnetism,

Submitted to the Journal of Solid-State Chemistry.
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| Experiment report (continued):

References:
1. J. Gaudé, P. L'Haridon, Y. Laurent and J. lang,
Bull._Soc. Fr. Mineral. Cristellogr. 95, 56 (1972).
2, J. -F. Brice, J. -P. Motte and J. Aubry, Rev. Chim.

Miner. 12, 105 (1975).
3. F. Hulliger and F. Levy (Iids.), Structural Chemistry
of Layer-type Phases, D. Reidel, Dordrecht, Holland (1976)

101



sal ¢ g0t ' e ; ‘
Instrument used: (please tvpe) : Lozal contact: Proposal number:

(for LANSCE use only)

NPD | | R. B. VonDreele Qé 0.0

Title:

Report received:

structure of BaCuo, | . - | //3//?0

Authors and affiliations:

Daniel Partin and Michael O'Keeffe
Arizona State University

Experiment report:

According to the statistics of the GSAS package this refinement is
complete, but when the potentials of the atoms are calculated it is
obvious that somethis is amiss.

It was determined that the barium previdusly reported at 0,0,0 was
not actually there, leaving a hole of greater than 7 A in diameter. This
hole could possibly be occupied by CO2 r as found in some of the 123
superconductors.

This nece531tates that more work must be done to determine the
comp031tlon.
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Experiment report: (continued)
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Instrument used: (please type) Local contact: Proposal number:
(for LANSC'E use only)

R4 3.0

NPD | R. B. Yon Dreele

Title: ‘ ‘ Report received:
‘ (for LANSCE use only)
Neutron Powder Diffraction Study of CuO

Authors and affiliations:

Nathaniel E. Brese and Michael Q'Keeffe
Department of Chemistry
Arizona State University
Tempe, AZ 85287 USA
R. B. Yon Dreele
Hanuel Lujan Neutron Scattering Center
Los Alamos, NM 87545 USA

Experiment report:

Time-of-flight neutron diffraction data were collected at 11K from a
sample Qf CuQ in a vanadium ¢an. There is no evidence for magnetic
ordering, although magnetio'susmeptiblity data show unusual behavior
ae CuO ie cooled below room temperature. The final profile fit is
shown in Fig. 1. Crystal data: (87, a = 4.6828(1) &, & =
5.42052(7) A, o= 5.1290(1) A, P = 99.564(1)°, ¥ = 81.013(4) A%, F=
4, Oy= 652, Ryp = 0.100, Rp = 0.073, reduced 12 = 2.319 for 11882
profile points from two deteotor banks (8 = 153, 90) using 43
variables. (Cu atoms center reotahgular planes of O atoms and form
edge-gharing stringe (distorted PdO structure). The Cu-0 distances
are 1.9%0(1) and 1.961(1) A (each 2x) with corresponding 0-Cu-0
angles of 84.304(7)° and 95.696(7)°,
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Experiment report: (continued)
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Instrument used: (please type) Local contact: Proposal number:
. . (for LANSCE use only)

- I .
NPD ‘ Dr. Allen Larson > F o

Title: Report received:
o (for LANSCE use only)

Electron density studies of Azidothymidine and related compounds.

Authory and affTiliations:

B. E. Robertson, Y. Y. Wei, R. J. Barcon, Uhiversity of Regina; A.C. Larson,
LANSCE; L. Delbaere, S. Gupta, W. Quail, University of Saskatchewan.

Experiment report;

This experiment was of a preliminary nature, intending to explore
the use of NFD for the collection of high quality neutron
diffraction data for use in (X-N) deformation electron-density
studies of organic compounds with biological activity, and which
contain many hydrogen atoms.

A complete set of data was successfully obtained from the
nucleoside analog, 5-methoxymethyl-2”-deoxyuridine. The compound
is being developed for chemotherapeutic applications against the
herpes viruses. It is very similar to azidothymidine (AZT), used
against the human immunodeficiency virus, but is better suited
for use in a first experiment because it contains only one
molecule in the asymmetric unit of the structure, whereas AZT
contains two molecules in the asymmetric unit.

The structure was partially refined while at LANSCE, using the
crystal lographic software currently under development at LANSCE;
i.e., GSAS. It is intended that GSAS be installed on a VAX 8600
computer and that the refinement be completed in Regina as soon
as time permits. However, the preliminary results of the
refinement have provided much useful information.

The data was adequate for a conventional structural refinement ot
relatively low accuracy. We have attempted to use the hydrogen
temperature factors in a parallel refinement using high-quality
voray diffraction data, and have concluded that the neutron
parameters are not superior to those obtained from the x-ray
data. It is clear that it will be necessary to deuterate

all or most of the hyvdrogen positions in the molecule in order to
obtain data of suftficient quality [or the (X-N) deformation-
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Experiment report: (continued)

densityv refinement and further, that data from deuterated
samples can be expected to be of adequate quality ftor the
proposed calculations. :

We have discussed the preparation of deuterated nucleoside analog

compounds with Dr. Cliff Unkefer at LANL and we intend to apply
for instrument time for the collection of data on deuterated
samples in 1990.

The poor quality of the data is a consequence of the large
amplitude of incoherent scattering by !'H, creating an intense
background beneath the coherently scattered diffraction
amplitudes. The background curve obtained in the experiment
provided an accurate experimental observation of the incident:
neutron beam wavelength distribution and revealed that it
contained distinct edges. These edges are caused by the Bragg
limit for diffraction by the neutrons in the aluminium windows
through which they exit from the spallation source.

These results have been used to improve the parameters used to
normalize time-of-flight data obtained on NPD to account for the
variation in the incident beam wavelength distrubition.

References:
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| Diffractometer
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S:"ng!e Crystal Diffractometer (SCD)

The Single Crystal Diffractometer (SCD) can be
used to determinie the crystal structures of a wide
varicty of materials. Neutrons are scattered from
the crystalline sample onto an area detector (25 x
25 em?; position-sensitive; *He gas—filled couhter),
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 rotations of the goniometer about ¢

~and w. The SCD has been used to study the struc-

ture of organometallic moiccules that show a
unique binding of H,; crystal-structure changes at
solid-solid phase transitions; 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 there-
fore, can be used for studies of unknown incom-
mensurate structures, diffuse scatiering, etc.

. Nonambient sample environments can also be

accommodated.

- Detuctor

-,

To beam stop

Goniometer




Instrument Detalls

~ Wavelength range, A

Beam diameter at sample
Time resolution
Maximum lattice constant
Detector -
Detector resolution
Moderator

Sample environment
Sample size

Experiment duration

Allen C. Laréon, instrument scientist
Dennis Martinez, instrument technician

05-5A

5.5 mm

~1%

~20 A

1 multiwire (25 cm x 25 cm) at 90°
2.5 mm

Chilled water at 10° q

10 K to ambient

0.25 - 25 mm?

1/2 day - 3 days per octant -
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Instrument used: (please tvpel ‘ Local contact: Proposal number:
single crystal neutron ~P. J. Vergamini (for LANSCL e only)

diffractometer | A. C. Larson y | : RX37.0
Title: ‘ | x Report received:
Neutron Structure of Mo(CO)[(CgDg),PCoH,P(CeDE),](Hy) Uor LANSCE use only)
'xCDg  (benzene-d; solvate) | 4-15-F0
Authors and atfiliations:

Gregory J. Kubas, INC-4, Los Alamos, and local contact persons

Experiment report:

The title complex is of great interest because of its molecular hydrogen
(H2) Tigand, which in this complex may possess an activated H-H bond with an
H-H distance greater than the 0.80-0.82 Angstrom distances that have been found
for three other dihydrogen complexes. Thus it is necessary to obtain neutron

~data to locate the hydrogen positions. Two x-ray structures had been done on

two different solvated complexes: Mo(CO)(dppe)Z(Hz)-3behzene and Mo(CO)(dppe)Z—
(H2)-2to]uene (dppe= (C6H5)2PQ2H4P(C6H5)2, i. e. the nondeuterated form of the
Tigand in the title complex). However, because of disorder between the H2 and
the trans-CO ligands, the H, could not be located (JACS, 1986, 108, 1339).1

In order to aid the neutron experiment, the deuterated (partially, phenyl

group positions) form of the phosphine Tigand, dppe, was synthesized and used
to prepare the title complex. Large single crystals were grown from
benzene-d6 solution by reacting Mo(CO)(dppe—d20)2 (the unsaturated precursor)
with H, in this solvent and allowing the resulting supersaturated solution

2
to stand at ambient temperature. Well-formed crystals were deposited and

a crystal of prismatic shape (about 1x1x1.5 mm in size) was mounted and used
for the neutron experiment. Originally the intention was to use a D2 complex
to aid in location of the potentially disordered H2 (or D2) ligand. However,
the H2 species was inadvertantly prepared and used in the experiment. Fortunatet

1y the space group determined for the neutron sample was different from that
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‘ l*)xperimenf report (continued):

of the samples uséd in the x-ray studies, making it 1ikely that the neutron
structure will not have a disorder problem. However, this meant that the
neutron‘data set could not be readily solved based on known x-ray data. Thus
there has been a delay in analyzing the data while ascertaining the best procedur
to follow. It has been decided that the easiest route would be to obtain x-ray
data on the crystals used for the neutron work to (a) determine whether a phase
change occurred on cooling the sample to 1iquid helium temperature (the x-ray
structure of the benzene solvate was done at ambient temperature---space group
P22121) or whether the composition of the neutron sample was different (e. g. the
number of lattice solvent molecules might not have been three as for the x-ray
sample) (b) to provide heavy atom positions to aid in solving the neutron data.
The x-ray structure will be done at ambient temperature'in1t1a11y and at Tow
temperature if necessary, as soon as the instrument is available in INC-4.

D

The unit cell determined from the SCD experiment is a = 12.98, b = 14.04,
c=19.85A and o = 90.55, B =94.42 and y= 114.06°. Triclinic, space group P1
or P1. | | ‘ |

Subsequent to collecting the neutron data, x-ray measurements have been
carried out on other crystals from this same batch. The neutron unit cell was confirmed
and a determination of the locations of the heavy atoms using x-ray data is in progress.

References:

113



Instrument used: (plcase type) Local contact: “|Experiment no:

QY00

__Larson/Vergamini
Title: o
Structure Refinement of Epidote (Cay(Al,Fe)3Siz042(0OH))
Authors and affiliations: ' Report received:
‘ ‘ (to be filled in by LANSCE)

H-7-70

Joseph R. Smyth, R. Jeffrey Swope
Department of Geological Sciences
University of Colorado

Boulder, CO 80309-0250

tes of experiment:

eptember 7-11, 1989

Q Approved by external program committee
O Approved by internal program committee
O Part of LANSCE discretionary time

Experiment report:

The object of this experiment is to refine the crystal structure of a natural epidote in order
orecisely locate the hydrogen position(s). A single crystal of epidote of approximate
nposition, CasAly 1Feg 9)SizO12(0OH), from Tyrol, Austria measuring 1.4 x 2.2 x 3.0 mm
«as mounted on the SCD instrument, and 20 histograms of data covering two octants of
reciprocal space were collected over a period of 5 days (September, 7-11, 1989). A total of
1856 Bragg reflections were indexed, and the unit cell parameters ; a = 8.902(3) A, b =
5.628(2) A, £ = 10.190(3), B = 115.28(2) determined by least squares refinement. The
space group is P24/m.

The asymmetric unit contains 19 atoms of which 2 are on inversions, 14 lie on the mir-
rors, and 3 are in the genera. position. Positional and anisotropic thermal parameters for
these atoms were refined from the Bragg intensity data to an Ry, (F) of 0.076 for all reflec-
tions. Of two oxygens not bonaed to Siin the structure, O(4) and O(10), it appears that all of
the hydrogenison O(10) andthe position of this hydrogen has been refinedto much greater
precision than has been previously available.
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Experiment report (continued):

This is study Is not yet complete. An X~ray data set has been collected on the same
material and Is currently being used for a structure refinement. When this is complete,
the positional and thermal parameters will be refined using the combined X—ray and neu-
tron data sets. This should permit precise computation of electrostatic site potentials
from which the distribution of oxygen isotopes between epidote and other phases as a
function of temperature may be predicted. This should allow measured distributions of
oxygen isotopes between epidote and other phases to be used to estimate equilibration
temperatures of epidote~bearing metamorphic rocks. |

Table 1. Preliminary Atom Positional Data for Epidote

Los Alamos National Laboratory, an affirmative action/equal opportunity
employer, is operated by the University of California under contract

W.7405-Eng.36 for the U.S. Department of Energy.

Atom X Y Z
Ca(1) 0.7570(5) 0.75 0.1517(4)
Ca(2) 0.6051(5) 0.75 0.4235(4)
Si(1) . 0.3399(5) 0.75 0.0475(4)
Si(2) 0.6850(5) 0.25 0.2753(4)
Si(3) 0.1843(5) 0.75 0.3187(4)
M(1)Al 0.0 0.0 0.0
 M(2)Al 0.0 0.0 0.5
M{3)Fe 0.2941(2) 0.25 0.2241(2)
o(1) 0.2340(2) 0.9935(4) 0.0408(2)
0(2) 0.3040(2) 0.9815(4) 0.3551{2)
O(3) 0.7954(2) 0.0141(4) 0.3394(2)
0(4) 0.0529(3) 0.25 0.1296(3)
0(5) 0.0422(3) 0.75 0.1461(3)
0(8) 0.0672(3) 0.75 0.4070(3)
0(7) 0.5145(3) 0.75 0.1805(3)
0(8) 0.5262 0.25 0.3094(3)
0(9) 0.6271(3) 0.25 0.0989(3)
0(10) 0.0832(3) 0.25 0.4297(3)
H 0.0557(7) 0.25 0.3260(6)
Los Alamos
108 Alamos Now Méxo Bk

Form number 1195 (12/87)
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lﬁstrument used: al contactt . l-’ropoul number:
SCD P.J. Vergamini (for LANSCE use only)
‘ 241 .0
Title: ' Report recelved:

Preferred Orientation in Experimentally Deformed Quartzite (for LANSCE use only)

Authors and affiliations:

Hans-Rudolf Wenk Dept. of Geology and Geophysics, Univ. Calif., Berkeley, CA 94720
Phillip Vergamini : LANSCE, LANL, Los Alamos, NM 87545 '

Allen C. Larson "~ LANSCE, LANL, Los Alamos, NM 87545

Experiment report:

Four samples of experimentally deformed quartzite were prepared and examined. These samples
consisted of two pure quartzite samples and two samples which were 75% quartzite and 25%
mica(muscovite). One sample of each pair was deformed 40% and the other was deformed 60%. A
limited number of histograms were collected from each sample, only enough data to cover a band
from the pole(the axial stress direction) to 90° from the pole were collected. This was expected to
produce all of the information needed to define the pole figure of these samples.

The pole figure from the 60% deformed mixture sample is shown below as Figure 1 and pole
density profiles obtained from this pole figure are shown in Figure 2, with the inverse pole figure for
the quartz in this sample shown below in Figure 3. -

200

f 'I ((.\C-)\,\‘Jla
e/

Figure 1. Partial pole figure coverage documenting approximate axial symmetry, equal area
pro jection.
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.Experiment roport (continued)

‘ M(110)

a 1101}

Figure 2. Pole density profiles for quartz
from paral lel to perpendicular to the

com pression axes for selected diffraction
peaks in m.r.d. The profiles were averaged
from pole fig ures in Fig. 7.

(100)

Figure 3. Inverse pole figure for quartz in
experimentally deformed
quartz-muscovite aggregate. Contours are
in multi ples of a uniform distribution.

References:

Larson, A.C., P.J. Vergamini and H.R. Wenk (1989) "TOF measurements of pulsed neutrons for
texture analysis of geological materials, Proc. M.R.S. (in press)
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TOF MEASUREMENTS OF PULSED NEUTRONS FOR TEXTURE
| ANALYSIS OF LOW SYMMETRY MATERIALS

Allen C. Larson*, Phillip J. Vergamini* and Hans-Rudolf Wenk**

*Manual Lujan, Jr. Neutron Scattering Center, LANSCE, Los Alamos National
Laboratory, Los Alamos, NM ‘
**Department of Geology and Geophysics, University of California, Berkeley,
CA

ABSTRACT

The single crystal diffractometer at LANSCE, SCD, provides an ideal ca-
pability for the study of preferred orientation in geological samples by time-of
flight(TOF) measurement of pulsed neutrons. The 2-d position sensitive neutron
detector with the large wave length range allows cne to measure the complete dis-
tribution of intensities for several poles very quickly. Each histogram covers about
n2/16 radians of reciprocal space and contains information from all possible poles
visible with the wave length range used, usually about 0.5 to 5.0A. With this
method complete pole figures of many lattice planes can be constructed from only
12 to 20 sample orientations as compared to over 1000 sample settings per lattice
plane using conventional diffractometers. ‘

Pole figures from measurements of experimentally deformed standard
samples of calcite and quartzite with a known history of deformation provide in-
formation about deformation mechanisms and their temperature/strain history.
This information can be applied to interpret preferred orientation of naturally de-
formed rocks. |

INTRODUCTION

In many of the rocks composing the Earth's crust, mantle and core, mineral
crystals display a preferred orientation distribution or texture. Among various
origins of texture such as growth, flow of rigid particles in a rigid medium, re-
crystallization and dislocation glide, the latter is by far the most important mech-
anism. Rotations of crystals due to slip produce strong preferred orientation dur-
ing tectonic deformation of the crust or during convection in the mantle. An un-
derstanding of texture development by plastic deformation helps us to understand
dynamic processes within the earth. Also texture development produces
anisotropy, eg. of seismic wave propagation, which needs to be taken into account
for a quantitative interpretation of the earth's structure. One prerequisite in using
textures for indicators of the geological history and structure is a need for quanti-
tative texture measurements.

Traditionally X-ray diffraction has been used and this is sufficient for many
applications. However neutron diffraction has some unique advantages for quanti-
tative texture determinations. Weak absorption allows integration over sample

volumes rather than surfaces. Also complete pole figures can be measured without
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‘trum can be scanned at once and many

intensity corrections. With position sensi- -
tive detectors large ranges of the 28 spec-

poles recorded simultaneously. The time-
of-flight measurements of pulsed neutrons
combined with a 2D position sensitive de-
tector offer the additional advantage of
being able to scan large pole figure sectors
of many pole figure simultaneously, We
illustrate applications of this technique
with experimentally produced quartz and
calcite textures and the texture of a fluor-
apatite sample from a dinosaur bone.

Figure 1. Schematic diagram illustrating the
experimental setup of the SCD instrument at

, LANSCE. The sample is mounted on a two
EXPERIMENTAL PROCEDURE Gircle goniometer with a fixed x-angle and the

. dﬁtcgt%rsgc?tcrcd li“ 29=9(i)° vgith tl;c B-axgs

The single crystal instrument at ''° from the w-axis. sample to the
LANSCE is shown in Figure 1 [1]. This 25x25cm detector disunce is 25cm.
unique instrument uses a 2D position
sensitive area counter positioned such that the 8 axis makes an angle of 45° with
the  axis and the ¥ axis permanentiy set at 60°. Use of this instrument for pole
figure measurement is described by Wenk, et al.[2]. v

This instrument can be used to examine about 80% of a sphere of reciprocal
space. Only a small region on the bottom of the sphere is occluded. The reciprocal
space coverage in the radial direction is illustrated in Figure 2 and Figure 3 shows
the coverage of reciprocal space normally used for complete pole figures. Each
histogram covers an area about 25° parallel to 8 and about 50° perpendicular to 0.

The best way to handle the variation in detector efficiency, the geometric
correction over the face of the detector and the variation in intensity due to the
thermal neutron spectrum is to measure an isotropic sample and use its intensity
data to calibrate or normalize the data. This can be approximated by summing the
pole figure data from all histograms to obtain a self calibration. The only re-
quirement in this is that the features in the
pole figure be broad enough to provide a
reasonable average value for all points on
the detector.

Since the samples being examined
on SCD are about 10 mm3 in volume and
the entire sample is placed in the incident
beam, no corrections are needed for

220

changes in the sample volume due to the
angle of the incident and diffracted beams
with respect to the sample surface. In ad-
dition no unusual baquround shopld arise pyoure 2. Diagram of a FCC reciprocal lat-
and for samples lacking a strong incoher- \ice showing traces of powder lines from lat-

ent scatterer the background is negligible, tice points and coverage of a histogram with
the SCD detector.
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as is the absorption for most geological
materials.

The d-resolution obtainable on the
LANSCE SCD instrument is dependent on
the detector to sample distance, and in the
setup usually used is Ad/d = ca. 0.01.Thc
major contribution to Ad/d is the detector
resolution and the effect of this can be
easily improved by moving the detector
from 25cm to 50 cm. This however causes
a decrease in pole figure coverage by a
factor of about four. At S0cm the detector
contribution to Ad/d is ca. 0.005. With
this resolution and a good peak to back-
ground ratio, measurements of pole fig-

ures for low symmetry geological materi- Figure 3. SCD detector coverage used to

als having many closely SPaceq and weak colject complete pole figures. An equal area
diffraction peaks should be feasible. plot. | :

RESULTS

The first example is an experimentally deformed limestone, CaCO3.
Deformation of 35% was in pure shear, at 400°C. The sample used in the texture
analysis was a cube 0.8 ¢m on the side. The diffraction pattern of this trigonal
mineral is considerably complex with five diffraction peaks in the range of inter-
est between d=1.75 and 4.5A (Figure 4). This sample is currently used as a "round
robin" to determine the reliability of neutron diffraction pole figure determina-
tions [3]. In Figure S LANSCE pole figure results are compared with measure-
ments at ILL Grenoble with monochromatic neutrons and a 1-d position sensitive
detector. Apart from a rotation difference which is due to a different sample ori-
entation, pole figures are virtually identical, even for the very weak pole figure
110 for which counting statistics are poor.

The second sample is a mixture of 75% quartz and 25% muscovite, experi-
mentally compressed by 60%. The quartz
diffraction pattern is similar in complexity
to calcite (Figure 6). Notice the weak
diffraction peaks for muscovite which are
barely above the background. Due to the cNm O
axial symmetry of the deformation exper- S § - = §
iment and correspondingly of the pole fig- -
ures, intensity profiles from parallel to M
perpendicular to the common axis are all
that is necessary to describe the preferred i T N ST
orientation. With the detector window of d-spacing A

] © 1
25° by 50° and ten sample settings We gjoyre 4. d-spectrum for limestone stan-

covered a large range (Figure 7). This was dard sample, K433, experimentally deformed
' by H. Kem, Kiel.

a
..

104
012

Intensity

b
]
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nosaur found in the Seismosaurus locality > 8
‘in the southeastern San Juan Basin, £| =zggs
Sandoval County, New Mexico shows a £& -§§5—&

useful to establish an overall axial symmetry, also to note local deviations over

- which we were able to average. Texture profiles for quartz and muscovite are. .

shown in Figure 8. From cix partial pole figures we then calculated an inverse
pole figure of the compression direction with the WIMV algorithm [4] which we
present in Figure 9. The pole figure inversion shows good resolution with error
values of less than 0.5% and is consistent with earlier observations [5]. With tex-
ture determinations on 4 samples of different composition and different degrees of
deformation we could document that preferred orientation of quartz increases
moderately in strength with increasing strain and is attenuated by mterspersmg
muscovite in the sample.

Figure 5. Comparison of five pole figures for cxpcnmemally dcformcd limestone, K433, Top
was measured by TOF at LANSCE, bottom by monochromatic neutrons at ILL, Grenoble.
Contours are in multiples of a random distribution, contours interval is 0.2, dotted regions are
below 1 m.r.d., equal area projection.

A third geological sample is of bio-
logical origin. A fossil bone from a di-

10
T

strong fabric of fluorapatite, CasF(PO4)3

with ¢ axes aligned in a single maximum,
Figure 10, (002), and a and b axes dis-
tributed uniformly in a girdle perpendicu-

25 30 33 40 43

d-spacing A

[
(=]

%

“lar to the c axis maximum, Figure 10, Figure 6. d-spectrum of a 75% quartzite,

25% muscovite mixture, Q505, deformed ex-
(310). The example demonstrates that the perimentaily by J. Tullis, Brown. Notice

original bone structure and the alignment yeak peaks for muscovite.
of crystallites 15 still preserved after 140
million years.
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CONCLUSIONS

The SCD and TOF neutron measurements at LANSCE were used to mea-
sure preferred orientation of geological materials with complex diffraction pat-
tems. The method is efficient (about one hour per hnstogram) particularly for low
symmetry compounds where the whole of reciprocal space is covered and should
therefore also be attractive for ceramics such as high temperature superconductors
[6]). At this point the experimental method could still be improved by allowing for
larger samples and detectors with a wider coverage, ¢.g. of cylindrical shape. The
data analysis should be extended to enable integration and deconvolution of over-
lapping peaks. Also measurmg time could be reduced by sparser coverage of the
pole figures which will require modifications of the algorithms to calculate the
orientation distributions.

Fxgure 7. Parual pole figure coverage documennng appxoxlmatc axxal symmetry, equal area
projection. ‘

{001)

M{110)

(010)

10 20 30 40 50 80 70 80 90 {100)
X
Figure 8. Pole density profiles for quartz Figure 9. Inverse pole figure for quartz in
from parallel to perpendicular to the com- experimentally deformed quartz-muscovite
pression axes for selected diffraction peaks aggregate. Contours are in multiples of a
in m.r.d. The profiles were averaged from uniform distribution.

pole figures in Fig. 7
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m.r.d with regions below 1.0 dotted. Equal area projection.
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Experiment report: ‘

One of the largest dinosaurs discovered to date is a one
hundred and forty-five million year old sauropod from the Morrison
Formation (Upper Jurassic, 145 mya) of central New Mexico. The
‘specimen 1s a partially articulated skeleton of a new dinosaur
informally named "Seismosaurus", in allusion to its size; in life
this individual was more than 110 feet long, the longest dinosaur
known, and one of the largest. Excavation commenced in 1985, and
will continue through at least the field season of 1990. This
recent find in New Mexico bas become the focus of a multi-
disciplinary research effort based at the Los Alamos National
Laboratory. As part of this effort, we at the Los Alamos Neutron
Scattering Center (LANSCE) have been studying bone samples from
the specimen by applying neutron scattering techniques at the
LANSCE pulsed source. The Single Crystal Diffractometer (SCD) at
LANSCE provides an ideal capability for the study of preferred
orientation in the apatite mineral portion of the bone. We report
here the first application of neutron texture studies to.
paleontology and our observation of preferred orientation in
dinosaur bones.

Conventional wisdom regarding the preservation of fossil bone
generally holds that "fossilization" i1s accomplished through
"molecule-by-molecule" replacement. The intuitive notion that
fossil bone is instead partially or wholly original, rather than
"replaced," arises from the superb preservation of fine histologic
detail in many specimens: "replacement" would destroy microscopic
detail owing to stoichiometric incongruity. The few attempts to
characterize the chemical composition of fossil bone have been
mainly from Quaternary and Tertiary age localities, analyzed for
purposes of extraction of organic molecules. This preliminary
report describes this first analysis of the chemistry of dinosaur
bone, '
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v As part of a growing program at LANSCE, we have been

‘developing techniques for utilizing the unique capabilities of
both the pulsed neutron source and the geometry of the Single
Crystal Diffractometer (S8CD) to study preferred orientation in
materials [(1]. We are presently capable of routine texture
studies of simple metallurgical to complex geological materials .
Texture studies have been utilized in determining the history of
materials in metallurgy and geology. More recently, the technique
has been applied to the mineral portion of bone material[2].
Apatite (Cas(POa4)aOH) as grown in bone alongside collagen has a
preference of the c-axis along the long, or load bearing,
direction in bone, for structural purposes. An advantage of
utilizing neutron diffraction for studying materials is the
capability of sampling large volumes of material provided by the
penetrating power of neutrons. In the particular application to
bone material, a second advantage of neutrons over x-rays arises.
The intensity of Bragg peaks corresponding to directions which are
of most interest due to their alignment with certain other
features in the bone 1s higher([3].

our bone samples were selected from dense cortical bone in the
ischium of Seismosaurus. The sample from the shaft of the ischium
was taken by a hollow coring apparatus attached to a modified
drill press. Two separate 3mm cubic samples of dense bone were
cut from cores taken from the ischium of a Seismosaurus. The
skeleton 1s preserved in the middle of a buff fluvial sandstone
approximately 10 meters thick. Because sandstone 1is
non-compressible, the bones are uncrushed and undistorted. They
are preserved in fine detail, and contain little mineralization in
pore spaces. The sandstone 1s presently porous, and presumably
has been porous since 1its deposition, permitting frequent exchange
of ground water and percolation of rainfall. Thus, the bones have
not been geochemically i1solated by unusual conditions of
deposition or preservation, but instead are typical of dinosaur
excavations.

Apatite i1s a major constituent (°70%) in bone. Chemical
analysis of core samples of the Seismosaurus bone unearthed thus
far indicate "65% apatite. Detection of apatite, the crystalline
portion of bone, is evidence of preservation of original material
in dinosaur bone. However, the evidence is inconclusive unless
post mortem deposition of apatite through geochemical processes
and alteration of original material by pressure-temperature
reactions can be ruled out. A hemisphere of reciprocal space was
sampled utilizing the SCD at LANSCE which has the capability of
collecting volumes of reciprocal space and therefore information
about spatial distribution of intensity from several Bragg peaks
~at one time. Variations in the intensity of a particular Bragg
peak allows us to extract information about preferred orientation
of the microcrystalline structure,
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Experiment report (continued)s

We looked for the preferred orientation of the crystalline
apatite in a sample of the excavated bone material from a
Seismosaurus ischium on the SCD using texture analysis techniques.
Figures 1 and 2 show the extracted pole figures for the 002 (a)
and 310 (b)) reflections for samples 1 and 2 respectively. The
center of the pole figure represents approximately the load
bearing direction in sample 1 and we expect the ¢ axis to be
parallel to this mode. The pole figure for the 002 reflection
shows a maximum in a very localized direction corresponding to
this load bearing direction. The pole figure for the 310
reflection (sample 1) shows a maximum in a plane 90 degrees from
the 002 maximum. The second sample was mounted such that the
c-axls was perpendicular to the center of the pole figure., 1In

- figure 2a, maxima at 90 degrees to the center of the pole figure
correspond to the c-axis or 002 reflection. .Figure 2Zb (310),
displays a planar band, again perpendicular to the c-axis (or load
bearing) direction. This verification of crystallographic
orientation of apatite crystals parallel to haversian systems in
~dinosaur bone eliminate post mortem changes from further
consideration and support the notion of preservation of original
material. :
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Experiment report:

Data was collected on V7013 at T =300 K and T = 20 K. Due to
complexity of dnalysgis and temperature instabilities during low temper-

ature data collection, conclusive identification of a spin wave ground

state at low temperature is, as nf yet, not complete.
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Experiment report:

Neutron diffraction experiments have been performed between 10 K and 250 K on
single crystals of barium sodium niobate (BSN) using the single crystal diffractometer at
LANSCE. The purpose of these experiments was to determine 1) the structure of the room
temperature quasi-commensurate (QC) phase; 2) the structure and incommensurate (IC
nature of the doubly modulated structure below ~105 K; and 3) the nature of the locke
phase below 30 K. Only BSN samples of pure stoichiometry exhibit the phase transitions
below room temperature.

Three samples from different sources were studied during July and September of 1988
and September of 1989. Nineteen histograms were recorded in sample 1 at temperatures
of 10, 21, and 90 K. Similar histograms were recorded in sample 2 at 10 K. In the third
sample only three histograms were recorded, but at a range of temperatures between 80
K and 250 K. Our resulte will be summarized in the following paragraphs.

The data taken at 10 K and 21 K (samples 1 and 2) show a “locked-in” tetragonal
structure with P4nc space-group symmetry and a unit cell of dimensions a = 36.21 + 0,02
A and ¢ =7.99+002 A. Residual discommensurations observed earlier by several groups'?
give rise to diffuse scattering along both [100] and [010] (see fig. 1b). At 90 K a 2q IC phase
was observed consisting of an underlying lattice of point symmetry 4mm (cell dimensions
of a = 36.14+0.02 A and ¢ =7.97+0.01 A) and a superlattice rotated by 90° in the ab plane
(see figs. la and b). Superlattice reflections could not be indexed at #0 K as at lower
temperatures,

Sample 3, unfortunately, did not have the correct stoichiometry to exhibit the low
temperature phase transitions, We were however, able to determine that the structure
of the quasi-commensurate phase (that below 546 K) belongs to the orthorhombic space
group Bbm2 with lattice constants of a = 36.09+0.15 A, b = 17.62+0.06 A, and ¢ = 7.97+0.03

A. Residual discommensurations were also observed, but only along the [100] direction
(again consistent with earlier observations), as unindexable reflections in the odd (0Ol)
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Experiment veport (cominued

plenes. From the Ak and Ak values of these reflections the parameter § which characterizes
the IC nature of the QC phase was determined to be § = 0,012, This parameter 6 is related
to the incommensurate wavevector b in the following way:

a* £ b* o'

k= (14 6)(-L7—L) 4,
where af, bf, and of refer to the tetragonal reciprocal-space lattice vectors of the high
temperature normal phase (that above 582 K) from which the IC phases are formed upon
lowering the temperature, Its value was not found to change for sample three over the

tempegature range studled. Our results are consistent with a recent electron microscopy
study.®

Currently, I am walting for data tapes of the earliest data runs to be sent here to ASU
so that I may reanalyze those results in order to better characterize the 2q IC phase below
100 K. I will then write up a thorough report of our experiment and results for publication
in Phys, Rev. B. Various aspects of this experiment have already been presented.

Figure 1. Neutron diffraction pattern for Baz NaNbs O,y at 10 K showing = slice through the h-k plane. (a)
is centered at (0,0,10) and shows the underlying tetragonal structure of the commensurate phase, whereas
(b) is centered at (0,0,7) and shows superlattice reflections of the “locked-in” IC modulation. Residual
discommensurations give rise to diffuse scattering in the shape of rods in (b).
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Experlment report:

We are interested in the bicyclo[1.1.1]pentane structure for two reasons:

—
Y

1. We are engaged in an atterapt to develop a molecular-size "Tinkertoy" construction
set for the assembly of artificial solids with pre-designed properties. The straight rods in this
molecular civil engineering system are oligomers containing several bicyclof 1.1.1]pentanc cages.
They will be attached to connectors through functional groups located at both ends of the rods.

A detailed structural and spectroscopic characterization of these basic elements of the
proposed construction set is needed. While we have been able to obtain relinble data on the
location of the heavy atoms in about ten of these staffs by x-ray diffraction, none provided
information on the location of the hydrogens. As mentioned below, the hydrogen positions ure
not obvious and we now wish to identify them by single-crystal neutron diffraction,

2. The problem of the exact location of the hydrogen atoms in the CH, groups of the
bicyclo[1.1.1]pentane attracted attention soon after this hydrocarbon was first made. The
hydrocarbon is unusual because of the very short non-bonded C-C distance(1.845A), high
degree of cyclobutane ring puckering(120°), small C-CH,-C angle(73.3°), and a high strain
energy (68 kcal/mol). The position of the hydrogen atoms is controversial[1,2].
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Fxperlment roport (continued)

If the CHahydrogens muke an HCH angle of 111°, only slightly smaller than expected
from NMR coupling constants(114°), their non-bonded H...H distance i 0 mere 2,32A and 1t has
been proposed] 1] that this 1s avoided by twisting the CH f,groups. lowerlng the symmetry to 1y,
Alternatively|2], the HCH angl: could be unusually small(104°), accommodating the
non_bonded H...H interaction in a reasonable fashion(2.45A) and keeping the symmetry high, Dy,
. Euch of these two electron diffraction studies|1,2] arrived at a different conclustion, Our ab
initio caleulations fuvor the latter. We believe that the neutron diffraction study will resolve this
long-standing question,

Unfortunately, the crystals of 3-Trichloromethyl[2]Staffune which were used for the
duta collection were somewhat small, This combined with the high hydrogen content of the
compound, limited our ability to collect adequate data for the location of the hydrogen atoms on
the bicyclo[1.1.1]pentane group, We are planning to pursue this problem by examining another
material, one which has less hydrogen in the end groups.
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Low-Q Diffractometer (LQD)

The Low-Q Diffractometer (LQD) is designed for
studying structures with dimensions in the range
10 to 1000 A, Examples of problems that may be
addressed Include the following: structures of blo-
logleal membranes; DNA/protein agsemblies; large
virus particles; nucleation and growth of volds in
radfation-damaged bulk samples; phase separation
In alloys; and intermolecular correlations in collolds
and polymers. A slgnificant feature of the LQD s
that a broad range of Q (0.003-0.5 A") s measured
In asingle experiment without any changes to the
physical configuration of the instrument.

The LQD requires an intense source of long-
wavelength (“cold”) neutrons, Therefore, a Hquid-

hydrogen moderator 1s used, which produces a
neutron spectrum that peaks at about 2.4 A and
has usable flux from 0.3 to 20 A, A pair of single-
aperture collimator plates yields an angular resolu-
tion of 0.09° and a penumbra diameter of 10 mm at
the sample, An optional five-hole-aperture con-
verging collitnator allows a four times increase in
intenslty witiout affecting the resolution,

At 20 Hz, the slowest neutrons used on the LQD
fall 12 mm under the influence of gravity. Rather
than increasing the size of the beam stop, neutrons
whose parabolic trajectories strike the detector at
its conter are selected, The gravity-focusing device
accomplishes this task by pushing the collimator
exit plate upward at constant acceleration during
cach beam pulse.

B
c
. ‘ Automatic sample changer
Choice of threa , n optlo hl Transmitted beam
colllmators Rotating beam °~o,‘§’3nni'abr38ﬁ, ape:n H%E&Y:r?'e monltor
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gravity focus
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Instrument Detalls

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

Detector

Moderator

Sample environment
Experiment duration

0.2-15Aat 20 Hz
6 - 60 mrad
0.003-0.5 A

10 mm x 13 mm
24 mmx 27 mm

0.2<A<1.6A: 0.2x 10* n/s
16 <A <50A; 8.0x 10* n/s
50<A<15A: 2.0x10* n/s

1 multiwire, 59 cm in diameter

Liquid hydrogen at 20 K

Alr, vacuum, closed-cycle refrigerator, or user supplied
10 minutes to 12 hours ‘

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

We focused our work on the m’zrostructure of two types of complex fluid systems, gels
and inverse micelles. The silica gel systems we studied were limited by the weak scattering from
the samples but we did reach some interesting conclusions based upen our limited SANS data. We
formed TMOS gels under two distinctly different regimes of growth. In the first case high base
concentrations were used together with low salt concentrations. This would be expected to lead to
high monomer surface charge and very little screening of the repulsive interactions between
colloids. Thus, the early stages of growth would be slow (low sticking probability) and produce
compact colloidal particles with sharp interfaces. This expectation was confirmed in our SANS
data which showed I~Q-4(Porod’s law) at large Q. These ideas were also supported by our
observations of the light scattering intensity vs growth time for this system. We found that the
intensity per unit concentration vs growth time scaled with the cube of the particle radius,
(measured independently by dynamic light scattering), as expected for compact colloidal particles.
In the second kinetic regime we formed a TMOS gel with high salt and relatively low surface
charge (low base) and found both rapid growth kinetics by light scattering measurements while
SANS data gave I~Q-2 characteristic of more ramified objects usually associated with diffusion
limited growth. Thus, we established that the early stages of growth in gelling systems can have a
major influence on the microstructure and can be controlled by simple surface charge screening.
These observations are important since these short length scale correlations are apparently
responsible for the very diftferent viscoelastic properties of the final gels.

We were able to study many more of the inverse micelle and microemulsion systems of
interest since scattering ¢ross sections were larger for these systems than for the silica gels. We
were interested in understanding how differences in microstructure and interactions in inverse
micelles affect chemical reactions which take place in these systems. In particular we attempted to
better understand the formation of colloidal metals or metalloids in these systems. In these
reactions an otherwise insoluable metal salt (e.g. NaAuCly) is dissolved in a hydrocarbon solvent
(e.g. octane) by use of a surfactant. We used nonionic surfactants in the family GE;, where the
value of i represents the number of carbons in the hydrocarbon portion of the amphiphile and j
represents number of O-CyHg groups in the hydrophilic portion of the molecule

As is well known, surfactants often spontaneously self-associate to form aggregates
called micelles when placed in water. When such groups are placed in a hydrocarbon solvent the
amount of self-association is determined by the "chemica: dipole" determined by the ratio of i:j.
Systems in which the hydrophobic tails form an interface with the continuous oil phase are
referred to as inverse micelles. Generally in water, the shape of the micelle (e.g. rod-like,
-spherical, or disc-like) is determined by packing considerations (e.g. the ratio of head group area

to-amohbinhile-maolecular volumel)
o —HRPHAHPRHE Ha : +r
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Experiment report: (continued)

In our first set of experiments we wanted see how changing the i/j ratio affected the
microstructure for a fixed solvent, octane. We found that as we increased this ratio (making the
surfactant less compatible with the hydrocarbon), the scattering intensity, I(Q=0), increased two
orders of magnitude when changing from C;Eg to C;gEg. Meanwhile Guinier analysis of the
same data showed the radius of gyration to be <10 A, 23 A and 40 A for C;3E3, CgE;, and CoEg
respectively. This implies either a corresponding increase in aggregation number (number of
surfactants molecules/mxcelle) or the presence of nearby phase boundaries which would give rise |
to a sxgmﬁcant increase in the osmotic compressibility.

It xs interesting to note that all three of the above systems are single phase at all
temperatures in the absence of metal salt. However, both CgEg and CEg phase separate into two
phases when sufficient quantities of NaAuCl,; (0.03 M) is added. When only enough salt is added
(.003 M) to ensure a single phase at room temperature, then both C;,E5 and C;qEg are capable of
forming highly monodisperse Au metalloids which are stable. However, CgE; forms metal
aggregates which rapidly sediment out of solution under the same reaction conditions. Since C,yEg
and CgEg have nearly identical chemical dipoles, the difference must be due to microstructure (e.g.
a larger aggregation number in the former) which we see reflected in the SANS, not solely
intermicelle interactions. However, this is not the entire story because the metalloid reaction
kinetics is completely different in C;yEg compared to C;,Eg. Initially, we find large (~150 rim)
purple metalloids are formed in the former system which evolve slowly (~24 hrs) to the small
(~20-30 nm) red colloids which are rapidly formed (less than 60 seconds) in the latter system,
Thus, it appears that increased attractive interactions in CjgEg compared to C;3Eg are also
important in the metalloid formation process and probably account for some of the differences in
1{Q=0) values found in the SANS measurements on these systems.

We next compared the metalloid formation process for two very different
surfactant/solvent systems, using identical surfactant concentrations, metal salt concentrations, and
reaction conditions, Using SANS, we studiéd the bare micelle system, the system loaded with
metal salt, and the final metalloid solution after reduction using NoH,. The first system, C3Eg in
Octane, was a classical one (i.e. one forming droplet-like inverse micelles and capable of
solubilizing significant amounts of water in the droplet interior). The second system was AOT in
toluene. The latter cannot solubilize water at any appreciable level and thus is "non-classical, "
Both systems were capable of dissolving large amounts of metal salt and forming very
monodisperse, small (~20 nm) spherical Au metalloids. No changes in SANS data were found
between the bare and salt filled systems for AOT/toluene, while C;3Eg/octane data showed

. increases in I(0) and radius which could be associated with either increasing intermicelle
interactions or an increase in droplet size due to swelling. Reduction to metalloids in both systems
resulted in only small increases in I(0) for the AOT/toluene system, compared to an order of
magnitude increase for the C,4Eg/octane system. Since the final metalloids were indistinguishable
by TEM measurements, our preliminary conclusion is that intermicelle interactions were increased
significantly in the CnEg/octane system during the metalloid formation process but not in the
AOT/toluene system, The increase in intermicellar interactions is reflected in the I(0) increase
observed upon salt addition in the former system. Although the mean metalloid size was nearly
the same in both systems, the AOT/toluene system produced the most monodisperse metalloids
obtained by any known method. We concluded that reducing attractive interactions (staying far
away from phase boundaries) is an important aspect of metalloid formation and that interactions in
oil continuous systems are much more important in the interpretation of SANS data than has been
previously assumed.
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Experiment report:

Small angle neutron scattering studies were performed on two different block copolymers
of poly(styrene), PS, and poly(methyl methacrylate), PMMA, denoted P(S-b-MMA), as
a.function of temperature. The molecular weights of the copolymers were 215,000 and in
one case the PMMA block was perdeuterated,P(S-b-d-MMA), whereas in the other the full
copolymer was perdeuterated, P(d-S-b-d-MMA). These studies paralleled the previous
studies performed on P(d-S-b-MMA) as a function of temperature. The experiments were -
performed to determine the Flory-Huggins interaction parameter, X, and its temperature

- dependence.

Experiments were performed at temperature over a temperature range from 100°C to 195°C
in approximate 15°C increments. The data were corrected for parasitic scattering, electronic
noise and detector homogeneity in the standard fashion and placed on an absolute level. In
all cases, a single reflection was observed with no indication of a second order reflection
characteristic of the lamellar morphology of a microphase separated, symmetric diblock
copolymer. Consequently, assuming that the copolymers were phased mixed, the data
were analyzed using the standard correlation hole scattering approach developed by
Leibler! where the statistical segment length, b, and 7, were adjusted to yield the best fit to
the data.

For the P(S-b-d-MMA) copolymer, using b=8.5A, the interaction parameter was found to
be given by x=(0.0292+0.002)+(3.188+0.4)/T where T is the absolute temperature. For
the P(d-S-b-d-MMA) copolymer, on the other hand, using b=7.25A, the interaction
parameter was found to be given by v=(0.025140.002)+(3.2£0.4)/T. Previous
experiments on P(d-S-b-MMA) yielded an interaction parameter given by
v=(0.02840.002)+(3.010.6)/T. Thus, to within the experimental accuracy, the
temperature dependent component of ), appears to vary in each case. It is evident that the
statistical segment lengths in the three cases are different. While these are all within the
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Experiment report (continued):

limits of the values found in the literature, the differences are quite real. Without this
variation, reasonable fits to the scattering profiles could not be obtained using known
values of the molecular weights. These results indicate that either there is an isotope effect
due to the different labelling of the blocks or there are differences in the constitutions of the
copolymers. This, for example, could arise from different tacticities of the PMMA portions
of the copolymer. This latter possibility is being investigated by nuclear magnetic
resonance,
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Experiment report: ‘

We have studied the isotropic cubic liquid crystralline phases formed by the surfactant
didodecyl dimethyl ammonium bromide (DDAB) when mixed with water and octane, using
the techniques of small-angle neutron scattering (SANS), freeze-fracture electron microscopy,
and rheology. Such liquid crystals are formed by the ordered arrangement of the aqueous and
paraffinic microphases which are separated by a surfactant monolayer (or bilayer). The cubic
phases can be visualised as “macrocrystals» with lattice constants of the order 100 A instead
of the usual few A of typical crystalline solids. Thus, they give rise to Bragg scattering in the
small-angle regime with thermal neutrons or X-rays. In particular, the LQD provides a
sufficiently wide Q range to allow both principal and higher-order reflections to be observe
in a single measurement for a wide range of lattice constants. -

The water/DDAB/octane system has an extensive cubic domain, as shown in the phase
diagram in Fig. 1. Samples are prepared by mixing the three components at a.90-100°C and
allowing the mixture to cool to room temperature. If the cooling rate is slow the system forms
fairly large macrocrystals, some of which will have the right orientation to produce Bragg
reflections on the detector. Successive cycles of melting and cooling reduce the size of the
crystals, leading to what is essentially a powder diffraction pattern, as shown (radially
averaged) in Fig. 2. The peaks can be indexed to a simple cubic or bee structure (1:vV2:V3),
consistent with a constant-mean-curvature topology for these systems, which has the property
of minimising the oil/water interfacial area for a given volume fraction. Conclusive indexing
requires a detailed contrast-variation experiment.

These cubic phases may be technologically important, for instance, in producing novel porous
materials with very small and virtually monodisperse pore size. A promising application is
controlled drug delivery.

These resulﬁt’s have been described in the LANSCE newsletter', and have been submitted for
publication™. Further analysis is in progress.
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Experiment report (continued):
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Fig.2 Sample of DDAB/D20/Octane = 35.23/54.84/9.83 wt. % with water 50 %
deuterated and oil fully hydrogenated. The peaks correspond to a spacing of
1:¥2:¥3 with 2/Qmax=96.7 A , for the principal peak.

1. C. Toprakcioglu, “«Small-Angle Scattering Studies of Cubic Ternary Systems,” from the tip
. of the LANSCE, number 11, fall 1989

2. S. Radiman, C. Toprakcioglu, J.O. Raedler, A. de Vallera, and R.P. Hjelm, Jr., “Structural

Investigation of Liquid Crystalline Phases of Ternary Surfactant Systems,” Colloid
and Interface Science (1990)
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kxperiment report:

BACKGROUND: Phosphorylase kinase (PK) is a large protein complex (approx. 1.3 million Daltons) present
in high concentrations in skeletal muscle, Binding of hormone at the membrane surface of a muscle cell results
in the formation of cAMP and activation of PK via cAMP-dependent protein kinase, leading to the eventual
conversion of glycogen to energy for use by the cell. The activation of PK can also be brought about by
calcium (for review see 1), PK consists of 16 subunits, made up of 4 identical copics of 4 different polypeptide
chains denoted a,B,y,0. Very little is known about the structure of the holoenzyme, or about the interactions of
its subunits. The a-, 8- and d-subunits of PK play regulatory roles, while the y-subunit is responsible for
catatytic activity, The d-subunit of PK is responsible for the calcium dependent regulation of PK activity, and is
identical to the multifunctional calcium-binding protein calmodulin. In most of the known calmodulin-target
enzyme interactions calmodulin is only associated with the target enzyme when it binds calcium. In the case of
PK, however, calmodulin remains an integral part of the multimeric protein assembly even in the absence of
calcium. ‘

We have studied calmodulin structure in solution extensively using small-angle X-ray and neutron scattering,
Small-angle scattering particularly sensitive to changes in the relationship between the two globular domains of
calmodulin that X-ray crystallographic studics indicate are connected by a solvent exposed a-helix (2), In our
first X-ray scattering studies of calmodulin (3), we proposed that the interconnecting helix region of calmodulin
was (lexible in solution, and that on average the two globular lobes were closer together than observed in the
erystal form, More recently, we have focused on X-ray and neutron scattering studies of the structures of
calmodulin-peptide complexes as model systems for calmodulin-target enzyme interactions. The peptides used
in these studies have been based on calmodulin-binding domains from target enzymes, In particular, we
previously investigated the structure of calmodulin complexed with the 27-residue synthetic peptide, termed
MLCK-I, using X-ray and neutron scattering (4), The MLCK-I peptide is based on the calmodulin-binding
domain of myosin light chain kinase (MLCK). Upon binding to calmodulin, MLCK-I causcs a dramatic
contraction of the structure that brings the two globular lobes of calmodulin into close contact with cach other
(see figure below). Recently, two non-contiguous 25 residue peptide sequences have been identified in the -
subunit of PK which bind to calmodulin synergistically and with nanomolar affinity (5). These two peptide
sequences, designated PhKS and PhK13, are thought to represent two distinet calmodutin binding domains that
act in concert to bind calmodulin, The identification of two binding domains in the y-subunit suggests a

| fundam=ntally different type of calmodulin-target enzyme association compared with MLCK and other target
enzymes in which the calmodulin-binding domain appears to be contained in a relatively restricted region of the
molecule,
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Experiment report (continied )

RESULTS: A contrast variation study of calmodulin complexed with PhKS and PhKT3 was completed by
measuring neutron scatlering data for 75% deuterated calmodulin complexed with non-deuterated PhKS and
PhK 13 in solutions with different D, O:H,O ratios, In addition, X-ray scattering data were measured for
calmodulin complexed with the PhKS and”PhK 13 peptides individually as well us with the two peptides
together, The structural parameters for the calmodulin + PRKS complex are remarkably similar to those
obtained previously for calmodulin + MLCK-I, indicating that there s a general contraction of the calmodulin on
forming a complex with cach of these peptides, The peptides PhKS und MLCK-1 have sequences that are
predicted to have a high propensity for forming an amphipathic helix in solution, a characteristic believed to he
a general property of many calmodulin binding domains in target enzymes, 1t is perhups nol surprising,
therefore, that the nature of the interactions of calmodulin with MLCK-1 and with PhKS are similar, The data
suggest that the MLCK-T and PhKS peptides both bind in a central location with respeet to the calmodulin, The
structural parameters for the calmodulin + PhK 13 complex are strikingly different from those for the '
calmodulin + PhKS complex, The data indicate the PhK 13 peptide binds in such a way that calmodulin is
extended, The sequence of the PhK 13 peptide is unlike the PhKS peptide in that it has little amphipathic helix-
forming propensity, but is more likely o form B-structures according to Chou-Fasman analysis. When
calmodulin binds simultancously to PhKS and PhK13, the complex appears to be very similar to the
calmodulin+ PhK 13 complex, The results of the neutron scattering contrast series indicate that calmodulin itsclf
is extended in the presence of the two peptides, quite unlike the case for cither calmodulin + MLCK-T or
calmodulin+ PhKS, The fact that calmodulin contracts on bindiag PhKS alone, but appears to respond
_differently when both PhKS and PhK 13 are present has significant implications for the interpretation of
calmodulin-peptide interactions in terms of target enzyme binding mechanisms, The combined resuli s of these
neutron and X-ray scattering experiments have provided valuable new structural information concerning the
interactions of calmodulin with the PK calmodulin-binding domain, and a manuscript on these results has been
submitted to Biochemistry (6).
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- : Figure: Vcctor distribution functions, P(r), calculated from ncutron scattering data for the complexes indicated. The
peptides are approximately solvent matched in 37-40% D, 0. The plots to the right are from the current
- experiments, those to the left are from the previous work and are given for comparison,
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Experiment report:

BACKGROUND: The calcium ion is the major rc%u}ralnr of intra-cellular processes that oceur on millisecond
time scales, Regulation is generally achicved by Ca”™ ™ binding to a protein and inducing a conformational change
which allows the protein to activate a target enzyme, Calmodulin (CaM) is a ubiquitous Ca * binding protein
known to regulate a wide variely of processes from neurotransmitter release to muscle contraction, We have
been studying the solution structure of CaM as a free monomer in solution, and when it is interacting with target
cnzymes. Small-angle X-ray scattering data from CaM as a free monomer in solution do not agree well with its
crystal structure. The crystal structure of CaM is unusual in that it shows two compact globular domains
connected by an extended a-helix of about 9 turns, that is mostly exposed to'solvent (Babu et al., 1985). There
arc two Ca”  -binding sites in cach globular domain, We have proposed an alternative model based on the
solution scattering data (Heidorn and Trewhella, 1988). Our model preserves the structures of the two globular
domains scen in the erystal form, but places them closer together, on average, by about 10 A, This
rearrangement requires flexibility in the interconnecting helix region, $mall-angle neutron scattering data from
CaM complexed with its binding domain from one of its target enzymes, myosin light chain kinase, support the:
idca that the in‘lcrcunnocling helix s flexible (Heidorn et al,, 1989). These studies show that CaM adopts a much
more compact structure when it binds the target enzyme domain, While there is a considerable body of indirect
evidence to support the conclusions drawn from the small-angle scattering studies, the precise nature of the
solution structure of CaM remains controversial, There are a large number of conflicting spectroscopic studics
aimed at measuring the distance between the 4 (Jz12+~binding sites of CaM. If these distances were known, it
would place important constraints on models for the structure in solution,

RESU[;TS: We have used neutron resonance scattering to measure the distances between (fuz * -binding sites in
CaM. “7"Pu has a strong nuclear resonance at 0.278 A, At this \vavclc%;ilh the coherent scattering from A'.Pu
is 1000 times that of any other nulecus present in a protein solution, Pu” has the same jonic radius as Ca”
and we were successful in stabilizing Pu” " in a Tris buffer at pH 6 for several hours, We also established, using
visible speetroscopy, that Pu’ ¥ binds Lo CaM at 4 specific sites. Finally, we have shown that 4Pu’ Y eCaM
activates one of its target enzymes (myosin light chain kinase) at least as efficiently as does 4Ca . CaM,
indicating that structural data derived from 4Pu’ ¥ eCaM is relevant to the biologically active form of CaM,
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Experiment report (continied s

Neutron data were colleeted from D0 sotutions of 4 0p LM, 4™ e caM, 45t e CaM, us well
as u DO buffer, Bach of the CaM containing samples was approx. S(L{}Bg/rqlPprnlcln and the solution conditlons
mc(;c those for which CaM is known to be a soluble monomer, The 4’ $m® * CaM was meusured because
T78m has o neatron seattering resonance near 1A, though 1t ts broader than the 7 Pu resonunee and not as
strong, 1f the resonance scattering was measurcuble, however, future studies with — Sm owould be a lot casier,
In terms of safety iss(ucs and chemsitry, compared with Pu, To date, however, we have observed no resonance
5cz.qllLthﬁ inthe 4”7 "SmeCaM data. On the other hand, Flgure A shows very clearly the resonance seattering in
the (4’“4 Pue CaM - buffer) data, The peak in the scattering as a Tunction of neutron time of flight occurs at

}

| approx. 870 ps, and within the experimental uncertaintics this time of flight cgrrcsmmls to u ncutron wavelength

of 0,278 A, The width of the peak agrees well with the known width of the “7 Pu resonance, Figure B shows
this resonance scattering data gs a function of the scattering veetor Q. Using a twer point scattering model and:
scarching for a minimum in x” for the observed and caclulated scattering intensitics, a separation distance of

approx. 13 A was determined Tor the seattering centers, This distance agrees well with the distance between the

ion-binding sites within a single globular domain of CaM determined from the erystal data, This agreement is
expected, though the distance has not been direetly measured before for CaM in solution, The longer distance
between ion binding sites in dilferent domains (approx. 45 A), would give rise to a higher frequency modulation
of the two point scattering profile (Trewhella et al,, 1990), Unfortunately, due to problems with the alignment of
the collimation system on LQD (which could not be improved at the time of the experiment) tho background
levels were exceptionally high for these measurements, and henee the signal to noise ratio in the data is very high,
As a result, the statistical errors prohibit analyzing for any such modulations, and the longer distance cannot be
determined from the current data. Once the background problems are solved on LOD, however, it is anticipated
that this cxperiment can be repeated and be an unqualified suceess. This technlque provides o novel approach

to structure determination in biological systems that has many other potential applications, including further
experiments on CaM e target enzyme interactions,
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lixperiment veport:

This experiment wasg planned to search for the net dislocation scattering
between deformed and undeformed single crystals of Pd and Cu., 1t ds part of a
study of net sgcattering from hydrogen (deuterium) clustering at or near dia-
locations in metals, The latter h?q)been observed by us in polycrystal Pd,
apparently with very good results. However, dilslocatlons alone have not been
geen by us 1n Pd, whereas we, and ?Eyers, have clearly seen thls event 1n both
gingle crystal and polycrystal Cu,

Pairs of Cu and Pd samples were examined. One of each palr was deformed by
rolling to 4 CW =70%, The normal for all wafer samples was close to [220],

The Cu samples were the same pair examined at ANL in 1987. Data were taken for
all tlme glices but because of strong multiple Bragg forward scattering, only
data above the Bragg cutoff (above time slice 65) could be used to search for
dlglocatlion scattering. Of speclal Interest was (a)the increase in intensity
for CW samples over the undeformed control samples (a net effect often lgnored
in earlier dislocatlion studies), and (b)the slope of Lntcnalty ve Q for the net
in the ? range below ~ 0, 025R" ', 1n this reglon a Q" behavior 1 expected Trom
theory.

Results were dJsLouragLng. (a)thc net Pd scattering was negative. Over
the range Q=0.00987 to 0.0258~ the average ratlo of Intensity for deformed
to reference Pd way 0.64; (b)the same comparilson for Cu was positilve but with a
ratlo of only 1.15. The Cu ratio 18 to be compared, for the same gamples, to
the 1987 ANL average value of 3.5 to 4.5, This gross dlscrepancy can only be
attributed to the unlikely (to us) defect mlgration occuring over a two year
shelf~11fe at room temperature. Otherwlse there 1s a gross difference (also
unlikely to us) between the reduction of these weak net silgnals between SAD and
LQD.  The purpode of the Cu data wasg just to make thls comparison.

The negative Pd effect confirms a simllar result we observe for polycrystal
comparison, Although ay yet we have no quantitative explanation, we think 1t
may be due to extinction in coherent forward scattering. Thils ls suggested by
a distinctly different multiple Bragg behavior between Cu and Pd, which LQD
allowed usg to examine In very good detall,
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fixperiment report (contined )t

The Teadlng woltiple Bragy eventys arce duce to (1HD) planes at longer A and
then to the (200) planea. The scattering uwpattal proffles are complicated (F the
cryatal orfentatfon (2200 e not closely collnear with the beam axta. This pro-
duces a double tlme sllce peak,  For roferonce Cu thila was very Large, the tfllt
fndteated betng of about 8 (Later closely confirmed by wide angle moeasun ements
at UM o CW broadens and coalesces thewe double peakas  For relerence Pd othis
was not so evident (although Pdosamplea measurad on LQD o 1988 were doublu
poaked) . For reference Cu oand Pdy oo striking right cross was obaorved,  The
width ol the arms of the crouws are determtned by the projected beams width, but
the dlirectton and length of the arms are due to ln(uttny of the gecond gcattering
plancs about the flnal k vector from the {lrat event, Thiv produces, cven
For small mogate gpread, a Tine that sweeps acrodas the detector face. The llne
dlrectdons of (111) and (200) are exactly 90° apart.

Table 1 ghows the diffevences In peak counts and peak total areas for
(EED)y A Cuoand Pdy Table 11 shows the slopes observed For dndividual gampley,
and that for the Cu difference.  The dglopes on a hnlnfux plot are very nearly
constent (within our targe cerrvor Hmltys) over the range (n Q used, 009-. TEEYS
Tlme sifce data [rom 65 to 147 were used Tor the data of Table 11,

TABLE 1

Siwple and Run No, Peak ct, rate IWHM Puak Areas
Cu (reference), (1059) 390,000 0.0044 rada* | ..7 16
Cu (deformed), (1062) 720,000 0.093 rady 66,960
Pd (reference), (1065,1068) 70,000 0,027 rada# [, 860
Pd (deformed), 10673 29,000 0,112 rads 3,248

*Measured by 2-cryatal scottering at UM, Both .0 LOD tilme altlce,

TABLE 11

Sample and Run No., ﬂ__kﬂwfij
Cu (reference), (1059) -2.83 + 0,2
Cu (deformed), (1062) -2, 88 t 0,2
Pd (reference), (1065,1068) -3.30 + 0.2
Pd (deformed), (1067%) -2,02 +t 0,2
Cu difference, (1062-1059) =3,23 + 0.5

LO transmissions and 6 sample rung in 224 hours with beam up,

References:

[.) "SANS Measurement of Deuterfum=Dislocation Correlation lu Palladium", B.
Jo Heuser, G0 Gy Summerfield, J. S, King, and J, E, Epperson, MRS Sympos fum

Jot Neutron Scatterdng for Materials Sc fence, Boston, MA November 27 =

December 2, 1989 (in publication).
20) Jo K. Eppers un, Go Kostorz, G, Ortlz, P, Farnrohr, and K. W, Gerstenbery,
Acta Metall., 27,1363 (1979).

1.) Ho He Atkinson and PO, Hirsch, Phil. Mag.o 3y 210 (1958),
4.) A Guinler and B, Guyon, . Appl. Phys. 30, No, 5, 622 (1959),

147



Instrument used: (please type) Local contuet: Proposal number:
(for LANSCE use only)

LQD P A, Sceger : A R 07, 0

Ttles Report recelved:

or LANSCE nse only)
ORDERING OF BIOLOGICAL ASSEMBLIES USING Lfor e anty
MAGNETIZED FERROFLUIDS

Authors and affilintlons:

T, Sosnlek and J, Trewhella, Life Selences Division, Los Alamos Natlonal Laboratory,
S, Charles, Physics Depl,, University College of N, Wales, Bangor LLS72UW U, K,
P, Yau und EM, Bradbury, University of Callfornia at Davis and LANL

P. A, Sceger, P-LANSCE

Experiment report: ‘

BACKGROUND: Small-angle scattering is widely used to study biological structures, but it suffers from the
inability to determine a unique structure from the scattering because of the random orlentation of the scattering
particles, If onc degree of freedom is removed by aligning the particles in one dimension, more detailed
information about the structure can be determined. For example, diffraction peaks can be uniquely assigned to
dimensions in the direetions parallel or perpendicular 1o the applied ficld, Shearing forces and magnetic fields
have been used with notable suceess to align a number of biological assemblics for structural studies, However,
these techniques depend on specific physical propertics of the a sembly and are not gencerally applicable to all
problems of interest, '

We have developed a new alignment technique that takes advantage of the properties of magnetized ferrofluids
(1), Using modest magnetic ficlds, we have successfully aligned virus particles, with axial ratios of about 10:1,
independent of their intrinsic magnetic propertics. The viruses used in this development work (tobacco mosaic
virus (TMV) and tobacco rattle virus (TRV)) were chosen because of their clongated shape and inherent
structural stability, The alignment technique depends principally on the asymmetric geometry of the particle of
interest and thus complements the existing technigues for magnetic alignment that depend  on intrinsic
diamagnetic anisotropy. ‘

We are now iaterested in applying the ferrofluid system for alignment to chromatin structural studies, How a 2m
length of DNA is packed into a 104 nucleus in a replicable form is a fundamentally important question in biology.
The packaging appears (o be highly structured and the structure must be modulated during cell eycle to allow the
genes Lo become more or less accessible to cellular control as needed. Chromatin consists of proteins associated
with very long strands of lincar DNA, When inactive chromatin is isolated from cell nuclei it comes in the form
of chromatin fibers which can form order structures,  Under certain ionic conditions (cg. >40mM NaCl) the
chromatin fiber is belicved (2) to form a superhelix which has a nominal diameter of 300A (3), This supercoil is
believed to "lighten, increasing its mass per unit length, with increasing ionic strength, Numerous small-angle
ncutron and X-ray scattering experiments have been done on this structure, and diffraction peaks have been
observed including one corresponding to a repeat distance of 11 nm, This peak could be due Lo either the helical
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Experiment report (continued)s ' . ,
repeat of the proposed supercoll, or to lts dinmeter,  Bxtensive model caleulations have been performed (3)

which associate the peak with the supercoil piteh but this assignment is not proven, 15 the chromatin fibers could
be aligned using ferroflulds, the diffraction peaks could be uniquely assigned 1o particular structures,
Importantly, the structural parameters delermined would be for chiromatin fibers in solution,

RESULTS: Neutron scatiering data were meastred for chromatin in deuterated lferrofluid using using the LOD
in a previous experiment (Exp, 138), but the concentration of the chromatin was too low Lo derive any new
structural information, The ferrofluid consisted of a magnetite core with deuterated detergent surfactants, und
the carrier fluid was DO, The magnetic particles were approximately solvent matched to the DO in this
preparation and thus did not contribute significantly to the seattering. If o non-ionic detergent sutfactant is used ‘
for the ferrofluid preparation we have found that the biological structures we have studied retain their native
structures in the ferrofluid,

The experiment was repeated this time at a much higher concentration, 10 mg/ml, and with longer libers, Based
on our previous work with TMV in ferrofluid we believed that these factors might help o increase the degree of
ordering,  In addition the increased chromatin concentration would improve the signal to noise ratio for the
measurements, Neutron scattering data were measured for chromatin in deuterated ferrofluid for two different
salt concentrations, 70 and 160 mM NaCl.  The chromatin was diluted 1:1 with deuterated ferrofluid and
measured in 4mm path length cuvettes with an applicd magnetic ficld perpendicular to the neutron beam of about
SO00 gauss, The neutron scattering data show cvidence for alignment of the chromatin in both samples,  [n
addition, the small-angle scattering from chromatin in ferrofluid and from chromatin in D O both with 70mM
NaCl, indicates the structure of the chromatin is not perturbed by the ferrofluid,  A” diffraction peak at
0=0.024" in the direction perpendicular to the magnetic ficld was observed in the 160mM NaCl sample, This
peak has been seen by others and is due to o 300A distance in the direction perpendicular to the fiber axis. The
peak has been attributed to a regular side-hy-side packing distance of the fibers,

The degree of alignment found in these experiments is still significantly less than that observed previously for
TMV in ferrofluid.  Also, the scattering from the ferrofluid blank (which is subtracted to climinate its
contribution to the total scattering) was substantially greater than that obscerved with the previous ferrofluid
preparations, This greatly reduced vhe signal-to-noise of the measurement and resulted in poor counting statistics.
Because of these poor statistics coupled and the limited alignment, we were unable (o assign directions to the
diffraction peaks for (')2[)4(1()2\']. We have since improved the ferrofluid preparation and believe that we can
produce a ferrofluid with aboul twice the magnetization and with magnctic particles that are better matched to
the ncutron scattering density of D_O.  With this improved ferrofluid we hope to repeat the chromatin
experiments al a future date, i
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Experiment report:

During experiment # 232 we measured the structure factor S(g) for the critical binary fluid
mixture water-lutidine imbibed into various porous materials. The most extensively used material
was porous VYCOR glass. We were able to measure mixtures with 15 different compositions at
temperatures between 10 °C and 80 C. In addition we carricd out exploratory experiments with
different porous glasses (so-called Controlled Pore Glasses) and porous materials with radically
different morphologies ( Anotec membranes with channels arranged in a honey-comb structure). .

An important aspect of experiments on fluids in Vycor is the ability to use contrast-variation
techniques. Even though we knew the scattering density of Vycor to be pvyc(,,=3‘6><10100m2 and
had appropriately prepared the fluid samples using mixtures of regular and heavy water, the first
few measurements did not yield the expected S(g) without a peak due to the porous glass. It
turned out that our new anodized aluminum cell, which we had designed to ensure optimal
temperature stability and uniformity, had a small angle scattering pattern with a peak at nearly the
same ¢ as Vycor. After the anodized layer had been milled off that problem was gone. ‘

In the figure below, S(¢) is depicted as a function of temperature between 10C and 80 C.
With current data analysis we get useful data for 0.008<g<0.2A™!. At low temperatures S(q) is
very small compared to dry VYCOR (maximum intensity around 50) as expected for an index
matched sample. However, it is larger than S(q) measured for Vycor filled with a mixture of 40
% H,0 and 60 % D,0 (intensity <0.1 mostly due to incoherent background). An important
feature of the data is the change of the line shape of S(g) from a single Lorentzian (limiting
slope of -2 as g - «), which is omnipresent in equilibrium phases, to a Lorentzian squared at
high temperatures (limiting slope of -4 as ¢ — o). This is theoretically predicted to happen at a
random field transition. We used a sum of a Lorentzian and a Lorentzian squared with the same
correlation length § as a fit function for the data over the temperature range covered. Within the
statistical uncertainty the fit could not be improved by allowing two different correlation lengths
for the two different terms. This is in agreement with recent simulations of the random field
transition. § increases only modestly from 20 A at 10 C in the one phase region to 60 A at 80
C at the random field transition. The knowledge of £ establishes an important link between
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Experiment report: (continued)

dynamics [1‘]“ and statics [2-4] of random field
systems. With it we can analyze the

. . . , 10C g1 1 T T T

relationship between the static correlation TEMPERATURE (5C)
. . - 5 ‘

length & and the dynamic relaxation rate I and 30[r 0000 ELOPF -4- . 10 -
learn about hydrodynamics in confined and '¢,D£\an'\‘-?29,.,&} 6 20 -
random media. 10} ey » 30

We want to point out that the statistical %K“““‘u f ‘28'
quality of the data obtained at LANSCE is very % 3¢ f;’?mmnmmm_ 6 60 B
high, as might be judged by the error bars - 1&?; ff,;',f)::;m»"l . 78‘ -
which in most cases are smaller than the R T 200 8 g
symbols of the data points. For instance, we 3|~ : \ -
believe that the feature in the data around I SLOPE -2 —"
g =004 A7 is real. The small bump is e E
moving to lower g with rising temperature. = o3[ qq
This is more obvious in runs on other samples Lol | RN N MO M 7,
with  different composition. Understanding ol 03 . oe A
features in S(g) such as these is part of the a (A™)

overall difficult scattering problem, which
currently deserves all our effort.

In order to study the influence of the ratio of pore size to pore volume on the random field
and finite size effects we performed mcasuretmnts on mixtures imbibed into Controlled Pore
Glasses with pore sizes ranging between 170 A and 3000 A. The characterization of the dry
glasses was succesfull. The data obtained from the glass samples filled with fluid mixture have a
large component which is due to the fluid surrounding the glass grains (typical size 100 to 1000
micron). It appears that we have to reduce the amount of fluid that is not inside the porous glass
iin order to proceed with these experiments.

The third type of porous material used were Anotec filter membranes. Unfortundtdy these
experiments did not work out the way we expected. Since the pore channels of the membrane
were oriented in a direction parallel to the incident neutron beam most of the detected neutrons
were reflected by the channel walls and not scattered.

Because most of our experiments were performed with contrast matched samples we had to
deal with weak scatterers. The installation of the new five hole collimator was thus very timely
and allowed a good turnover rate. Direct comparison of data taken on dry Vycor at the small
angle facility in Oak Ridge with data taken at LANSCE indicates, however, that the g-resolution
is better at Oak Ridge. This is probably due to methods employed in the preliminary data
reduction, which is currently being fine tuned in collaboration with the resident instrument
scientists.
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Experiment report:
BACKGROUND: The basic structural subunit of chromatin is the nucleosome. It contains ati octamer of histone

proteins and a one molecule of lysine rich H1 or H5 along with about 200 base pairs (bp) of DNA which is
wrapped twice around the octamer, This DNA is part of a continous piece that connects cach of the octamers
into a single chain. The primary function of the nucleosomes is to pdckagc the meter of DNA found in a
eukaryotic nucleus into a compact yet accessible form., Accessibility of the DNA to the machinary of replication
and transcription must be modulated at least in part by changes in chromatin structure. The purpose of the
current experiment was (o examine the changes in structural parameters of the nucleosome when HS is removed.
H5 is believed to bind external to the DNA and "seal off" the two turns of 167bp DNA as they exit. Potentiaily,
H5 could alter the exit angle of the DNA from the histone core which would affect its accessibility and the
relative oricntation of the nucleosomes to each other. Importantly, the nuclecosomes were reconstituted with a
defined 195bp sequence of ribosomal DNA having a single positioning sequence. The use of the specific DNA
removes the hctcrogcncily in DNA lengths and compositions present in previous experiments.

RESULTS: All samples showed signs of aggregation limiting analysis to data above Q m~0 021&. , or for data
where Qo R >0.9. The values cited in the table are for a Guinier analysis out to R_«Q=1.3. The P(r) analysis
was similarly hindered by aggregation but did produce values for R which were in'good agreement with the
Guinicr dﬂdlelS Generally, the derived values for R were shghtlyghlghcr than found in previous work. The
match point {or the nucleosome with HS was close (o earlier values as was the value for the particle volume, V ,
derived from the slope of VI(0) versus contrast. However, without H5, both the match point and V  were higher
than expected. This is probably the result a larger degree of aggrt,gdtxon in the H O sample without H5 giving
rise to an anomalously high 1(0) value.

The slope, @, of lincar fit in the Stuhrmann plot is a reflection of non-uniform distribution of scattering intensity
within the structure, A positive slope indicates that the larger scattering length component (i.c. the DNA) is
generally on the outside of the protein. Though the statistics were poor, we did observe a factor of 2 decrease in
a for the addition of HS. This is consistent with H5 binding on the exterior of the DNA,
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Experiment report (continged):
Structural Parameters Derived from X-ray and Neutron Scattering Data

Without HS5:
%D20 Guinier Rg P(r) Rg | Dmax : 1(0) vI(0)(cm)
100 38.5+0.7A ‘ 403+0.7A 1407 0.0948 6.10£0.04E-9
63 very small signal, no analysis possible
40  no signal ‘ . ‘ :
0 463+40A 456+1.5A 140A 10,0576 7.17+0.12E-9
X-rays  468+19A 46.7+1.0A 1454 -

v1(0) vs contrast (usmg only the 0 and 100% ddld) gives V = 191 nm’ dﬂd a match pomt of 54% D O. From
Stuhrmann plot R is approximately 43 A,

With HS:
| %DZO Guinier Rg P(r) Rg‘ Dmax I(0) vI(0)(cm)

100 413+1.0A 41,7+0.7A 140A 01966  638+0.04E-9
75  very small signal and poor buffer statistics, no analysis possible ‘ :
25  wvery small signal and poor bulfer statistics, no analysis possible

0 44.7+43A 44.1£1.5A 1304 0.0607 6.06£0.11E-9

X-rays 46.7+1.4A 45.0+0.4A 1304 -

VI(0) vs contrast gives VC= 179 nm3 and a match point of 49% D20. From Stuhrmann plot, Rc=42'9 A.

CONCLUSIONS: In the H,O measurements, for which the DNA contribution to the scattering dominates, we

do observe a slight decrease in R _and a 15 A decrease in the maximum lincar dimension, D, for the particle
upon the addition of H5. A mdrggmal increase in R was observed in the 100% D,,0 measurements in which the
scattering from the protein dominates. These data %rc consisient with the DNA folding back around the histone
core upon the binding of H5.

These result provide some indication of the possible structural changes of the nucleosome induced by HS-binding,
However, to quantitate these changes, it is essential to repeat the measurements. We believe that we can prepare
samples which are not agreggated by working at lower concentrations. Lower sample concentrations will require
longer neutron scattering data acquisition times, but should lead to the critical information required to understand
the modulation of chromatin structure induced by H5-binding,
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Experiment report:

BACKGROUND

Transcription Factor HIIA (TFIIIA) is a 40,000 molecular weight protein which binds to
DNA sequences in the 5S ribosomal gene and is required for transcription of the gene by RNA
polymerase IIl. It makes contact with its SO base-pair binding site through nine zinc-finger DNA
binding motifs. The entire 5S gene is 120 b.p. in length and TFIIIA binds at positions +45 to
+95 relative to the transcription start site. This internal promoter is called the internal control
region (ICR). Using a circular permutation assay, we have previously shown that binding of
TFIIIA to the ICR induces a bend in the DNA (Schroth et al.). A contrast variation neutron
scattering study of the TFIIIA-DNA complex was initiated in order to determine more precise
structural information about the complex.

RESULTS

Technical difficulties prevented successful completion of the experiments. The initial plan
was to run four contrast match points of 0, 35, 65 and 100% D,0. This would have allowed the
determination of the radius of gyration (Rg) and a P(R) analysis of the DNA and protein
components of the complex. During the course of the experiments at LANSCE, there were
problems in maintaining an adequate beam current. Most of the data that was collected was very
difficult to interpret due to the presence of a large contaminant in the samples that was scattering
more strongly than the comiplex itself. One of the initial runs in 100% D,O0, did give an
encouraging R of approximately 40 A. This represents a considerable compaction of the 54
b.p. DNA which has a calculated R of approximately 53 A. This result is consistent with the
model of the DNA being tightly bent about the protein core. The subsequent runs were run after
a delay and all showed evidence of the large, strongly scattering contaminant. The time
dependence of the appearance of the contaminant suggests that it may be due to aggregation of
the complex with time. ‘
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Experiment repory (continued);

CONCLUSIONS

The limited amount of useful data which was collected gives indications that support the
biochemical evidence that the DNA is bent in the TFIIIA-DNA complex. Unfortunately, lower
D,O scattering data, which would have indicated the conformation of the protein component was
unusable. In the future, the complexes will be reconstituted immediately preceding the actual
scattermg experiment and kept under stringent non-oxidizing conditions which should help
minimize the aggregation potential of the complexes.
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Kxperiment report:

During this experimental session, we made measurements on three different
micellar and microemulsion systems, including one in which spontaneous vesicles form.

Our initial plan was to examine the scattering from nonionic surfactant mixtures at
temperatures above their lower consulate temperature. In this case, the solutions contain
two phases, one rich in surfactant and the other quite lean, We have indications from light
scattering experiments that there may be anomalously large structures—of 1000 A scale—
in the dilute phases. Thus our first experiment was to examine the surfactant lean phase of
Ci2Es in D,0, and Cj2E¢ with added NaCl in D,O at 25° C. [Here the notation CiE;
indicated an ethoxylated alcohol with alkane tail lengths of carbon number i and hydrophilic
head groups containing j ethylene oxide unites.] In the SANS g-regime, we had hoped to
see - Porod scattering, but the scattered intensity was too low over the obtainable q-range
(greater than 0,015 A-1) for this weak scatterer for a si gnificant signal to be recorded.

We then tried some experiments that worked; namely a series of measurements on
inverted or water-in-oil microemulsions made with nonionic surfactants. In this case,
water is contained in small pools (droplets) stabilized by a surfactant film. These systems
display the usual upper critical temperature behavior and so can be made one phase near
room temperature. These microemulsions can solubilize substantial amounts of material
(salts) into their water cores, but the nature of the droplets depends sensitively on the
details of the mixture. We measured C19E3, CgEs, and CyoEg surfactants in deuterated
octane and toluene with and without added water. We also examined inverted
microemulsions made with the ionic surfactant AOT as a funciion of the water/surfactant
ratio w, but at high wy, the spectra are significantly effected by interdropiet interactions.
We are presently interpreting this scattering in terms of the usual models of colloidal
scattering (1), but there are surprises. In particular, the scattering of microemulsions
formed with d-toluene is qualitatively different from that in octane. More details of these
experiments are given in the report of Wilcoxon and Martin,
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1 Experiment report (continned )

Finally, we used a portion of this beam time to characterize a new surfactant
structure we have just discovered (2), namely the spontaneous vesicles formed in mixtures
of cationic and anionic surfactants, We have reported a general method of preparing
spontaneous, equilibrium vesicles of controlled size, surface charge, or permeability from
commercially available surfactants, Vesicles formed immediately upon combining aqueouy
mixtures of two commercially available, single-tailed surfactants with oppositely charged
head groups. The curvature of the mixed surfactant bllayers (which controls size and
shape), the vesicle wall thickness (which controls permeability), and the sign and
magnitude of the surface charge (which controls vesicle inteructions and stability against
aggregation) can be determined by the relative amounts and the chain length of the
individual commercially available surfuctants used. We have characterized these vesicles
using a variety of methods, and we carried out preliminary SANS characterization of the
vesicles formed in aqueous mixtures of cetyl trimethylammonium tosylate (CTAT) and
sodium dodecylbenzene sulfonate (SDBS),

A typical scattering curve is shown in Figure 1 for SDBS/CTAT vesicles at 4
weight ratio of 3/7 and a total surfactant concentration of 2%. The measured data span the

-expected range from Guinier scattering at low q to Porod scattering a high q. A detailed
model of the micell-vesicle transitions in this mixture is being constructed and will allow a
quantitative fit of the measured scattering. We have verified that the measured R of 180 A
is consistent with the size measured by light scattering.
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Figure 1. Log-log plot of the scattering from SDBS/CTAT vesicles at a weight ratio of 3/7

and a total surfactant concentration of 2%. The lines indicated q-2 and q4
scattering at low and high g respecuvely, the average radius of gyration is

180 A.
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Methods of Analysis

1, The Guilnier Plots
By plotting 1ln(I(Q)) versus Q2 as shown In Fig., 1, one obtaing the

scattering amplitude I  and the radius of gyration ag listed in Table I

0
and lable II, It 1s obvlious that this system 1ls very polydisperse or
containg rods or dlsks, or polydisperse small unilamelar vesicles, The
scatterlng intensities distribution deviates far from the stralight line
of the Guinier plot, There 1s a Indicatlon of the existence of large

globular particles as can be seen from the fast Increase in the neutron

scattering Intenslty at Q near zero,

2. The Kratky-Porod Plots
By plotting the ln(I'Qz) versus Qz, one could obtaln the thickness
of the particles if the scattering intensity data fall on a straight

line in the middle-Q region, Figure 2 shows such plots for DPPC/D107PC



in

in 100% 020 and 1in 80% 020. The obtalned thickness 1is listed 1in Table

111, This method 18 not applicable for some cases,

3. The Plot of Contrast Varlation

Flgure 3 shows the plot of the square root of I versus $l,0 In the

0 2
golution, The slopes are proportlonal to the square root of
concentration and the square root of mean aggregatlon number, Theso

four geries of external contrast variation measurements should have the
gsame slopes 1f their concentration are the same and the IO hiag been
accurately obtalned, The straight lines are drawn to pass the predictoed

contrast match points,

3. Model Fitting : Polydisperse Unilamellar Vesicles

The best fit 1s shown In Figure 4 and the enlarged Flgure 5 for the
DPPC/DlC7PC in 100% DZO’ This model does not fit the measured gpectrum
very well, The scattering in the Q-range from above 0.01 K'l 1g dﬁe to
14.6% of the added materiais. The other 85.4% materials must form larpe
glebular particles and they contribute ‘to the large scattering
intensitles 1in the very small Q-reglon, The slze disgtribution of the

vesicles needed to filt the data are shown In Flg.6. Thelr bilayer

thickness is kept at 46 A during the filtting.

4, Model Fitting : Bilayer Disks
The results of Kratky-Porod plots indicate the small particles are

mogt likely disks of radius R and thickness L. The result of fltting lg
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gshown 1in Flg.7, The goodness of fitting 1s better than that of
polydiusperse vesicles, The radius of the disk isg found to be 94.5 A and
L=44 K. The gscattering in the Q-range above 0,01 X~1 1s due to 18% of

the added material, The rest of the material again forms large globular

particles, could be large multi-lamellar vesicles, but mnot large

uni{lamellar vesicles. They could also be large aggregates (clusters) of

disks, veslcles, or micelles.



Table 1 The scattering amplitudes obtained by Guinler plots.

%D20 p/P b/p P/D D/D

1.0 15,0740,05 0.521£0,006 16.9740,06 0.317440.005
0.8 9,05+0,03 N/A 10,7440, 04 0,1604+0,003
0.6 2.348+0.014 0.582%0.005 2.76%0,02 1.30040.008
0.4 0.822510,008 2,02140,015 0.890+0,009 2.667+0.013
0.2 0.0352+0.003 4.,96340.04 0.0044:1+0,0001 5,70740.03

Table I1 The radlus of gyration obtained by Guinier plots,

%D20 P/P D/P P/D D/D

1.0 70.9 79.7 76 .3 84,5
0.8 73.9 N/A 76.3 46,2
0.6 71.2 63.9 77.9 72.1
0.4 70.5 74.5 80.4 70.9
0.2 56.5%4.,3 84,2 56.9 75.1
P: Protonated D: Deuterated

DPPC/DiC7PC = 20muM/5mM

163



164

Table III The thickness L obtained by Kratky-Porod plots.

20,0 P/P ‘D/P P/D D/D

1.0 ' 42.6%6 N/ 47.650.9 N/A

0.8 44247 N/A 45.9%0.9 N/A

0.6 42.6%7 N/A 44542 %0

0.4  41.6%3 N/A 43,944 30.3%1.9
0.2 - N/A N/A N/A 37.3
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Experiment report:

Molecular composites (MC) are multicomponent systems that are homogeneous
on scales larger than 1lum, These materials offer new strategies for the
enhancement of material properties beyond that possible for single phase
materials,

We studled two classes of relnforced elastomers., In both cases, the
reinforcing glassy phase was precipitated in situ, by chemical means. The base
elastomers were polydimethylsiloxane and polybutadiene.

For PDMS, a variety of fillers were studied including polystyrene, silica,
titania and zirconia. Our goal was to develop synthetic strategies whereby the
degree of filler ramification could by controlled by chemical parameters. Our
results show that most systems yleld particulate fillers with smooth surfaces.
In some cases, however, bicontinuous fillers as well as polymeric mass-fractal
fillers were produced. '

We also studied the kinetics of the development of particulate fillers for
the silica/siloxane system. Fig. 1, for example, shows the development of the
scattering profile as a function of reaction time. The initial unreacted sample
shows large scale phase separation which is complemented by precipitation of
100A particulates which have fractally rough surfaces during growth, Upon
drying, smooth surfaces result as indicated by the D-11 data shown in Fig. 1 for
the dry sample. ‘

We also studied catalytically deuterated 1-2 and 1-4 polybutadiere. In
this case, we hoped the homogeneously dispersed catalyst would give glassy
polystyrene domains whose morphology could be controlled by catalytic
conditions, Figs, 2 and 3 compare the 1-2 and 1-4 systems. For 1-4 some
increase in scattering is observed in the ,05 A-l region with no evidence of
distinct domains, TFor 1-2 on the other hand, a distinct peak appears indicating

elther enhanced crystallinity or highly correlated domains. The former is
inconsistent with measured differential thermal analysis data and the latter is
inconsistent with monotonic increase in the peak height from 0-100%. Therefore,

the origin of the peak remains a mystery,
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D. W. Schaefer, J. E. Mark, D. McCarthy, Li Jlan, and Phil Seeger, Iin FPolymer

Based Molecular Composites, Ed by D. W. Schaefer and J. E. Mark (Pittsburgh,
Materials Research Socilety, 1990) P. =xxx.

L. R. Gilliom, D. W. Schaefer, and J. E. Mark in Polyvmer Based Moleculax
Composites, Ed by D. W. Schaefer and J. E. Mark (Pittsburgh, Materials Research
Society, 1990) P. xxx.

D. W. Schaefer, C. J. Brinker, D. Richter, B. Farago, and B. Frick, Phys. Rev.
Lett, submiltted,
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lixperiment report:

NTRODUCTION: We have been investigating the morphology of particles formed
n mixed colloids of bile salt and lecithin in aqueous solution. These are of interest as
wdels of the structure and action of bile, which is important in the transport of lipid
aste products from the liver, such as cholesterol, and in the solubilization of lipids in
he digestive tract,  These systems are of general interest in understanding  the

hysical chemistry of mixed colloid systems, and may find uses in industrial processes.
n our previous work we showed that in certain parts of the bile salt-lecithin phasc
ap long rods are present [1-3]),  Maximum entropy analysis of the data 3] indlcates
that the rods are formed by association of globular micelles. These discoveries are not
in accord with the currently held model [4,5] of mixed micelle formation in this system,
v other parts of the isotropic phase there is a transition from rod-like forms to
csicles,  We have shown that this transition is thermally induced and is reversible,
The vesicles consist of single lecithin bilayers, and we find that the radius is
emperature-dependent—-they  become  substantially  smaller with higher temperature,
Ve were interested in determining il the aggregation of micelles into rods s affected
y temperature.  We therefore made observations on the temperature-dependence  of
caltering in preparations known to contain only globular micelles,  We ualso wanted to
btain morc information on the structure of the globular micelles,  We therefore ran a
ontrast variation study on these samples, ‘

[ NNl s Bl
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QL ad report (eontinned ) . .
lefgﬁt"fg‘: portf Further structural  characterlzation of  the  phase
map confirmed that initfal globular particle clongate on dilution.  However, for

samples having a leclthin to glycocholate molur ratio of 0.5 at a total lipld

concentration of 15mg/ml there was no observable  temperature-dependence  over g
range from 15° 10 45 © C. This Implies that, unltke the rod-vesicle transition and the
processes of bile salt leaching from the vesicle, AH = 0 for mlcelle aggregation,
Contrast varlation studies on the globulur particles show tn D20 w radius of gyration of
approximately 24 A, This s consistent with our carller determinations (2,31,

Stuhrmann  analysis of the contrast-dependence of Rg suggest that o higher scattering
length density component of the system s towurd the outer portions of the micelle,
This would be the bile salt and the phosphatidylcholing molety of the leclthin,

References:
References:

I Hjelm, R.P,, Thiyagurajun, P., and Alkan, H. (1988), J. Appl. Crvst., 21, 858-863.

2. Hjelm, R.P, Thiyagarajan, P, and Alkan, H. (1990), Mol, Cryst. Lig. Crvst., (in press).

3. Hjelm, R.P,, Thiyagarajan, P., Lindner. P., Alkan, A, and Schwahn, I, (1990), Prog.
colloid polymer Sci., 82 (in press),

4. Schurtenberger, Mazer and Kanzig (1985), J. Phys. Chem., 89, 10492-1049

5, Startk, R.E. etal, (198~ 1tiochemistry, 24, 5599-5605
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Experiment report:

The measurements described here partially covered one aspect of the proposal to evaluate inelastic
¢ftects in TOF-SANS measurements, namely to evaluate the importance of such effects in samples

[ known size and structure in different mixtures of Hy0 und D;0. There was insufficient
discretionary time to carry out the remainder of the program,

EXPERIMENTAL: Colloidul silica gels stated by the manufacturers to be spherical particles and
tp be of well characterized sizes where used in these measurements. The first, LS-30, tradename
LUDOX, manufactured by Dupont, is u 30% silica gel of average particle diameter 120 A, The
qecond 1115, tradename NALCOAG, and manufactured by Nalco, has particle diameter of 40 A
indis a 15% silica gel. The third, 1130 (also from the NALCOAG product line) has an average
diarcter of 80 A, The silica gel content is 30%. In each, samples were prepared by diluting stock
jolutions to 2% W/V. Care was taken with pH and NaCl concentration to stabilize the solutions.
amples were made in 100%, 60% 40%, 20% and 0% 13,0, the exception being 1115 for which the
highest DO content was 86%. Not all solutions could be measured, measured, due to lack of time.
Ir was planned to do each measurement with the MgO filter in and out, but again time considerations
lImited the procedure to only 1115 in 86% and 0% D-0.

Analysis of the curves at small Q is done using the Guinier analysis. A radius of gyration was
gxtracted from this analysis if a sufficiently good Guinier region was obtained.

RESULTS: Scattering curves where measured for each sample between Q = 0,008 and 0.08 A-!,
The range was limited due to high back ground near the beam stop from collimator internal scattering,
1830 in 100% D0 gave an Rg =72 A, This corresponds 1o a spherical particle diameter of 1864,
gnificantly larger than the size quoted by the manufacturer. 1115 gave Rg = 55 A, corresponding
vadiameter of 140 A, This again is considerably larger than stated by the manufacturer, No value
f Rg could be extracted from scattering of 1130, as the Guinier analysis gave a continuously

pward curving line, This suggests aggregation in 1130, Radii of gyration comparable with those in
P20 were obtained for LS30and THES in other percentages of D,0, with the obvious exception of
0% Do O--the contrast mateh point of silica gel. No significant differences were observed in the
Giuinier analysis between 1115 sample with the MgO filter in or out.
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Experimengpepygrt (continued ) , .
A“lpltargcr alues Tt 'was noted that the background scattering always exceeded the foreground

when the D50 content was lasy than 80%. This is a potentially serious problem which has been
observed in other contrast variation experiments, as well, The most important observations in this
regard were at the contrast match point (60% D;0) for these systems, where, apart from g small
internal correlation hump at low Q, the scattering is expected to be featureless. This is indeed
observed, but the ratio of foreground to background is not 1.0, but rather some smaller number
between 0.7 and 0.8 and is constant with Q. We do not yet know the reason for this, but possihilities
include unaccounted differences in incoherent scattering and or insufficient measurement of the
transmitted beam, ‘

CONCLUSIONS: [) We cannot verify with these measurements the correctness of Rg
measured on a TOF-SANS instrument, due to the large discrepancy with the manufacturer's
measurements of the particle diameter. Consultation with the manufacturers revealed that the samples
may have aggregated, This is 2 common occurrence in silica colloids which are more than a few

[months old, as these were, Further, we have measured Ry values for other miaterials such as

polystyrene beads and ribosomes which match expectations, so it seems unlikely that the probleny is
with the instrument or data reduction procedures,

2) 'There are no obvious effects from down scattering of epithermal neutrons at least down to Q =
0.008 A1, as evidenced by the lack of significant differences in the scattering with the instrument in
the filter in and filter out configuration. We do not yet know how this matches expectations for 1LQD
in this Q range. ‘

3) There are, as yet, unexplained effects at high-Q which cause the buckground signal to be higher
than the foreground. The fact that the ratio of the two tends to be independent of Q in regions where
the scattering is expected to be featureless, suggests incoherence or problems with normalization,

References:
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Experiment report:

V¢ nave carried out a search for a flux lattice in Laz(fuolm5 single crystals at 10K in a magnetic

field of 1.25kOe applied parallel to the c-axis. We found no sfgnal duevto flux lines in the szimple.

However, we observed a very strong signal (Bragg peak) corresponding to a periodicity of
~approximately 600 A. This scatterin g appears below 200K and has no ﬁéld dependence. This

peak, we beﬁeve, 1s due to the phase scparation (ref. 1) and not due to rwinﬁing, since it can be

shown that scattering from phase separated domains will be much stronger than scattering from

the twin boundaries. If this interpretation is correct, the phase separated domains form a layered

structure with the lziyelfs stacked in a direction perpendicular to the c-axis, which is an entirely

unexpécted result. |

Further work is needed to pinpoint the source of the scattering that has been

observed (ref. 2). Since it is believed at cne of the phases in the two-phase system is

normal (i.e. non~superconducﬁn £.), the structure of flux line lattice with the field parallel to

the crystalline c-axis is unpredictable. Experiments are also: ;}ééded to measure scattering

from flux lines in materials that do not show any phase separation (ref.3).
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Experiment report (continued):

REFERENCES
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(2] M. Yethiraj, T. O. Brun, R. N. Silver and J. Schirber, proposal submitted to
EPAC

(2] M. Yethiraj, T. O. Brun and R. N. Silver, proposal submitted to EPAC
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Experiment report: (continued)

SANS studies oh the interdiffusion proesses in film formation
from high molecular weight (Mw = 2,000,000 g/mol) polystyrene were
investigated. The latexes, 270 A in radius, were mildly molded to
full density (minimum interdiffusion), then annealed at 152 C for
times ranging from five minutes to seven days. For SANS purposes,
samples were prepared containing 6% of deuterated latexes. Thus,
the deuterated material was substantially surrounded with
protonated material. The obJject was to investigate the
relationship between the diffusional penetration depth of the
polymer chains and the tensile strength of the films.
Experimentally, we watched the apparent expansion of the
polystyrene latex spheres with annealing time.

After an apparent induction period, the films gained tensile
strength with time to the one-fourth power. Ultimate tensile
strength of 30,000,000 N/sg.m was developed at a penetration depth
of 40 to 50 A, The latter is comparable to the radius of gyration
of the critical entanglement molecular weight. This result
confirms and extends the results on a previous set of samples.
annealed at 144 C.

The Lehigh University team visited LANSCE twice during the
1989 season. Due to the fact that the beam time was shortened
during the first visit, a continuation was arranged for 85 days
later. During this time, the samples were at room temperature
conditions. Discrepancies between 'the data obtained before and
after the intermission suggested a possible 15 A diffusion during
this period, see Figure 1. Other possihble sources of the
difference were instrumental calibration, film thicknesses, etc.
While these are considered unllkely, the data at this time are
inconclusive on this point.

In a separate set of measurements, the radius of gyration of
several polystyrene latexes (still in dispersion) used in previous
experiments (at NIST), as well as for the present set of
experiments, were determined. These experiments were entirely
successful, adding an improved starting point in the
1ntfrd1fiu51on experiment. The results of this experiment were
incorporated in two papers, one already submitted to
Macromolecules, and the other about to be submitted. Pending
resolution of the above mentioned discrepancy, this third set of
data will also be submitted to Macromolecules.

References:

1. J. N. Yoo, L. H. Sperllng, C. J. Glinka, and A. Klein,
submitted to Macrcmolecules, ''Characterization of Film Formation
from Polystyrene Latex Particles wvia SANS: 1. Moderate

Molecular Weight.

2. J. N. Yoo, L. H. Sperling, C. J. Glinka, and A. Klein,
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to Macromolecules.
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Experiment report:

A Pavlov and Serdyuk! style experiment was begun using isotopically
labeled 30S particles. The basis of the method reties on subtracting two
different scattering curves of the same multicomponent particle that have
been identically prepared except that one of the common components has
different extent of deuteration. Upon analysis of the preliminary
scattering curves from these samples, it was determined that the
samples differentially aggregated during the course of transport from
New Haven to Los Alamos. On the basis of this fact, it was decided that
there was no useful information to be learned from continuing the
experiment. -

To exploit the remaining beam time, it was decided that calibrating
LANSCE with a biological sample that was well characterized would be
valuable to the neutron scattering community. S0S ribosomal subunits
were used as a sample in a contrast variation experiment. These particles
were considered not abnormally large and they have been well
characterized.2 Both Guinfer and P(r) analysis were carried out at Los
Alamos for scattering curves measured at 20%, 40%, 80%, and 100% D20 by
Jill Trewhella, These two types of analyses showed good agreement with
each other. Using this data, Stuhrmann3 plots (V1 vs. D20, and Rg2 vs. V1)
were carried out to calculate the match point of the S0S particle as well
as the radius of gyration of the subunit and its protein and RNA
components.

1R2.



| Experiment report (continued):

Tnis Datad  Previous Results?

Re 76 A 70£1 A
Re 101 A ~100¢4 A

Rp 60 A 50t4 A
v |
Analysis of ‘t':.;«ase/’ data indicate that the samples may have been
slightly ‘aggregated. However, they seem to be in fairly good agreement
with the previous characterization from monochromatic neutrons.

"Paviov, M. Yu. and Serdyuk, | N, J Appl Cryst.(1987), 20, 105

2Crichton, RR., Engleman, DM, Haas, J, Koch, MHJ, Moore, PB.,
“Parfait, R, and Stuhrmann, H.B. (1977)Proc. Natl Acad Sci USA 74, 5547

3 Stuhrmann, HB. and Kirste, R G. (1967) 2 Phvs Chem. S6, 334

4This Data was the result of Interpretation of P(r) anal

Sis using a
data range of C.015A-1 ¢ Q < 0.09A-! ’ ’

P(r) Analysis

%020 Rg lo Jrmax X 20d.f)
20 68.3+.3 1.076+.008 160 87.7(45)
40 644+ 5 0.310+.004 195 106(45)
80 88.8£1.5 0.674+.019 270 47.6(43)

100 | 79.5+.26 2.255+.017 205 53.4(44)
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(Abstract submlitted to COPS II, Alicante, Spailn, May 6-9, 195%0]

SMALL-ANGLE NEUTRON SCATTERING STUDY OF FUMED SILICA POWDER COMPACTION.

Alan J. Hurd!.?, CGregory P. Johnston?, and Douglas M. Swmlth?
iSandia National Laboratories, Albuquerque, New Mexico 87185-5800  USA,
“Center for MicroEngineered Ceramics, University of HNew Mewico, Albuquerque,

New Mexico 87131 USA

ABSTRACT

In a previous study of fumed silica by mercury porosimetry (1), we
~stablished an inverse dependence of the powder compressibility <« on applied
pressure p, heralded by power-law differential volume wvs pressure curves.
Inmdependent small-angle neutron scattering (SANS) measurements, undertaken to
establish microstructure, irdicated a decreasing zero-angle intensity, S7q-0),
with increasing sample compression.

Preliminary analysis indicated that, like the compressibility x, 50q-0)
is inversely proportinonal to pressure, It is well known [rom stadies of
svstems in thermodynamic equilibrium that S$/q-0, {s proportional to k; our
results suggested -an andlogous relation for svystems in mechanical equilibrium
fbur net thermodvnamic equillibriamg.

In this paper, we have tested this relationship, in the low pressure
regime, by correlating the scattered neutron intensity from samples in various
deprees of compression, We find that, while the intensity does decrewse with
increasing compression fafter removing the effects due merelv to preas
sample density) as expected according to the compressibility analopr, ¢

er
boee

dependence is not the same as that found by mercuary porosimetry.
Compressed fumed silica has been studied as a percolating sooren by

several groups (2-4); we have not yet attempted such an analvsis,
This work was supperted by Sandia Hational Laboratories under Departinent
of Energy Contract DE-ACO4.-76-DPO0O789, Los Alamos National Laboravory unders

DOE Contract W-7405-ENG-%6, and the UMM Center for MicroEngineered Ceramics.
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Experiment report:

SEFE ABSTRACT, NEXT PAGE
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Experiment veport (continued):

Abstract Submitted
for the March 1990 Meeting of the
American Physical Society

November 14, 1989
Date

Static Ising-Mean Field Crossover in Binary Polymer
Mixtures. F.S. BATES, J. H. ROSEDALE, P, STEPANEK, T. P.
LODGE, University of Minnesota; R." g, Los Alamos
National Laboratory; G. H. FREDERICKSON, P. WILTZIUS,
AT & T Bell Laboratories--A low molecular weight binary mix-
ture of cis-1,4,polyisoprene and partially deuteriurm labelled
poly(ethylene-propylene) exhibiting a critical temperature and
composition of T, = 38°C and ¢, = 0.60 was studied between 40
and 100°C by small angle neutron scattering. A crossover from
Ising-like (i.e., universal) critical behavior to mean-field behavior
occurs for this system at T, = 73°C. An analysis based on the
Ginzburg criterion demonstrates that this result is consistent with
a prior study [1] involving a high molecular weight polymer mix-
ture where T, - T, = 2°C,

1. D. Schwahn, K. Mortensen, and H. Yee-Madeira, Physical
Review Letters 58, 1544 (1987).

Slg:natur; of APS éemﬁer

Timothy P. Lodge
Department of Chemistry
University of Minnesota
207 Pleasant St. S.E.
Minneapolis, MN 55455
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kxperiment report:

Discretionary time was used to demonstrate the feasibility of using the L.QD for
determination of the fractal dimension of the surfaces of various commercial carbon blacks
which are used to enhance properties of rubber compounds. This is a preparatory
measurement in a program to study the nature of the interaction of elastomer molecules with
the carbon black surface; this s an unsolved question of extreme importance in the rubber
industry’. Product improvements by even 1% could result in huge savings in the automobile
industry, for instance through extended tire life and/or improved fuel economy,

Three samples were run: N234, which is a strongly reinforcing filler; N330, which has
intermediate p:. serties; and N762, which does not strengthen rubber significantly when used
as a filler. All carbon blacks are very strong scatterers, and the major problem was that with
samples approximately Y4-mm thick the count rates were too high for the detector, leading to
some miscoding of positions. Average data collection time was S minutes. An additional run
was made on N234 with a sample made by sprinkling powder on Scotch tape. Data collection
in this case was for 30 minutes. Power-law fits have been made to each data set in the range
0.04 < Q < 0.09 A, as shown in the accompanying figure. The implied fractal dimension
for all three samples is 2.40+0.0S.

These results were presented® at a meeting of the Rubber Division of the American Chemical
Society. Additional discussion of the significance and experimental approach, and references,
are included in a 1990 LANSCE proposal entitled "Surface Interaction Between Active
Carbon Black Surfaces and Elastomeric Chains."
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Experiment report (continued:
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Experiment report:
INTRODUCTION:

The availability of intenge pulsed spallation naeutron sources, such as
IPNS, LANSCE, ISIS etc, producing intense neutron beams with wavelengths in thae
reglon of 1 to 15 A offers new and unique possi‘ilities for the use of gmall
angle neutron scattering (SANS) in structural studiesg of proteins and other
biological systems containing metals, organometallics, polymers containing
metals and metallic alloys. Conventional SANS techniques are useful to study
parameters such as the size, shape, molecular weight, polydispersity etc of
the systems. However, i1f the SANS Reasuremants are made using neutrons with
vavelengths in the region of the resonance of uan element (label) digtributed
in a system, significant changes in the signal can be seen which has the
information on the distribution of the resonance species, This technique is
called resonance small angle neutron scattering (RSANS), Since the pulsed
neutron sources operate using the time-of-flight techniques using a beam of
vide wavelength region, typically 1 to 15 A, macromolecuies containing labels
wvith resonance in thisg vavelength region, both SANS and RSANS from the system
can be measured in a single experiment. The signal in the resonance region of
a label in a macromolecule will yleld information on the lahel distribution,
vhile the signal from off-resonance region will provide all the information one
can obtain from the conventional SANS. It is important to cite that there are
analogous techniques using x-rays exist which are small angle x-ray scattering
(SAXS) and anomalous small angle x-ray scattering (ASAXS). Tha ASAXS technique,
being a very veak effect, became possible only with the advent of powerful
synchrotron x-ray facilities with tunable vavelengths and has heen applied to
the determination of intermetalliec distances 1in proteing and partial structure
functions of phase separating metallic alloys.
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Experiment report (continued):

Recently we have studied the structure of the aggregates f-ormed by the
Praseodymium-CMPO [octyl(phenyl)-N,N-diisobutylcarbamoylmethyl phosphine oxide]
complexes in organic solvents (Thiyagarajan et al., 1988). These studies showed
that Pr-CMPO complexes in C6D6 form aggregates with a rod shape with a radius
and length around 10 and 300 A respectively. We believe that the particle formed
is a polymer wherein the metal ions are interspaced by the extractant CMPO. It
is however cannot easily be confirmed by techniques such as EXAFS or NMR., It
would be interesting to find out whether the particle is formed due to
polymerization of metal-CMPO complex serving as a monomer or due to some form of
aggeregation of extractant and metal ions. The RSANS can provide this
information as we can measure the correlations related to the resonace labels
from this technique.

on L&Y

Ve carried out SANS measurements on the 0.2M CMPO-149Sm and 0.2M CMPO-Pr
complexes in C6D6 by removing the MgO filter in the beam;in order not to
‘attenuate the neutrons in the region of 0.9 A. The usugl‘lonfiguration for
the LQD instrument is running the experiments with the cold Mg0 crystal filter
in the beam thus attenuating the neutrons with wavelengths below 2 A. Our
experiment was the first one requiring the Mg0 filter to be out of the beam and

this caused some problem¢setting up the experiment. The difficulties that we had
to face were the dead time effects in the upstream monitor and the area detector
as well as problems with the data acquisition software to collect data. This

- resulted in loss of about 1 day’s beamtime and we could not get good enough
statistics to analyse the data in the resonance region. However the data shown
- in Fig.1l clearly demonstates that these experiments are feasible. Two important
results emerged from this study. First the OFF RESONANCE region shows that the
149Sm-CMPO system in C6D6 forms particle with size similar to that of pr-CMPO.
There is an excess of coherent scattering in the resonance region for the 149Sm-
CMPO when compared to that for pr-CMPO. This is quite encouraging and we believe
that this technique will provide direct information on the disposition of the
149Sm ions in the aggregate. Data of higher statistical precision i1s needed to
achieve that.
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Experiment report (continued):
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Figure 2: Smectic layer rotation as a function of temperature.
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Experiment report:

Experiments were carried out from 5-7 Sept., 1989 to investigate the
structure of a mixture of colloidal particles, specifically a mixture of
polystyrene latex and silica (ludox) spheres in water. Results are reported for
the mixture at rest and under shear. The shearing apparatus was that constructed
for the NIST facility with minor adaptations for the LQD spectrometer. A feature
of the work was that the mixture was contrast matched by appropriate mixing of
D,0 and H,0 in the aqueous medium. It is proposed to present the work in two
publications; a letter and a Faraday Discussion paper if accepted.

The results are summarized in the abstract of a submitted letter
~publication, as follows: -

ABSTRACT

The intensity of neutrons scattered from a well characterized binary
colloidal suspension are reported. Results are given for the system at rest
and under shear. Partial intensities were obtained by selective contrast
matching. The experiments were carried out at the LQD pulse-source facility at
the Los Alamos national laboratory. The shearlng cell was a modification of
the apparatus constructed for experiments at the reactor facility of the National
Institute of Standards and Technology.

The mixtuie consisted of 92 nm polystyrene latex and 54 nm silica particles
in water at a mixture volume fraction of 0.15, with a nominal polystyrene/silica
number ratio of 1.7 to 1. The polystyrene and the silica were contrast matched
by appropriate mixing of D,0 and H,0 in the aqueous medium, All solutions
investigated were stabilized at a pH of 7 and contained an NaOH ion concentration
of about 40 uM/1.
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Experiment report (continued):

Estimates of partial structure factors are given. The shear influenced
behavior of the mixture is compared and contrasted with that from pure poly-
styrene under equivalent conditions. Indications are that the tendency of the
polystyrene to order at rest, and under shear, is suppressed by the addition of
the smaller silica particles. We demonstrate that the well known fluid ‘
mixture approximation that the structure factor, or the radial distribution
function, of the components should scale with the particle radii is not valid
for this mixture in which one species is substantially bigger than the other.

References:
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Supplement to Report on Experiment 288, Sept‘l989

Our previous experiments should be considered successful, however they

should also be considered preliminary since the data analysis was somewhat
clouded by apparatus and sample problems and our unfamiliarity with the LQD.
Specifically:

Shearing. experiments involve the examination of asymmetry in the vector

Q maps caused by shear. Extensive analysis of the 2-D data heuve revealed,

previously unrecognized, areas where LQD instrument improvements/adjustments

are necessary,

We were unable to use the gravity focuser during the shearing experiments
because its operation caused substantial mechanical vibration. This vibration
prevented us from doing the precise alignment of the shearing appdratus'’
rotating elements which is absolutely necessary. Analysis of the 2-D Q maps
obtained from the experiments, without the gravity focuser, revealed, as
expected, a considerable loss in resolution in the Y direction. However,
analysis of zero shear data, obtained with the gravity focuser operating,
revealed similar, although somewhat smaller, loss of resolution in the Y
direction, leading to tne conclusion that the gravity focuser was perhaps
detuned for these runs. Circular averaging of the data distorted the
intensity peek shapes which are important to us in this work.

The vibration problem has since been corrected by decoupling the gravity
focuser from the sample mounting area. A periodic check of the gravity
focuser tuning will be made during subsequent experiments.

For the colloid work it is necessary to push the 1QD to its lowest Q
limits, Our unfamiliarity with LQD and the relation between (a) the TOF
slices used in the analysis, (b) the resolution of the instrument and (c) the
minimum Q resulted in our inability to recognize problems with a few samples
which only became obvious after the fact. Reanalysis of the data using only
a few of the higher time channels revealed evidence of previously unrecognized
problems, either multiple scattering or interference effects, which should
be eliminated or reduce to more tolerable level in future experiments.,

The shearing cell is a Couette-type concentric cylinder apparatus where
samples are located in the annular gap between a stationary inner cylinder
and rotating outer cylinder. Some modifications to the shearing apparatus
are planned for the next series of experiments. New sample cells are being
constructed which will allow better temperature control and the ability to
look off-axis in order to sample a component of the shear perpendicular to
the incident beam direction. Cells will also have a smaller annular gap to
reduce multiple scattering and allow higher shear rates.

We believe that we can do much better work now that we are aware of the
pitfalls and are more familiar with LQD. LQD staff have worked closely with
us on resolving these problems and we feel future work will be of mutual
benefit.
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Surface Profile Analysis Reflectometer (SPEAR)

The Surface Profile Analysis Reflectometer
(SPEAR) views a liquid-hydrogen moderator
maintained at 20 K. The moderated ncutrons are
collimated into two beams within the LANSCE
target’s bulk biological shielding. The beams are
inclined dewnwards at angles of 1.5%and 1.0°

to the horizontal and converge at a common
sample position 8.73 m from the moderator.

A specially designed mercury shutter allows

the beams to be operated either independently
or simultancously. As defined by the in-shicld
collimation, the vertical resolution of cach beam
(D®/0) is 5% for horizontal surfaces, and

the horizontal resolution (D®) is £0.25°,

A “T chopper” is located 5 m from the moderator
in a heavily shiclded cave just outside the bulk
shield. This chopper rotates a 300-mm-long nickel
slug into the beam during the initial flash of high-
energy neutrons and gamma rays and significantly
reduces the background that limits reflectivity
wasurements, At the midpoint of the beam line
(6.19 m) is the frame-overlap chopper, which
consists of a thin ncutron-absorbing disc with two

opposing 90° segments removed. Rotating at one

half of the PSR repetition rate, this chopper defines
the wavelength band (1-16 A or 16-32 A) to be
used and suppresses frame-overlap background

A 2-m length of the beam path is accessible
between the frame-overlap chopper and the
sample position. This section allows for further
tailoring of the incident beam. Possible modifica-
tions include slits for tine horizontal collimation

of the beam for in-plane or diffuse scattering ‘
studics and polarizers for magnetic depth profile
measurements.

A goniometer at the sample position allows solid

- samples to be tilted to change the angle of inci-

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

Three detector systems are available for use

on SPEAR: a single *He detector for use in low
reflectivity studies; a single linear position-
sensitive detecior with 1-mm resolution when
high angular resolution is required; and a bank
of twenty 12.5-mm-diameter x 300-mm-long
linear position-sensitive detectors

(3-mm resolution) stacked side by side, forming
a two-dimensional detector for studies

of off-specular scattering,
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Instrument Detalls

Moderator-to-detector distance
Wavelength frames at 20 Hz

Q range (horizontal sample)
Beam cross-section at sample position

(maximum sample agceptance)
Moderator

12.38 m
1<A<16 A
16 <A <32 A

0.007 <Q<0.3 A"

5-mm high x 50-mm wide (1° beam)
7.5-mm high x 50-mm wide (1.5° beam)
Liquid H, at 20 K

Neutron flux at sample position for 1.5° beam at 60 pA:

Detectors

Minimum reflectivity
Typical run duration
Greg Smith, instrument sciantist

Bill Hamilton, instrument scientist
Ross Sanchez, instrument techniclan

1 <A< 6 A 3.4x105n/cm¥s
6 <A<16 A 3.3 x10* nlcm?/s
16 <A <32 A 2x102n/cm¥s

Single *He tube
1-mm resolution linear *He position-sensitive
detector

" 3-mm x 12.5-mm resolution *He position-

sensitive-detector array
(250 mm x 300 mm area)

10¢

30 minto 6 hr
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Experiment report:

Diblock copolymers are polymers constructed from two different homopolymers (polymers made
up of n times a single monomer constituent), In the microphase separated state, diblock
copolymers can exhibit spherical, cylindrical, or layered morphologics. The behavior of
copolymers in the bulk has been studied by many different laboratories and has provided important
insights into the interactions occurring between the two different block constituents. The
characteristics of diblock copolymers at surfaces and interfaces in the solid state has, on the other
hand, received considerably less attention. However, the use of block copolymers as agents for
compatibilizing two immiscible homopolymers (i.e. in recycling of mixtures of different plastics)
and as surface active components in a multicomponent system has focused attention to the
interfacial and surface activity of block copolymers.

We used neutron reflectivity measurements taken on SPEAR (the Surface ProfilE Analysis
Reflectometer) at LANSCE to make prelininary investigations ol the block morphology within
films of symmetric diblock copolymers of polystyrene (PS) and polymethylmethacrylate (PMMA),
These films were prepared in a phase mixed state by spinning solutions of these copolymers in
toluene onto a flat silicon substrate. Annealing of these films at 170 °C for 24 h has been shown
to produce dramatic orientation of PS and PMMA rich microdomain layers parallel to the surfaces
of the films!, This alignment results in a periodic arrangement of the block phases that persists
evenly thronghout the entire thickness of the film. Further, it has been shown that during the
annealing process this multilayer order is established from the film interfaces and proceeds inward
(PS exhibits an affinity for the free surface and PMMA is preferentially located at the film/substrate]
boundary). The final ordering of the film is dictated by several factors which will compete as it is
established. The final bilayered structure is quantized to a half integral fraction of the final layer
thickness, however initially the phase separated layers established at the film interfaces are not
necessarily so restricted. Furthermore, the mixed phase state density of the film will be different tol
the separated phase (PS and PMMA) densities so the overall thickness of the film will change
during the ordering process. ‘

Our experiment was designed to investigate the formation of the microphase domain
structure during the annealing process. Specifically, at what stage and in what manner the
necessary spatial phase relationships between layer structures beginning at the film's free surface
and substrate boundary are established. Selective deuteration of the homopolymers was used to
enhance neutron optical contrast between PS and PMMA rich regions. (Our copolymer is PSH-
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Experiment report (continted):

~ variations of the microphase domain thicknesses and spatial phase between these structures as the

“microphase order is fully established within a film of total thickness 1700 A: and an intermediate

PMMAD, with each homopolymer having a molecular weight of 50,000.) The reflection’
coefficient for neutrons is very nearly proportional to the modulus-squared of the Fourier
transform of the neutron contrast profile of the surface, which is manifested as an interference
p' terh modulation of the reflected signal. This makes the technique exquisitely sensitive to

multilayer structure is established?,

The figure shows reflectivity as a function of the reflected neutron scattering vector for three stages
in the annealing procedure (the profiles have been have been separated over the log scale): ‘
Unannealed - the reflection profile shows the even interference fringe pattern of due to
homogeneous mixed phase film 2030 A thick; Annealled for 24 h at 170 °C - the bilayer

stage in the annealing/ordering process (3 h at 170 °C) showing the interference pattern of a
morphology sharing aspects of both structures. This data is currently being analyzed using both
conventional (medel fitting) and maximum entropy techniques.
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Experiment report:

Multilayers, as Mn/Ge [1] and Fe/Ge[2], used for grazing incidence polarization of neutrons
provide an improvement in reflected intensity over conventional Ni mirrors. The multilayer is a
replacement for a ferromagnetic crystal which selectively Bragg reflects neutrons of one spin
state as a consequence of interference between the nuclear and magnetic contributions. The
multilayer 'supermirror' provides the possibility of even higher reflectivities (>95%) to grazing
angles beyond twice the critical angle of a Ni mirror [3,4] for all wavelengths, thus serving as a
wide band-pass monochromator. Examples include 15-20 layer pair structures of Fe/Ag or
Ni/Ti with d-spacing of 260-290 A, nominally, for neutron wavelengths of 1-4 A,

The samples were prepared and characterized at LLNL and the results of analyses described
elsewhere [5]. An initial characterization of the multilayer crystallinity was undertaken using
conventional 6-26 Bragg x-ray diffraction. Grazing angle scans clearly show Bragg peaks due
the layer pair spacing of the Ni/Ti structure. A full scan (26 = 15°-100°) indicated the amorphous
or microcrystalline nature of the Ti components, due to the lack of any well defined (hkl)
reflections, and the (111) texturing of the Ni layers.

Neutron reflection measurements were taken for the multilayer 3-88-0908B over the Q
range 0.01-0.2 A1, As expected, we observe unit reflectivity due to Bragg scattering from the
multilayer at Q values well beyond the critical edge for Ni, figure A (the dashed line is the
calculated reflectivity-for a simple Ni surface and the nominal structure appears as an inset).
Neutron analysis of the structure has proceeded to the point that features in the measured and
calculated reflectivity profiles can be matched in Q, but are not yet fitted, We have also not
included a realistic interfacial roughness variation throughout the multilayer. Roughness has
been included in the simplest possible way: a "generic" 11 A roughness over all surfaces,
obviously a very crude estimation. With these limitations admitted, we have been unable to
confirm the 260 A bilayer repeat distance claimed in reference 5. Q values of the gross features
of our reflectivity profile indicate a repeat distance of 24045 A. This is consistent with the small
angle x-ray data presented as figure 1 (a) in that paper, which would seem to indicate a bilayer
repeat spacing of 245+7 A. Our data would further seem to indicate that most of the difference
can be explained by a lessened Titanium thickness; probably closer to 85 A than 110 A. A
significantly different value for the 150 A Ni thickness has been ruled out, since cven slight
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Experiment veport (contined):

adjustment (~5 A) of this layer has a very noticeable effect on the calculated critical reflectivity
edge position at low Q, while it appears relatively insensitive to the Ti thickness, owing to the
much lower scattering length density in these layers. Our best effort to this moment appear in
figure B, with the calculated reflectivity with allowance for instrument resolution for a 240

 bilayer: Ni(155 A)/Ti(85 A).

While these measurements are in some disagreement with the larger value from electron
microscopy data their preliminary nature is obvious from the discrepancies between the
calculated and measured reflectivities. It is also important to note that, while the electron
microscopy numbers are derived from the well defined layers near the base of the multilayer,
both the small angle x-ray-and neutron reflectivities depend on: correlations over its entire
thickness. The progression of the interfacial roughness through the multilayer would have
significant effects on the reflectivity. To a first approximation, roughness appears as a
"smoothing" of the depth averaged scattering length density profile, which would tend to
depress high Q features in the reflectivity profile. There is some svidence for this in figure B.
Further, the severity of the distortion in the upper layers ("The Ti layer traverses a path
approximately twice its constituent width in the direction of composition modulation" [5])
results in a scattering problem that is beyond the scope of a simple reflectivity calculation.

' These problems could be avoided in future in a series of samples; beginning with a
single bilayer and working up to true multilayers. Characterization of the type reported in
reference S could then be used to obtain quantitative estimates of the effect of the progressive
coarsening observed in the layer structure on its neutron optical characteristics; information that
will be of value in future attemnpts to create true broadband supermirror multilayers.
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foxperiment report;

We have made neutron reflectivity mca‘surements of layers of deuterated polystyrene grafted to
a silicon interface by short adsorbing blocks of poly (vinyl pyridine), in a matrix of normal
polystyrene of various molecular weights. The samples were prepared by spin casting thin
films (thickuesses in the range ~ 50 A -350 A) onto silicon wafers. Thicker films of normal
polystyrene (thicknesses of order 1 yum) were then floated onto water and picked up on the
wafers. Figure I shows the reflectivity of such as sample as made, plotted as the product Rk4
against k, where k is the perpendicular component of neutron wave-vector, and R is the
reflectivity. In order to have an accurate and absolute measure of the angle of reflection an 2-d
positioﬁ sensitive detector was used; unfortunately however the rather high background of the
detector used meant that reflectivities could be measured only down to about 1074, The
prominent fringing is due to interference between reflection from the front and back of the
block copolymer layer, anc allows us to ascribe a thickness of 350 A to the block copolymer
film as cast. The reflectivity of a similar sample after annealing is shown in figure 2. The
fringing has disappeared, indicating that the interface beteen the deuterated PS-PVP layer and
the normal polystyrene layer has become diffuse. The solid line indicates the best fit to a

parabolic type profile - this shape might be expected by analogy to solution experiments | 1].
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Experiment report (continued):
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This type of profile leads to less dramatic fringing arising from the discontinuous first
derivative in the theoretical profile; however the data shows no fringing at all. This is not a
surprise as the theoretical arguments leading to this prediction assume the idealisation of infinite
molecular weight. Systematic deviations from the theoretical fit remain, however, ihdicating
qualitatively that the actual profile is flatter than a parabolic profile. Again, this is predicted
qualitatively by recent theory for rather high surface coverages [2], although the possibility of
non-equilibrium effects cannot be ruled out. Efforts are continuing to find a functional form
which better represents the data.

References:
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Filter Difference Sgsctrometer (FDS)

The Filter Difference Spectrometer (FDS) measures
changes in the energies of neutrons scattered by a
sample in the beam. Scattered neutrons reach the
detectors via polycrystalline Be or BeO filters,
which will only pass neutrons that fall within the
cnergy bandwidth of the filters, This determines
the final energv of the scattered neutrons. Energy
transfers can then be calculated from the time

of flight of the neutron from the source to the ‘
detector. The use of both Be and BeO filters allows
different spectra to be taken, which results in
much improved resolution. Data can also be
corrected using a model filter-response function
using either a numerical filter-difference-method
or maximum-entropy-method deconvolution.
Energy resolution can thereby be improved to 1.5 -
2% of the energy transfer over most of the range of
the spectrometer. Because it detects neutrons over
a very large solid angle, the FDS is most useful for
measurements requiring high sensitivity, such as
the vibrations of molecules adsorbed on surfaces.
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Instrument Details

Energy-transfer range
Q range
Energy-transfer resolution

Beam size at sample
Detectors
Filter analyzers

Moderator
Sample environment

Sample size
Experiment duration

37 - 620 meV (300 - 5,000 cm')*

1.5-17 A

1.5% - 6.5% , depending on
data treatment

2.5.cm wide x 10 cm high

60 °He (1.3 cm diameter)

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

Chilled water at 10¢ C

10 - 300 K, closed cycle refrigerator;
furnace temperature limit 400° C

0.5 - 100 grams

2 hours - 2 days

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

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

(CH3)4NMnBr3 (TMMB) is a quasi onc dimensional linear chain compound and at room temperature is
isostructural with the much studied model compound (CH3)4NMnCl3 (TMMC). However, these
compounds undergo phase transitions at 144 and 126K, respectively, this transition being first order for the
bromide but nearly second order for the chloride. There are no structural data for the low-temperature phasc
of TMMB but the transition is thought to be brought about by the ordering of the (CH3)4N* ions.
Motions of the cations or their components can be investigated directly via inclastic and quasielastic neutron
scattering. The low energy INS spectra of TMMB at low temperatures (~10K) are dominated by an peaks in
energy gain and loss of around 36 cm-1, These peaks are almost certainly due to librational motions of the
cation as a whoie and reflect a rather low hindrance potential. As the temperature 1s increased, these motions
become increasingly damped and the inclastic peaks broaden, move to lower energy, and a central a quasi-
clastic component develops. However, the intensity of the quasiclastic component is greater than that
expected simply from the damped harmonic oscillator and further its profile strongly suggests the presence
of two components of diffcrent widths, Within the limits of the data the spectra can be quantitatively
reproduced using either a model in which there are two types of cation with different rotational barriers or a
model in which the cation is appreciably distorted from cubic symmetry. At temperatures above that of the
phase transition (at around 150K) the spectrum become somewhat intractable in that the inclastic peaks
remain, but are weak and poorly resolved, and a third very broad quasielastic contribution appears.
Quantitative analysis of these spectra has proved exceptionally difficult but it is clear that there is a dramatic
change of some element of the cation dynamics at this phase traasition.

FDS RESULTS

In order to obtain more information about the effective symmetry of the cation and the possibility of
multiple site occupancy we have obtained the high resolution high-cnergy INS spectrum. In fact the
diagnostic region lies between 200 and 600 cm~! in which we would expect to see four characteristic bands:
symmetric and antisymmctric methyl torsions and ' similarly symmetric and antisymmetric C-N-C
deformations, Basically if there are two crystallographically distinct cations in the structure we would expect

to see a simple doubling of the bands whilst if there is a reduction of symmetry some degeneracies will be
lifted.

In the raw data from FDS four intense bands are indeed seen at 216, 304, 368 and 465 cm-! which are
readily assigned as above, respectively, but there is fittle sign of cither band doubling or splitting. In the
"Mezei"-treated data however, a low-frequency shoulder is just resolved on antisymmetric methyl torsion
peak, this being a molecular T-mode. ‘The maximum entropy reconstruction spectrum is even more




Iy

Experiment report: (continued)

encouraging in that it shows a clearly resolved doublet at 280 and 297 cm~! with the intensitics being in
the approximate ratio of 1:2. Assuming that there arc no other unresolved splittings we can conclude that T-
modes are split into A+E whilst E-modes (symmetric C-N-C deformation) are left degenrate, By clementary
group theory this leads to the following possible effective symmetries of the (CH3)4N ion: D2y, C3y, S4

or C3.

This information should enable the quasiclastic ncutron scattering data to be analysed unambiguously which
is obviously a vital starting point for understanding the phase transitions in these materials.
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Experiment report:

We have investigated the first molecular hydrogen complexes of cobalt,
[(Pr)Co(,)], where PP, (= P(CH_CH,PPh_).) is a tripodal phosphine ligand
(schéme 1)“in which all Tour‘phos%hiﬁe déndrs are tied together [1]. This is
in contrast to the related complexes such as [FeH(H,) (Ph_ PUH GHZPPh )] with
diphos ligands, where relatively easy exchange betwgon hydride and 5ihydrogen
ligands is observed [2] in solution. In the Co compound of the present study
strong metal-dihydrogen binding is in fact observed with the attendant high
depree of H-H bond activation. This is indigatod, for cxample, by the large
value of J(H,D) (=27.8 Hz) in [(PPZ)COCHD)] .

While the Ir analog of our coipound forms an octahedral cis-dihydride
under all conditions, the Rh analog shows stable dihydrogen binding in solution
above 173K [3]. The Co complex, on the other hand, appears to retain its
trigonal-bipyramidal (TBP) shape even in the solid state as indicated by an
X-ray diffraction study [1]. This strongly suggest dihydrogen coordination, as
the classical cis-dihydride would require an octahedral geometry about the Co.

We have therefore examined two samples of [(PP)Co(l,}] on the high
resolution time-of-flight spectrometer INS5 at the Tnstitut Laue-Langevin and
on the FDS at LANSCE. One of these samples was crystallized with (PF), the
other with (BPha)_. Differential spectra for the FDS require the use of two

. , v1t e
X-rayv structure of [(PP)Co(H,)] . The
dihydrogen ligand could’not bé located,
but is expected opposite Pl'




Experiment report: (continued) .
Be  Co(H,~D,)PP,PF,

"blank'" samples, which were, ro:;pectivel?:” T : : -
the (D)) and (NJ) analogs,
Ifi the TNSTexperiments we were <

unsuccessful in observing the =y N -
rotational tunneling spectra of the P A / o
i, ligands. The reason for this may ¢ 2f / \ Ve R
w61l be that the batrier to votation & ' 4N et al \
in these cases is too high, so that =+ .~ R TN ]
the tunnel splitting is too small to aF 7. .
be observable. Since there is an ! ‘ '
approximately oxponential dependence % | 1

a . N - H (. O -y L N
of tunnel splitting on the barricey N +00 500 800

height small changes in metal-I,

binding can casily make the latfer Be COGHfNQPPyBPWt

unobservable, It is, of course, also s ‘ . ‘ '
possible that there is no, or only a Al )
small amount of Hi -ligand in thesc ol ]
complexes., “ Sr =

High frequency vibrational data o .34*J
on the FDS for the two compounds are E at e T
shown in Fig. 2. The spectrum for LA ‘ etV f
the (PF )" compound is rather = V ol N j
similar to others [4] obtained by this gL //V R :
technique, except that it is shifted A :
to higher energy. In fact, if ,we werc i ]
to assign the peak at 400 cm = to the o l— L : r . '
Co-(H,) torsion, the corresponding - 400 600 €00
rotational tunnel splitting of about Wave Number (cm™")

0,04 meV would have been difficult

to observe with the conditions used

in the INS experiment. . 1 Pig., 2 bifferential spectra (Be only) of the
Peaks at 500, 700 and 750 cm two forms of [(PP)Co(lI,)] .

in the top figure could then be v B

| assigned to Co(il,) deformation modes and some possible Co-hydride hending modes,

whereby the presénce of a mixture of classical and non-classical binding would

be indicated., The data on the (BPh,) analog is less conclusive at this time.

Further analysls of these data, as well as that of related complexes is in progres

as well as independent attempts (single-crystal diffraction, solid state NMR) to

ascertain the presence of the dihydrogen 1igand in the solid state.

o 23
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Experiment report:

isotopomers C.H NHCOCH

of a Fermi rosonance.

§) 3’
our program to sLudy intermolecular vibrational coupling in biologilcal building
block molecules, such as glycine [1] and DL-Alanine [2]. This work is aimed at
obtaining information on energy transfer mechanisms. In the case of ACN there
has been considerable interest in its vibrational spectra because of anomalies
A variety of explanations have been given for these
anomalies [3] including the formation of solitons or alternatively, the presence

L(DSNDCO(H

in the IR and Raman spectra.

’ C(HSNH(OCD3

We have obtained low temperature vibrational spectra of the acetanilide
and C6H)NDCD as part of

Because of the large intensity changes that are associated with replacement
of H atoms by deuterium, INS can be extremely useful in pinpointing intermolecular
vibrational coupling which may play a role in energy

transfer phenomena. If, for
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Experiment report: (continued) ‘ .
ACN(phenyl—d,N~d)

example, deuteration on one
molecular group causes Intensity
changes in vibrational modes of
another, such coupling may be .
Indicated. |

Spectra obtained on the FDS
at 12K are shown in the figures
of ACN (left), ACN with the
phenyl ring deuterated and the
hydrogen bond as well (right, top)
and ACN with the methyl group S L . .
deuterated (right, bottom). The N
last sample did not receive !
sufficient beam time, as the “ 5o
source was shut down for the end &f@f ux?ﬁ? ! [
of the cycle. All sgpectra shown 200 400 600
were treated with the "mezei method".

We are now in the process of Wave Nurnber(qnf4)
analyzing these data 1n conjunctina
with the large amount of optical ACN(methyl—d3)
data we have tuaken. In addition,
we are carrying out a reflinement
of the force constant model with AR
an NCA on neutron intensities
and optical frequency data by means ' !
of the program CLIMAX [4], which . ]
had to be altered to handle a
system of this size.
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Reﬂwemms:1' S.I A Kettle, B, Lugwisha, J. Bckert and N, K. McGuire, Spectrochim,
Act. JA5A, 533 (11989),

2. S.FLA. Kettle, B, Lupwisha, P, Vorderwisch and J, Eckert, Spectrochim. Act.
(in press, 1990)

3.0 B. Swanson, and . Johnston, Chem., Phys. Lett. 114, 547 (1085); and references
therein,

4, G, Jd, Kearley [personal communication]
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Experiment report:

Definitive evidence was recently found showing that metal-ammonia solutions
of lithium and alkaline earths, held in the van der Waals gaps of titanium disulfide
formed solvation compleses. This study was initiated to explore the molecular
energetics within these intercalates. A seriesof three samples with varying calcium
contents (x =0.032, 0.065, 0.099) was studied on the FDS. These compounds follows the
generic formula;

(NH3)y(Ca2* x(NH3)BI(NH4* )y TiS2 000sx50.12 .

Their stoichiometry varies approximately as: B 3x,y 022-2x, andu varying aboulu =
0 6-B-y for low x ;u =0 4-B-y for high x. This set of variations was designed to find the
energies and motional modes of the solvation complexes. The figures helaw shows: 1)
IINS spectra for the x = 0.099 sample and 2) [INS spectra for x = 0.032 sample. The peak
near 480 cm™! can be associated with the complex, those near 300-350 cm”! can be
associated with the loose ammonia (NH3)u.

More work is needed to further understand these systems. Time is being
requested for the 199V run cycle.
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Ixperiment report (contnued):
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Experiment report:

We are carrying out a program designed to fully chracterize the dynamics of
H in extremely short ( R(00)% 2.45 R ) hydrogen bonds. For such systems the
antisymmetric stretch Y(OHO) occurs at very low frequency in a spectral region
wvhere it is often difficult to assign from optical data. Moreover, it is
frequently mixed with other modes and therefore rather broad.In INS on the other
hand, entirely different factors govern the Li=H-P{110),
intensities of the modes, and in addition, we can
utilize the ability to orient the Q-vector either ®O> I\
parallel or perpendicular to the displacement vector
of the mode under investigation. It is, of course, ’
necessary that the crystal structure is such that al}

€

00

| Bt g v Al T

4

300

H-bonds point in the same direction.

The principal compound under study has been
Li-H-Phthalate-Dihydrate, which has one of the
shortest hydrogen bonds known with R(00) = 2.39 &,
The bond direction is parallel to the crygtallngrdph1c
a-axis of its orthorhombi structure. During our
most vecent allocation of beam time we performed
single crystal studies of the H- and D (on the H- 8|
bond and the hydration water) isotopomers in a 2
(110) orientation parallel and perpendicular to the
H-bond as well as single crystals of ring- :
deuterated material in a (101) orientation. ol

bSome of the new single crystal data is shown
in IMig.'s 1 and 2, and a comparison of the powder
spectra of all three isotopomers is shown in Fig. 3.
These additional data have reduced the uncertaintics
in our assignments of the H-bond vibrations, but
have also revealed an unexpected complication that
arises from the ervstal water molecules. These are

200G

100

Intensit
20C

& L

1000 1500

-
Wave Number {cm™)

Fig. 1. Li-H-Phthalate INS
spectra; (110) nxipntdtion.
Data are "Mevzei"-treated.
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routine CLIMAX (G.J. Kearley) with

Experiment report: (continued)

also oriented in a way such that a vector from one
H to the other (on a given water molecule) is

parallel to the H-bond of the Phthalate ion. Some %

of the vibrational modes of the water molecules 8

therefore have intensities with similar directional”

dependencies as the H-bond. Fig. 1, for exdmg*;

shows a very pronounced peak at about 030 cm = in

the parallel configuration. So does, in fact, O fomtrf it o i e s e
Fi§17 which has an additional mode at about 730 Li-b-P
cm © with roughly the same dependence. One of :
these would be assigned to V(OHO), whereas the St

other is V, (H,0), one of the hindered librations 2

of the water m&lecules. Tt will require intensity é

calculations to help sort this problem out. These
have been initiated using the profile fitting
NCA.

In another case we have the overlap of the

@ bbbttt b _Vl :
(H. O) mode with the in-plnae bend , (OHO) in 500 1000 1500 2000
L%e region between 1600 and 1700 ¢ ’m . Here the R
Ll b)) X tal data in Fig, 2 ‘ Lﬁw?(ﬂq>
S allow the identi- 9
h fication that
(\0\3 .L 1catlc At
the latter is on > p
Mt ‘ un the tigher sideg

of the broad peagk
around 1700 c¢m
while f(OHO) is
. to be assigned as
the peak in the

Intensity
200

100

i.e. at 1630 cm”
The out-ef-plane
bend, B‘(OHO), is
quite clearly

200

Intensit

iC0

top of the figur$,

Fig.

discernible at about
data of the ring-deuterated
This is the most

\/\k

salz,
DA v-.t, ]

- RN —
500 1000

Wave Number (cm™")

in the powder
compound  (fig.3).
detailed set of INS data

3. Powder data of the threg
isotopomers of Li-H-Phthalate

1180 cmM|

500 1000 1500

Wave Number (cm™")

Fig.2. Ring-deuterated Li-H-Phth.

on any short hydrogen bonded gystem to date. We
are therefore in the process of using intensity
calculations to complete the assignments and to
obtain a more detailed picture of the dynamics

of this very short hydrogen bond.
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Experiment report: -
.We have proposed an inelastic neutron scattering study of the
structural phase transition observed in NH F at room temperature with

the application of approximately 4 kbar pressuxe The structure of the

low pressure phase, NHqF I, can be descr1bed as hexagonally close

. + . R
packed layers of fluorine atoms with the NH4 ions sitting on alternate
tetrahedral sites with three-fold rotational symmetry. Recent neutron
powder diffaction measurement52 revealed that the high pressure phase,

: NH4FfII. differed by the presence of layers containing two inequivalent

tetrahedra, in which the NH; ions sit either on a threefold axis, as in

NHqF—I. or in a non-symmetric position. Consequently, it was expected
‘ . _
* that the degeneracy of the NH4 torsional mode, observed at 555 cm 1 in

NH,F-T at 1 bar> should be lifted in NH,F-II.
Inelastic neutron scattering measurements were performed on NH4F in

a beryllium-copper pressure clamp using the Filter Difference
Spectrometer (FDS). The sample spectra at 1 bar and 6 kbar are reproduced

in Figure 1. After subtracting the pressure cell background, the NH;

torsional mode at 1 bar is easily resolved at 560 cm_¥ In addition
there is a water libration mode at 640 cmﬂl. a phonon density of states

-1 L - .
feature at 280 cm ~, and an unidentified peak at 400 cm 1 which we
tentatively ascribe to Fluorinert, the pressure transmitting medium.
The primary effect of 6 kbar pressure on this spectrum is to

substantially brodden the NH4 torsional mode.
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Experiment report (continued):

4
The broadening of the NH4 torsional mode is qualitatively in
agreement both with the introduction of low symme:ry qu sites under

pressure and with the distortion of the NH; ions themselves, as detected
in the neutron powder diffraction measurements. Namely, the degeneracy
of rotaticnal energy levels of‘NH; iQns on the symmetric tetrahedra is
lifted on the nonsymmetric tetrahedral sites. However, duc to the low
symmetry of both the NH; "rotor" and the potehtial in which it moves,

little quantitative can be said without a more extensive study of the
NHqF—I.II energy level configuration.

In this experiment, we have shown that the rotational energy leveis
of NHqF‘are sensitive to the structural differences between NHQF—I and

NHQF—II. In addition, we have demonstrated that even with the stringent

sample volume ceonstraints imposed by beryllium copper pressure cells,
inclastic neutron scattering experiments to pressures of 18 kbar are

t:-sible on the FLS
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Experiment report:

One aspect of the Raman phenomenon which has attracted
attention in recent years is the so-called virtual state. It now
gseems clear that phenomena can occur during its lifetime
although direct evidence of this is extremely limited. The work
carried out at Los Alamos had as its aim the test of a
hypothesis of the origin of the broad bands (half-width ca 2000
cm~1l) seen in the Raman spectra of some strongly hydrogen-bonded
amide systems. It having been established by a variety of
methods that the broad bands are not due to fluorescence (they
are independent of the exciting wavelength, for example), the
most likely explanation 1s that they indicate proton tunnelling
in the virtual excited state. For this explanation to be
credible, it has to be established that the vibrational ground
state is normal (by comparison with species not showing the
broad bands). Because of the infrared manifestations of
hydrogen bonding (also broad bands, although narrower than thelr
Raman counterparts), and consequent difference between 'broad
band' and 'reference' species, infrared spectroscopic

measurements are rather ambiguous. Inelastic neutron
scattering measurements provide an ideal method of comparing
'broad band' and 'reference', the relatively low resolution of

the method being unimportant.
With one exception, all of the 'broad band' species studied
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Experiment report (continued):

in the present work were nitrates. The exception 1is guadinium
fluoride, a species which also shows the broad Raman band
phenomenon. Its INS spectrum is compared in Figure 1l with
those of the nitrate (broad band) and chloride(reference), both

. recorded last year. Clearly, the vibrational ground states of

all three are very similar. The fluoride spectrum is helpful in
‘that it seems to Indicate that weak features at ca 900 cm~! and
650 cm~! in the nitrate are not nitrate modes made visible by
coupling with protonic vibrations. Further data refinement
(vide 1nfra) should estblish this point.

Clear similaritlies between the vibrational ground states of
both aminoguadinium nitrate (broad band) and chloride
(reference) were found, again implicating the virtual state in
the broad-band Raman phenomena (Figure 2). The same can be said
for triaminoguadinium nitrate (broad band) and chloride
(reference) for the reglion above 500 cm =l (Fig.3). Differences
below this frequetcy almost cetainly result from the
superposition of two peaks 1in the nitrate of what are separate
features in the chloride. It is planned to establish this point
by running an additional triaminoguadinium salt (probably the.
sulphate) at the earliest opportunity.

Finally, the present measurements offer the unusual
possibility that, for a limited number of compounds, inelavtic
neutron scattering measurements offer a higher effective
resolution than do either infrared or Raman. It 1s therefore of
interest to deconvolute the data with, for instance, the
instrument resolution function, and so enhance the resolution.
Only limited work has so far been done on this but the results
are encouraging. The bottom spectum in Flg.4 shows the Be filter
data on aminoguadinium chloride, for which good infrared and
Raman data are avalilable for comparative purposes. The middle
spectrum shows the improved resolution resulting from
incoprorating BeQ data in a filter difference spectrum. Finally,
at the top 1s shown the filter difference data subject to a
MEZEI analysis, a deconvolution program which at the present
time seems to give more meaningful results than does maximum
entropy.

Summary Inelastic Neutron Scattering Studiesrcarried out at
Los Alamos provide strong support for the exisfence of a novel
Raman virtual-state phenomenon in strongly hydrogen bonded’
amino-guadinium nitrates. It may well be 'that with suitable
data processing of the INS results, detailed vibrational data
can be obtained for these species, data that would otherwise
. be unobtainable.

F1 ures are on a separate sheet
@S fAS :%“] Los Alamos National Laboratory, an affirmative action/equal opportunity

employer, is operated by the University of California under contract
A !
os A:gmg;ﬁg‘;gﬁ}gﬁ;g W.7405-Eng.36 for the U.S. Department of Energy.
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Experiment report:

difference technique has to be
utilized, In this method the
hydride ligand in question

is deuterated in a second sample,
and the spectrum of the latter
subtracted from the former. In
this way the vibrational modes

of the other ligands (e.g. phenyl
rings) are subtracted out provided
that coupling between these and
the hydride i1s negligible. While
assignment of the hydride
vibrations is frequently possible
with optical techniques (1), it

is sometimes rather difficult
because of severe line broadening
or interference of other modes.

We have now completed the
study of three Pt-H-Pt complexes
with Pt-Pr distances ranging
from 3.0 & to 3.24 K. In none
of these compounds has the
hydride been located by the

As part of our vibrational and structural studies of model systems
for heterogencous catalysils and metal-hydride chemistry we are
investigating the dynamics of the hydride ligands in transition metal
complexes and cluster compounds. Neutron vibrational spectroscopy can be
particularly useful in identifying the vibrational modes associated with
the brdiging hydride ligands because of its sensitivty to hydrogen motions.
'If however, al large number of other protons are in the molecule, a

400 ax) lej | U‘UU IZI{II
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140 !BIUU lu‘uo
dadaa i a boacaa dog siaca

e e L o e IR
l(’ﬂ FI]I) i&] 1 l]lﬂ() 1200 1400 1600 1800
WAVEND ( cmmn(-1] )

Fig. 1. Differential (Be) spectrum of
Ph~(Pﬂtg)?PL—H—PL(PHtX)QMPh
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Experiment report;

INTRODUCTION: Thermotropic Liquid Crystals arc organic molccules  which
self-organize into various ordercd phases as the temperature is altered,  Each
of these phases is characterized by a distinct combination of partial
orientational and translational order., Rod shaped thermotropic molecules are
in general composed of a central rigid core with flexible aliphatic chains
attached at cach end. This class of molecule often exhibits smectic (laycred)
phases in which the molecules align end-to-end with a typical interlayer
spacing of 30 Angstroms and an in-planc spacing of § Angstroms, Small angle
ncutron scattering (SANS) and powder diffraction experiments were
undertaken to investigate the cvolution of these parameters and to ultimately
determine the molecular conformations and packing geomectries present in
the various phases.

EXPERIMENTAL RESULTS: Small angle ncutron scatlering on the Low Q
Diffractometer (1.QD) was performed on an unaligned 2 mm thick bulk sample
of D21C100(CeH4)COO(CH4)0CED 13 in order to probe the interlayer spacing as
spacing as a function of temperature and the relative tilt of the core and f(ail
regions, Scveral very interesting results were oblained:

1) The neutron scattering pattern. observed for the unlayered nematic phase
was uncxpectedly similar to those observerd for the smectic phases.

2) Sccond order scattering was observed for the smectic phases, see Fig. 1.

3) In the smectic phases a Debye-Scherrer ring was observed,

corresponding to small angle scattering from a powder of smectic layers
However, the scattering was non-uniform around the ring, concentrating into
two broad peaks (+/- ) about the transmitted ncutron beam.  These peaks
rotatc by approximatcly 60 degrees as the sample is cooled through the smectic
phascs to the crystalline phase. In the crystalline phasc the rotation ceased.
Figurc 2 shows this rotation as a function of temperature.
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Experiment eeport (continued )

3 The interlayer spacing was observed (o shrink and then expand in
manner that is atypical Tor the phase sequences of this sample,

A 100 micrometer thick aligned sample of the above material sandwiched
between paralle quartz plates was also prepared. However, this sample appears
to have been too thin since coherent scattering from (his sample was not
observed even after collecting data for a 24 hour period,

CONCLUSIONS:  We have observed a novel reorientation of the smectic layering
structure in a bulk liquid crystal sample and an atypical change in the
interlayer spacing,  These clfects are duc to packing and conformational
changes ‘of the liquid "crystal molecules,  We propose that the central rigld
cores of the molecules are becoming more ordered and that they become
staggered relative to one another as the temperature is reduced. Further study
by small angle ncutron and X-ray scattering techniques will be needed 10
confirm this model,
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Figure 1. (a) Scattering pattern observed for the smectic A phase in the
thermotropic ligivid crystal; D21C100(CeH4)COO(CeH4)0CED 3. (b) Radial
distribution of the above scattering pattern.  Mote the second order peak.
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ixperiment report! (continued)

(@]

gtructural studles carrled out to date & (e oo
(2). Approximate Pt-H-PL bond angles 2
can be derdved by extending the C-Pt
vectors (compound 1) on elther slde ) _
to the midpolnt, This glves 1459 lor & § @
complex 1, for example, =

Our data can be analyzed In a . [ /}¥ I (61
rather preliminary woy and the(PtiPt) @ < “zfﬁk- ‘\ / A \\1 . -
stretching modes assigned by vsing BN ‘ ,// CN
the simple model for bridging hydrides ¢ R \\\;),;\-
where there 1s Just one stretching - - '\\_ )
force conatant, and use of made of o |- S
the fact that H lg much llghter than
the Pt atom, In this case (1) the et bl
ratio \.)aq/\)‘3 18 related to tan(€/2) 500 1000 1500 2000
where @ 18 the Pt-H-Pt bond angle. Wave Number hﬁn”‘)
Since the Pt-Pt distances are known
the PFuH distanqe gan be4e$tlmﬂt@d' Mg, 2. Differential gpectrun (be) of
On this basgls we can make the H~(PFL ) Pr=ll-PL(PEE, ), ~Ph(d.)
following assignments: it BN 1A

It Iy

Pre-pt \)ﬂs \98 .
1 3,94 1415 925 () T e e ey ""'—'“3 o
2 3.09 1280 990
3 3,01 1260 1020 af

8 - -

where the [requencies are in units %? ! .
of ecm ~ and the Pt-Pt distance in A, ¢ RN
This yields a Pt-l distance of about ¥ P '['
1.9, and bond angles ranging Lrom - & 5 X’ \x . -
114 to 103”, These are smaller than 0 f ©od N
the "theoretical' value as 1s quite g&/ \\‘“
common in such systems. ‘ PR,

Further vibrational analysis 5 L 1 H
ls in progress, in particular the 4500 1000 1500 2000

asslignment »f the Pt-H-Pt deformalion
modes and a more detailed consilderailcn
of the chemical bonding on the PL and
the resulting geometry of the hydriic
bridge.

Wave Number (cm™')

fig., 3. Differential spectrum (Be) of
oy —( PMA 14 (M s (o
(€ )=(PMe, ) PLol=PE(PNe, ), =(CoT')
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Experiment report:

(b) The second experiment was an attempt to investigate the probable "
prosence of heterionic vibrational coupling between totally symmetric
metal-ligand modes in the compound [Cr(NH3)elo[M0S,];.  No conclusive
evidense for such an effect was found.  This was mainly because of the
unavailability of the "N substituted compound in time for the experiment,
due tc some unexpected difficulties encountered during the preparation.
However, the measurements conducted on the torsional and librational
modes of these ions have shown them to be in very shallow potential
surfaces.  This observation may be of significance in the context of some
intriguing resonance Raman spectral results of these compounds which are
presently under investigation.
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Experiment report: (continued)

(a) The first experiment was the search for the optic modes of the
interstitial hydrogen In the cluster compound Lig7ZrsClygH.  Four energy
transfers were observed (Figure) with those at 480 and 790 cm-!
assignable to the interstitial with the other two at 280 and 190 c¢m''
assigned respectively to the terminal and bridging chlorine ligands.  These
observations may be ratlonalised in terms of a model where the hydrogen
occuples a pg-bridging position within the octahedral interstitial site
with a Zr-H distance of ca. 2.0 A, These conclusions are in good agreement
with an NMR study of this compound where the proton was described as
'rattling' within the Zrg cavity.!  Therefore we assign a localised H g
geometry for the proton on a vibrational time-scale but showing

fluxlonality amongst the eight such possible sites on an NMR time-scale.

This work is being prepared for publication.
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Constant-Q Spectrometer (CQS)

The Constant-Q Spectrometer (CQS) is an inelastic
scattering instrument designed for the study '
of collective atomic vibrations and analogous
magnetic phenomena waves. A pulsed white
beam of neutrons from the source illuminates
a sample, which is normally a single crystal.
After scattering at the sample, the neutrons are
intercepted by a large germanium or copper
analyzer that diffracts the neutrons into an array

. of 96 detectors. The essence of the method is
to mecasure the change in neutron energy when
scattering takes place. This is achieved by the
analyzer in conjunction with the conventional
time-of-flight technique.

- The CQS has two principal features: first, the rich
higher-energy spectrum at a pulsed source makes
this machine suitable for the study of higher-
energy collective excitations (50 meV and above),

. and second, the mapping capability of the instru-
ment makes it suitable for survey work.

Deteactor

- I"“fﬁ ~__

detector
Collimators
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Instrument Detalls

Detectors Movable bank of 96 *He (1.3 cm diameter), 0.57° apart

Detector range 10 - 70° :
Energy-transfer resolution  4-10%

Analyzer planes Ge (hh/), Cu (hh)

Beam size at sampie 2.5 cm wide x 5 cm high

Moderator Chilled water at 10° C

Sample environment Closed cycle refrigerator

Experiment duration ~1 week

Robert Robinson, instrument scientist
Eric Larson, instrument technician
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Chopper Spectrometer (PHAROS)

The new chopper spectrometer, PHAROS, is
intended to provide 0.5% incident energy resolu-
tion for incident encrgies between 50 meV and

2 ¢V. The spectrometer is located on flight path 16
with-a sample position 20 m from the moderator,
which is currently water at room temperature.

Phasc I of the construction is ready (Fig. 1a) and
comsists of an evacuated, shielded flight path
for low-angle scattering (1° < @ < 10°).

The spectrometer is suitable for low-angle
studics such as ncutron Brillouin scattering

and magnctic excitations,

Phase 11 of the construction will be completed

by April 1991 (Fig. 1b). The spectrometer will then
be a high-resolution, general-purpose chopper
spectrometer with 10 m? of detectors covering
scattering angles between -10"and 1407, PHAROS
will then be able to accommodate the full range

of inclastic scattering experiments, including
phonon density of state, magnetic excitations,
momentum distributions, crystal-ficld levels,
chemical spectroscopy, and measurements of -
S(Q,w) in disordered systems. In addition,

the low-angle detectors can be used at distances
between 4 and 10 m, with scattering angles down
to 1°, and will be suitable for high-resolution
inclastic studies at low Q.

Bulk shield

Moderator .

“r A

Primary chopper

/ Sample

§ chopper

(a) Beam -~

ER-1

L

Alternative
detector positions

ER-2

Bulk shield

‘ / Moderator

(b) Beam
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Instrument Detalls

Moderator-chopper distance 18 m

Chopper-sample distance 2m

Moderator 12.5 x 12.5 cm? room temperaure H,0
Chopper frequency 600 Hz

Chopper diameter 10cm

Chopper slit spacing ‘ 1 mim or more

Sample size upto5cmx 7.5 cm

Incident energy resolution AE/E, = 0.5%

Phase | (April 1990)
1 m? of detectors at 3.5 m from the sample; scattering angle between 1° and 12°.

Phase Il (April 1991)

9 m? of detectors at 4 m from the sample; scattering angle between -10° and 140°;
1 m?of detectors in forward scattering position at 4 - 10 m from the sample

Robert Robinson, instrument scientist
Eric Larson, instrument technician
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10 peV Spectrometer

The 10 peV spectrometer is a new time-of-flight
backscattering instrument for quasielastic and
high-resolution inclastic spectroscopy. This
ingtrument will be installed in 1991, The incident
neutron energy is measured by time of flight
through a long incident flight path of 30 m.

The energy of the scattered neutrons (about 2 meV)
is determined from backscattering from single
crystals of graphite or gilicon. The instrument is

to be installed on flight path 11, which is one

of the three flight paths viewing the liquid-hydro-
gen moderator. The combination of this moderator
and neutron beam guides between the moderator
and the sample maximizes the neutron flux
incident on the sample in the energy region
between 1 meV and 4 meV,

The new spectrometer is designed for studies

of diffusion and low-frequency dynasmics.
Examples of future experiments are reorientational
and tunneling motions in molecular crystals,
motion of molecules on surfaces, and dynamics

of simple biological systems,

\
Target

Moderator
Beam ~-> X
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Instrument Details

Quasielastic scattering:
Final energy
Qrange
Resolution

Inelastic scattering.:
Energy transfer range
.Q range
Resclution
Moderator
Sample size

Torben Brun, instrument scientist
Ross Sanchez, instrument tachniclan

2 meV,
0.035 A1 -2 At
10 peV

0-50 meV

1 AT-10 AV

1% of incident energy (FWHM)
Liquid H, at 20 K

3cmx3cm
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Finite Element Modeling and Neutron
Diffraction Measurement of Residual Stress in Stainless Steel
and Zircaloy-2

Elane C. Flower
Lawrence Livermore National Laboratory
Livermore, California
- and
Stuart MacEwen
Chalk River Nuclear Laboratory
Chalk River, Ontario

The objective of these studies has been to compare calculations of
deformation-induced residual stress in test-specimen measurements
made by neutron diffraction. The fact that neutrons penetrate into the
bulk of the material, allows one to experimentally measure strains that
are similar to those calculated by the finite element method. The
numerical analysis was performed at LLNL using the NIKE2D finite
element program. Neutron diffraction experiments were carried out
on the L3 triple-axis spectrometer at the NRU reactor, Chalk River,

in the diffraction mode. In our stainless steel specimens, the strains
meastired at a location depended upon the choice of (hkl) since the
stainless steel is elastically anisotropic. As expected, the calculated
values of residual elastic strain were between the values measured on
the (111) planes and the (002) planes. To determine values of residual
stress from experimental data, we used the Reuss approximation
(single-crystal constants and hkl strains) and an average approxima-
tion (using bulk constants, averaged strains (111) + (002) /2). The
Reuss approximation did not yield a unique value of stress indicating
a non-linear relationship between stréss and strain. Reasonable agree-
ment was found by average approximation. The Zircaloy-2 has an
hep crystal structure, is plastically anisotropic, and exhibits a strength
differential (SD) between compression and tension. In our FE model
we included the strength differential and used a Hill's anisotropic
flow criteria. Agreement between calculated and experimental
results depended not only on the choice of (hkl), but on the deforma-
tion mode, i.e., whether in tension or compression. The relationship
between strain and stress cannot be adequately expressed with

single- crystal constants and linear approximations. The work of
MacEwen and Tome to analyze diffraction data in Zircaloy-2 will

be discussed.
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Texture Analysis by TOF of Pulsed Neutrons

H. R, Wenk and K. Bennett
Unitversity of California
Berkeley, California
and
A, Larson and P, Vergamini
Los Alamos National Laboratory

Los Alamos, New Mexico

Traditionally preforred orlentation in deformed materials has been
measured by x-ray diffraction. A detector is set at a given diffraction
angle for a particular lattice plane (hkl) and intensitics are recorded
for different specimen orlentations. This way a single incomplete pole
figure can be constructed from a set of measurements, Neutron
diffraction offers new possibilities,

*  Duc to minimal absorptlon, orientation distribution of
bulk materlals, rather then of thin surfaces can be
determined.

*  Since there is no defocusing effect, complete pole figures
can be measured directly.

*  With position-sensitive detection, we can measure a
large 2d range, a large pole figure sector, or both at once.

Textures have been measured in conventional neutron sources (e.g., at
MBS), with 20 one-dimensional position-sensitive detectors (e.g., at
ILL and Rise) and with pulsed neutrons (e.g., at Dubna), The LAN-
SCE facilities offer new possibilities by combining TOF measurements
of pulsed neutrons and a 2d position-sensitive detector. This allows
both simultaneous coverage of a wide d-spectrum (many peaks) and a
large orientation region (pole figure segment), The method effectively
permits measurement of the full orientation-distribution on line and is
cspecially attractive for in situ observation of texture development
during deformation, recrystallization, and transformations. Duc to
the simultaneous 2d coverage and the possibility of peak deconvolu-
tion, it is ideal for compounds with low crystal symmetry, such as
geological materials and HTSC ceramics,

We will illustrate results by comparing LANSCE measurements of a
standard sample of calcite with measurements at other facilities. We
will also present data from geological, metallurgical, and biological
materials and discuss applications of quantitative texturc analysis.
Finally, we will explore improvements of existing facilitics to deslgn
instrumentation for state-of-the-art texture analysis,



Neutron Diffraction Measurements of Residual Stress in
Engineering Components

T. M, Holden
Alomic Energy of Canada, Ltd,
Chalk River Nuclear Laboratories
Chalk River, Ontario

The key advantage of noutron diffraction is that measurements may
be made of residual strain at depth in engineering components in a
non-destructive fashion., The simple ideas for exploiting the penetra-
tion of the neutron in measuring the desired component of strain at
any point in the sample will be explained. The method is applied to
the problems of determining the strain field around a crack in welded
line pipe and the strain field assoclated with a single pan weld in a
strainless steel plate. The latter example naturally leads to a discus-
sion of weld texture and its influence on elastic properties,

Grain interaction straing in anisotropic materials such as zircalloy,
even though they do not constitute a macroscopic strain field, are
technologically important. The approach taken to measuring and
interpreting the residual strains in highly textured, rolled zircalloy
plate will also be discussed.

Future directions for development of the methed will be briefly
discussed,
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Dynamics of the Molecular Hydrogen Ligand
in Metal Complexes

Juergen Eckert
Loy Alamos National Laboratory
Los Alamos, New Mexico

The recently discovered metal complexes that bind hydrogett in mo-
lecular form are the first examples of ligand coordination solcly via
interaction of a metal center with an s-bonding electron pair. An
experimental probe of the clectronic details of dihydrogen coordina-
tion is, therefore, clearly desirable. We have used inelastic neutron
scattering techniques to observe some of the high-frequency vibra-
tions of the metal-dihydrogen fragment as well as the low-frequency
tunnel splitting of the rotational ground state of the dihydrogen
ligand on a series of such complexes where either the metal center or
the large stabilizing ligands are changed. These studies clearly dem-
onstrate the importance of the form of the direct metal-dihydrogen
interaction in the origin of the rotational barrier that is determined
from the neutron scattering experiments. Our most recent studies
include several examples of complexes where questions of a possible
equilibrium between polyhydride and dihydrogen ligand formation
have arisen both in solution studies and in the solid state as well as
those where the dihydrogen ligand is bound so strongly that the
rotational tunneling becomes unobservable by neutron scattering.



Theoretical Studies of Transition Metal
Complexes of Molecular Hydrogen

P. Jeffrey Hay, C. A. Boyle, and E. M. Kober
Los Alamos National Laboratory
Los Alamos, New Mexico

The structures, energles and reactlons of transition metal complexes
of molecular hydrogen have been investigated using ab initio elec-
tronic structure techniques. The rotational barriers for H, in M(CO),
(PR,),(H,) species have been calculated for M=Mo and W and for
various phosphine alkyl groups (R), These barriers have been com-
pared to the experimentally determined barriers by Eckert using
inelastic neutron scattering. Another series of investigation explores
mechanistic pathways that may explain the experimentally observed
interconversion of H, and D, molecules to HD involving

Cr(CO),(H,)(D,) complexes.
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Structure of Inverse Micelles and Microemulsions

Jess Wilcoxon,
Sandia National Labs
Aibuquerque, New Mexico
and
Eric Kaler
University of Washington
Seattle, Washington

A combination of techniques has established that surfactants at low
concentrations in aqueous solvents aggregate to form droplet-like
structures that swell upon the addition of oil. Much less is known re-
garding the types of possible structure adopted by surfactants in non-
aqueous solvents, such as cyclohexane or toluene. For example, in the -
well-studied ionic AOT (surfactant) linear-saturated-hydrocarbon
system, SANS and light scattering have established that a droplet-hke
inverse system exists that swells upon the addition of water. This is
demonstrated by an increase in both the mass (increase in scattering
intensity) and size (decrease of the diffusion coefficient). However,
when either AOT or a wide range of nonionic surfactants in the family
CE, are solubilized in cyclohexane or toluene, no increases in either
quantity is found, even upon addition of large amounts of water
(molar water: surfactant ratios of up to w_~40). By using SANS, we
show that the structural units in such solutions have characteristic
sizes of <10 A and cannot be considered true inverse micelle struc-
tures. By systematically adjusting the water-like nature (increasing j)

in a series of surfactants (C, E) for fixed solvents, we establish the

evolution of these inverse systems from small surfactant clusters to
classical droplet-like aggregates. Introduction of metal salts into the
interior of these inverse systems followed by reduction to form surfac-
tant-stabilized metal colloids allows us.to study the structure of these
systems by both SANS and electron microscopy. Not surprisingly, the

non-droplet systems produce remarkable small metal colloids (diame-
ters ~20 A), while the droplet-like systems produce larger, and

somewhat more polydisperse, colloids.



Structure of Multiphase Silicates

Dale W. Schaefer
Sandia National Laboratories

Albuguerque, New Mexico

Because of the rich chemistry of silica-containing materials, silicates
are promising candidates for the development of new materials whose
structure and properties can be controlled via precursor chemistry.
We have used small-angle scattering along with powder diffraction to
elucidate the structure of a variety of silicates from porous glasses to
complex molecular composites. Structure is traced to polymer
branching and polymerization-induced phase separation in precursor
phases. For silica-toughened siloxane elastomers, the structure of the
two-phase molecular composite has dramatic effects on the mechani-
cal properties, ‘ ‘

Work done in collaboration with J. E. Mark.
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Neutron Studies on Copolymers

T. P. Russell
IBM Almaden Research Center

San Jose, California

Small-angle neutron sca.tering (SANS) and neutron reflectivity (NR)
have been used to characterize the morphology of symmetric, diblock
copolymers of polystyrene, PS, and polymethylmethacrylate, PMMA.
Either block of the copolymer was perdeuterated to provide sufficient
neutron contrast. SANS on the diblock copolymers has been used to
evaluate the segmental interaction parameter, x, characterizing the
interactions between the PS and PMMA segments. X was found to be
linearly dependent upon the absolute temperature. However, the
temperature coefficient was quite small indicating that x was domi-
nated by entropic contributions. This result is most unusual for
diblock copolymers. NR studies on thin films of these copolymers
have revealed details on the morphology of copolymers that have
been unattainable by other techniques. In particular, the interface
between the PS and PMMA can be quantitatively described by a

- hyperbolic tangent function with an effective width of 50 A. Calcu-

lated values of the interfacial width'using x measured by SANS are ca.
30 A, i.e., 40% lower than the observed value. This discrepancy points
to shortcomings of current understandings of the interfacial behavior

of polymers.



Small Angle Neutron Scattering Study of Critical Binary
Fluids in Porous Glasses

P. Wiltzius and S. B.‘Dierker,
ATE&T Bell Laboratories
Murray Hill, New Jersey

We have previously found that for binary liquid mixtures of 2.6
lutidine and water imbibed into porous VYCOR glass, the phase
behavior—as well as the temperature dependence of composition
fluctuations—exhibit a wealth of novel features.! These can be under-
stood as resulting from a combination of finite-size and random-field
effects. Elastic-light-scattering measurements have provided impor-
tant evidence for a transition from complete to partial wetting behav-
jor.2 However, SANS is better matched to studying the short-length
scale structure of the fluid mixture inside the porous medium.

We measured with SANS the static structure factor S(Q) as a function
of temperature and composition. By choosing appropriate mixtures of
regular and heavy water, we adjusted the scattering length densities
of the liquid and the glass to be equal on average. The, thus deter-
mined, $(Q) of the liquid changes from a Lorentzian in the one-phase
region to a Lorentzian squared at the random-field transition, in
agreement with predictions of the Random Field Ising Model. Meas-
urements of the evolution of S(Q) and of the correlation length with
temperature will be presented and discussed.

1. S. B. Dierker and P. Wiltzius, Phys, Rev. Lett, 58, 1865 (1987).
2. P. Wiltzius, S. B. Dierker, and B. S. Dennis, Phys, Rev. Lett. 62, 804 (1989).
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The Rod to Vesicle Transition in Bile Salt-Lecithin Mixed
‘ Aqueous Colloids

Rex P. Hjelm, Jr. and Devinderjit S. Sivia
Los Alamos National Laboratory
- Los Alamos, New Mexico
P. Thiyagarajan
Argonne National Laboratory
Argonne, Illlinois
Hayat Alkan
University of lllinois
Chicago, Illinois
" and
Dietmar Schwahn
Kerforshungsanlage Jilich -
Jillich, West Germany

The concentration-induced and thermally-ind‘uced transitions from

. rod-like forms to vesicles in mixed aqueous colloids of the bile salt,

glycocholate, and lecithin are studied using small-angle neutron scat-
tering. The concentration-induced formation of rods occurs by

~ aggregation of small, globular mixed micelles into large linear aggre-

gates. Extended networks of rods are observed as a transitional form
between rods and vesicles. Vesicles formed at the highest concentra-
tions are quite large and decrease in size as the total lipid concentra-
tion is lowered. All vesicles appear to consist of single lipid bilayers.
The temperature dependence of particle morphology is also consid-
ered. Of particular interest is the thermally-induced transition from
rods to vesicles, which shows extended networks as intermediate
forms. The transition is reversible.
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Effect of Oxygen on Structure and Superconductivity in Lanth-
' ium Cuprates

]. E. Schirber, B. Morosin, E. L. Venturini, and D. S. Ginley
Sandia National Laboratories,
Albuguerque, New Mexico
. and
G. Kwei, ]. Goldstone, Z. Fisk, and S-W. Cheong
 Los Alamos National Laboratory
Los Alamos, New Mexico

Oxygen introduced by high pressure-high temperature treatment
produces bulk superconductivity near 40 K in both La,CuQ, and

~ La, ,Sm,,Sr,,CuO,. The LaSmSrCuO material is in the T° phase,

which is an unusual marriage of the 6-fold Cu-O coordination found
in La,CuQ, and the four-fold Cu-O coordination found in Nd,CuO,
(the precursor for the recently discovered n-type superconductor.)

- The Cu-O coordination is five-fold in the T* structure. Controversy

exists as to the nature and location of the excess oxygen driving the
superconductivity in these systems, Because of the current unavaila-
bility of any spectroscopy capable of probing this excess oxygen di-
rectly, the best hope for clarification of this issue would appear to be
careful neutron diffraction studies. Recent studies of La,CuQ,,, and
(L2SmSr),CuO, using the Neutron Powder Diffractometer at LANSCE
will be described and compared with previous neutron diffraction
results.
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Particle Size Measurements of Palladium

J. W, Conant
Los Alamos National Laboratory
Los Alamos, New Mexico

Palladium hydride is one of the most exhaustively studied hydrides in
science. Itis said to have two phases, alpha with an H/Pd in the
range of 0 to 0.07 (depending upon the isotropic strain existing in the
crystal) and beta with an H/Pd = 0.65 at room temperature (although
two other phases have been repotted by Sermon, et.al.) We feel that
the alpha phase may be a surface phenomenon, with the small quanti-
ties of hydrogen trapped in a subsurface layer, rather than a true
hydride, in which the hydrogen is randomly dispersed in the octahe-
dral sites of the palladium fcc lattice as reported by many others. The
volume of the subsurface layer seems to account for all of the hydro-
gen present if all of its sites are filled with hydrogen without requiring
any hydrogen to be resident in the bulk. Differential Scanning Calori-
metry studies by Chou and Vannice seem to substantiate this conten-
tion. Our hypotheses are also supported by inelastic neutron scatter-
ing and thermal desorption measurements.

We have undertaken a comprehensive study of the particle sizes of a
variety of palladium powders before hydriding in an effort to com-
pute the amount of hydrogen that could be occluded based on the
specific surface (a function of the volume of the subsurface) of the
powders, Measurements were made at LANSCE (HIPD) and ARL
(GPPD). Line-broadening estimations of particle size were made
using the GSAS version of the Rietveld technique and the results were
compared to x-ray data. Studies concerning the take up of hydrogen
using Sievert’s (gas titration) techniques are also being run on the
same materials in an effort to correlate the hydrogen occlusion in the
“alpha phase” with particle size. The progress of our investigations
will be reported.



Neutron Scattering Studies of Chromosome Structural
Elements

Morton Bradbury
Los Alamos National Laboratory

Los Alamos, New Mexico

Similar to all higher organisms, human-cell nuclei contain extraordi-
nary amourits of DNA,—a total of 2.04 meters in length subdivided
into 46 chromosomes and contained in a cell nucleus 5 to 10 x 10 m.
Determination of the modes of packaging DNA into chromosomes is
central to our understanding of chromosome functions. Digestion of
chromosomes in cell nuclei by micrococcal nuclease, an enzyme that
cuts the DNA double helix, shows that the DNA is packaged into a
repeating subunit called the nucleosome, which contains about 200
base pairs (bp) of DNA, an octamer of histone proteins

" ([H2A H2B],[H3,H4,)) and a fifth histone H1. Further digestion with

micrococcal nucleases reveals well-defined subnucleosomal particles;
the chromatosome that contains 168 bp DNA; the histone octamer and
one H1 and the nucleosome core particle that contains 146 bp DNA
and the histone octamer. The structure of the core particle has been
solved at low resolution by neutron scattering techniques and at
higher resolution by x-ray and neutron diffraction. ‘

Neutron scattering techniques have powerful applications to the
structures of two component biological systems because of the differ-
ent scattering lengths of the two isotopes of hydrogen: 'H [b = -0.38.10
12em] and ?H [b = +0.67.10"2 cm]. The other elements found in biologi-
cal systems have b values in the rand of +0.51 to -0.94.10*™. There-
fore, to a first approximation, the scattering-length density (SLD) of a
biological molecule will be determined by the proportion of 1H it con-
tains. SLDs of protein and DNA are 0.20.10"'cm? and 0.38.10''cm?, re-
spectively. These values are contained within the range of values that
can be obtained with mixtures of 'H,U [SLD = -0.06.10""cm?] and *H,O
[SLD = +0.63.10"'cm?]; the SLD of DNA is matched by a water mixture
of 63% ?H,0:37% 'H,O and that of protein by 40% ?H,0:60% 'H,0.
Neutron scattering studies of nucleosomes particles in different mix-
tures of 'H,0 and ?H,0 have given unique structural information on
the spatial organization of the protein and DNA. Such a neutron-
contrast-matching study gave the solution structure of the core
particle, and this has been shown to be essentially correct by x-ray
crystal-structure determinations. Our current research is to use neu-
tron scattering to investigate the effects of chromatin variables associ-

" ated with chromosome functions on the structure of the nucleosome

and chromatin.

These studies were carried out in collaboration with Drs. Jill
Trewhella and Rex Hjelm.
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Structures in Ca**-Dependent Biochemical Regulation Studied
by Neutron Scattering

Jill Trewhella
Los Alamos National Luboratory

Los Alamos, New Mexico

Biochemical regulation is a central problem in the study of life proc-
esses, For healthy biochemical function, a myriad of processes must
be carried out in the appropriate order and at the appropriate rates.
There are a number of messengers that play key roles in regulatory
mechanisms both within and between cells to ensure proper function,
The divalent calcium ion is the principal biochemical messenger that
acts in the regulation of intra-cellular processes that occur on short
time-scales. Examples of such processes include muscle contraction,
neurotransmitter release, the generation of energy for cellular metabo-
lism, etc. Calcium-dependent regulation is generally achieved when
Ca?* binds to a calclum-binding protein, which is then able to bind to a
target enzyme and activate it. The calcium “modulator” protein
calmodulin is the major intracellular receptor for calcium,

The solution structure of calmodulin and its interactions with two
target enzymes have been studied using x-ray and neutron scattering.
Neutron resonance scattering from calmodulin, in which the Ca?* has
been substituted with 2“Pu®*, has been measured in an attempt to
determine the distances between the four ionbinding sites in the
protein. Interestingly, the calmoduin 4Pu®* complex activates at

least one target enzyme as efficiently as does calmodulin.4Ca?*,
Calmodulin—complexed with its binding-domain from myosin light-
chain kinase, as well as with two-binding domains from the catalytic
subunit of phosphorylase kinasz,— has been studied using small-
angle scattering and contrast variation. Information about the nature
of the calmodulin target-enzyme interactions has been obtained and
has contributed to our current understanding of the molecular basis

for Ca?*-dependent regulation.



Understanding Reflectivity

William Hamilton
Los Alamos National Laboratory
Los Alamos, New Mexico

In recent years, the reflection of neutrons from surfaces has emerged
as a new technique for the investigation of interface and multilayer
structures over the range from 10 to 10,000 A, The method shares
most of the unique advantages associated with conventional neutron
scattering, including contrast control by isotopic substitution and
sensitivity to magnetic structures, This talk will present an
introduction to the surface profile information available from
neutron-reflection measurements.
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- Redox and Solvation Phenomena in
Transition Metal Disulfide Intercalates

M. ]. McKelvy, V. G, Young Jr,, E. W, Ong,
G. L. Burr, and W, §. Glaunsinger
Arizona State University
Tempe, Arizona
and
R. B. Vot Drecle
Los Alamos National Laboratory,

Los Alumos, New Mexico

Ammonia and metal-ammonia intercalates of the transition metal di-
sulfides (TS,) can be described as ammonia-solvated cation interca-
lates. Intercalation of ammonta into TS, T=Ti,Nb, and Ta hosts is not a
simple molecular insertion reaction. Redox reactions resulting in the
cointercalation of ammonium accompany ammonia intercalation.
These intercalates possess a variety of structural phenomena, depend-
ing on the relative strength of their guest-guest and guest-host interac-
tions, These phenomena include solvated cation cornplex formation,
ammonia reorientation, and distorted ammonla geometries, The char-
acterization of these, as well as other phenomena, the investigation of
selected Intercalates by the Rietveld refinement of NPD data, and

future directions will be discussed.



Neutron Diffraction in Incommensurate Barium Sodium Ni-
obate at Low Temperatures

W. F. Oltver
Arlzona State Lintversity
Tempe, Arizona

Stoichiometric Ba,NaNDb,O, (BSN) undergoes a phase transition at 105
K upon cooling from a ncariy commensurate orthorhombic phase
(Cem2)) to a doubly modulated incommensurate (IC) structure of
underlying tetragonal symmetry, Dielectric measurements reveal
another possible phase transition at ~40 K. The 2Q IC structure
between 40 K and 105 K also appears to exist between ~565 K and 582

K; and thus, the 105 K transition is thought to be a reentrant transition.

We have performed neutron diffraction studies on two samples of
BSN at 10 K, 21 K, and 90 K to elucidate {ts true structure in these low
temperature phases. At the two lowest temperatures probed, the
structure is found to be “locked-in” to a structure with Pdnc symme-

. try. Between is indicated a phenomenon also observed in other
structurally IC systems. The results of these experiments and possible
extensions of this work will be discussed.
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The Structure of High Temperature Superconductors:
the 1989 Vintage

George H, Kwei
Los Alamos National Laboratory
Los Alamos, New Mexico

Structural work on high-transition-temperature superconductors and
related compounds from the 1989 run cycles at the Manuel Lujan, Jr.
Neutron Scattering Center will be presented. These range from
temperature-dependent and dopant studles of YBa,Cu,0,, to studies
of oxygen stoichiometry in superoxygenated T and T* phase
materials, and to some newly discovered superconducting materials,
Recent structural work on the superconductor, TIBa, ,La,,CuO,,
produced by reduction rather than oxidation of the CuO, planes will
be highlighted. ‘
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