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Report of Measurements Camed Out at the NCSASR 

Instrument(s) 30-14 SANS 

Title SANS from Commercial Li-A1 Alloys 

Research Sponsor Aer i t a l i a  S - p - A  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

R. T r i o l o  

Report 

c ia l  A1-Li samples (A - 2090T8, B = 80901.6). 
i n t e n s i t y  as a func t ion  of k a t  19, 6, and 3 m corresponding t o  0.003 A L k - < 0.35. The "as rece ived  samples" have been hea t  t r e a t e d  a t  126°C with  d i f -  
f e r e n t  h e a t i n  r o f i l e s .  All t h e  samples show a sharp inc rease  of i n t e n s i t y  
f o r  k < 0.01 i-f. 
h r s  a n z  45 m a t  126OC. 
t r e a t e d  at  126OC f o r  26 more hrs .  Su rp r i s ing ly  the  s c a t t e r i n g  i n t e n s i t i e s  of the 
two samples are i d e n t i c a l .  We plan t o  i n v e s t i g a t e  f u r t h e r  the e f f e c t  of 
i n t s r r u  t i n g  the  aging t rea tment ,  as w e l l  as the  o r i g i n  of the s c a t t e r i n g  a t  k > 

We have performed preliminary SANS experiments on two d i f f e r e n t  commer- 
We have measured the sca5 te r ing  

I n  add i t ion ,  one o f  t he  samples B has been t r e a t e d  f o r  9 
After measuring the  i n t e n s i t y  curve the  sample has been 

0.01 s-p* 
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' t 0.007 

0.006 

0.005 

n x 
CU = 0.004 
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0.003 

0.002 

ORNL DWG 86-990 
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35' hrs at 126OC 
9 hrs 46 mln at 126OC 

2.6 ht8 at 126OC 
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Report of Measurements Carried Out at  the NCSASR 

Instrument(s) 30 m SANS 

Title SANS Invest igat ion of Pore Removal in A1703 Dur ing  S in te r ing  

Research Sponsor O f f i c e  Of Basic Science%rant or Contact No. DE- FG05-84ER45063 

(1 9 2 )  PORE EVOLUTION DURING GLOW DISCHARGE 
SINTERING OF ALUMINA 

Report 

Abstract 
R. A. Page, S. Spooner, W. 8. Sanderson, and 0. L. Johnson 

A s e r i e s  of experiments have been performed t o  demonstrate the appl icabi 1 i t y  of 
small-angle neutron sca t t e r ing  t o  the study of pore evolution d u r i n g  s in t e r ing .  
of a-Al203 which had been zone s in t e red  in a hydrogen hollow cathode glow discharge t o  
dens i t i e s  exceeding 94 percent o f  t heo re t i ca l  were employed i n  these preliminary measure- 
ments. 
s tages  o f  glow discharge s in t e r ing  occurs pr imari ly  th rough  a reduction i n  the number 
of pores present with only a small change i n  the average pore s i z e .  

Samples 

The neutron sca t t e r ing  r e s u l t s  ind ica te  t h a t  dens i f ica t ion  d u r i n g  the f i n a l  
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References 

Give references if the work has been published or submitted to conferences. symposia. etc. 

( 1 )  R .  A .  Page, S.  Spooner, W .  B. Sanderson, and D .  L. Johnson, J .  Am. Ceram. Soc. 
( s u b m i t t e d )  . 

( 2 )  R. A .  Page, S.  Spooner, W .  B. Sanderson, and D .  L .  Johnson, American Ceramic 
Society Annual Meeting, Pi t tsburgh,  PA, Apr i l ,  1987. 
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Report of Measurements Carried Out at the NCSASR 

30 m SANS Instrument( s) 

Title SANS Invest igat ion of Creep Cavi ta t ion in Ceramics Containing a Continuous 

Grain Boundary Glassy Phase 

Report CREEP CAVITATION IN LIQUID-PHASE-SINTERED ALUHINA(’ 

R. A. Page, J .  Lankford, K. S. Chan, K. Hardman-Rhyme, and S. Spooner 

Abstract 

The e a r l y  s tages  of cav i t a t ion  during compressive creep of a liquid-phase- 
sintered alumina have been character ized using small-angle neutron sca t t e r ing .  
Grain-boundary c a v i t i e s  were found t o  nucleate throughout creep,  a1 though a t  a 
s t ead i ly  decreasing r a t e .  The c a v i t i e s  were located on two-grain junct ions as  well 
as t r i p l e  points  and were spaced approximately 100 t o  200 nm a p a r t .  The cav i ty  
spacing corresponded t o  the spacings observed f o r  grain-boundary ledges,  suggesting 
t h a t  the ledges were the cavi ty  nucleation s i t e s .  Cavity nucleation was a l so  found 
t o  be r e l a t i v e l y  independent of the applied s t r e s s .  This behavior has been r a t io -  
nalized based on the decreasing r a t i o  of E g b s / E t ,  where Egbs i s  the s t r a i n  d u e  
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t o  grain-boundary sliding and ~t is the total s t ra in ,  a t  increasing stresses. Cavity 
growth, on the other hand, was h i g h l y  stress dependent. Above a certain "threshold" 
stress c a v i t y  growth was observed. In a l l  cases, however, the observed growth  was 
transient; i .e . ,  the cavity growth rate decreased w i t h  time. Lowering the stress 
below the "threshold" resulted i n  a condition i n  which cavities nucleated b u t  con- 
tinued growth o f  the cavities d i d  not occur. In a l l  cases the cavities nucleated 
and grew, when growth d i d  occur, w i t h  relatively equiaxed shapes. 

L 

References 

Give references if the work has been published or submitted to conferences. symposia. etc. 

( 1 )  R .  A .  Page, J .  Lankford, K .  S. Chan, K. Hardman-Rhyne, a n d  S. Spooner, 
J. Am. Ceram. S O C . ,  Vol. 70, pp.  137-145, 7987. 
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Report of Measurements Carried Out at the NCSASR 

lnstrumen t( s) -S 

Title (preliminarv) SANS Investigation of Microstructural Changes in Nickel- 
based Superalloy Single Crystals due to Creep 

~ 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) To Be Cornpieted by O R N L  

T fhene Date Received 

S. Spooner Proposal No. 

Date of Experiment(s) 

Report 
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SANS measure ments were made on single crystel superalloy CMSX which 
is a nickel-based composition having a gamma' precipitate oriented 
in a fixed habit in a gamma matrix. It was anticipated that there Yz 
would be a strong scattering from the gamma' precipitates but it was 
hoped that due to the anisotropic nature of the scattering that changes 
in scattering could be measured in the low intensity part of the pattern. 
Samples differing in the amount of charged hydrogen were compared. 
No readily measured differences could be found in thses experiments. 
It is concluded that the gama' scattering 
over which to measure the subtle effects of hydrogen. 

- 

is too strong a "background" 

References 

Give references if the work has been published or submitted to conferences, symposia. etc. 
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Report of Measurements Carried Out at the NCSASR 

Instrurnent(s) 30 meter SANS 

Cobalt 
Title Exploratory SANS Investigation of the Shape of - Precipitates 

in Cu(Co) Single Crystals 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) To Be Completed by O R N L  

H. I. Aaronson 
Date Received 

Proposal No. S. Spooner 

Date of Experirnent(s) 

Report 
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... 

With the unavailability o f  Cu(Co) crystals (several attemp6s having 
failed) SANS investigation of the early stages of precipitation was 
made on polycrystalline samgles ofoa 0.5 at. % alloy. Heat treatmefg?s 
for 1, 2 and 3 hours at 560 C, 580 C and 600°C. Under these condit 
the nucleation and growth stages of precipitation could be observed. 
Use of the absolute$ calibrated intensity permitted the estimate of the 
number dehsity of precipitates which increased with t€me. The apparent 
nucleation rates were found to agree to 
rates found in TEM studies. 

, 

an order of magnitude with 

While it was expected that the large angle scattering part of the 
the SANS pattern would reveal some indication of finite boundar 
width, the interierence of scattering background from incoherin' and 
possibly paramagPetic scattering obscured the subtle variations in the 
Porod law scattering that were sought. 

Until large single crystals and large magnetic field capabilities are 
available studies are not likely to yeild the desired information on the 
shape and boundary chemistry of nuclei in the Cu(Co) system. 

References 

Give references if the work has been published or submitted to conferences, symposia. etc. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s1 30-14 SANS 

Title Kinetics of Phase Separation in Mnn ,.,Cu 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

B.  D. Gaulin 

s. spooner 

Y. Morii 

Report 



13 

We have examined the kinetics of phase separation in Mno.67Cuo33 using time-resolved neutron- 
scattering techniques. In  an early-time regime, the kinetics follows the Cahn-Hilliard-Cook linear 
theory of spinodal decomposition. There is an intermediate stage. Then, at a late time, dynamic scaling 
is obeyed. The time dependence of the wave vector at maximum scattering intensity (which is inversely 
proportional to the average linear domain size) can be well described over the entire late-time regime 
and much of the intermediate-time regime by arguments recently put forward for earlier-time correc- 
tions to the limitingly late-time stages of phase separation. 

References 

Give references if the work has been published or submitted to conferences. symposia. etc. 
Physical Review Letters 2, 668 (1987). 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) S m a l l  Anple X-rav S c a t t e r i n g  

Title Determination of t h e  A 1 - L i  Phase Diagram by SAXS/TEM 

Research Sponsor Alcoa Grant or Contact No. 

Participants and NCSASR Coilaborator(s) 

CHA.NGN0 SUNG 

D r .  D. B. W i l l i a m s  

Dr. S. Spooner 

Report Aluminum a l l o y s  containing l i t h i u m  o f f e r  a t t r a c t i v e  p o s s i b i l i t i e s  f o r  t he  a v i a t i o n  
i n d u s t r y  and f o r  o t h e r  s t r u c t u r a l  a p p l i c a t i o n s  due t o  t h e i r  low d e n s i t y  and high s t i f f -  
ness  p r o p e r t i e s .  The major s t r eng then ing  increment i n  a l l  A1-Li  a l l o y s  i s  a f fo rded  by t h e  
widespread p r e c i p i t a t i o n  of o rde red ,  metastable  6 '  (A1 Li)  during aging.  A t  present t h e r e  
i s  s t i l l  cons ide rab le  u n c e r t a i n t y  surrounding t h e  a + 3 '  phase f i e l d ,  which l i m i t s  our 
understanding of t h e  p r e c i p i t a t i o n  behavior of t h e  important 6'  phase. 

SAXS is s e n s i t i v e  t o  non-periodic s t r u c t u r e s  on a scale from 0.5nm t o  2OOnm i n  
diameter ,  and the  SAXS spectrum is obtained from a r eg ion  of specimen 3mm2 x 100um t h i c k .  
Therefore ,  SAXS g ives  information c h a r a c t e r i s t i c  of bulk material due t o  s c a t t e r i n g  from 
many c e n t e r s .  
micron v a r i a t i o n  i n  t h e  s c a t t e r i n g  centers cannot be accounted f o r  and t h e r e f o r e  l i m i t  t he  
q u a n t i f i c a t i o n  of t h e  SAXS da ta .  I n  o t h e r  words t h e  SAXS spectrum does no t  g ive  a unique 
s t r u c t u r e  i d e n t i f i c a t i o n  and a s p e c i f i c  model i s  e s s e n t i a l  i n  o rde r  t o  i n t e r p r e t  t he  
spectrum. Deviation from the  model i n  the  rea l  specimen limits the  i n t e r p r e t a t i o n .  Only 
when the  range and type of s c a t t e r i n g  c e n t e r s  i s  known can t h e  s e p a r a t e  c o n t r i b u t i o n  t o  
the  SAYS spectrum be separated.  However, t hese  s e p a r a t e  s c a t t e r i n g  con t r ibu t ions  can be 
obtained using TEM imaging. 

While t h e  s c a t t e r i n g  s ta t is t ics  are exce l e n t ,  t h e  e f f e c t s  of s m a l l  sub- 
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Sfngle  cqa- ta ls  of A1-7.4atX and 9 . l a t %  L i  a l l o y s  was used t o  s tudy  t h e  
a 3. 6' phase boundary a t  aging temperatures  a b w e  150OC. 
f r a c t l o n  of 6' p r e c i p i t a t e s  and hence t h e  s o l u t e  removed from t h e  m a t r i x  is pro- 
p o r t i o n a l  t o  t h e  i n t e g r a t e d  small angle  s c a t t e r i n g  i n t e n s i t y .  
t h a t  t h e  p r e c i p i t a t e s  and matrix are in local equi l ibr ium so t h a t  t h e  i n t e g r a t e d  
i n t e n s i t y  is fndependent of aging t inte.  S e v e r a l  aging times w e r e  chosen a t  each 
aging temperature  based upon 8'  p r e c i p i t a t e s  coarsening d a t a .  
s i n g l e  crystal a l l o p s ,  one l a r g e  g r a i n  p o l y c r y s t a l  A1-12.7atX alloy was used t o  
f n v e s t f g a t e  t h e  Q 3. 6' phase k u n d a r y  because we can obtain more r e l i a b l e  compositions 
of t h e  u m a t r i x  and 6 '  p r e c i p i t a t e s  from a SAXS experiment i f  more than two kinds of 
A1-Li alloys are used (S. Spodner, p r i v a t e  communication). 

It is known t h a t  volume 

Thus, i t  is important  

In  a d d i t i o n  t o  two 

Fig, 1 shows the Kratky p l o t  of AI-12.7at%Li a l l o y  aged a t  23OoC f o r  2 h r s  (A), 
0.5 h r s  a), and 10 mins (C]. Fig, 2 shows t h e  m i c r o s t r u c t u r e  of sample A which 
conta ins  6' and. 6. p r e c i p i t a t e s .  We can determine t h e  composition of 6 '  p r e c i p i t a t e s  
a t  each aging temperature and p r e d i c t  phase diagram of A1-Li a l l o y s  us ing  t h e  i n t e g r a t e d  
i n t e n s i t y  CFig. 11 and TEM r e s u l t s  @ i g .  2 ) .  Complete r e s u l t s  w i l l  be  publ ished later.  

0.16 - 

5 
SCATTERING VECTOR (K) 

Fig. 1 Fig. 2 

References 

Give references if the work has been published or submitted to conferences. symposia. etc. 

"Combined SAXS and TEX Studies  of A1-Li Alloys", S .  Spooner, D.  B .  W i l l i a m s ,  and 
C. M. Sung. Oxford Conf, on A1-Li Alloys I T I ,  pp .  329-336, January 1986. 
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Report of Measurements Carried Out at the NCSASR 

Instrument( s) 1o-m SAXS carfern 

~ ~~~. 

Title A S p R m h  for f&* I% Ordered Phase in Neutron-Irradiated Cu-5 at. % Mn 

Research Sponsor Grant or Contact No. 

Report 
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The a l loy  CLF~ at. % Mn was m d i a t e d  w3th 14&V neutrons at room temperature t o  
a fluence of 2 x 1021 n/m2 ( d o - 3  displacements per atom).  his a ~ o y  conposition 
should be single-phase according t o  published phase diagrams, but SOIIY? researchers 
have el-d that an ordered phase Cum occurs near this composition at temperatures 
below 400OC. 
that shart-range order (m) had occurred a s  a result of the irlradiation. 
study was therefore intended t o  examine whether any clustering had occurred d u r a  
the neutron irradiation. 

Electrical  res i s t iv l ty  mas-s on the irradiated alloy suggested 
This 

We did not observe any erldence of clustering from small angle X - r a y  scattering 
mmJmn?ents. 
not reveal a second phase. 
clustering b this alloy. 
short-range ordering that does not involve tk creation of a second discrete phase. 

Furthmmre, electron microscopy and diff’raction measuremnts d i d  

The observed r e s i s t i v i ty  behaxLor is mst likely due t o  
We therefore conclude that there i s  no appreciable 

References 

Give references if the work has been published or  submitted to conferences. symposia, etc. 
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Title Measurement of Magnetic Domain Size (Preliminary) 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

W .  A .  Challener 

S. Spooner 

J. S .  L i n  

G .  D .  Wimal l  

Report 

Samples of a magnetic amorphous alloy similar to that used in erasable optical disks 
were given a preliminary examination by SANS and SAXS techniques. The samples were 
composed of 1000 angstroms of a magnetic amorphous alloy, protected from oxidation by 
50 angstroms of a dielectric, deposited upon a kapton film substrate. The purpose of the 
experiment was to determine if the equipment available could be used to measure magnetic 
domain sizes which are presently believed to be on the order of 50 to 200 angstroms in 
d i m e  t er . 
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Because of the very small volume of the sample, multiple sample layers and long 
data collection times were used in both the SAXS and SANS experiments. The radius of 
gyration measured by SAXS was 77 angstroms, corresponding to an approximate diameter 
of 200 angstroms in the physical structure. The radius of gyration measured in the SANS 
experiment was 89 f 11 angstroms. For the SANS experiment, the sample was also 
placed in a 4 kG external field, but the signal was too small to measure any change in the 
scattering. 

This feasibility experiment indicated several ways in which a follow up experiment 
may be improved. Replacing the kapton film substrate with a very thin quartz or glass 
substrate or a deuterated plastic fdm would eliminate much of the background scattering. 
The thin films could be deposited on both sides of the substrate, and perhaps multiple 
layers could be deposited on one substrate. An order-of-magnitude increase in signal-to- 
noise ratio is expected by using the high flux reactor instead of the lower flux reactor used 
in these measurements. 

References 

Give references if the work has been published or submitted to conferences. symposia. a. 
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Report of Measurements Carried Out at the NCSASR 

* Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 
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Dispersoid Coarsening Kinetics in Comaercial Alumina Dispersion 
Strengthened Copper 

The aim of this investigation is to use Small Angle X-ray Scattering 
to characterize the rate of coarsening in A l  03 dispersion 

(ref. 1) has demonstrated that SAXS is an effective tool €or 
characterizaing the dispersoid volume fraction and size distribution 
in the nickel base dispersion strengthened alloy, MA 754. 
investigation focuses on a dispersion strengthened copper which is 
currently a candidate material for various Tokamak Fusion Reactor 
application, where neutron resistance (ref. 2 )  and high temperature 
strength (ref. 3 )  are important issues. 

Specimens of both A1-15 (0.3 w t . %  alumina) and Al-60 (0.6 w t . %  
Alumina) were encapsulated in quartz with a high purity Argon backfill 
and Tantalum foil getter and subjected to long term annealing. 
Temperatures ranged from 850 to 1040 C, for times up to 2000 hrs. 
SAXS data was acquired during a one week visit to NCSASR in February, 
1987. Preliminary analysis of the data indicate that dispersoid size 
stability is good, but that morphological changes occur during the 
long term annealing. 
intensity plots indicate a shape change from equiaxed to elongated 
particles. 
results for aged specimens. 

A second trip to NCSASR is tentatively being planned for late s m e r  
by Drs. Livak and Stephens. 
data analysis, and hopefully lead to the outline of a journal 
publication. 

strengthened copper (Glidcop Grades Al-15 an 3 Al-60). Previous work 

The present 

In particular, asymmetric contours in 2-D 

This is in qualitative agreement with TEFl thin foil 

This planned session will permit further 
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Report of Measurements Carried Out at the NCSASR 

Instrurnent(s) 10 meter SAXS 

Title Low Temperature Solvus in Aluminum-Lithium Alloys 

Research Sponsor Grant or Contact No. 

Report 
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Four aluminum-lithium alloys (4.1 at.%Li, 5.5 at.%Li, 6.5 at.%Li and 
7 . 2  at.% LA) were regcted after direct quench to three temperatures 
(95OC, 110 C and 125 C) for times up to 16 hours. 
measured with SAXS for the main purpose of determining the presence or 
absence of precipitation product from the treatments. In the 4.1 at.% Li 
alloy no clear indication of precipitation was found. 
precipitation was evident except in the 125 C treatment. 
was inferred which came remarkably clo se to the prediction of Sigli and 
Sanchez. Thse results corroborate’the earlier SAXS studies done in this 
laboratory. Study of the kinetics and the variation of the volume 
fraction of the precipitate with treatment should permit a more 
quanti. tative determination of the phase boundary limits in this system. 

These samples were 

In the 5.5 at.% LI 
0 

A phase boundary 

References 

Give references if the work has been published or submitted to conferences. symposia. etc. 
S. Spooner, D. B. Williams and C. M. Sung, ”Evidence for the Yetastable 
Kiscibility Gap in A1-Li from S m a l l  Angle X-ray Scattering,” AIME-THS 
Meeting Abstract, New Orleans, 1986. 
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ReDort of Measurements Carried Out at the NCSASR 

Study of the Effect of Retained Helium in Metal (Pd) Lattices Title 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Cotlaborator(s) 

P. W. Seabaugh 

C. R. Hudgens 

S. Spooner 

Report 
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SAXS measurements on paladium -- powdered metal subjected to various 
cycles of hydriding and dehydriding were made to find structural 
changes reslting from the hydrogen treatment. 
as done in anticipation of the study of the 
isotopes in paladium which may involve helium effects as well. 
"he principal scattering effects appear to arise from the 
metal substrate powder. Variations in the scattering pattern can be 
correlated with the differences in the method of manufacturing the 
powder. No readily measured changes can be seen as a result of 
hydride cycle effects however. 
pressurized with hydrogen was measured in situ and then measured 
over a period of time after release of the hydrogen from the sample. 
A small and tantalizing change seemed to be on the edge of measurability 
in the time series. The expectation is that a change from the hydrided 
to unhydrided condition would show a change in the scattering. Several 
attempts were made to repeat the experiments with no convincing 
corroboration of the initial indication. Improved hydrogen cell designed 
seems to be required to in sure that hydrogen relase can be controlled. 

This preliminary work 
effects of other hydrogen 

In one experiment a paladium sample 

References 

Give references if the work has been published or submitted to conferences, symposia, etc. 
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Report of Measurements Carried Out at the NCSASR 

Ins t rumen t ( s )  lo-meter S a S  

Title SAXS Study of Coarsening Kinetics at Low Temperature and S m a l l  Lithium 

Content AI-Li Alloys: The Effects of Direct and Indierct Quenching 

Research Sponsor Grant or Contact No. 

Participants and NCS AS R Colla bora tor( s) 
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SAXS measurements of 6.8 at.% Li at 126OC 
for times up to 30 hours were made in which two quenching methods 
were employed. 
and then aged while in the second method the sample is direct. 
quenched to the precipitation temperature. 
precipitate size and volume fraction depends on the quenching method. 
Derect quenching produces a larger precipitate size. 
alloy reacted at 100°C the direct quench gives a larger volume fraction 
of precipitates than in the case of the quench to room t. Zerature 
and age. In the 6.8 at.% Li alloy direct quenching produces a lower 
volume fraction at 
suck as a miscibility gap is traversed as temperature is lowered to 
100 C degrees in the 9 . 4  at.% Li a l l o y  while no such traverse is 
accomplished in the 6.4 at.%Li alloy at 126OC. 
a spinodal decomposition mode is possible in this system. 

and 9.4 at.% Li at 100°C 

In one method the sample is quenched to room terfperature 
ly 

The evolution of average 

With the 9.4  at.% Li 

126'C. The implication is that a phase boundary 

It is suggested that 

References 

Give references if the work has been published or submitted to conferences. symposia, etc. 

S. Spooner, D. 3. Williams and C. M. Sung, " Combined samll angle X-ray 
scattering and transmission electron microscopy studies ix of A1-Li 
alloys", in Aluminum-Lithium Conference LLZ, e d .  C. Baker, P. J. Gregson, 
S. J. Harris and C. J- Pelg l ,  The Inst. Metals, London, 1986. 



28 

Report of Measurements Carried Out at the NCSASR 

1o-m s m  carfern Instrurnent(s) 

Title A S ePwh f o r  Cu5Nn Ordered Phzise in Ne~~t ron- I r r zd ia t ed  Cu-5 at. % Bh 
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The alloy Cu+ at. X Ph was irradiated Tdth 14-MeV neutrons a t  room teLnpkr&m-e t o  
a nuence of 2 x 1021 n/m2  his a l loy  canposition 
should be single-phase accordin& t o  publisned phase diagmms, but sore resemchers 
have c la imd that m ordered phase Cu5Ph occurs near t N s  corposition at temperatures 
below 4OOOC. 
that short-range order (USXI) had occurred as a result of the Irmdiation. 
study was;therefore intended t o  examine whether any clustering had occw.rcd during 
the neutron Irradiation. 

ctisplacemnts per atom). 

Electri-cal resistivity masmentts on tke i rmdiated a l loy  sqgested 
'TMs 

We did not observe any evidence of c luster i rg  *om smll angle X-my scat ter i r4  
msmmnts .  
not revea l  a second phase. 
clustering IR thls al loy.  The observed resistivity behador is mst lilcepj due t o  
short-range ordering that does not involve the creation of a second discrete phase. 

Furthe-mre, electA-on microscopy a d  diffraction masurewnts did 
We therefore conclude that there is no appxciable 
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Title Structure and Propoeties of 3-Companent Microemulsions Near the Critical Point 
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We have used small angle neutron scattering and light scattering to 
study the structure and nature of the phase transition near the lower critical 
point of a 3-component AOT microemulsion system. 
and close to the critical point, the system exists as an assembly of 
surfactant coated spherical water droplets in oil, characterized by a well 
defined polydispersity. Upon approaching the critical point, the correlation 
length of the system diverges with a critical exponent of v = 0.75 for a 
number of field variables, namely, temperature, pressure, alkane number, and 
salinity. This divergence can be attributed to increased correlations between 
the basic droplets. Furthermore, the critical exponents for the correlation 
length and the osmotic compressibility appear to be Ising-like, with -y = 2 v .  
The coexisting phases above the transition temperature are both water-in-oil 
microemulsions, differing only in the number density of droplets, and the 
nature o f  the phase transition is analogous to a simple liquid-gas 
coexistence. We have also determined that the critical phenomenon is driven 
by interdroplet attractions. Far below the cloud point temperature, the 
attraction €s short-ranged. Near the transition, the interaction could become 
progressively longer-ranged and its strength increases linearly with 
temperature, consistent with the fact that the coexistence curie has a lower 
critical point. 

We have found that both far 
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For t h e  model mic roemuls ion  c o n t a i n i n g  a s u r f a c t a n t  known a s  AOT, 
because o f  i t s  l a r g e  s o l u b i l i t y  i n  alkanes (from C6 t o  C12) and o f  i t s  
asymmetric mo lecu la r  geometry t h e  a n i o n i c  s u r f a c t a n t  sodium d i  -2- 
e t h y l  hexy l  s u l f o s u c c i n a t e  (AOT) forms w a t e r - i n - o i l  microemulsions over a l a r g e  
p o r t i o n  of i t s  t e r n a r y  phase diagram. Extens ive small  angle neu t ron  
s c a t t e r i n g  (SANS) measurements have been c a r r i e d  ou t  by t h e  MIT/Exxon group t o  
de termlne t h e  d e t a i l e d  s t r u c t u r e  o f  reve rse  m i c e l l e s  when t h e  s u r f a c t a n t  i s  
d i s s o l v e d  i n  decane and of t h e  water swo l l en  reve rse  m i c e l l e s  (mi rcoemuls ions)  
when an i n c r e a s i n g  amount o f  water i s  added. As a r e s u l t  t h e  " d r o p l e t "  
p i c t u r e  o f  t h i s  mic roemuls ion  system i s  now f i rmly  e s t a b l i s h e d  n o t  o n l y  i n  t h e  
d i l u t e  regime but a l s o  i n  t h e  dense microemulsions when the  volume f r a c t i o n  of 
t h e  d r o p l e t s  i s  as h i g h  as 0.71. T h i s  a r t i c l e  b r i e f l y  rev iews t h e  d r o p l e t  
s t r u c t u r e  as w e l l  as t h e  i n t e r - d r o p l e t  s t r u c t u r e  of  t h i s  t e r n a r y  system i n  t h e  
one-phase r e g i o n  and i n  t h e  microemulsion two phase reg ion.  I n  p a r t i c u l a r ,  
t h e  n a t u r e  o f  t h e  f l u c t u a t i o n s  near t h e  c loud  p o i n t s  and i t s  connect ion  w i t h  
t h e  tempera ture  dependent e f f e c t i v e  d r o p l e t - d r o p l e t  a t t r a c t i v e  i n t e r a c t i o n  a r D  
discussed. 
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We have c o n s t r u c t e d  a phenomenological theory of 
microemulsion phase behav io r ,  based on a model of i n t e r -  
a c t i n g  s p h e r i c a l  globules. The model e x h i b i t s  a c r i t i c a l  
po in t  p r i o r  t o  a two-phase coex i s t ence ,  a first-order 
phase s e p a r a t i o n  ( "emuls i f i ca t ion  f a i l u r e " ) ,  and a th ree-  
phase coex i s t ence .  The r e s u l t s  of t h e  model a r e  i n  accord 
wi th  small ang le  neut ron  s c a t t e r i n g  measurements on 
AOTlwaterjdecane microemulsion. Analys is  of t h e  neutron 
s c a t t e r i n g  d a t a  shows the  i n t e r g l o b u l e  i n t e r a c t i o n  t o  
s c a l e  w i t h  globule r a d i u s ,  c o n s i s t e n t  wi th  a s h o r t  range 
a t t r a c t i o c ,  poss ib ly  due t o  ove r l ap  of s u r f a c t a n c  tails. 
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a Macrocyclic Ligand: Double- vs. Single-Chain Arnphiphiles 

~- ~~~ 
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Report 

We have been interested in how patterns of micellar aggregation differ for double- 
chain vs. single-chain amphiphiles; for sodium bis(n-alky1)sulfosuccinates ( C  S S )  in 
water, the first-formed spherical micelles have large areas per head group an3 low 
extents of counterion binding (fraction ($1 of ca. 0.51, but with increasing surfac- 
tant concentration rapid micellar growth, deviation of the micellar shape from 
spherical and subst$ntial increases in the fraction of counterions bound are observed. 
We supposed that Na complexation by macrocyclic ligands such as the cryptand C222 
in dilute C SS solutions would produce minimum-sphere, highly ionized micelles (with 
P ' s  even lower than observed with C222 plus the single-chain amphiphile sodium 
dodecylsulfate, SDS). 

n 

Examination of representative scattering curves, presented in Figure 1, shows 
immediately, without recourse to curve-fitting, that the addition of one equivalent of 
C222 does indeed decrease the mean aggregation number (n) of SDS micelles. Contrary 
t o  expectations (see Fig. 1 again), at some concentrations of C SS C222 has the opposite 
effect. 
modelled as spheres at low concentration, prolate ellipsoids at the higher concen- 
trations. More detail may be found in refs. 1 and 2; adjustable parameters were :, 

Figure 2 shows typical fits for the scattering curves:' the micelles are 
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evaluated for a given 2, micellar hard s p h e r e  diameter and volume fraction following 
Hayter, Penfold and Hansen (refs. 3 and 4 ) .  

Figures 3 and 4 present the evolution of z ' s  for the two surfactants with and 
without C222 as a function of amphiphile concentration and supptrting electrolyte 
(NaC1) concentration. For SDS, the presence of one C222 per Na decreases the micellar 
size and makes it insensitive t o  increases in SDS and NaCl concentration; C222 also in- 
creases the extent of micellar ionization. For the C SS micelles, the decrease in 
mean n occurs only in the more concentrated micellar solutions; the effect of added 
NaCl on micellar growth is muted somewhat but not eliminated. 

The Na :C222 
complex occupies J36 A ; SDS micelles in the absence of C222 have areas per head group 
of less than LOO A , so n must decrease in order to accommodate the G222. However, the 
area per head group for C SS micelles is large enough (until ca. 0 . 2  M C,SS) already; 
in fact, some increase in7;; occurs upon addition of C222, a6 hydrocarbon-water contact 
at the micellar surface is minimized. 

? 

+ 
The difference ig2behavior is rooted in geometrical considerations. 
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The technique of SANS has been used to determine the change in size 
and aggregation number of SDS micelles with the solubilization of 
napthol and decane. The results f o r  decane were as expected: the 
radius'and aggregation number incre,ase with mol fraction of decane 
( 0 . 1 - 0 . 4 ) .  Contrast variation experiments indicated that decanewas 
localized near the center of the micelle. In the case of napthol, 
similar increases in size and aggregation number were observed but the 
contrast valuation experiments did not c l e a r l v  identifv the locus  of 
solubilization of napthol. 
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Angle Neutron Scattering 
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Stuart S. Fkrr 

Richard R. M. Jones 

Report 
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. 
The effect of added electrolyte on i o n i c  micelle s i z e  and 

interparticle interactions has been studied by small -angle neutron 

scattering (SANS). The surfactants, l i t h i u m  and sodium dodecyl sulfate 

(LDS and SDS) were kept a t  a fixed concentration (0.05 M), while their  

respective chloride concentrations ( L i C 1  and NaC1) were increased. As 

the concentration of added s a l t  was raised, coulombic interactions 

decreased t o  the point where Van der Waals forces c o u l d  dominate. 

Furthermore, the added electrolyte was able t o  screen intramicel  l a r  

headgroup repulsions, allowing the micelles t o  grow i n  terms of a n  

increased aggregation nuirber, N. Sodium was found  t o  be much more 

effective t h a n  lithium a t  screening charge. N f o r  SDS micelles 

increased from 54 t o  928 and the contact p o t e n t i a l  decreased from 16 t o  

-221 kJ/mol when [NaCl] was increased from 0.0 t o  0.6 V .  N f o r  LDS, on 

the other hand,  went from 53 t o  91 and the contact p o t e n t i a l  decreased 

f r o m  14 t o  -2.5 kJ/mol as [ L i C l ]  was increased f r o m  0.0 t o  0.8 M. 
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Instrument( s) 30-Meter SANS 

Scattering Investigations of a Three Component Nonionic Microemulsion Title 

Grant or Contact No. NSF Research Sponsor 

Report 

SANS measurements were performed for the ternary microemulsion D 0-octane-C E at 
2 .  several compositions: (1) as a function of c E wt% (Y) at constant oil/water ?i?!.5ratio 

(7  = 4 0 ,  so the oil-to-water volume ratio is Lfie? in both the high and low temperature 
arms of the fish tail (Fig. la); and ( 2 )  as a function of 
isotropic channel (Fig. lb). A l l  of the scattering curves showed a Q decay at large Q, 
indicating the presence of an interfacial film at which the change in scattering length 
density from e to is sharp. 

intensity and moves to higher Q as Yincreases (see Fig. 21, while in series 2 I and 
Qma, show a parabolic dependence on 4 (Fig. 3 expresses the latter trend as 2n/Q 
In series 2 at low and high o( (IC and > 80 respectively), the scattering is consisgent 
with that expected from oil-in-dat.er o r  water-in-oil microemulsion droplets: 
the maximum in P ( r )  and D for each sample give the same radius; the droplet radii 
increase, as expected, wiEXin:reasing volume fraction of  the dispersed phase. 
when substantial amounts of water and oil are both present, this is no longer the case. 
Electron micrographs of the nicroemulsions show intertwined domains of oil and water 
rather than droplets; translational self-diffusion coefficients (measured by PGSE FTNMR) 

(at Y =  7 !&%I through the main 

DaO 
The majority of the curves a l so  display a peak at low Q; in series 1 it decreases in 

pealf . 
Guinier radii, 

ma 

However, 
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of oil and water are consistent with the connectivity. The experimental D values 
(Fig. 3 )  are roughly equal to the sum of the average diameters of the oil a%xwater 
domains seen in the micrographs; 

be represented by I(Q) (a, + c2Q + c2Q ) ; this arises from the use of a particular 
order parameter expansion in describing the free energy density in a Landau theory. The 
correlation function in real space which yields this I(Q) representation is given by 
y(r> = (d/Z?rr)*(exp(-r/$)) sin(2ar/d); d is characteristic for the domain size (the 
periodicity; roughly D 1 ,  while $is the correlation (or persistence) length. As 
observed already by otf%!s studying microemulsions, $ may be obtained from the Porod's 
law regime, as well as from fitting the full scattering curve. 

Fig. 2 ,  using the Teubner-Strey formalism: 
at 21 wt%, 1832 (821). 

is proportional to the product & at$,. Dmax 0 Recently Teubner and Strey haye sho9 fpat SANS curves such as those in Fig. 2 can 

The following values for d (and $;I were obtained for the scattering curves in 
at 6 wt%, 809 b (236  $1; at 12 ut%, 379 A ( 1 2 6 i ) ;  
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Small-angle neut ron  s c a t t e r i n g  measurements have been c a r r i e d  o u t  a t  50°C 

as a func t ion  of e x t e r n a l  c o n t r a s t  ( d i f f e r e n t  r a t i o s  of 50 t o  D20) on 0.12 M 

s o l u t i o n s  of h e x a d e c y l t r i m e t h y l a n i u m  bromide, wi th  t h e  methyls of t h e  

ammonium group p r o t i a t e d  and deu te ra t ed .  

t h e  s u r f a c t a n t  hydrocarbon is i n  a micellar c o r e  pene t r a t ed  by l i t t l e ,  i f  any, 

The r e s u l t s  i n d i c a t e  t h a t  most of 

so lven t .  The micelles are desc r ibed  adequate ly  by a d i s p e r s i o n  of monodis- 

perse p r o l a t e  e l l i p s o i d s ,  

agg rega te s  by the i s o t o p i c  composition of t h e  solvent. 

There is a s i g n i f i c a n t  e f f e c t  on t h e  s i z e  of t h e  
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Small-angle neutron scattering (SANS) da ta  have been obtained a t  

303 K for aqueous micellar solutions of  CH3(CH2)11S04 Na (sodium dodecyl 

sul fate,  SDS) and CH3( CH2 1 11S04 N( CH3 ( tetramethyl ammoni urn dodecyl 

sulfate, TMADS) and their deuterated analogues CH3(CH2)10CD2S04 Na 

(D2-SDS) and CH3(CH2)11S04 t4(CD3)4 (D12-TMADS). Results have been 

obtained for 0.4 mol d ~ n ' ~  surfactant in various H20/D20 mixtures and for 

TMADS as a function of surfactant concentration in 020. The SANS d a t a  

are well described by charged, monodisperse hard spheres interacting 

t h r o u g h  a screened coulomb potential. The asphericity a n d  the 

polydispersity of the systems were estimated t o  be small. The deuterium 

for the deuterated surfactants l i es  mainly in the Stern region of the 

micelle and increases contrast between the hydrocarbon core and the 

water saturated Stern layer. Therefore, these deuterated mice1 lar 

systems were used t o  determine the radius o f  the dry core which was then 

used i n  the determination of the structural parameters for  the micellar 

systems. The degree of hydration was determined w i t h o u t  resorting t o  the 

assignment o f  values for the water o f  hydration for the individual ions 

present. I t  was found  t h a t  TMADS micelles are smaller, have a higher 

charge, smaller degree of aggregation, a n d  less b u t  more deeply 

penetrating water t h a n  do SDS micelles. B o t h  SDS and TIvlADS micelles had 

substantial amounts of hydrocarbon residing i n  the aqueous Stern layer. 
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~~ - -~ ~~ 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 
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Report 

Experimental  

The vo lcan ic  rock samples were mounted on c y l i n d r i c a l  aluminum ho lde r s  about 1" i n  diameter.  
The t h i ckness  of t he  samples was  such t o  have an abso rp t ion  c o e f f i c i e n t  about 0.5. 
S c a t t e r i n g  i n t e n s i t i e s  were recorded a t  the 10- (Oak Ridge Re3earch Reactor)  and 30-m (High 
Flux I so tope  Reactor)  SANS cameras. We used neutrons of 4.75 A wavelength with a sample to  
d e t e c t o r  d i s t aFce  of 19, 6, and 4.56 m. This geometry gave us a range of momentum t r a n s f e r  
between 0.003 
pe ra tu re .  

and 0.1 A - l .  During measurements the samples were kept a t  room t e m -  

s c a t t e r i n g  equa t ion  

For a sample  of monodisperse n o n i n t e r a c t i n g  p a r t i c l e s  inbedded i n  a uniform matr ix ,  with rough 
p a r t i c l e l n a t r i x  i n t e r f a c e  the s c a t t e r e d  i n t e n s i t y  as a func t ion  of the modulus of the s c a t -  
t e r i n g  vec to r ,  Q i s  given by1 

I ( k )  = A(k-4 + a k-3(c+x)) (1) 
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where A is merely a c o l l e c t i o n  of cons tan ts  and depends on the  concent ra t ion  of d i spersed  
phase, x is an u n i v e r s a l  p o s i t i v e  parameter which c h a r a c t e r i z e s  the  sur face  roughness, while 
a is  a f u n c t i o n  o f  t h e  roughness of the interface between t h e  particles and the  m a t r i x  (a=O 
f o r  smooth s u r f a c e s ) .  
i n  the  mall angle  region (0.003 A'1 
roughly i n  t h e  range from 100 t o  -2000 1. 
Dieeusaion 

I f  t h e  s c a t t e r i n g  i n t e n s i t y  of a rock sample fol lows a k"4 dependence, one can conclude t h a t  
only the f i r s t  term of equat ion (1) i s  important,  and hence that azo .  Roughness is there- 
f o r e  unimportant i n  t h e  mentioned length  scale. However, it is poss ib le  t h a t  I ( k )  obeys a 
s i n g l e  pawer l a w  with exponent o t h e r  than -4 .  For rocks t h i s  should be the r u l e  r a t h e r  than 
t h e  except ion,  and f o r  t h i s  reason we s h a l l  devote more words t o  the  d e s c r i p t i o n  of t h i s  
s i t u a t i o n .  First we mst keep i n  mind that if the  s c a t t e r i n g  o r i g i n a t e s  not from the 
c o n t r a s t  a t  the  i n t e r f a c e  p a r t i c l e m a t r i x ,  bu t  r a t h e r  from the particle volume, and if the  
volume is  f r a c t a l  then I ( k )  should obey a s i n g l e  power l a w  dependence with exponent > -3 
(Schaefer  et al. 1984). However, if I ( k )  obeys a s i n g l e  power l a w  dependence with exponent 
< -4 o r  i f  a p o r t i o n  of the  s c a t t e r i n g  curve obeys a s i n g l e  power l a w  dependence with exponent ** 

< -4,  then the sur face  i s  a f r a c t a l .  I n  any o t h e r  case, roughness i s  the dominating f a c t o r  i n  
determining the  s c a t t e r i n g  i n t e n s i t y .  We wish t o  poin t  out t h a t  the  previous conclusions 
would hold even for systems of i n t e r a c t i n g  particles as are v a l i d  f o r  kR >> 1 ( R  being the 
s i z e  of the  particles). Of course,  i f  t h e  p a r t i c l e s  are i n t e r a c t i n g  then t h e  shape of I ( k )  
€ o r  kRz 1 would s t r o n g l y  depend on t h e  i n t e r a c t i o n  between the  p a r t i c l e s .  I (k )  could 
poss ib ly  show i n t e r a c t i o n  peaks and/or power law dependences o t h e r  than the one discussed 
previously.  

I n  t h e  k range 0.003-0.1 t h e  i n t e n s i t y  of a l l  our samples obey a s i n g l e  power l a w  depen- 
dence with t h e  exponents g r e a t e r  than  - 4 .  The exponent of the  power l a w  v a r i e s  f o r  a l l  the 
samples between -3.5 and -3 .8.  We can then conclude t h a t  i n  no case the s c a t t e r i n g  p a r t i c l e  
have f r a c t a l  volumes. I f  we assume that the p a r t i c l e s  are? monodisperse then we can conclude 
t h a t  the  i n t e r f a c e  roughness i s  of dominant importance f o r  a l l  the samples. The a n a l y s i s  of 
t h e  s c a t t e r i n g  curves allowed us t o  exclude the  p o s s i b l i l t y  t h a t  t h e  s c a t t e r i n g  p a r t i c l e s  of 
our  rock samples are f r a c t a l  volumes. 
systems under i n v e s t i g a t i o n ,  no conclusion has been reached a t  this s tage  concerning the 
p o s s i b i l i t y  t h a t  the  p a r t i c l e - m a t r i x  i n t e r f a c e  might be a f r a c t a l  sur face .  Fur ther  work is 
progress  in t h i s  d i r e c t i o n .  

Noncrys ta l l ine  rocks u s u a l l y  g i v e  measurable neutron s c a t t e r i n g  signals 
k I 0.1 and hence g i v e  information f o r  d i s t a n c e s  

Due t o  the chemical and phys ica l  complexity of the 

1. P.4. Wo~g, Phys. Rev. B 3 2 ,  7417  (1985). 
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Report of Measurements Carried Out at the NCSASR 

Instrurnent(s) 30-14 SANS 

Title Solvent Isotope Effects on Alkytrbethylammonium Bromide Micelles as  a 

Function of Alkyl Chain Length 

Research Sponsor Wake Forest Univ, DOE, NSF Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

S. S. Berr 

Report 
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The effect on micellar structure o f  changing the solvent from 

H20 to 020 for CnTAB (CnTAB 

16) has been examined. The energetics of micellitation have been 

determined by measuring critical micelle concentrations using surface 

tensiometry. The micellar structure has been elucidated through the 

use o f  small-angle neutron scattering (SANS). 

i s  a solvent isotope effect that is small fo r  C TAB, but increases 

with n. This effect is;  manifest mainly by an increase in aggregation 

number and is attributed to solvent-hydrocarbon interactions o f  the 

dissolved monomers. The fractional charge of the micelle is not 

altered by the isotopic composition o f  the solvent. C TAB micelles a r e  

found to be drier than are  micelles formed by the corresponding sodium 

alkyl sulfates and this results in a larger solvent effect f o r  the 

quaternary ammonium bromides. 

CnH2n+lN(CH3)3Brl with n = 12, 14, and 

It was found that there 

12 

n 

References 

Give references if the wjork has been published or submitted to conferences. symposia. e tc .  

J.  PHYS. CHEM. (in press). 



52 

Report of Measurements Carried Out at the NCSASR 

Title The Effect of Substitution of Hydrogen by Fluorine ou the Structure of Aqueous 

Sodium Octanoate Micelles as Seen by Small-Angle Neutron Scattering 

Research Sponsor Univ. VA/3M/NSP /DOE Grant or Contact No. 

Report 
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Fluorinated surfactants are more hydrophobic t h a n  their  

protiated counterparts as i s  evidenced by their  smaller cmc's and larger 

surface activity. The charge ( Z )  and  aggregation number ( N )  are 

determined for C7FI5COONa as a function of surfactant concentration by 

small-angle neutron scattering (SANS). The fluorine atoms provide 

excellent contrast between the micelles and the aqueous ( H20) solvent. 

The values for 2 and N are compared t o  previously determined values f o r  

C,H15COONa. N for  the f luo r ina t ed  surfactant is found t o  be greater 

t h a n  twice t h a t  o f  the protiated one. The fluorinated micelles are well 

described by a spherical micelle model i n  w h i c h  a l l  of the a lkyl  t a i l s  

1 

reside i n  a water-free core. 

References 

Give reierences if the work  has been published or submitted to conferences. symposia. etc. 

Dissertation for the  degree of Doctor of Philosophy, Wake Forest University, NC 



54 

ReDort of Measurements Carried Out at the NCSASR 

Instrument( s) 

Title Analytical Structure Function of a Polydisperse Perms-Yevick Fluid and 

Shulz (Gamma) Distributed Diameters 

Participants and NCSASR Collaborator(s) 

W. L. G r i f f i t h  

R. Triolo 

A. Compere 

Report 

Analytical expressions for the static structure function for a polydisperse Percus-Yevick fluid with Schulz 
Results obtained with the expression for (gamma) distributed particle diameters have been obtained. 

selected width factors and particle densities are presented. 
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FIG. 1 .  Polydisperse structure functions calculated for selected 
Schuiz width parameters t and a prcking hction, 7-0.1. 
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FIG 2. Polydisperse slruciure functions catculaied for selected 
Schulz width parameters :and a packing fraction g - 0.3. 
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Report of Measurements Camed Out at  the NCSASR 

Instrument (s) 

Title Analytical  Scat ter ing Function of a Polydisperse Percus-Yevick F l u i d  w i t h  

with Shult- (r-1 Distributed Diameters 

Research Sponsor DOE/NSF/Univ . Palermo Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

W .  L. G r i f f i t h  

R. Triolo 

A .  Compere 

Report 

Analytical expressions for the scattering function for a polydisperse Percus-Yevick fluid with 
Schulz- (r-) distributed particle diameters have been obtained. Results obtained with the expression 
for selected width factors and particle densities are presented. Comparisons have been made with 
approximations routinely used to model small-angle scattering curves. The expression derived is 
shown to yield the static structure function as a special case. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30-M SANS 

Title A S m a l l  Angle Neutron Scattering ( S A N S )  Study o f  Micellar Structure and Growth of 

A Straight-Chain Benzene Sulfonate: Comparison with an Isomeric Branched Chain 

Surf actant 

Research Sponsor u- and Grant or Contact No. 
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Participants and NCSASR Collaborator(s) 

E. Caponetti 

R. Triolo 

Patience C. Ho, J. S. Johnson Jr. xpenmentf s) 

L. J. Nagid, P. Butler, and K. A. Payne 

Report 
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Sodium p-n-dodecylbenzenesulfonate solut ions have been studied by means 

of small angle neutron sca t te r ing  ( S A N S )  measurements a t  65°C as a function 

of the surfactant  concentration, as a function o f  the  contrast  of the solvent 

and  as  a function of the concentration of added e lec t ro ly te .  

micelles of the isomeric branched chain surfactant  sodium p-l-(pentyl- 

heptyl )benzenesulfonate have been studied a t  the same temperature as a 

function of the contrast  of the solvent and as a function o f  the concentra- 

I n  addition 

t ion of added e lec t ro ly te  t o  compare the s t ruc ture  and  the micellar growth of 

the two surfactants .  

obtained by calculat ing the s t ruc ture  fac tor  by means of the mean spherical 

approxfmation (MSA) using a screened coulombic potential  olus hard core 

repulsions. Several d i f fe ren t  models have been used t o  calculate  the 

p a r t i c l e  form fac tor .  For some of the models, the measured geometry a n d  the 

charge of the aggregates a re ,  w i t h i n  the experimental uncertaint ies ,  

independent of the contrast  between the micelles and the solvent. 

Good f i t s  t o  the experimental resu l t s  have bpen 

The 

thickness of the shel l  which surrounds the hydrocarbon core implies a rough 

micellar surface for  both surfactants ;  t h u s  we propose t h a t  the planar phenyl 

aroup functions as a sort of supplementary head g roup ,  leading t o  a 

thicker polar she l l .  
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Report of Measurements Carried Out at the NCSASR 

Title NON-EQUILIBRIUM FRACTAL STRUCTURES NEAR CRITICAL POINTS 

Grant or Contact No. DE-AC-04-76DP00789 Research Sponsor DOE 

Participants and NCSASR Collaborator(s) 

J .  P. Wilcoxon, D. W. Schaefer, and 

E. W. Kaler 

Report 
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SANS measurements i n  t h e  two phase r e g i o n  near  t h e  c r i t i c a l  p o i n t  o f  a non - ion i c  
s u r f a c t a n t  system (C12Eg i n  D20) have been combined w i t h  p r e v i o u s l y  ob ta ined  da ta  
taken by s t a t i c  l i g h t  s c a t t e r i n g  t o  deomonstrate t h a t  non-equ i l  i b r i u m  s t r u c t u r e s  
develop whose s c a t t e r i n g  i n t e n s i t y  d e v i a t e s  s i g n i f i c a n t l y  from t h e  s imp le  long-  
wavelength Orns te in -Ze rn i ke  fo rm 1-9'2 found i n  the s i n g l e  phase reg ion .  
d e v i a t i o n  i s  f i r s t  observed even i n  t h e  s i n g l e  phase r e g i o n  ve ry  near  t h e  
c r i t i c a l  p o i n t  and i s  l i k e l y  due t o  t h e  r e v e r s i b l e  fo rmat ion  of  aggregates,  
whose e lementary  c o n s t i t u e n t s  a r e  themselves s p h e r i c a l  aggregates (mice1 l e s )  . 
Meanwhile, t h e  s i n g l e  p a r t i c l e  fo rm f a c t o r  r e t a i n s  t h e  c h a r a c t e r i s t i c s  observed 
f a r  f rom t h e  c r i t i c a l  p o i n t .  These f r a c t a l  c r r e l a t i o n s  i n  space e v e n t u a l l y  
ex tend t o  l e n g t h  sca les  o f  g r e a t e r  t han  2000 1 i n  t h e  e a r l y  ( l e s s  than 2 hours)  
stages o f  t h e  ve ry  s low phase s e p a r a t i o n  process. ( E q u i l i b r a t i o n  t ime  -24 h r s ) .  
F igu re  1 shows a comparison o f  a c r i t i c a l  and o f f - c r i t i c a l  temperature quench 
performed i n  a t a l l  s c a t t e r i n g  c e l l  which a l l owed  o b s e r v a t i o n  of b o t h  c o e x i s t i n g  
phases i n  t h e  two phase reg ion .  We observed t h e  fo rmat ion  of f r a c t a l  c l u s t e r s  
of m i c e l l e s  i n  bo th  s u r f a c t a n t  poor  and s u r f a c t a n t  r i c h  reg ions  of  t h e  s c a t t e r i n g  
c e l l .  The s c a t t e r i n g  behav io r  was i d e n t i c a l  i n  shape d i f f e r i n g  s o l e l y  i n  t h e  
t o t a l  i n t e n s i t y  (due t h e  s m a l l e r  amount of m i c e l l e s  p resen t  i n  t h e  poor phase). 
F i n a l l y ,  we observed t h a t  t h e  smal l  Q r e g i o n  of t h e  s c a t t e r i n g  curves f l a t t e n e d  
o u t  w i t h  quench t ime  as these s e l f - s i m i l a r  c o r r e l a t i o n s  i n  space decrease i n  
l e n g t h  sca le .  
s c a t t e r i n g ,  we observed t h a t  a l l  r mnants of t h e  f r a c t a l  s t r u c t u r e s  a r e  absent 

of smal l  o r d i n a r y  m i c e l l e s  w i t h  weak i n t e r p a r t i c l e  i n t e r a c t i o n s  ( s h o r t  c o r r e l a t i o n  
l e n g t h ) .  Furthermore, a change i n  i n d i v i d u a l  m i c e l l e  form f a c t o r  was observed 
upon quenching i n t o  t h e  two phase r e g i o n  i n d i c a t i n g  t h e  o r d e r  parameter ( m i c e l l e  
number d e n s i t y )  i s  n o t  conserved across  t h e  phase boundary. The importance o f  
p r o x i m i t y  t o  t h e  c r i t i c a l  p o i n t  i s  demonstrated by comparison o f  these r e s u l t s  
w i t h  t h e  o f f - c r i t i c a l  (15% w t )  quench a l s o  shown i n  F i g .  1. No i n t e r m e d i a t e  o r  
long-range f r a c t a l  c o r r e l a t i o n s  a r e  observed i n  t h i s  case. 

T h i s  

Con t inu ing  t o  f o l l o w  t h i s  e v o l u t i o n  t o  e q u i l i b r i u m  v i a  l i g h t  

on l e n g t h  sca les  from 300 t o  3000 &i , and t h a t  t h e  e q u i l i b r i u m  s t r u c t u r e s  c o n s i s t  

MICELLE, ~=-.0006, 11/86 F ig ,  1. Abso lu te  i n t e n s i t y  - 
0 
c-4 

vs. wavevector (Q) f o r  t h e  
CI2E6 m i c e l l e  system 
s h a l l o w l y  ( T=0.1 "C) 
quenched i n t o  t h e  two-phase 1 - 
reg ion .  I n  t h e  e a r l y  stages 5~~ 
( t i m e  1 h r . )  of phase 
separa t ion .  The s c a t t e r i n g  k- 
fo l l ows  a power law i n  Q f o r  Lfl 0 z- 

CQ 

R 

Y- 

o n - c r i  t i c a l  ( c i r c l e s ,  w 
squares) b u t  n o t  f o r  o f f -  

quenches. - 
c r i t i c a l  ( t r i a n g l e s )  Z Q  H 

I 

0 
.--+ 
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Report of Measurements Carried Out at the NCSASR 

Instrument( s) 
30-Meter SANS 

A Search for the Vesicle-to-Micelle Transition in Aqueous 
Title 

Didodecyldimethylammonium Acetate Solutions 

Grant or Contact No. NSF Research Sponsor 

Participants and NCSASR Collaborator(s) 

L. J. Magid 

Report 

Recently Evans and coworkers observed using microscopy populations of vesicles in 
dilute aqueous dispersions of didodecyldimethylammonium acetate (DDAOAC); with increasing 
DDAOAc concentration the vesicles disappeared. The surfactant inventory (amount in vesicles 
plus amount in micelles) was quantitated using a fluorescence quenching technique; however, 
the scattering data reported here established that the interpretation of the fluores- 
cence data was in error. The inventory has recently been redetermined (ref. 1); there are 
in fact essentially no vesicles in the surfactant solutions studied by S A N S .  The original 
inventory indicated that from 5 to 100 mM DDAOAc, the percent of surfactant present in 
the vesicles declined from 68 to 0%. Neither the Q dependence of the scattering nor its 
magnitude supports the original contention. 

Figure 1 shows the scattering curves, which are typical of those displayed by dilute 
solutions of strongly interacting charged mi elles. For the 5 and 61 mM samples, mea- 
surements were extended to a Q 
vesicles if present. 

f of 0.01 b- in order to detect scattering from min 
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Figure 2 compares the experimental scattering curve for 5 mM DDAOAc to the computed 
scattering for a mixed vesicle-micelle population. 
inner compartments (Gaussian distribution) o f  mean radius R and std. deviation 0.26-R; 
the bilayer was assumed to be 26A thick. The vesicle f o rm factor has a single shoulder 
(from the "shell" spectrum) which shifts to lower 4 as 
Q comes from the micellar structure factor.) For R t lOOA, the shoulder occurs at the 
experimental Q bears no relation to the 
experimental. *fn-fddition, the experimental intensity is g?Zker than the calculated 
beyond Q = 0.07 1 ; this occurs because only 32% of the total DDAOAc was assumed to be 
in the micelles, when in fact all of it is already at 5 mM. 

The vezicles were assumed to have 

increases. (The peak at lowest 

ak9 but the calculated intensity at Q < Q 

Each of the scattering curves is fit well if one assumes that a l l  of the surfactant 
(above the cmc) is present in micellar rather than vesicular form; Figure 3 illustrates 
a typical fit. 
apparent charges and axial ratio (the micelles are prolate ellipsoids); note that the 
absolute scattered intensities are correctly predicted. From 5 to 100 mM DDAOAc, 
n increase from 38 to 118; the micellar ionization is about 50% at 5 and 10 mM, which is 
typical for micelles of double-chained surfactants. 

The adjustable parameters were the micellar aggregation numbers (n), 

h.., C"... c d.c.y...oI - 0.0 e .w *C 

O j  

Figure 1. 

Figure 3 .  

Figure 2 .  
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Report of Measurements Carried Out a t  the NCSASR 

Instrument(s) 30-M SANS and 1O-M SANS 

Title Small Angle Neutron Scattering from Micelles of AlkylpolyorTethylene Sulfate: 

e c t  of Ck&dm@t 
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Small- angle neutron scattering (SANS) data have been obtained for (i 1 a 
series of solutions of CJ~,(OCN,-CH,)$OSJa,  for tn = 18, 16, and 14; 
(i i)  m approximorely 0.07M solution of C,,H,(OC/!, - CH, )soya to 
which different m w s  of NaCI were added; and (111 a series of solutions 
of variable cumenfration of C,JI,(OCH, - CH, >SO,Na. The increase of 
the nwnber of carbon atoms of the hydrocarbon chain produces a mtice- 
able increase of the aggregution nwnber of the micelles, while the salt 
tolerance decreases with increasing m .  All rhe data can be described in 
t e rm  qf a rnnodiprsed, charged, hard-spheres m d d  interacting via a 
screened Coulombic porenfid, w e p t  the run at highest salt concentration, 
for which an dlipsoZd mudel gives better results. me figure shows f i t s  of the 

data with m=12,14,16, and 18. 

0.04 0.08 0.12 0.18 0 

k(i-’) 
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Report of Measurements Carried Out at  the NCSASR 

30-m Inst rumen t( s) 

Title SANS Stud ies  of Middle Phase Microemulsions 

PYIA 8351 179 Research Sponsor NSF Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

E,W, Kaler 

J .F .  Billman 

J . P .  Wilcoxon 

Report 
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The 30-m. SANS instrument has been used to study the structure of a 
five-component microemulsion (sodium 4-(l'-heptylnonyl) benzene- 
sulfonate; i-butanol; NaC1;DPO;various alkanes). Recently the effect of 
hydrocarbon chain length upon the progression of microemulsion 
structure as the salinity of the brine phase varies was investigated. The 
evolution of microstructure in the dodecane system as salinity changes has 
been determined previously using SANS 'and has been reported.1-2 In these 
latest experiments microemulsions formed with the even, normal 
hydrocarbons (octane-hexadecane) were studied. The scattered intensities 
of most of the samples were recorded for a scattering vector range of 0.003- 
0.12 A-1. 

The scattered intensities for all microemulsions were observed to 
obey Porod's law, indicating that the interface between the oil and water 
domains is sharp. The area per unit volume of this surfactantlco- 
surfactant rich interface has been calculated to be approximately a constant 
and independent of salinity and hydrocarbon type. Given this information, 
the aredsurfactant molecule is calculated to  vary inversely with both 
hydrocarbon chain length and salinity. 

been sucessfully modeled when the microemulsion is extremely rich in 
either water or oil. Within these regimes the observed scattering is 
consistant with models of the microemulsion as a dispersion of droplets. 
The scattering of the water-in-oil regime (aqueous fraction less than 25%) is 
in agreement with that predicted by a model treating the water droplets as 
polydisperse hard spheres. This model sucessfdly describes the scatteering 
patterns observed for the shorter hydrocarbons (octane-dodecane). The 
scattering patterns of the microemulsions formed with the longer 
hydrocarbons are inconsistant with this hard sphere model as these 
patterns possess an anomalous low-q behavior suggestive of critical 
scattering phenomena. The scattering patterns of the oil-in-water 
microemulsions (oleic fraction less than 25%) are consistant with that 
predicted for a dispersion of charged prolate ellipsoids for all hydrocarbon 
chain lengths. This later model considers the particles as macroions (J. B. 
Hayter,Farad. Discuss. Chern SOC. II,76,7,1983) and assumes that the 
orientations and separations of the particles are independent. The aspect 
ratio of the ellipsoids is approximately 3.5 for all compositions. 

The observed scattering patterns of the microemulsion samples have 
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Report of Measurements Carried Out at the NCSASR 

10-m S A X S  Instrument( s) 

Title S t r u c t u r e  o f  C u b i c  Phase  i n  D D A B  / H20 / O i l  S y s t e m s  

Research Sponsor A U O F  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

T .  N. 7umh 1 U n i v e r a i t v  

J ,  E. H a y t e r  Oak R i d g e  N a t i o n a l  L a b o r a t o r y  

Report 
I n  t h e  D D G B I  w a t e r  / h e x e n e  t e r n a r y  p h a s e  d i a g r a m ,  J new c u b i c  p ' i a b ~  o f  
uncomnon b c h a v i o u r  h a s  r e c e n t l y  b e e ?  i d e n t i f i e d  : t h i z  c i b i c  oflase, i i l s t e - d  ~i 
b e i n g  l o c a t e d  i n  a v e r y  n a r r o w  c o n c e n t r a t i o n  r a n g e ,  e x t e n d s  Dv?r tlii. w i i o l ~ .  
c o r n p o s i t i o n  r d n g e ,  f r o m  t h e  o i l  t o  t h e  w a t e r  c o r ' n e r  o f  t h e  p h a s e  d i a g r a n ; .  Tne 
a i m  o f  t h i s  e x p e r i m e n t  was t o  o b t a i n  a f i r s t  i n s i g h t  i n t o  i t s  s t r u c t u r e ,  F i v e  
s d l n p l e s  w e r e  measured ,  o n  dn a b s o l u t e  s c a l e ,  u s i n g  w a t e r  a s  a r e f e r e n c e .  T h o  
c o m p o s i t i o n  o f  t h e  s a m p l e s  was i n  t h e  r a n g e  DDAB: 2 0 - 5 5 % ,  H20: 3 - 1 4 % ,  h e : : E n e :  
77-31'!,. As d c o u n t e r - e x p e r i m e n t ,  a l a l n e l l a r  saalp le  w a s  a l s o  p r e p a r e d  . bi: 
e v a p o r a t i n g  h e x e n e  f r o m  t h e  s a m p l e  w i t h  h i g h e s t  hexen. c o n t e n t .  T h e  i u u  
s c a t t e r i n g  o f  w a t e r  i n  S A X S  i s  o f  t h e  same o r d s r  o f  m a g n i t u d e  a s  t h a t  irom t h o  
s a m p l e s  and t h e r e f o r e  p r o v i d e s  an i d e a l  c a l i b r a t i o n .  T h e  s c c l t t e r i n q  *Ids 

measured  a t  298): and  343K,  u s i n g  t w o  S a m p l e - D e t e c t o r  d i s t a n z e s  t o  o b L ~ i n  
an o v e r a l l  r a t i o  Qmz, , :Qm.-  o f  O . ! S : S . O  nm-' .  The f o l l o H i n S  o b s e r v a t i o n s  rvers 
made: 

1. Fur  a l l  c a m o l e s  s t u d i e d ,  t h e  e u p e c t e d  s y m n e t r y  +qas f s u n o .  The  c , b i c  
l a t t i c e  c o n s t a n t s  v a r i e d  f r o m  a = 2 . 8  nm t o  a = l Z . 4  nm on g o i n g  f r o n  l s w e > t  t.: 
h i g h e s t  h e x e n e  c o n t e n t .  3 e t a i l e d  i n v e s t i g a t i o n  o f  t h e  SDaCing v a r i a i i a n  *ci t ' l  
c o m p o s i t i o n  s h o u l d  g i v e  g e o m e t r i c  i n f o r m a t i o n  on t h e  w a t e r / o i l  i n t e r G a c e .  
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2 .  All s p e c t r a  e x h i b i t ,  3s well as Bragg peaks,  broad d i f f u s e  s c a t t e r i n g  
extending t o  high Q-values .  Unfor tuna te ly ,  due t o  high p a r a s i t i c  s c a t t e r i n g ,  
t h i s  r e s u l t  is not yet  q u a n t i t a t i v e  and needs t o  be confirmed w i t h  a n  
inproved experimental  geometry. We do not know i f  t he  s c a t t r r ~ n p  a t  h i g h  
angle  i s  a aodula t ion  of t he  form f a c t o r  o f  t he  elementary c e l l  b y  h igher  
order  Bragg peaks,  o r  i f  the B r a g g  peaks (Ira P O  broad t h a t  they over lap .  I n  
t he  f i r s t  c a s e ,  one NOUld h ive  nore p r r c i r i o n  i n  spacing aea ru reeen t s ,  whereas 
i n  t he  second tase, one would f ace  a new type of s t r u c t u r e ,  l i k e  a 
superaolecular  f l u i d ,  where t h e  cubic  syadletry i s  confined t o  remain l o c a l ,  
due t o  B very high number of d e f e c t s .  A t  t he  pre%ent  s t a g e ,  i t  1s no: 
p w s i b l e  t o  d i s c r i a i n a t e  between these  t w o  p o s s i b l e  s t r u c t u r e s .  I t  i s  
s t r i k i n g  t o  see t he  s i m i l a r i t y  o f  t he  s c a t t e r i n g  a t  l a r g e  anq la s  o f  a "cubic"  
phase ai ld  a disordered  microemulsion. 

3 .  At h i g h  na t e r  con ten t ,  b o t h  i n  the ad jacent  l r m e l l a r  phase and i n  t h e  
cubic  phase,  t he  v i s c o s i t y  dec reases ,  a l lowing r e l a x a t i o n  o f  the  systcin Lo d 

monocrystal of macroscopic s i z e :  Eragg s p o t s  a r e  seen on t he  2-D d e t e c t o r ,  
Even a f t e r  shaking t he  sample,  t he  Bragg s c a t t e r i n g  i n d i c d t s s  a 
monocrys ta l l ine  s t r u c t u r e  of t he  order  o f  one m m .  I n  t he  cas@ o f  the  lamel la r  
phase,  lamellae usua l ly  o r i e n t  p a r a l l e l  t o  t he  K a p t o n  c e l l  windaws, b u t  we 
have observed perpendicular  o r i e n t a t i o n  a s  r o l l  ( F i g .  l i ,  I n  t f a r  c a s e  a i  
c u b i c  symmetry, b o t h  (100:) a n d  (111) planes  p a r a l l e l  t o  the  sample w:ndorrs 
have been observed,  We have a l s o  observed a sarnpls in w h i c h  l amel la r  oil 
cubic phases c o e x i s t :  t he  micfo6copic d i r e c t i o n s  were c o r r e l a t e d ,  s u q g c s t ~ a q  
t h a t  ths lamcpllar phase c a n  grow o u t  o f  t he  cubic  phase,  i n  c o r r e l a t e d  
d i r s c  t ions ,  $La ma 

Ficaure 1 .  s c a t t e r i n g  from 
1 amrll at- s a m p l  e s7 t ?38W, 
shoking t h e  o r i e n t a t i o n  04 
the  lamel lae  perpendicular  
t o  the  c a l l  w i n a o w s .  

4 .  The sample with t h e  sma l l e s t  s p a c i n g ,  r i e d r  t he  phase b o u n d d r y  r i t h  t h e  
L2-phdse, e x h i b i t s  d cubic-to-microemulslon phase t r a n s i t i o n  L:n hcatinq. i n  
fbis c a s e ,  we know preCiS@ly the  Chdr3CterlstLC s u r f a c e ,  a n d  t h i s  m s : ! i r i q  

small temperature  i n t e r v a l s  t aqe the r  w i t h  a prec i se  c a l g r i m e t r i c  mnasurenent .  
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Report of Measurements Carried Out at the NCSASR 

SMALL ANGLE X-RAY SCATTERING SPECTROMETER Instrument(s) 

DIRECT MEASUREMENTS OF COUNTERION CONDENSATION OF A CHARGED COMB-SHAPED 

COPOLYMER IN WATER STUDIED BY SAXS 

Title 

Research Sponsor s *  '* Johnson ' Son* Inck* and NSF grafffant or Contact NO. 
to S. H. Chen 

Participants and NCSASR Collaborator(s) 

C. F. Vu m) 
S. H. Chen (MIT) 

L. B. Shih ( S C J )  

J. S. Lin (ORNL) 
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Small angle X-ray scattering (SAXS) and small angle neutron 
scattering ( S A N S )  have been used to determine the distribution 
of counterions and the structure of aggregates formed by a 
charged, comb-shaped copolymer, poly(1-octadecene-co-maleic 
anhydride), abbreviated as PODMA, in D20. The copolymer is 
fully neutralized with CsOH and the structure of aggregates in 
solution is determined by SANS as c lindrical-shaped with a 

units of the copolymer per micelle 233 at low copolymer 
concentrations. At full neutralization, each repeating unit 
carries two negative charges and the linear charge density a t  
the micellar surface is a function of the added anionic 
surfactant, sodium dodecyl sulfate. Since the electron densities 
of the micellar core and the bulk solvent are nearly equal" SAXS 
intensity distribution function is a direct Bessel transform of 
the Cs ion distribution around the cylindrical micelles. In 
our system, the dinensionless linear charge density parameter,s , 
is varied from 1.4 to 3 . 0  where $ = b / b ,  where lg is the Bjerrum 
length and b the linear spacing between unit charges on micellar 
surface. The data are analyzed according to both Manning's 
counterion condensation theory and the solution of the cylindrical 
Poisson-Boltzmann equation. 

radius of 20 A and a length of 110 H and the number of repeating 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30-M SANS 

Title Structure of Phosphofructokinase 

NS-14269 
Research Sponsor N I H  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

T. G. Consler 

Guang- Zuan Cai 

G .  J. Bunick and E .  C. Uberbacher 

Report 

Phosphofructokinase (PFK) (ATP: D-fructose 6-phosphate 1-phosphotransferase, EC 
2.7.1.11) catalyzes the transfer of the terminal phosphate of ATP to the C-1 hydroxy of 
fructose 6-phosphate to produce fructose 1 ,g-diphosphate. Since the catalyzed reaction 
represents a key regulatory point in the regulation, e.g., conformational changes. subunit 
assembly, and post- translational modifications. 

One of the most significant conformational changes involves the substantial change 
in sedimentation coefficient of the tetrameric form of PFK during its conversion from an 
inactive to that of an active form (1-4). 
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Active enzyme centrifugation studies at pH 7.0 and 23 f 1°C showed that PFK sed- 
iments as a single component with a sedimentation coefficient of 12.2 f 0.5 S. Boundary 
sedimentation studies of PFK in the presence of 1.0 mM fructose-6-phosphate, 0.1 mM 
adenylyl imidodiphosphate at pH 7.0 and 23 f ” C  showed that the sedimentation coef- 
ficient of PFK remains constant within the range of protein concentration studied and 
assumes a value of 12.4 S. The molecular weights of the subunit and the 12.4 S component 
were measured by sedimentation equilibrium yielding values of 83,000 and 330,000 for the 
monomeric and polymeric species, respectively. 

The physical properties of the inactivated form (reversible inactivated by oxidized 
glutathiene) were characterized by sedimentation studies. In the presence of saturating 
amounts of fructose 6-phosphate and the nonhydrolyzable ATP analogue, 5’-adenylyl imi- 
dodiphosphate, the inactivated PFK sediments as a 13.5 S component. Sedimentation 
equilibrium study identifies it to be a tetramer with a molecular weight of 320,000. Al- 
though a significant change in the hydrodynamic properties of PFK has been documented, 
the detail structural features that are associated with this change are not defined. There 
is no crystallographic information on the rabbit muscle enzyme, hence, small angle neu- 
tron scattering was chosen and possible domain-interactions in the regulation of normal 
functioning of this protein. 

The inactivated form of PFK was prepared at concentrations of 5 and 10 m g / d  in 
both HzO and DzO buffers. The active form of PFK was prepared at 5 and 10 mg/ml in 
MzO buffer, and at 9 and 14 mg/ml in D20  buffer. The presence of a precipitate was noted 
in some samples after data collection, especially in the H20 samples containing inactive 
enzyme. Guinier plots for all samples were nonlinear. RS’s calculated over selected regions 
in the Guinier plots were 66 aand 70 afor the inactive and active enzyme, respectively. 
These results are contrary to sedimentation experiments which indicate that the active 
form is the more compact structure. 

The aggregation and precipitation observed in this neutron scattering experiment was 
unexpected based upon the prior sedimentation studies. Apparently, the enzyme concen- 
trations in this study were significantly higher than in the sedimentation experiments or 
the small percentage of high M.W. aggregates present in the samples went undetected in 
the type of sedimentation experiments performed. This experiment should be repeated af- 
ter modifying the buffer conditions to eliminate aggregation at the ensyme concentrations 
required for neutron scattering. 
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Report of Measurements Camed Out at the NCSASR 

30M Small Angle Neutror: Sca t te r i ng  
Instrument( s) 

Po lyd i spe rs i t y  i n  Bovine Nasal Car t i l age  Proteoglycan from Small Angle Neutron 

Scat t e r i  na 

Title 

Stevens I n s t i t u t e  of Technology Grant or Contact No. n i  1 
Research Sponsor 

Participants and NCSASR Collaborator(s) 

S. S .  S t i v a l a  and A. Pate l  

Stevens I n s t i t u t e  o f  Technology 

J.D. Gregory and E .  C .  Uberbacher, NCSASR 

Report The A I D 1  prepara t ion  f o r  proteoglycan subuni t  (PGS) was f u r t h e r  p u r i f i e d  by 
e l u t i n g  through a column o f  sepharose CL-2B e q u i l i b r a t e d  w i t h  O . 5 M  l i t h i u m  
acetate o f -PH 6.2. The th ree  f rac t i ons ,  Ist, 2nd and 3 r d ,  o f  the  polyd isperse 
prepara t ion  were s tud ied  by small angle neutron s c a t t e r i n g  t h a t  y ie lded  molecular  
weight,M the rad ius o f  gyra t ion ,  ( R  ) and the rad ius o f  gy ra t i on  o f  the cross 
sec t ion ,  (R ) f o r  th ree  f r a z t i o n s ,  i .8 . .  M = 7.06,0.96, 0.48 x l o 6 ,  R 
554 A and R: = 528,404,255 A ,  respec t i ve l y .  

I t  i s  c l e a r  from the  var ious methods used i n  ob ta in ing  physico chemical a ta  on 
bovine nasal c a r t i l a g e  PGS t ha t  i t s  M\ l i e s  i n  the range o f  2 . 5  - 5 x 10 g/mol. 
The v a r i a t i o n  may be due, i n  p a r t ,  t o  (a) range o f  p o l y d i s p e r s i t y  o f  var ious pre-  
para t ions  (b) approximations used i n  var ious methods (c) v a r i a t i o n  i n  the na ture  
o r  cond i t i on  o f  the var ious bovine nasal c a r t i l a g e  t i ssues  used f o r  e x t r a c t i o n  o f  
PGS (d) ca l cu la t i ons  based on assumed hydrodynamic inodeis (e) the p a r t i c u l a r  
f r a c t i o n  o f  the polyd isperse prepara t ion  taken and ( f )  i n s u f f i c i e n t  a d d i t i o n  o f  
suppor t ing e l e c t r o l y t e .  Therefore, we intended t o  est imate the ex ten t  O f  po l y -  
d i s p e r s i t y  o f  bovine nasal c a r t i l a g e  proteoglycan. 

= 796 ,674 ,  9 

g 
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Neturon sca t te r i ng  measurement were performed on the 30 m small angle neutron 
r;catteving ihSttu*nt a t  the National Center f o r  S m a l l  Angle Scat te r ing  Resegrch, 
Oak Ridge National Labaratory. The instrument se lec ts  neutrons o f  A = 4.75 A w i t h  A X / X  
of 6%. The detector  t o  sample distance was 17 m which al lowed measurement o f  a la rge  
radius of gyra t ion  and h igh molecular weight o f  PGS. The scat tered neutrons were detected 
by a two dimensional pos i t i on  sens i t i ve  3He detector  w i t h  64 x 64 c d  elements. 
and buffer were run i n  a p a i r  of matched quar tz  c e l l s  t o  avoid e r r o r  due t o  c e l l  thickness 
and transmission. The three f rac t ions  were repeatedly run f o r  4 hr .  40 mins. and 

Sample 

scat tered i n t e n s i t i e s  were added. The sca t te r i ng  due. t o  b u f f e r  was substracted from 
o f  each f rac t i on ,  and data were t rea ted  as per the general procedure l a i d  down a t  t h  
Nat iondl  Center f o r  Small Angle Scat ter ing Research. 

Tk 
and 2.90 x 10 g 1 reported by us from small angle x-ray sca t te r i ng  (SAXS) study of d i f  

It is observed t h a t  there is a wide range o f  po l yd i spe rs i t y  i n  A I D 1  preparat ion.  
range i s  q u i t e  comparable t o  the range o f  molecular weight i .e., less than 1 . O  x 10 
greater  than 4.0 x 106., observed by others.  
(2.83 x 106) 

salts of PGS. I n  our work on SAXS, we have used 2nd f rac t i on  to  minimize the po lyd i spe rs i t y .  

I n te res t i ng l y ,  the average value of M 
f the three f rac t i ons  i s  c lose ly  i n  agreement w i t h  the M values (2.25, 

t h a t  

s 
t o  

2.55 
e ren t  

Since the sca t te r i ng  experiments determine the weight average molecular weight and the 
value o f  M s t rong ly  depends on how one chooses the boundary fo r  three d i f f e ren t  f rac t ions ,  
the M values obtained i n  t h i s  work are acceptable. As po l yd i spe rs i t y  depends on many 
factors t h i s  study s ing les out the po lyd ispers i ty  t ha t  may a r i s e  due t o  boundary se lec t i on  
f o r  three d i f f e r e n t  f rac t i ons  and helps t o  focus the a t t e n t i o n  on o ther  factors. 
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Rebort of Measurements Carried Out at the NCSASR 

1 nst rume nt( s) 30-m small ang le  neutron-scat  t e r i n g  instrument  

Title Small-angle Neut ron-sca t te r ing  and E lec t ron  Microscopv s t u d i e s  of t he  

Chicken Liver F a t t y  Acid Synthase 

Research Sponsor i Grant or Contact No. 

NIH GM 19091: NSF DMX-7724459 

Participants and NCSASR Collaborator(s) 

K. Stoops  

S a l i h  J .  Wakil 

Edward C.  Uberbacher - NCSASR 

Gerard J .  Bunick - NCSASR 

Report 
A s t r u c t u r a l  model f o r  t h e  chicken l iver  f a t t y  a c i d  synthase  is proposed based on 

e l e c t r o n  microscope and small-angle  neu t ron - sca t t e r ing  s t u d i e s  of t h e  enzyme. The 
model ( see  F igure)  has  t h e  o v e r a l l  appearance of two s i d e  by s i d e  c y l i n d e r s  w i th  
dimensions of 160 x 146 x 73 8, w i t h  each subun i t  160 8 i n  l eng th  and 73 8 i n  d iameter .  
The model w a s  cons t ruc t ed  by d iv id ing  each cy l inde r  i n t o  t h r e e  domains having l eng ths  
of 32, 82, and 46 2, wi th  t h e  domain s t r u c t u r e s  i n  the  two subun i t s  be ing  r e l a t e d  t o  
each o t h e r  by a dyad a x i s .  The model is  c o n s i s t e n t  wi th  chemical c ross - l ink ing  s t u d i e s  
which ind ica t ed  that  t h e  subun i t s  are ar ranged  i n  a head t o  t a i l  f a sh ion .  The c ross -  
l i n k i n g  s t u d i e s  f u r t h e r  showed t h a t  the 8-ketoacyl synthase  active s i t e  con ta ins  a 
c y s t e i n e  and a pan te the ine  r e s i d u e  from ad jacen t  subun i t s .  I t  is proposed t h a t  t he  domains 
which c a t a l y z e  t h e  a d d i t i o n  of C 2  u n i t s  from malonate t o  the  growing f a t t y  ac id  chain 
l i e  i n  t h e  c r e v i c e  between t h e  two subun i t s  and t h a t  t he  two independent sets o f  
f a t t y  ac id-synthes iz ing  c e n t e r s  l i e  on the  major a x i s  of t h e  model on oppos i te  ends 
of t h e  molecular  dyad. 
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Report of Measurements Carried Out at the NCSASR 

Instrument( s) 30 -m SANS Camera 

Title Effects of Ligands on the Shape of Rabbit Muscle Pyruvate Kinase 

Research Sponsor N I H  Grant or Contact No. DK-Z1489 

Report 
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The effects of ligands on the structure of rabbit muscle pyruvate kinase 
were studied by small angle neutron scattering. The radius of gyration RGJ 
decreases by about 1A in the presence of the substrate, phosphoenolpyruvate, 
but increases by about the same magnitude in the presence of the alloseric 
iqhibitor, phenylalanine. and 
K , the R of pyruvate kinase increases. Hence, there is a 2A difference in 
RG between two alternate conformations. Length distribution analysis 
indicates that under all experimental conditions vhich increase the radius of 
gyration, there is a pronounced iocrease observed in the probability for 
interatomic distance between 80-llOA. These small angle neutron scattering 
results indicate a "contraction" and "expansion" of the enzyme when it 
transforms between its active and inactive forms. Using the u-carbon 
coordinates of crystalline cat muscle pyruvate kinase, a length distribution 
profile was calculated, and it matches the scattering profile of the inactive 
form. These observations are expected since the crystals were grown in the 
absence of divalent cations (Stuart et al., J. Mol. Biol. 134, 109-142, 1979) .  
Hence, results from neutron scattering, X-ray crFtallographic and 
sedbentation studies (Oberfelder et al., Biochemistry 23, 3822-3826, 1984) 
are totally consistent with each other. 

With the aid of computer modeling, the crystal structure has been manipu- 
lated in order to effect changes that are consistent with the conformational 
change described by the solution scattering data. The structural manipulation 
involves the rotation of the B domain relative to the A domain, leading to the 
closure of the cleft between these domains. These manipulations resulted in 
the generation of new sets of atomic (C-a) coordinates, which were utilized in 
calculations, the result of which compared favorably with the solution data. 

With increasing pH or in the absewe of Mg 

G 
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Title Analvsis o f  DhaSe st ructure o f  bacterial 1iDoDalvsaccharide and 1 ipid A 

Research Sponsor CYSti C Fibrosis Foundation Grant or Contact No. 6136-01 

Sol id  State D i v i s i o n ,  ORNL 

Report 

FIGURE 1 
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Our s t u d i e s ,  c a r r i e d  ou t  10/14/86-10/16/86, were ex tens ions  of work 
carried o u t  a year  be fo re  on deep rough (Re chemotype) LPS. I n  our f i r s t  
s t u d i e s  ( 1  1, we analyzed the p a r t i c l e  s i ze  and shape of  LPS aggrega tes  from 
Escherichia D21f2 us ing  s t a t i c  neut ron  S c a t t e r i n g  measurements and 
a n a l y s i s  of a n i s o t r o p i c  scatter of aggrega tes  aligned i n  a shear c e l l .  In 
these s t u d i e s ,  we found that  t h e  s c a t t e r i n g  p a t t e r n s  were dependent on pH, 
and t h e  a b i l i t y  t o  a l i g n  t h e  aggrega tes  inc reased  w i t h  decreas ing  temperature .  
From our r e s u l t s ,  we proposed t h a t  a t  pH 9.1 this LPS formed a unique aggre- 
gate, p a i r e d  t u b e s  of uniform sepa ra t ion .  

I n  our experiments l as t  October,  we analyzed t h e  p a r t i c l e  s ize  and shape 
of two chemical ly  related molecules and at tempted t o  determine i f  t h e  
aggrega tes  showed similar changes w i t h  pH and temperature .  The sample s t u d i e d  
in most detai l  was a d e r i v a t i v e  o f  t h e  ReLPS, diphosphoryl  l i p i d  A. This  
molecule was formed by c l eav ing  two sugar  acid r e s i d u e s  from the ReLPS samples.  
The s c a t t e r i n g  i n t e n s i t y  r e s u l t s  of l i p i d  A a t  2 5 O C  a t  pU 7 . 5  and 9 . 1 ,  when 
p l o t t e d  on l o g  I v s .  l og  K p l o t s ,  showed a s i n g l e  l i n e  w i t h  a s lope  of -2,  
c o n s i s t e n t  w i t h  a random c o i l  s t r u c t u r e .  I n  a d d i t i o n ,  t h e  s c a t t e r i n g  data of 
the pH 9.1 sample, when analyzed w i t h  a Kratky p l o t ,  y i e lded  a s t r a i g h t  l i n e  
aga in ,  c o n s i s t e n t  w i t h  a random c o i l .  The sample a t  pK 9 was r a t h e r  v i scous  
and could be sub jec t ed  t o  re la t ive ly  high shear f o r c e s  i n  the shea r  c e l l .  

Analysis  of the an i so t ropy  of scat ter  of t h i s  sample a t  4 t empera tures  
a l s o  i n d i c a t e s  an aggrega te  tha t  d i d  no t  r e a d i l y  a l i g n  i t s e l f  (F ig .  1 ) .  We 
propose t h a t  upon removal of the two a c i d i c  groups from t h e  ReLPS, t h e  l i p i d  A 
head group decreases  its cu rva tu re  as a r e s u l t  of decreased charge r e p u l s i o n ,  
and t h e  aggrega tes  were more l i k e  f loppy random c o i l s .  

The second sample measured, LPS Prom s t r a i n  D21, has an a d d i t i o n a l  7-8 
suga r s  and 5 phosphate groups compared t o  the ReLPS. Thus, we supposed t h a t  
w i t h  an increased  head group s i z e  and charge,  a t  pU values  above t h e  pKa's of 
t h e  phosphates ,  t h i s  LPS would a l s o  foPm t u b u l a r  mice l l e s .  ' h e n  the  
an iso t ropy  of the  s c a t t e r  of samples i n  the  shear  c e l l  were measured, i t  was 
seen t h a t  the RaLPS was more a l igned  than  t h e  l i p i d  A ,  b u t  no t  a s  rn~lcn ts t h e  
ReiPS analyzed under s i m i l a r  cond i t ions  ( F i g .  1 ) .  Even more s u r y i s i n g  were 
t h e  ana lyses  of t he  s t a t i c  s c a t t e r i n g  measurements. A t  1 5 * C ,  t he  RaL?S a t  pi! 
8.7 showed a Kratky p l o t  of s c a t t e r i n g  w i t h  two l i n e s ,  one w i t n  slc,pe of  -2.3 
and a second w i t h  s l o p e  of -0.75 ( F i g .  2). Thus, t h e  LFS aggrega te  shaae  of 
RaLFS, a t  hign pH, i s  d i s t i n c t l y  d i f f e r e n t  from t h a t  of ReiPS and  i i p i d  A .  
Fu ture  work w i l l  be r equ i r ed  t o  b e t t e r  d e f i n e  t h i s  p a r t i c l e  shape and how it 
changes w i t h  pii and temperature .  
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Structure of Phosphofructokinase 
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Gerald J. Bunick 
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8 3  

Rabbit muscle phosphofructokinase (PFK) was subjected to small-angle 
neutron scattering in 25 mM Tris-carbonate, 6 mM MgC12, 3 mM (NH ) S O 4 ,  1 mM 
EDTA at pEl 7.0, 23'C. In order to detect the difference betwee2 $he active 
and Inactive forms of the enzyme the study was conducted in the presence of 
substrates f.e. 1 mM fructose 6-phosphate and 1 mM AMP-PNT, a non-hydrolyzable 
ATP analogue. 
to oxidized glutathione. 

Samples at approximately 5 to 15 m g h l  were dialyzed against buffers in 
'90% and 0% DZO. The scattering data were analyzed by the Guinier plots to 
yield apparent radii of gyration, RG. In a l l  circumstances these plots showed 
pronounced curvature indicating heterogeneity, most likely self-aggregation as 
s h m  by Fig. 1A and B. The limiting slopes at the low angles of observation 
were dependent on protein concentration, as summarized in Table I. 

The Inactive confonnatlon was achieved by exposing the enzyme 

Since the system showed significant amount of self-aggregation under the 
experimental conditions, the scattering Intensities not only contain 
information on the shape of the enzyme but also change in mass. Hence, an 
extensive study on protein concentration dependence is necessary t o  resolve 
the contribution of self-aggregation from the data before any information on 
the conformational change can be extracted. 

Table I 
Sample Radius of  Gyra t ion  i n  A 

- R O  2- D,o_ 
h a c  t iva ted 

5 mg/ml 65 65 
10 mg/ml 72 6 7  

A c  t iva t ed 
9 m g / d  71 
14 mg/ml 71 
5 mg/ml 68 
10 mg/ml 68 
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0 The 30-m SANS camera. X = 4.75 A Instrument( s) 

Title Investiqation o f  the Shape of the Actjve F m  of  Fukaryatic F a W  A r i d  

Synthetase by Small Angle Neutron Scattering 

National I n s t i t u t e  of General 
Research Sponsor Medical Sciences Grant or Contact No. GM19n91 

Report 

scope models of the chicken l i v e r  f a t t y  acid synthase. The enzyme i s  a homodimer of 
480,000 molecular weight and each s u b u n i t  i s  known t o  contain the seven a c t i v i t i e s  
involved i n  f a t t y  acid synthesis: acetyl and malonyl transacylase, acyl c a r r i e r  
pro t e  i n , 6 -keto a cy 1 sy n t ha s e ,  6 - keto acy 1 re du c t a  s e , 6 -hydroxy 1 acy 1 de hy d r a s e , e noy 1 
reductase and thioesterase.  

The purpose o f  the investigation was t o  dist inguish between two electron micro- 

Electron microscope f i e l d s  are  comprised of molecules i n  various shapes and  
s izes .  The monomer s t ructures  could be related t o  each other by assuming the subunit 
i s  rod-like i n  open form and i s  capable of nearly closing t o  form a C .  Similarly,  
the dimeric s t ructures  may consis t  o f  two rods or two stacked C ' s  and forms between 
these. on t h e i r  major and minor axes,  respectively.  
I f  the rods close t o  form a ring, the diameter o f  the ring would be 64 A .  The C 
shaped s t ructures  i n  the micrographs have a diameter ranging from 70-100 A,  respre- 
senting the degree t o  which they are  closed. These models were.distinguished by 
small angle neutron scat ter ing s tudies  of the active enzyme andLtresul ted i n  consider- 
able refinement o f  the electron microscope model of  the enzyme. 

The rods measure 200 A and 50 

The scat ter ing d a t a  
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was best f i t  by a model i n  which the molecule consists o f  two side by side elipsoidal 
cyclinders w i t h  overall dimensions of 150 A X 136 A X 60 A. 
has a c l e f t  extending the length of the major axis. The elipsoid has major and minor 
axises of 70 A and 60 A, respectively, and there i s  a 5.16 A overlap between the two 
cylinders. 
overlapping cylinders, hollow cy1 inders, and stacked C ' s ,  however, these models were 
inconsistent w i t h  the scattering curves. A manuscript f o r  publication o f  these 
studies i s  i n  preparation. 

As a result o f  the determination of the small angle neutron scattering model o f  
the enzyme i t  i s  proposed t o  continue these studies i n  order t o  locate some o f  the 
component activity domains i n  the mu1 tifunctional enzyme. The thioesterase domain 
can be readily isolated from the complex by limited proteolyis followed by gel 
f i l t ra t ion chromatography. This operation yields an active 35,000 molecular weight 
thioesterase component and the core enzyme of 420,000 molecular weight w i t h  a71  the  
activit ies intact. Small angle neutron scattering studies o f  these enzymes may 
result i n  further refinement of the model of the dimeric enzyme and the determination 
of the location and structure of the thioesterase domain i n  the complex. 

The dimeric structure 

Many structural models were considered including those w i t h  varlable 
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Report of Measurements Carried Out at the NCSASR 

Title I n v e s t i g a t i o n  of t h e  S t r u c t u r a l  O r g a n i z a t i o n  o f  F a t t y  
A c i d  S y n t h a s e  f r o m  C h i c k e n  L i v e r .  

FJat ionai  I n s t i t u t e  o f  G e n e r a l  [ 2- IZF''5 g ] l T , - ; G i  

Grant or Contact No. i"1edicai Sciences Research Sponsor 

The  p u r p o s e  af t h i s  i n v e s t i g a t i o n  w a s  to d e t e r m i n e  
t h e  d i s t a n c e  b e t w e e n  t h e  t w o  c o n d e n s a t i o n  c e n t e r s  i n  
c h i c k e n  l i v e r  f a t t y  a c i d  s y n t h a s e  u s i n g  s m a l l - a n g l e  x - r a y  
s c a t t e r i n q  and  t h e  m e r c u r y  p r o b e  t e trak i s (ace to#y-mercwr i  ) 
m e t h a n e  ( T A M M I .  

based  on  e l e c t r o n  m i c r o s c o p y  a n d  small - a n g l e  n e u t r o n  
s c a t t e r i n g  s t u d i e s  ( 1 ) .  T h e  enzyme  is  a homodimer  of 
480,000 m o l e c u l a r  w e i g h t  w i t h  t h e  s u b u n i t s  o r g a n i z e d  i n  a 
h e a d  t o  t a i l  f a s h i o n .  Each s u b u n i t  is  a p p r o x i m a t e l y  160 A 
i n  l e n g t h  a n d  73 A i n  d iameter .  The d o m a i n s  w h i c h  c a t a l y z e  
t h e  a d d i t i o n  of C= u n i t s  from m a l o n a t e  t o  t h e  g r o w i n g  
f a t t y  ac id  c h a i n  a r e  t h o u g h t  t o  l i e  a l o n g  the major axis 
of t h e  molecule i n  t h e  c r e v i c e  b e t w e e n  t h e  two s u b u n i t s .  

The c o n d e n s a t i o n  c e n t e r s  have b e e n  shown t o  c o n t a i n  
t h r e e  r e a c t i v e  t h i o l  g r o u p s ,  t w o  c y s t e i n e  r e s i d u e s  a n d  a 
p a n t e t h e i n e  r e s i d u e  (2). I t  has been shown t h a t  f o u r  moles 
of TAMM bound  t o  t h e  enzyme  i n a c t i v a t e  i t ,  a n d  t h a t  two 
m o l e c u l e s  o f  TAMM a r e  bound  t o  t h e  r e a c t i v e  t h i o l s  a t  each  
c o n d e n s a t i o n  s i t e .  Thus each  center  of f a t t y  acid synthesis 
is l a b e l l e d  by  e i g h t  m e r c u r y  a t o m s .  

A s t r u c t u r a l  model f o r  t h e  enzyme  h a s  b e e n  proposed 
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e D e r i m e n t a 1  

atom labe l led  FAS u s i n g  t h e  10-m SAXS i n s t r u m e n t .  T h e  
me thod  of V a i n P h t P i n  (31 wae u s e d  t o  a n a l y z e  t h e  da ta .  
A p p l i c a t i o n  of t h i s  me thod  c o n s i s t s  of c a l c u l a t i n g  t h e  
d i  f f e r e n c a  c u r v e  b c t w c r n  t h e  1 &bel 1 Pd a n d  n a t i  ve  enzyme. 
T h e  r e s u l t i n g  c u r v e  p r i m a r i l y  c o n t a i n s  S c a t t c P r i n p  from the 
m a r k e r s  a n d  also  from p r o t e i n - m s r k m r  cr061 t m r m s .  I n  t h e  
r e g i o n  of t h e  scat ter  c u r v e  s u b s i d i a r y  maxima t h e  cross 
term c o n t r i b u t i o n  is much less t h a n  f r o m  t h e  m a r k e r s .  T h i s  
r e g i o n  of t h e  d i f f e r e n c e  s c a t t e r i n g  c u r v e  d i s p l a y s  a n  
osc i l la tory  b e h a v i o r  w h i c h  c a n  be f i t  t o  a n  e q u a t i o n  of t h e  
form ( l + s i n  ( k r l  / k r )  t o  d e t e r m i n e  t h e  dirs tancip b e t w e e n  t h e  
m a r k e r s ,  r ,  

S c a t t o r  c u r v e s  were co l l ec t ed  on n a t i v e  FAS and h e a v y  

Results 
The v a l u e  of r f o r  w h i c h  t h e  s i n ( x ) / x  f u n c t i o n  best 

f i t  t h e  e x p e r i m e n t a l  d a t a  is 142 A.  T h e  c e n t e r s  of f a t t y  
a r i d  s y n t h e s i s  c o n t a i n i n g  the? reactive t h i o l s  w h i c h  t h e  
TAMM labelled t h u s  a p p e a r  t o  be  l o c a t e d  along the 
molecule’s major a x i s  n e a r  t h e  e n d s  of t h e  160 A l ong  
enzyme. 

I(fHg)-I(FAL) VI rlnr/x 
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P l o t  o f  t h m  d i f f e r e n c e  c u r v e  (FAS He-FAS) i n  t h e  k 
r a n g e  of i n t e r e s t  a n d  the o i n O : ) / x  f u n c t i o n  c a l c u l a t e d  for 
r=142 a. 
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Report of Measurements Camtd Out at the NCSASR 

30 m SANS 
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r n m u m m s  IN mm~s 
OF POLY(ETHYLENE OXIDE) AND POLY(METHYL METHACRYLATE) 

H. It0 
T. P. Russell 

IBM Research 
Aimaden Research Center 
650 Hany Road 
San Jose, California 95 120-6099 

G. D. Wignafl 

Oak Ridge National Laboratory 
Solid State Division 
Oak Ridge, Tennessee 37830 

MSR4CT: Small angle neutron scattering measurements have been performed on 
mixtures of poly(ethy1ene oxide), PEO, with proteo and deutero poly (methyl 
methacrylate), PMMAH and PMMAD, respectively, t o  evaluate the Flory-Huggins 
interaction parameter xa. It has been found that xAB varies from -5 x 
-1 x as the tab1 PMMA concentration increases from 0.3 to 0.7, The temperature 
CeFndence of the scattering combined with other results indicate that entropic, rather 
than entfialpic, contributions dominate xm. The magnitude of xAB is found to be: on the 
same order of magnitude as that expected between PMMAH and PMMAD, particularly 
a t  high total concentrations of PMMA,. Studies of PMMA a t  higher scattering vectors 
show that down to length sales of 25A no changes ate observed in the confonnation of 
PMUA in the mixtures in comparison to that of PMMA 
pronounced differences are seen at  distances less than 25A suggesting that some changes 
in the local conformation of P,MLMA occur in order to enhance interactions with PEO. 

ta 

the bulk. However, 
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SY NO PS I s 
Amorphous polymethylrnethacrylatelpolyethyleneoxide blends deformed by 

solid-state coextrusion exhibit anomalous anisotropic small angle neutron 

scattering patterns in the low q range. 

samples have undergone phase separation to some extent. 

structure of the system is characterized by combining scattering techniques 

with Differential Scanning Caforimetry . 

It is shown that upon drawing the 

The resulting 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 M SANS Facil i ty  

Title Morphological Characterization of Block Copolymer/Homopolymer Blends 

Research Sponsor Grant or Contact No. 

X. Quan G.D. Wignall 

I. Gancarz 

Report 
The properties and morphology of block copolymers which have been blended with a 
homopolymer diluent have been widely studied due t o  the importance of these blends in various 
processing and mechanical applications. However, there has been less work on the  structure of 
the  blends on a molecular level since it is difficult to separate the  contributions of the  
components, especially when the  homopolymer has the same chemical s t ructure  as one of the 
blocks. We have begun a series of small-angle neutron (SANS) and x-ray ( S a )  scattering 
experiments to characterize the morphology of a block copolymer matrix containing a 
homopolymer diluent. The blends are based on a styrene-hydrogenated butadiene-styrene 
triblock copolymer. The technique of phaae-matching is used to isolate the  scattering from each 
of the  copolymer blocks and from homopolymer chains which are chemically identical to the 
midblock segments of the block copolymer. In this method. one of the  blend components has  
been partially deuterated in order t o  match its scattering density t o  t h a t  of one of the other 
components. By various combinations of phase-matched and protonated components. t h e  
concentration profiles of endblock, midblock, and homopolymer segments can be determined. 
Because the morphology is not affected by deuteration of the components, the entire 
microstructure can be determined from these experiments. 
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Several results have been obtained: 

1. The addition of low molecular weight homopolymer to the midblock microdomain leads to 
contraction of the microdomain structure. Intermediate molecular weight homopolymers cause 
expansion of the microdomains. Blends containing homopolymers with molecular weights 
greater than tha t  of the midblock have the microdomain dimensions of the pure block 
copolymer since most of the homopolymer is excluded from the microdomains. This behavior 
can be qualitatively understood by considering the configurational constraints imposed on the 
homopolymer molecules and midblock sequences. 

2. Scattering studies of block copolymer blends containing phasamatched polymers show tha t  a 
homopolymer diiuent which is chemically identical to the midblock of a triblock copolymer 
matrix is segregated into the microphases formed by the midblock segments. The homopolymer 
appears to be localized within the center of these microdomains creating higher concentrations 
of midblock segments at the domain interfaces. This is in qualitative agreement with several 
theories describing these systems. 

3. Diblock copolymer matrices can be phase-matched as well as triblock matrices. However, 
blends based on diblock copolymer do not maintain a lamellar morphology and analysis of the 
SANS data  is not straightforward. 

References 

Give references I f  the work has been published or submitted to conferences. symposla, etc. 

PhD dissertation. Princeton University, May 1986 
J. Polym. Sci. Polym Phys Ed 
Macromolecules 20 1431 (1987) 
A P S  hlarch Meeting, 1986, Las t'egas, XT' 
Polymer Physics Gordon Research Conference. J u l y  1986, h d o v e r ,  NH 

25641 (1987). 

Meeting, December 1986, Boston, >a. 



94 

Report of Measurements Camed Out at the NCSASR 

30-m HFIR Instrument( s) 

Evidence for a Modified Spinodal Decomposition Phase Title 

Separation in cross-Poly Butadiene -inter-cross-Polystyrene -- 
Sequential Interpenetrating Polymer Networks 

DMR- 8 4 0  5 0 5 3 Grant or Contact No. National Science Foundation Research Sponsor 

Participants and NCSASR Collaborator(s) 

L. H. Sperling Lehigh University 

A. M. Fernandez 1 1  II 

G. D. Wignall N C S A S R  

Report 
C r o s s - p o l y b u t a d i e n e - i n t e r - c r o s s - p o l y s t y r e n e  sequential 

interpenetrating polymer n e t w o r k s m ' s ,  were synthesized by 
four different techniques, and phase dimensions were studied by 
small-angle neutron scattering, SANS, and transmission electron 
microscopy, TEM. 
increases with syrene polymerization up to about 2 5 0  m /gm, depending 
on polymerization method, reaching a miximum at about 50% 
polystyrene. At that level of polymerization, the polymer 
morphology changes from spheres or cylinders to one of 
interconnected cylinders. The transverse length of the p o l y -  
styrene domains ranges from about 7 5  .A to 2 2 5  A .  

The specific interfacial surface are2 
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The presence of mixima OT shoulders in the SANS 
angular patters and characteristic interconnected morphologies 
support a modified spinodal decompositon model of phase 
separation. 

'1 

Figure 1. The development of cylinders and then interconnected 
cylinders is modeled. First, domains are postulated to 
form via nucleation and growth, spheres, followed by cylinders, 
spinodal decomposition. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30-M W S  

~ i ~ l ~  Small-Angle Neutron Scattering Studies  of Diffusion i n  Bulk Polymers: 

Experimental Procedures 

Research Sponsor Ford Motor Company Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

J. E. Anderson 

J. H. Jou 

ti. D. Wignall 

Report 
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ABSTRACT: This research addresses experimental issiies arising in SANS diffusion studies of bulk polymers. 
Sample preparation. annealing protocols, reproducibitity of replicate samples, data reduction, and analysis 
procedures are considered. Experimental SANS data for 68000 MW polystyrene are examined in detail. These 
data were obtained on specimens containing ,50 wt % protonated and deuteriakd polymer. The initial specimens 
were heterogeneous, containing domains of protonated and deuteristed poiystyrene. Heterogeneities were 
destroyed, by interdiffusion, during sample annealing at 130 "C. SANS reaults, made RS a function of annealing 
time, were analyzed to characterize diffusion. This analysis yielded diffusion coefficients that appeared to 
increase with scattering angle: vahea between 9 X m 2 / s  were obtained over the range 
(3 = (4 (T-8.Q) x lob cm-I. We attrihute this apparent Q dependence to instrumental efftcta, apecificatly, to 
-amenring' or experimental data. Simulation of scattering rtsulta, using an appropriate 'smearing' function, 
generates values that match experiment. Simulation indicates that 'menring" has a minimal effect on diffusion 
coefficienta measured at higher scattering angles. A constunt (@independent) value D = 1.8 X cm2/s 
is suggested for 68000 MW polystyrene a t  130 "C. 

and 1.8 X 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 M SANS 

Title Influence of Homopolymer on the Correlation Hole in a Homogeneous 

Diblock Copolymer. 

Research Sponsor AT&T Bell L a b s  Grant or Contact No. 

Report A humopcOW, symmetric 1,4-~lybuta&ene-l,2-polybuta~ene diblock copolyzcr 

containing a pcrdeutcratd 1,4-poIybutaditne block has been mixed with q u a l  mol& 

weight 1,2-polybutaditne homopolymer md examined by small-an@e neutron scattering 

(SANS). me undiluted diblock copolymer crhibits a well defined peak BS awured by 

SANS which derives from the axreletion hole effect. Addition of homopolymer initially 

shifts this peak to smaller scattering wavevccton and suhequcntly climiaates the correlation 

hole scattering. Tbese results an m dose agreement with the thtorctically predicted 

scattering from homogeneous diblock copolymer-homopolymer miRUTes, thus pvici ing a 

metbod for determining the Rxy-Huggim mternction parameter x .  The composition 

dependence of x for the mimuts is found to k quivalent to that prrviously determined for 

undiluted diblock copolymer containing the same monomers. 
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polybutadienc homopolymer. Opcn symbols npnsent  coherent scattering while 

the closed cirdes correspond to the total scantring which b dominated by 

incoherent scattering events. Tbe solid &u are guides for the eye. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 m S,A.N.S. Spectrometer 

Title A Small Angle Neutron Scattering investigation on a deformed amorphous 

miscible blend : Poly (me thylme thacrylate) /Poly (e thyleneoxide) 

Research Sponsor U . M A S 2 3 b m e r  S c i e n c e  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

Dr. J . M .  Lefebvre Q€RS - NSF m. visitor U.MASS 
Prof. R.S. Porter U.MASS Dpt. of Polymer Science 

Dr. G.D. WiP;nall N.C.S.A.S.R. 

Report 

Amorphous blends of poly(methylmethacry1ate) with poly(ethy1ene- 
oxide) (PMMA/PEO) have been uniaxially drawn by the solid state coextru- 
sion process. A small angle neutron scattering ( S A N S )  characterization 
was attempted for both isotropic and deformed samples. 

former case were indicative of the miscibility of the system thus confirm- 
ing previous work using different techniques. x was found to be very small 
and positive (~10-3) for the particular composition under investigation 
(90/10% by weight). In the latter case however,anomalous scattering beha- 
vior at small angles precluded any determinations of the molecular aniso- 
tropy retained at various correlation distances,as well as a measurement 

1 

The molecular dimensions and interaction parameter x deduced in the 

of x . 



101 

A combination of differential scanning calorimetry and small angle 
scattering techniques has revealed marked structural changes induced by 
deformation. Both methods point to a certain extent of phase separation 
in the originally miscible system.2 Such a structural change could not 
be thermally induced within the temperature range of chemical stability 
of the blend. Over an 8OoC range above Tg ,the value of x remained cons- 
tant within experimental error. These results are consistent with recent 
F . T . I . B .  studies which concluded that interactions in the blend are very 
w e a k +  

To the present a better knowledge of the PMMA/PEO phase diagram is 
required but a reasonable conjecture would be t o  assume a s t ress  modified 
upper critical solution temperature behavior. A more quantitative inter- 
pretation of the random two-phase system is not achievable on the basis 
of the current SANS data. 
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Repart of Measurements Carried Out at the NCSASR 

Instrument( s) 7 0  M SANS 

Title Themodvnam ics  of I so top  ic P o l y  er Mixtures:  P o l v (  v i n v l e t h y l e  ne 1 

and Poly  (ethylethylenel . 

Grant or Contact No. Research Sponsor AT&T B e l l  Labs ; Exxon; ORNL 

Participants and NCSASR Collaborator(s) 

F.  S .  Bates AT&T B e l l  Labs 

L. J.  Fetters Exxon Research 

G .  D. Wiqnall NCSASR 

Report 

Thermodynamics of Isotopic Polymer Mixtures: Poly(vinylethy1ene) and 
Poly(ethy1ethylene) 

E;.  S. Bares 

AT&T Bell Laboratories 
Murray Hill, New Jersey 07974 

L. 1. Ftrrcrs 

Corporate Research-Science Laboratories 
Exxon Rcseacb and Engineering Company 

Annandalc, NJ 08801 

G. D. Wignal l  

National Center for Small Angle Scattering Research 
Oak Ridge National Laboratory 

Oak Ridge, TN 37831 
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Binary mixtures of normal (protonated) and pcrdeuterated poly(vinylethylene), and of 

poly(ethylethylene), containing 50% by volume deuterated polymer, have been examined by 

small angle neutron scattering (SANS). Evaluation of SANS data obtained between 26 and 

lWC, using the W A  theory for binary polymer mirhues, reveals that both isotopic systems 

are characterized by a small positive Flory-HuggitU stpent-segment interaction paramem, 

5.10-‘ < x lo-’, and an upper Critical solution temperature wcs7). This isotope effect 

primarily derives from the reduction in carbon-hydrogen bond length which results from 

substituting dcu!:riwn for hydrogen in non-polar organic liquids; the shorter carbon 

deuterium bonds are directly manifested as a smaller segment v o l m e ,  

(V, - V , ) N  3: 0.0019 z O.OOO4 and 0.0039 rr 0.0004 for poly(vinylethy1ene) and 

pcly(erhylethy1enc) respectively. A prediction for the excess free energy of mixing for 

isotopic polymer mixtures, based on the measured differences in segment volumes and the 

associated differences in segment polarizabilities, accbunts for the experimental findings. 

T w o  other published theories, based solely on the segment volume isotope effect, are also 

discussed. We conclude that non-ideal mixing is a universal characteristic of deuterated and 

protonated polymers. 
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Report of Measurements Carried Out at the NCSASR 

I ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ~ )  SANS K F I R  30 METER SPECTROMETER 

Title PLASTICIZATION Of PVC 

Research Sponsor MoNSANTo Grant or Contact No. ERD-84-433 

Report 

SEE ABSTRACT 
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EFFECT OF COMPOSITION O N  INTERFACE I N  PVC BLENDS. Judith 
A. Lefelar, Monsanto Chemical Company, 730 W o r c e s t e r  
x r m r i n g f i e l d ,  MA. 01151. 

The microsctructure of  a PVC based three component system 
(PVCIMethyl Methacrylate, Butadiene, Styrene 
(M3S)/Styrene, Maleic Anhydride, Hethyl Methacrylate 
(SMA)) has been investigated u s i n g  wide angle x-ray 
diffraction, phase contrast microscopy, differential 
scanning calorimetry, and small angle neutron scattering. 
The physical properties have been character? zed using IZOD 
impact testing and hea t  distortion under load. 
Methyl Methacrylate level o f  the SMA component i s  held 
constant while the styrenelmaleic anhydride ratio i s  
varied, dimensions increase as the level of  maleic 
anhydride increases. Physical Properties o f  the material s 
go through a maximum a t  a particular styrenelmaleic 
anhydride r a t i o .  
interactions between PVC and maleic anhydride lead t o  the 
growth o f  a diffuse interface region w h i c h  a t  h i g h  enough 
levels becomes a phase i n  i t se l f .  

When the 

I t  i s  hypothesized t h a t  specific 
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Report of Measurements Carried Out at the NCSASR 

30-rn HFIR Instrument( s) 

~ i ~ l ~  Development of Supermolecular Structure in Polystyrene 

Latexes 

C B T - 8 5 1 2 9 2 3  Research Sponsor National Science Foundation Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

L .  H. Sperling Lehigh University 

11 11 A .  Klein 

I I  1 1  Se-In Yang 

X C S A S R  

Report 
The development of supermolecular structure in polystyrene 

latex particles was investigated by small-angle neutron scattering. 
Seed latexes of deuterated polystyrene were swollen to 
Equilibrium with protonated styrene monomer, and polymerized 
to complete conversion. The scattering patters reflect the 
extent of supermolecular structure development inside the 
particle. A new method of analyzing the extent of segregation 
is proposed by separating the data with Debye single chain 
and spherical scattering form factors. 
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The extent of  segregation was found t o  depend on the 
relative size of the chains cornpaTed with $hat of  the particle, 
going through a maximum at the ratio M /D of about 0.1. When 
the chain demensions are relatively veyy ymall, uniform 
molecular mixing is obtained. At higher r a t i o s  of MJD , 
the present data support the core-shell model of superm8lecular 
structure. 

10' 
z 

----- W ILL1 AM S - OAROON 
s LINNE 

0 PRESENT 

1 Qa I O '  10' 

F i g u r e  1. Development of segregation as a function of the 
ratio of the molecular weight of the polymer vs. the latex 
diameter, squared. The maximum in segregation comes approximately 
when the chains are half the diameter of the latex particle. 
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Report of Measurements Carried Out at the NCSASR 

instrument(s) 30 M SANS 

~ i ~ l ~  Nonideal Mixing i n  Binary Blends of P e r d e u t e r a t e d  and 

Protonated Polys tyrenes .  

Research Sponsor AT&T B e l l  L a b s  : O W L  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

F. S .  Bates AT&T Bell Labs 

G .  D. Wiqnall NCSASR 

Report 

Binary mixtures ot perdouterated and nomrl (protonated) atactic polystyrenes are shown by small-angle neutron 
scattering measurements to be characterized by a small poaitive segment-segment (Flow) interaction parameter 
( x  - (1.7 f 0.4) x lo4 at 1eO'C) and an upper critical solution tempereture, These findings parallel our 
previous discovery of non-idenl solution behnvior in isotopic mixtures of 1,4-polybutadienea, and carroborate the 
prediction of a universal isotope effect in amorphous polymers. 
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Report of Measurements Camed Out at the NCSASR 

Instrument(s) SANS HFIR 30 METER SPECTROMETER 

~ , ~ l ~  PLASTICIZER EFFECT IN POLY (BUTYRAL-CO-VINYL ALCOHOL) 

Research Sponsor MONSANTO Grant or Contact No. ERD-84-433 

Participants and NCSASR Collaborator(s) 

NCSASR: G. D. W I G N U  

XONSANTO: J. R.  GARBOW 
J. SCHAEFER 
E. 0. STEJSKAL 

Report 

SEE ABSTRACT 
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The p a r t i t i o n i n g  of polymer and plast ic izer  i n t o  s o f t  and 

hard regions for mixtures of poly(butyra1-co-vinyl alcohol) 

and dihexyladipate has been determined by magic-angle spinning 

I3C NMR. 

techniques with rcalar decoupling, and the  hard regions by 

cross-polar izat ion w i t h  dipolar  decouplhg;. 

character of p l a s t i c i z e d  polybutyral  is a l s o  observed in 

small-angle neutron s c a t t e r i n g  experiments i n  which in tegra ted  

s c a t t e r i n g  i n t e n s i t y  increases  l i n e a r l y  with 2 l a a t i c i r e r  

The s o f t  regions are detected by Fourier-transform 

This two-phase 

concentration. We a t t r i b u t e  the s o f t  regions t o  l i q a i d  

p l a s t i c i z e r  containing mobile polymer, and the hard regions t o  

s o l i d  polymer asaociated w i t h  p a r t i a l l y  h o b i l i z e d  

p l a s t i c i z e r .  There i s  no chemical exchange between hard and 

soft regions on a 1-sec t i m e  scale. The frequencies but n o t  

the amplitudes of cooperative main-chain motions o f  the 

polymer in the hard regions are influenced by i n t e r a c t i o n s  

w i t h  the soft regions. This result is  incorporated i n t o  a 

two-phase domain model which is used t o  r a t i o n a l i z e  the 

macroscopic s t ress - re laxa t ion  properties o f  these p l a s t i c i z e d  

polymers. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 M SANS 

Title Phase Behavior of Amorphous Binary Mixtures of Perdeuterated 

and Normal 1,4-Polybutadienes. 

Grant or Contact So .  Research Sponsor AT&T Bell Labs; ORNL 

Participants and NCSASR Collaborator(s) 

F. S. Bates AT&T Bell L a b s  

S. B. D i e r k e r  11 I( 

G. D. Wignall NCSASR 

Report 
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Phase Behavior of Amorphous Binary Mixtures of Perdeuterated and 
Normal 1,4-Poiybutadienes 

F. S, Bates* 

AT&T Bell Laboratories 
Murray Hill, New Jersey 07974 

G. D. W i p l l  

National Center for Small Angle Scattering Research 
Oak Ridge National Laboratory 

Oak Ridge, TN 37831 

S. B, Dierker 

AT&T Bell Laboratories 
Murray Hili, New Jersey 07974 

A series of amorphous binary mixtures of normal and pcrdeuterated 1,4- 
polybutadienes has been examined by small-angle neutron scattering (SANS). 
Contrary to the generally held assumption that isotopic polymer mixtures form 

ideal solutions, we conclusively demonstrate that these mixtures are characterized 

by an upper critical solution temperature (UCST). This isotope effect derives from 

a small, measurable difference in segment volume between normal and 

perdeuterated species. Above the UCST, the SANS results are quantitatively 
predicted by the mean-field theory of deGennes for homogeneous binary polymer 

mixtures. Increasing the degree of polymerization raises the critical temperature, 

resulting in phase separation. Owing to the combined effects of the close proximity 
to the consolute point and a small segment-segment interaction parameter 

( x  =E the phase separated mixtures exhibit extensive interfacial mixing; 
Porod analysis of the SANS results reveals an average interfacial thickness of 

<D> - 250k Overall, these findings demonstrate that normal and perdeuttrated 

amorphous polymers represent a new class of materials with which to study 

polymer-polymer phase behavior. 

References 

Give references if the work  has been published or submitted to conferences. symposia. etc.  

Macromolecules (1986),19, - 1938. 



114 

Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 M SANS 

Title Small - A w l  e Neutron Scat ter !  nq Studies o f  PEC-PET B1 ends. 

Research Sponsor A1 1 ed-Simal  Inc . Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

N. Sanjeeva Murthv  

Shaul M. Aharoni 

Georqe D. W i  qnal 1 

Report 
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Quenched blends of po ly (es t e r  carbonate)  (PEC) and poly (e thylene  

t e r e p h t h a l a t e )  (PET) have a s i n g l e  Tg and behave as s i n g l e  phase amorphous 

a l l o y s  up t o  67% PET. Eowever, =al l -angle  neutron s c a t t e r i n g  ( S A N S )  d a t a  

show t h a t  the  PET molecules are not s t a t i s t i c a l l y  d i s t r i b u t e d  as classical 

Gaussian c o i l s  i n  the  PEC matrix. I n  quenched amorphous PEC-rich f i lms  (a 

s i n g l e  phase) ,  PET-rich domains of varying PET concent ra t ion  appear t o  be ran- 

domly d i s t r i b u t e d  i n  t h e  PEC matrix, and the  excess SANS i n t e n s i t y  is a t t r i b u -  

t a b l e  t o  f l u c t u a t i o n s  i n  PET concentrat ion.  Wide- and small-angle x-ray 

s c a t t e r i n g  data and SANS r e s u l t s  show incomplete phase sepa ra t ion  of PET and 

PEC molecules upon annealing. A posa ib le  model f o r  annealed blends (two pha- 

ses) might be domains o f  folded chain,  c r y s t a l l i n e  PET with i n t e r l a m e l l a r  

amorphous regions composed of a mixture of PET and PEC molecules. These 

domains ate  dispersed  i n  the amorphous PEC matrix. 
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Report of Measurements Camed Out at the NCSASR 

Instrument( s) 30 Meter SANS 

8319291 Research Sponsor NSF-DMR Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

Report 
We attempted to test a fundamental assumption in polymer solution dynamics 

experiments, namely, that the time-temperature superposition principle may be 
applied safely over a wide range of temperature for polystyrene dissolved in 
Aroclor solvents. The key issue is whether the solvent quality is sufficiegtly 
high that the coil dimensions are independent of temperature, from 0' to 50 c .  
We attempted to measure F$ for  dPS, M = 100,000 in Aroclor 1248 at 00, 250,  and 
500C. It appears that, within experimental error, R g  i s  independent of T. 
However, the signal-to-noise is always poor for this system, and the data scatter 
was greater than we would like. In particular, the detector leak was a problem. 
Thus, we hope to repeat these measurements in the future before ptiblishing the 
results. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 M SANS 

Cr i t i ca l  Behavior of Binary  Liquid Mixtures of Deuterated Title 

and Protonated Polymers. 

Grant or Contact S o .  AT&T Bell L a b s ;  ORNL Research Sponsor 

Participants and NCSASR Collaborator(s) 

F.  S.  Bates AT&T Bell Labs 

W .  C.  Xoehler NCSASR 

G. D. Wignall II 

Report 

Critical Behavior of Binary Liquid Mixtures of Deuterated and Protonated Polymers 

F .  S Bates 
A T& T Bell Laboratories, Murray Hdl.  New Jersey 0 7 9  74  

and 

G D Wignall and W. C.  Koehler 
National Cenrer /or Small-Angle Scarrering Research, Oak Ridge Naiional Laborarorj, Oak Rldge. Tennessee 37831 

(Received 1 July 1985) 

Binary mixtures of protonated and perdcuterated 1 .I-polybuiadiene have been examined by 
small-angle neutron scatrering and are shown io exhibii an upper criiical solution temperarure The 
scatlering results above the critical temperature are described by the mean-field theor) of de 
Gennes for homogeneous binark polymer mixtures These results coniradici the universall) heid 
assumption that mixtures of deuierated and protonated pol) mers of otheruise identical chemical 
structure form ideal solutions 
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FIG 1. Coherent small-angle neutron scattering from 
sample 8285(0.313, a binary mixfute of protonated and per- 
deultrared 1.4-potybutadiene at the critical composition 
The curves were obtained from the predicted 
homogeneous-mixture scattering function by adjusting the 
segment-segment ineracfton parameter X 
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FIG 3 Temperature dependence of t h e  scgment- 
segment interactron parameter x ,  obtained by firling the 
theoretical homogeneous binarb-blend correlation funcrion 
10 the small-angle nturron-scattering data from sample 
BtBS(0 31) 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s1 30 SANS 

Title LIQUID CRYSTALLINE TO ISOTROPIC PHASE TRANSITIONS 

Participants and NCSASR Collaborator(s) 

J. P. Wilcoxon 

Report 

0 

F i g .  1 .  SANS data obtained i n  the 
isotropic 32% (squares), 
40% (circles), hexa onal 
(triangles), c u b i c  ?pluses), 
and lamellar (crosses) phases 
of the C12E6 surfactant 
system. 
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SANS measurements o f  t h e  l a m e l l a r ,  hexagonal and c u b i c  phases o f  a n o n - i o n i c  
s u r f a c t a n t  a r e  used t o  s t u d y  t h e  n a t u r e  o f  t h e  o r d e r  t o  d i s o r d e r  t r a n s i t i o n  i n  
t h i s  system (C12Eg i n  D20). 
sphere t o  r o d )  t r a n s i t i o n s  occu r  p r i o r  t o  e n t e r i n g  t h e  o r d e r e d  phase and 
whether t h e  e lemen ta ry  c o n s t i t u e n t s  o f  t h e  l a m e l l a r  phase a r e  m i c e l l e s  o r  
i n d i v i d u a l  s u r f a c t a n t  molecules.  The phase boundar ies were approached 
e i t h e r  by changing temperature a t  c o n s t a n t  amph iph i l e  c o n c e n t r a t i o n  
( t h e r m o t r o p i c  1 .c. t r a n s i t i o n ) ,  o r  by changing amph iph i l e  c o n c e n t r a t i o n  
a t  a c o n s t a n t  temperature ( l y o t r o p i c  1 .c. t r a n s i t i o n ) .  D i s t i n c t  Bragg 
peaks a r e  observed w i t h i n  t h e  o rde red  phase accompanied b y  thermal  d i f f u s e  
s c a t t e r i n g .  
s t r o n g l y  dependent on t h e  volumn f r a c t i o n  s u r f a c t a n t .  
c e n t r a t i o n  scan th rough  t h e  i s o t r o p i c  (32%, 40%) phases i n t o  t h e  hexagonal 
(50%), c u b i c  (65%) t o  l a m e l l a r  ( 7 5 % )  phases. The c u b i c  phase e x h i b i t s  t h e  
most l ong  range o r d e r .  The peak spac ing  i s  n o t  s i m p l y  p r o p o r t i o n a l  t o  t h e  
volumn f r a c t i o n  s u r f a c t a n t ,  b u t  r a t h e r  shows t h e  l a r g e s t  s h i f t  between 
i s o t r o p i c  and o rde red  phases. The spacir .9 i n  t h e  hexagonal pnase i s  42 A, 
a v a l u e  c o n s i s t e n t  w i t h  t h e  amph iph i l e  c:l?!in l e n g t h .  A ve ry  s i g n i f i c a n t  
i n c r e a s e  i n  t h e  c o m p r e s s i b i l i t y  ( i n t e n s i t y  a t  Q.0) i s  seen upon e n t e r i n g  
t h e  d i s o r d e r e d  i s o t r o p i c  phase. F i g u r e  2 shows a temperature scan th rough  
t h e  l a m e l l a r  phase of t h i s  s u r f a c t a n t  system. 
45 "C. A ma jo r  i n c r e a s e  i n  t h e  c o m p r e s s i b i l i t y  i s  observed from t h e  
s c a t t e r i n g  a t  45 "C. However, d i s t i n c t  peaks i n  t h e  s c a t t e r i n g  f u n c t i o n  
a r e  observed a t  r o u g h l y  t h e  same spac ing  f a r  above t h e  1.c. phase boundary. 
Because o f  t h e  h i g h  v i s c o s i t y  a s s o c i a t e d  w i t h  :;re 1.c. phase t h e r e  i s  reason 
t o  b e l i e v e  t h a t  t h e  s h i f t  in Bragg spacing near  t h i .  t r a n s i t i o n  temperature 
i s  due t o  a rearrangement of a me tas tab le  s t a t e  t h a t  was t rapped  by t o o  
r a p i d  c o o l i n g  f r o m  t h e  h i g h  temperature l i q u i d  s t a t e  shown in t h e  7 5  'C 
and 83 "C curves.  T h i s  me tas tab le  s t a t e  undoubtedly  c o n s i s t s  o f  a pack ing  
of s p h e r i c a l  m i c e l l e s  r a t h e r  t h a n  t h e  f o r m a t i o n  o f  l a y e r s  c o n s i s t i n g  o f  
i n d i v i d u a l  s u r f a c t a n t  molecules separated by s o l v e n t  ( t h e  cu rve  co r respond ing  
t o  T=45 " C ) .  Subsequent SAXS measurements have r e i n f o r c e d  t h i s  i n fe rence .  

Of p a r t i c u l a r  i n t e r e s t  i s  whether shape (e.g. 

The w i d t h  (amount o f  d i s o r d e r )  and p o s i t i o n  ( r e p e a t  spacing)  i s  
F i g u r e  1 shows a con- 

The phase boundary i s  a t  

0 

0 
nl 

F ig .  2 .  SANS data o b t a i n e d  i n  t h e  
l a m e l l a r  o rde red  phase - .  
(squares ) ,  a t  T = 22 ' C y  I L "  

I -  then a t  T = 45 " C  (phase 
boundary, c i r c l e s ) ,  and 
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-l-itle Two-dimensional Phase Separa t ion  Behavior i n  t h e  Langmuir-Blodgett Fi lms 

from M i  xtures of Pro tona ted  and Deuterated S t e a r i c  Acids 

Research Sponsor AT&T Bell Labora to r i e s  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

T .  T. WANG , ATdT B e l l  Labs 

J. S .  Lin,  NCSASR 

Report 

The o b j e c t i v e  of t h i s  s tudy  w a s  t o  probe t h e  two-dimensional phase s e p a r a t i o n  behavior  
i n  t h e  mixtures  of pro tona ted  s t e a r i c  ac id  and i t s  deu te ra t ed  analog.  
r e s u l t s  i n d i c a t e  t h e  s c a t t e r i n g  s i g n a l s  t o  be too  weak because of 
t h i ckness  of t he  f i l m s  (ca .  50 A ) .  While w e  a r e  planning t o  prepare  f i l m s  wi th  
g r e a t e r  t h i cknesses  f o r  f u r t h e r  s tudy ,  t h e  p r o j e c t  i s  not  a c t i v e  a t  t he  moment 
because of o t h e r  commitments. 

Pre l iminary  
extremely smal l  
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Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

R.  W .  Richa rds  

D. J .  Kinning  

E.  L. Thomas Bare of Expefimentfs) 

Report 
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Small angle neutron Scattering measurements have been made over a wide Q 

For t o t a l l y  hydrogenous materials a series of  discrete Bragg peaks were 
range on s ta r  diblock copolymers i n  w h i c h  both composition and arm number were 
varied. 
observed, which corresponded exact1 y w i t h  those previously observed by small angle 
x-ray scatteringl. 

The major purpose o f  these experiments was t o  determine the interfacial d i f -  
fuse layer thickness i n  block copolymers w i t h  an ordered bicontinuous double 
diamond structure. For this purpose copolymers w i t h  73 w t .  % deuterostyrene were 
synthesized by Dr. t. J. Fetters o f  Exxon. The deuterostyrene constituted the 
cores o f  these stars and the samples studied were a linear s ta r  (tri*btock) and a 
12-arm star .  Figure 1 shows the l o g  of the radially averaged scattered intensity 
obtained for the deutero-tribfock a t  two different sample-detector distances. 
Bragg peaks are clearly evident and even for the highest Q range used a constant 
level o f  scattering intensity i s  not  obtained. Analysis o f  scattering d a t a  for 
diffuse layer thickness requires accurate subtraction o f  the incoherent scatter- 
i n g 2 ,  For this purpose the incoherent scattering from a mixture o f  hydrogenous 
and  deuterotoluene was used i n  w h i c h  the scattering length density was equal t o  
the average o f  the s ta r  diblock copolymers. Notwithstanding this correction, the 
da ta  d i d  n o t  agree w i t h  expectations; i . e .  attenuation i n  scattering being de- 
scribable ( i n  the f i r s t  instance) by the single particle form factor for a cy l -  
inder. I t  i s  known,  however3, t h a t  the form o f  the a t t e n u a t i o n  a t  intermediate Q 
i s  dependent on the form of  the single particle form factor. Since this i s  n o t  
yet known for the tetrapods w h i c h  make u p  the scattering particles ( F i g  2 ) ,  i t  i s  
perhaps not surprising t h a t  an unusual attenuation i s  observed. Data a r e  current- 
l y  (August 1986) being further analyzed. 

The 

a 
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Title . in inpIncoher- t  Scattering fro m Polv(ethv1ene terephthalate): 

Investigation of a General Correction Method for Polymers 

Research Sponsor NSF, Oak RidRe Assoc. University Grant or  Contact No. T-416 

ParticiDants and NCSASR Collaborator(s) 

Dr. J. M. Schultz 

Dr. G. D. Wignall 

Report 

Poly(ethy1ene terephthalate), P E T ,  is unusual because it may undergo transesterification. 

Advantage was made of this reaction to allow measurement of the incoherent scattering 

from hydrogen and deuterium chain blends. Polymer chains containing either deuterium 

or hydrogen were mixed to make samples of various concentrations. Transesterification 

of the PET was performed at polymer melt temperatures to increase the speed of chain 

randomization. There is no coherent scattering from properly randomized chains; 

therefore, the entire signal from this type of sample is due to incoherent scattering 

effects. 

The samples prepared showed that the total scattering cross section was linearly 

related to the deuterium concentration. This result allows the straightforward 

use o f  concentration in the Beer-Lamberr Law for 4 . 7 5  nm neutrons. 
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Other results seem to indicate that incoherent scattering from PET behaves 

similarly to that from water. For high hydrogen concentrations, the incoherent 

scattering scales as 1 minus the sample transmission. Care must be taken when 

using low concentrations of hydrogen since this rule  breaks down at intermediate 

levels of hydrogen. Furthermore, sample thickness at high hydrogen concentrations 

(scattering cross sections) may affect the incoherent scattering distribution, 

perhaps due to inelastic or multiple scattering events. 

References 

Give references if the work has been published or submitted to conferences. symposia. etc.  



128 

Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 M SANS 
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Isotope-Induced Quantum-Phase Transitions in tbe Liquid State 

F. S. Bates 
AT& T Bell Laboratortes, Murray Hill, New Jersey 07974 

and 

G .  D .  Wignall 
Nattonal Center fm Small Angk Scattering Research, Oak Ruige Notlono1 La&rarory, Onk Ridge, Tennessee 37831 

(Rmrved 8 MIY 1986) 

Isotopic binary liquid mixtures are universally characterlzed by an upper critical solution tempera- 
ture as a consequence of zero-point motion in conjunction with the anharmonicity of the interatom- 
ic potential. This quantum effect is predicted, and demonstrated by small-angle neutron-scattering 
measurements, to bc manifest at ambient temperatures for mixtures of deuterated and protonated 
polymers. Prior evidence of such phase behavior has been restricted to liquid mixtures of 'He and 

1 I I 

2 3 4 5 

l$'10:. A-2 

FIG. 2. Coherent small-angle neutron scattering from a 
homogeneous binary liquid mixture of fully deuterated and 
protonated polystyrenes near the critical point for demixing 
The curves were obtained by use of the predicted 
homogeneous-mixture scattering function with adjustment 
of the segment-segment interaction parameter X 
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FIG. 3. Temperature dependence of the segment- 
segment interaction parameter obtained from the SANS 
results for a binary mixture of fully deuterated and protonat- 
ed polystyrenes near the critcal point. The dashed curves 
indicate the uncertainty in X ( ? 7  corresponding to the es- 
timated uncertainty in degree of polymerizauon .V and 
SANS intensity calibration. 
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SCATTERING STUDIES ON MIXTURES OF POLYfETHYLENE OXIDE) 
WITH POLYtMETXYL METHACRYLATE) 

T. P. Russell,* H. Ito+ and G. D. Wignall++ 
+IBM Almaden Research Center, 650 Harry Road, San Jose, California 95120-6099 
'NCSASR, Oak Ridge National Laboratory, Oakridge, Tennessee 37830 

ABSTRAm 

Molten and semi-crystalline mixtures of PEO and PMMA have been investigated 
by small angle neutron and X-ray scattering. It has been found that the Rory Huggins 
interaction parameter, evaluated from the intermolecular scattering function, is quite 
small and is apparently dominated by entropic contributions. Scattering profiles from 

. the semi-crystalline mixtures clearly show that the PMMA is incorporated within the 
amorphous phase between the crystalline PEO lamellae. 
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tterinp. from Poly(ethy1ene terephthalate): . .  Title D e t e r m l n l n e e r e n t  Sca 

Investigation of a General Correction Method for Polymers 

Grant or Contact So.  T-416 . .  Research Sponsor X i F .  Oak R i d e e o c .  hive- 

Dr. .J. M. S w t z  

nr. G. D. -1 

Report 
The intensity measured during a scattering experiment can be broken up into 

contributions from several effects: elastic and inelastic scattering, along 

with coherent and incoherent scattering. For small angles and low energy 

neutron sources, inelastic scattering is small. The elastic coherent scattering 

contains structural information resulting from phase relationships between 

scatterers within a correlation volume. Elastic incoherent scattering carries 

no structural information and is principally isotropic over the f u l l  solid angle, 

4 n .  For this reason, the incoherent scattering might be considered a flat 

background. This incoherent scattering is generally not important at small 

angles; however, it does become significant at intermediate angles, where the 

coherent signal is weak, and therefore must be subtracted accurately from the 

total scattering to obtain useful information. 
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Currently there are several techniques which have been employed to infer the 

incoherent. scattering from polymer systems. Most employ the fact that incoherent 

scattering i s  principally due to hydrogen, which is a large and almost wholly 

incoherent scatterer. T h i s  assumption has been shown t o  hold for thin water 

samples; but has not been tested for polymers. 

A property of poly(ethy1ene terephthalate), PET, enables one to measure incoherent 

scattering for this polymer. The technique employs different concentrations of 

Fl and D-PET chains. The samples are then heated to randomize the hydrogen and 

deuterium on inter and intramolecular levels by transesterification. For such 

a material, there should be no small angle coherent scattering. The incoherent 

scattering can then be directly measured because it is the entire signal. 

As a result of its relatively small hydrogen content (poor isotope contrast), 

PET is extremely sensitive to sample preparation techniques. A method due to 

McAlea has been used to prepare specimens. Scattering experiments were performed 

on untransesterified samples t o  verify the effectiveness of this technique. 

Initial experiments on the transesterified samples showed that longer trans- 

seterification times would be necessary, along with other slight modifications 

to the sample preparation technique. 
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Report 
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The molecular model of rubber e l a s t i c i t y  w a s  s tud ied  by 
small angle  neutron s c a t t e r i n g  (SANS) .  SANS experiments can 
provide a d i r e c t  measure of t h e  changes i n  s i z e  and shape of 
t h e  polymer chains  which take  p l ace  when t h e  network i s  
deformed. 

The polystyrene networks were prepared by hat-molding 
mixtures  o f  polystyrene and deuter iopolystyrene o f  molecular 
weight 100,000 w i t h  c ross l ink ing  agen t ,  m-benzenedisulfonyl 
a z i d e ,  a t  155OC f o r  about 1-1/2 hours. The nominal c ross -  
l i nk  d e n s i t i e s  of t hese  random networks were f i v e ,  seven and 
n ine ,  and t h e  a c t u a l  numbers w e r e  about 60% o f  each o f  t hese ,  
These dumbbell-shaped polystyrene networks were s t r e t ched  i n  
a heated Ins t ron  t o  var ious  ex ten t s  and allowed t o  r e l a x  
underload before  quenching t o  room temperature,  

The SANS r e s u l t s  showed t h a t  t h e  deformation o f  t h e  
networks i s  not  segment a f f i n e  a n d  t h e  r ad ius  o f  gyra t ion  i s  
a func t ion  of t h e  ex ten t  o f  deformation only,  and i s  inde- 
pendent of t h e  c ros s l ink  dens i ty .  Deformation i n  p a r a l l e l  
d i r e c t i o n  i s  c l o s e r  t o  t h e  phantom network: while i n  perpen- 
d i c u l a r  d i r e c t i o n  the  f ixed  junc t ion  model p r e v a i l s ,  
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SY NOPS I S 

A double rotat ion goniometer has been mounted in the neutron beam in 

order  to  characterize the molecular deformation in polymers subjected to  various 

s t ra in  conditions. 

The results provide a d i rect  ver i f icat ion of the  f iber symmetry in solid 

state coextruded polymethylmethacrylate ( PMMA) and polypropylene (PPI 

homopolymers. 

In the case of  the shear banding phenomenon, we have been able to  test 

the val id i ty o f  the simple shear assumption; it also provides a d i rect  estimate 

o f  the f in i te shear s t ra in  involved in the process. 

the method, we also consider the biaxial deformation of  PP and PMMA squeezed 

under various temperature and strain-rate conditions. 

As a last i l lustrat ion of 
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The miscible blend of polystyrene (PSH) and tetramethyl-bisphenol 
A-polycarbonate (TWPC) has been previously studied by differential scanning 
CalOrimettY (DSC), viscoelasticity, and microscopy. In this study, 
small-angle neutron scattering (SAWS) has been applied to obtain the 
quantitative interaction parameter ( x )  of this blend at room temperature. 
Deuterated polystyrene (PSD) was used for the scattering contrast in the 
study. The PSD/TMPC blends show a slngle T over the whole range of 
COUipoSitiOn from the DSC measurements, Vhici! is tne same as the Tg of 
PSH/TLIPC blend. 

The interaction parameter was calculated from the de Gennes scattering 
intensity function of miscible polymer blends, which is based on the random 
phase approximation. 
negative over the range of composition. It is also found that the x is 
composition-dependent and can be expressed as: x(+)/vo = (-0.66 x 
1.35 x - 2.44 x 10'4+2 where 0 is the volume fractian of PSD and vo is 
the volume of the unit cell. Fugthermore, the correlation length o f  the 
concentration fluctuation ( 1 0 4 7 A )  4s approximatelyotwice the segment length 
of the component polymer (PSD = 6 . 7 A  and TNPC = 7 . 4 A ) ,  implying that the 
mixing of this blend is effectively at segmental level. 

As expected for a miscible system, a l l  x Values are 
- 
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ABSTRACT: The partitioning of polymer and plasticizer into soft and hard regions for mixtures of poly- 
(butyral-co-vinyl alcohol) and dihexyl adipate has been determined by magic-angle-spinning lJC NMR. The 
soft regions are detected by Fourier-transform techniques with rcalar decoupling and the hard regions by 
cross-poiarbtion with dipolar decoupling. This two-phase character of plasticized polybutyral is also observed 
in small-angle neutron scattering erperimenta in which integrated scattering intensity increases linearly with 
piasticizer concentration. We attribute the soft regions to liquid plasticizer containing mobile polymer and 
the hard regions to solid polymer associated with partially immobilized plasticizer. There is no chemical exchange 
between hard and soft regions on a 1-s time scale. The frequencies but not the amplitudes of cooperative 
main-chain motions of the polymer in the hard regions are influenced by interactions with the soft regions. 
This result L incorporated into a two-phase domain model that is used to rationalize the macroscopic 
stress-relaxation propertits of these plasticized polymers. 
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Dimethyl formamide solutions of 1 ightly sulfonated polystyrene (SPS) tono- 

mers have been studied. 

distribution and are in the form of sodium salts. A combination of reduced 

viscosity and small-angle neutron scattering measurements reveal polyelcctro- 

lyte effects in these solutions. 

These SPS polymers possess a narrow molecular weight 

Mixed labelling experiments were performed to 

provide a molecular b a s i s  for understanding these effects. 
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ABSTRACT: The structure and crystallinity of plasticized poiy(vinylch1oride) (PVC) 
has been examined using Small Angle: Neutron Scattering (SANS) and a deuterated 
plasticizer. The scattering curve, which shows a prominent peak at a Bragg spacing of 
-11 nm, has been interpreted using a two phase model where the phases are assumed t o  
be plasticized amorphous material and unplasticized, probably crystalline material. The 
volume fraction of the PVC that was unplasticized was obtained from the SANS 
invariant. The value found, 0.29, was relatively insensitive to the assumed amorphous 
density and consistent with the dependance of the scattering peak height on the fraction 
of the pIasticizer that was deuterated. 
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A statistical copolymer of styrene nnd methyl methacrylate was used as 

seed particles for further polymerization of methyl-ds methacrylate in a 

starved monomer feed technique. The resulting polymer latex was shown to have 

a core/rhell morphological structure as determined by small-angle neutron 

scntterins. The overall size o f  the particle was in excellent agreement uith 

the valuer obtained by light scattering and transmission electron microscopy. 
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Silica siloxane molecular composites are typically made by simultaneous 
o r  sequential polymerization of a rubbery siloxane polymer with a glassy silicon 
alkyoxide. We have studied the type of structures which form in these molecular 
composites as a function of the polymerization sequence and chemical conditions. 
In the first sequence of experiments,we studied conditions which we anticipated 
would produce particulate fillers, basically colloidal silica precipitated in a 
ntbbery siloxane matrix. 

The small-angle scattering curves of all these materials, regardless of 
polymerization sequence or chemistry, were strikingly similar. Porod analysis 
of the scattering cunes indicate that all sampies consisted of a smooth surface 
two-phase structure on length scales below -50 A. On longer length scales, a peak 
in the scattering curve was observed as well as a divergence near Q+O. We 
interpret this longh length scale structure as a bicontinuous network formed by 
a spinodal phase separation process. 
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Report of Measurements Carried Out at  the NCSASR 

Instrument( s) /O-m L/+Y_C {c:S& 
I 

Report 
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Small angle x-ray scattering, SAXS, studies of Th(1V) hydrous polymers 
have been conducted on 0.01 M Th(NO3)h aqueous suspensions and organic 
extractants that have been contacted with them. Assuming spherical 
geometries, fresh Th(1V) polymer suspensions consist of particles that vary 
in size from 2.5 to 8.1 nm whereas aged (by reflux) Th(IV) polymer 
suspensions consist of particles that range in size from 1.6 to 17.4 run. 
The decrease in size of the small extreme on aging is consistent with a 
dehydration and shrinkage process during conversion of hydroxyl bridges to 
oxygen bridges between Th atoms. 
extracted by 0.S a dibutylphosphate in n-dodecane, NDD, but not by 0.1 
trioctylphosphine oxide in NDD or 0.1 
phosphonate in NDD. The particle size distribution in the organic 
extractant was similar to that in the aqueous phase showing that there was 
no size segregation as a result of extraction. Attempts to alter the size 
of the polymers by growing them in the presense of U0224 produced no 
differences in particle size distribution; it has since been realized, 
though, that the 0.5/1 ratio of U022+/Th(1V) would probably have to be 
increased to 10/1 before measureable effects could be obtained. 

These suspensions have been shown to be 

dihexyl-((diethylcarbamoy1)-methyl] 
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Instrurnent(s) SAXS 

Title Processing and Characterization of Cellulose Triacetate Films from 

Istropic and Liquid Crystalline Solutions 

Research Sponsor Celan~- V y  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

J. S. J . in  

Report 
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References 

Processing and Characterization of Cellulose 
Triacetate Films from Isotropic and Liquid 

Crystalline Solutions 

0. 0. OMATETE,t HASSAN BODAGHI,” JOHN F. FELLERS, 
and COLIN L. BROWNE,* M a i e d s  Science und Engzneering, 

University of Tennessee, Knarville, TN 37996 

Synopsis 

Cellulose tnaaetate (CTA) films have been prepared by extrusion of vanou8 
l iqud crystalline and isotropic CTA solutions in a mtxture of diehlomacetic acid 
(DCA, and formic scid (FA) through an annular die The extrudatc ww either 
pven  a uniaxial drawdown inro 8 coagulation bath or biaxiaily deformed via 
expansion with mirculating coagulant to the inside of the extrudate. Thus wlu- 
tiom with CTA concentrations r a q n g  from 23 to 30% were extruded as uni- 
axially- and biamally-onenred films 

A survey of solvent systems to produce l iqud crystalline CTA showed DCA or 
DC&F.4 to he the only reasonable choices fmm among the solvents tned 
Rheological charaacnzation showed Lhat CTAIDCIL’FA could be processed in the 
23 to 30% concentration range A maximum in the viscosity vs concentration 
cume, plastic flow stresses, and vtscosity-shear rate behavior typical of liquid 
mystalline systems were observed At 60T, the system revem tn isotropic and 
provides for some cornpansons between isotropic and aniwtropic behavior 

The CTA films were chatactenzed by small angle x-ray scattering ISAXSI, 
mass density, scanning electron micmscupy (SEMI. permeation studies. differen- 
tial scanning calonrnetry (DSC). wide angle x-my cfimsction (WAXS), and bire- 
frzngence The latter two methods were used to characwnze the moleculnr on- 
enration produced with vanous processing conditions The volume fraction of 
rnicmvo~ds was computed by SAXS invanant analysis and found to vary from 0 01 
t o  0 l€Fc This is low compared to results from mass density measurements Den- 
s i t y  and SAXS measurements indicate a void content decreasing w t h  decreasing 
sobution concentratlon and heat treatment SEM locates micron-size voids in the 
cross-section of films produced from high Bofution mricenimtiom Fibnllar struc- 
ture was observed for “peeled” uniaxial films This is increessed with an increase in 
solution concentration Biaxial films could not be peeled 

-Permanent Address Chemical Enpneenng Department. L‘niversity of Lagos 
Lagos Nigena, ’Permanent Address Nonwovens Technology Center. 3M Com- 
pany St Paul Minnesota 55144, and ‘Permanent Address Celanese Fibers 
Company Charlotte, NC 28232 

S 1986 by The Society of Rheology, Inc Published by John Wiley & Sons. Inc 
.Journal of Rheology, 30(31, 629-659 (19861 CCC 0148-6055~86/030629-31$04 00 
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Report of Measurements Camed Out at the NCSASR 

Instrument( s) 10 meter SAXS camera 

~ _ _  

Title The F i b r i l l a r  Structure  of Melt Spun and Drawn PolwroDvlene Filaments 

Research Sponsor Universitv of Tenncaspp Grant or Contact No. 
Center for Materials Processing 

Participants and NCSASR Collaborator(s) 

J. E. Spruiel l  

J. L. White 

Report 
ABSTRACT 

A basic study of fibrillation and void development during drawing of melt spun 
polypropylene filaments is presented. The filaments are characterized by small angle 
x-ray scattering (SAXS), density, differential scanning calorimetry (DSC), scanning 
electron microscopy (SEM), wide angle x-ray diffraction (WAXS) and birefringence. The 
latter two methods w e r e  used to characterize the molecular orientation produced by 
processing while SEM studies of peeled filaments revealed, qualitatively, the 
development of the fibrillated internal superstructure. The volume fraction of 
microvoids was  computed from the intensity of SAXS and from a combination of DSC 
and density measurements. The microvoid fractions determined by these two 
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techniques were in good agreement. Volume per cent of microvoids vaxied from 0.04 to 
2.8%. It w a s  found that the fibrillation observed qualitatively by SEM and the measured 
volume fraction and number density of microvoids increased with (i) increase in draw 
ratio, (ii) decrease in draw temperature, (iii) increased orientation of melt spun 
filaments, and (ir) increased rnoleculat weight of the polypropylene. Using Guinier 
analysis of the SAXS data it w a s  found that the voids had dimensions of 2 5 4 0  nm, 
parallel to the fiber axis and of order 15-30 rim perpendicular to the fiber axis. As the 
drawing temperature increased the SAXS void size increased and void number density 
decreased. The longitudinal mechanical properties of the fibers were  found to be 
mainly a function of the orientation and were not very much affected by changes in 
fibrillation or void structure per 58. 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 10 m S M S  

The effect of Solvents on t he  Microstructure of Polystyrene Ionamers 
Title 

Grant or Contact No.Dm 8407098 
NSF Research Sponsor 

Participants and NCSASR Collaborator(s) 

R. A .  Weiss 

J. J. Fitzgerald 

J. S. Lin (NCSASR) 

Report 

The effect of polar and nonpolar diluents on the morphology of 
SPS ionomers was characterized by SAXS. The addition of methanol to 
SPS reduces the intensity of the peak characteristic of ionic 
clusters and shifts th2 peak to lower scattering vector. The 
reduction in intensity indicates that the methanol partially 
destroys the structural heterogeneity responsible for the peak, 
i.e., the ionic cluster. In the case of a MnSPS sample with 10% 
methanol no peak was observed, though a substantial amount of low 
angle scattering was observed. We be l i eve  that these results 
indicate phase mixing has occurred which is consistent with ESR data 
that show that methanol weakens the interactions between the ionic 
entities. The shift of the SAXS peak to lower scattering v e c t o r ,  k, 
corresponds to a larger characteristic distance. 
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The e f f e c t  of a nonpo la r  s o l v e n t ,  dodecane,  on t h e  S A X S  c u r v e  
of t h e  SPS w a s  s t u d i e d .  The a d d i t i o n  o f  3 . 4 %  ( w t )  had no e f f e c t  on 
t h e  s c a t t e r i n g  curve .  If t h e  dodecane were p r e s e n t  i n  t h e  i o n i c  
c l u s t e r s  a r e d u c t i o n  i n  t h e  e l e c t r o n  d e n s i t y  d i f f e r e n c e  between t h e  
i o n i c  aggregates and t h e  hydrocarbon matr ix  would be expec ted ,  which 
should  r e s u l t  i n  a decrease i n  t h e  i n t e n s i t y  of  t h e  s c a t t e r i n g  peak. 
T h i s  and t h e  f a c t  t h a t  no change i n  t h e  p o s i t i o n  of t h e  SAXS peak 
was observed  i n d i c a t e  t h a t  t h e  dodecane must be a b s e n t  from t h e  
s c a t t e r i n g  e n t i t y ,  or i n  o t h e r  words,  i t  p a r t i t i o n s  i n t o  t h e  
hydrocarbon m a t r i x .  

The e f f e c t s  of d i o c t y l  p h t h a l a t e  (DOPI and g l y c e r o l  on t h e  SAXS 
c u r v e s  o f  1 .65  MnSPS w e r e  s t u d i e d .  I n  t h e  case of a d d i t i o n  of DOP 
t o  t h e  ionomer,  t h e  i n t e n s i t y  of t h e  i o n i c  peak d e c r e a s e d  as  DOP was 
added,  b u t  t h e  shape o f  t h e  peak and i t s  p o s i t i o n  d i d  n o t  change.  
T h i s  is what would be expec ted  if DOP p r e f e r e n t i a l l y  p a r t i t i o n s  i n t o  
t h e  hydrocarbon-r ich  m a t r i x .  Swe l l ing  of  t h e  m a t r i x  shou ld  d e c r e a s e  
t h e  volume f r a c t i o n  of c l u s t e r s ,  which  would accoun t  f o r  t h e  
observed  decrease i n  i n t e n s i t y  of t h e  SAXS c u r v e .  

Adding g l y c e r o l  t o  t h e  2 . 6 5  MnSPS ionomer i n c r e a s e d  t h e  
i n t e n s i t y  o f  t h e  i o n i c  peak and s h i f t e d  it to smaller s c a t t e r i n g  
v e c t o r  ( l a r g e r  c h a r a c t e r i s t i c  d i s t a n c e )  . T h i s  s u g g e s t s  t h a t  t h e  
g l y c e r o l  s w e l l s  t h e  c l u s t e r ,  which would enhance t h e  e l e c t r o n  
d e n s i t y  c o n t r a s t  i n  t h e  s y s t e m  and i n c r e a s e  t h e  volume f r a c t i o n  
occupied  t h e  c l u s t e r .  I n  s w e l l i n g  t h e  c l u s t e r ,  t h e  g l y c e r o l  must  
also be weakening t h e  s t r e n g t h  of t h e  i n t e r m o l e c u l a r  i n t e r a c t i o n s  , 
as  demonst ra ted  by t h e  d i m i n u t i o n  of  t h e  rubbe ry  p l a t e a u  and 
s h i f t i n g  o f  t h e  " c l u s t e r  Tg" t o  lower t e m p e r a t u r e  a s  shown i n  
dynamic mechanica l  expe r imen t s .  

References 

Give references if the work has been published or submitted to conferences, symposia. etc. 

1. 'J. polym. Sci:, P a r t  C: Polymer Letters,  24, 2 6 3  ( 1 9 8 6 )  

2 .  Polymer ,  27, 3 ( 1 9 8 6 )  

3 .  Veiss and Fitzgerald, i n  S t r u c t u r e  and P r o p e r t i e s  o f  Ionomers, 
M .  P i n e r i  and A. Eisenberg ,  E d s . ,  NATO AS1 Ser., 
Series C ,  1 9 8 ,  3 6 1  ( 1 9 8 7 )  - 



158 

Report of Measurements Camed Out at the NCSASR 

Instrument(s) 70 - m SAXS Camera 

Title Smal i -angle x-ray Scattering Studies o f  Copolymers 

Research Sponsor A l l i d  r m a t i n n  Grant or Contact No. 

Report 
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The thermal stress cracking properties of ethylene-chloroerifluoroethylene 

copolymer (E/CTFE copolymer, marketed as Hala?? by Ausimont U.S.A. Inc.) vas 

improved considerably by using 2 to 6 w t .  X hexafluoroisobutylene (HFIB) as a 

termonomer. This improvement arieee from the increased flexibility of the 

polymer molecule in the presence of HFIF'IB units, wfiich a lso  reduces the average 

lamellar-repeat from 300-400 A for the copolymer to 135-185 A for the ter- 

polymer. We poetulate that crystalline lamallae consist entirely of alternating 

units of ethylene and chlorotrifluoroethylene, while the HFIB substituted E-CTFE 

segments are segregared in the interlaaellar amorphous regions. 

tural features are used to explain the role of BFIB in enhancing the resistance 

of the terpolymer to environmental stress-cracking. 

These sttuc- 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) ORNL 10- SAXS Camera 

Title On the Wear Behavior of Doubly-Oriented Polymers 

I. Nylon 6 

Research Sponsor A l e x  ander von Humboldt Foundation Grant or Contact No. 

Oak Ridge Associated Universities. 

Participants and NCSASR Collaborator(s) 

H- V,I,SS: TPr-y of Kiunburrr 

J. H. Manill. Universitv of Pittsburgh 

K. Friedrich, Technical University of Hamburgh 

Ptoposai No, 

Date of Experimentfs) 

J. S. Lin, Oak Ridge National Laboratory 

Report 
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On the Wear Behavior of Doubly-Oriented 
Polymers. I. Nylon 6 

H. VOSS, J. H. MAGILL, * and K. FRIEDRICH, Technical 
trnioerse of H d w - H ~ b w ,  2100 Hambrzrg 90, Wmt G e m y  

synopeie 

Wear behavior comehtions with morphology and orieatatioo dinidiom have been established 
from commerdplly produced nylon 6 with d8-t draw mtiw between 1 and 7 ApprOXhItdy. 
The wear rate in least in a directiou perpgldinrlar to the draw direction for highly drawn samples. 
It correlatca with d a c e  microstructure and the inherent molrrular drarrrctetistics induced by 
sample preparation. Well-chuecterized polymer spechitxu were USBd in this investigation. 

'Permanent address: school of Engineering, University of Pittsburgh, Pittsburgh, Pennsylvania 
15261. 

Journal of Applied Polymer sdence, Vol. 33. 1745-1761 (1987) 
0 1987 John Wiley & Sopra, Inc. CCC 0021-8995/87/051745-17b04.00 
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Report of Measurements Carried Out at the NCSASR 

SAXS 
Instrument(s) 

Structure and Orientation Development in Biaxial Stretching 
T-:*1- 

of UHMWE GEL Films 

MSM-8519906 
Grant or Contact No. 

NSF 
Research Sponsor 

Participants and NCSASR Collaborator(s) 

Thein Kyu 

Kenichi Fuji ta 

Myung H. Cho 

Dare of Exprirnentfs) 

Report The major concern with the biaxially stretched UHMWPE film has been 
associated with the microvoiding. Some preliminary SAXS experiments were 
undertaken at the University of Akron using photographic technique. It was 
difficult to judge from the SAXS picture, therefore we requested the SAXS 
beam time from ORNL. Quantitative SAXS studies suggest that there is no 
appreciable voids in the biaxially stretched UHMWPE gels. 
to investigate the lanellar deformation during uniaxial and biaxial 
de f ornia t ion. 

This permits us 
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A preliminary SAXS experiment was undertaken on 1x1, 6x6. and 10x10 
stretched films in that the change of scattering pattern with biaxial 
deformation appears to be consistent with our SAXS photographs. Due to the 
misalignment of the SAXS beam the patterns were somewhat skew, thus no 
quantitative analysis was carried out. We intend to repeat the same 
experiment in the near future. Part of the work was reported at the APS 
meotfng In New York City, March 1987. 
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Report of Measurements Carried Out at the NCSASR 

Title Fractel Analysis of Cotton Cellulose as Characterized by SAXS 

Research Sponsor U. S .  Department of Agriculture Grant or Contact No. 5B-7B30-3-560 - 
CWU 6940-20551-0438 

P 'articipants and NCSASR Collaborator(s) 

7 c T i -  

Report 
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Fractal Analysis of Cotton Cellulose 
AS tkarrctrrfzed by wcf 

J. I. Cin 
W i t h a l  Center for -11 4 q l e  Scattering Rereamh 

Lw R i d g e  WtIMul Laboratory 
OIC Xfdpc. rn 37830 

mg-rr T u q  
john F. Fellm 

Wlterlr1s k l m  L E n g l n w i n g  
Ru Unlvnri ty of T m s s c c  
Knoxville. fw 37996-220[) 

ABSTRACT 

Cocnplete small-angle x-ray scattering (SAXS) c u w e s  are reported 

rndanclyzed by conventional aM fractal theories in this study of 

Valonia and eleven cotton cellulose samples. The scattering source 

i s  identified as voids in a solid matrix. The void volume fraction 

ranges from 0.72 to 3.41 in the var ious cotton smplcs and 1s 171 in 

Valonid. 

improve the packing efficiency wlthin aggregates, and additionally 

Increase the void fraction. 

destroy the packing efficiency slightly and decrease the void 

fraction. 

intensfty I(s).  

fourth powcr law. 

pore sfze to be 8.5 nn and 12.5 nm, and specific inner Surfaces of 

15.3 and 45.2 02/cm3. respectively. 

follow DQwr law decay with the e x p w n t  ranging fro# -2.7 to -2.1. 

The non-integer exponent i s  r e f e m d  to as the Heu~dorff dimension 

and sugqests a fractal structure for the mlcrocrystallites 

constituting the cellulose. 

Valonia to Porod's law carries with i t  a model stwcture of a t h ree  

dfmensional void bounded by a Smooth two d~mensional Surface. The 

other 3unpleS that have their fractal o r  Hausdorff dimension 1655 

than the Euclidian dlmension implies there i s  a unit of mensure small 

enauqh to sense diSCOnKlnultfeS to the structure. 

dimensions measured here suggest that natlve cellulose 1s I cluster 

aggregation of  microcrystellltes w i t h  the  addition of rearrangement. 

Such speCu1ationS may stimulate some n w  insignt to the grouth 

mCchanism of cotton. 

Modifications such as dewaxing, scouring, Ind bleaching 

HaOH arcerization and NH3 treatment 

Two types o f  power-iau decay were observed for the SAXS 

Hydrocellulose 11 and valonia follow Porod's inverse 

Conventional analysis then deternines the average 

The other ten cotton sbnrples 

The compliance of Hydrocellulose 11 and 

The Hausdorff 

feren - 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 10m SAXS - NCSASR 

Title Annealing Behavior of Polyethylenes Designed for Underground Power Insulat ion 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

Y. D. Lee - UT 

Paul J .  P h i l l i p s  - UT 

Y.  S. Lin - NCSASR 

Report 
ANNEALING BEHAVIOR O F  POLYETHYLENES 

DESIGNED FOR UNDERGROUND POWER INSULATION 

Most polymeric insulators are exposed to a high level of thermal stresses during 

their normal operation, since power transmission generates heat in the conductor. 

ThermaJ stresses not only change the structure of the materials but also modify their 

properties. 

Studies of morphological changes resulting from annealing were carried out by 

the combined techniques of small-angle X-ray scattering (SAXS) and differential 

scanning calorimetry (DSC). The materials used are three different grades of 
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crosslinked low-density polyethylene (XLPE) and one grade of linear-low-density 

polyethylene (LLDPE). 

The general shapes of radially averaged SAXS curves of XLPE are different from 

those of UDPE. The SAXS plots of XLPE show well-defined Bragg maxima, 

indicating the presence of stackings of two entities with different electron densities, 

presumably amorphous and crystalline layers. On the other hand, the SAXS intensities 

of LLDPE decrease monotonically with very tiny hump-like Bragg maxima. Such 

patterns are considered to be due to the presence of poorly defined stacking structures 

with a wide distribution in their size. 

Even though the shapes of the intensity curves of XLPEs are different from 

those of LLDPE, the effects of annealing on the structures of these polyethylenes are 

common. One sees three major principal effects-increasing long period spacing 

calculated from the Bragg peak, an overall increase of scattering intensity and a 

narrowing of the breadths of the Bragg peaks. These major effects become more 

pronounced as annealing t ime increases. 

It is also noted that curing produces similar trends in the SAXS pattern as 

annealing. Once cured, the sample shows an increase in long periodicity and overall 

intensity. Upon curing, crystallinity values obtained from DSC decrease. Increase of 

long period on curing is considered therefore, to be due to a major thickening of the 

amorphous layer. Annealing was found however, to  increase the crystallinity of the 

material. The increase in the long period of XLPE and LLPDE upon annealing is due to 

a major increase in the size of the crystalline layer, as expected. 
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Re~ort  of Measurements Carried Out at the NCSASR 

EPRI Grant or Contact No. 11789 1 Research Sponsor 

Participants and NCSASR Collaborator(s) 

A l i  Vatansever - UT 

Paul J. P h i l l i p s  UT 

Y .  S .  Lin - NCSASR 

Report MORPHOLOGY AND THERMAL AGING OF 
CROSSLINKED POLYETHYLENE 

High voltage polyethylene (PE) and crosslinked polyethylene (XLPE) cables 

extruded and cured under different conditions were supplied by major cable producing 

companies. These original cables were subjected to various levels of thermal and 

thermoelectrical stresses. The materials were  compared and studied to define their 

morphological structures and to assess the effect of thermal and thermoelectrical 

stresses on their structures, using optical and electrical microscopy, small and wide 

angle X-ray scattering techniques, and differential scanning calorimetry. 
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The morphologies throughout the cables are sheaf-like. The appearance of those 

morphological entities upon thermal and thermoelectrical aging remained unchanged. 

However, morphological structure was found to  be altered on a lamellar scale upon 

aging in terms of the lamellat thickness and void content. 

The overall shapes of radially averaged SAXS plots of all samples studied were  

quite similar, having broad Bragg peaks. The major difference between various cables 

of different history was in the intensity at low scattering angles, corresponding to 

entities bigger than 200-300A. Higher intensity values at lower scattering angles 

observed in specimens subjected to high temperatures (ca. 107OC) are considered to 

reflect a melt separation between the gel network and the extractable sol fraction. 

An increase in scattering intensity a t  low angles occurred in the cable which was 

exposed to  a high level of thermoelectrical stress during service and had deteriorated. 

This obvious consequence of the field aging process indicates the formation of voids in 

the size range 500 to 1000 A. It is, however, also possible that this increase in SAXS 

intensity a t  the lower angles is caused by "tree" formation which was observed by 

optical microscopy using a staining technique. Ongoing research is attempting to 

quantify the void size and &ape distribution using subtraction methods and fractal 

analysis. 

Another apparent difference in morphological features between cables lies in the 

size of the crystalline layer. Thicknesses of the crystalline layer were calculated from 

the Bragg angle and crystallinity values obtained from the WAXD technique. In 

general, the outer layers of the cable insulation have relatively higher values of long 

periodicity and crystal thickness than the inner layers. The crystal thicknesses of 

therznally aged cables are relatively larger than those of the unaged counterparts. The 

crystal and amorphous thicknesses of field aged cable show essentially sirnilar values 

to those of unaged cable, indicating that application of annealing procedures does not 

improve the crystallinity significantly. Despite the facts that extractable levels 

increased and molecular weight of the extractables decreased, demonstrating partial 

molecular breakdown in the matrix, the overall crystalline and amorphous phase 

distribution was found to be unchanged. 
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Report of Measurements Carried Out at the NCSASR 

Title The Influence of Thermal History on the Small-Angle X-Ray Scattering of 

Sulphonated Polystyrene Ionomers 

Research Sponsor University O f  Connecticut Grant or Contact So .  

4 -  

Participants and NCSASR Collaborator(s) 

R. A. Weiss 

Report 
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The influence of  thermdl history on the miall-angle X-ray scattering of the sodium dnd zinc salts of l ightly 
aulphonated polystvrene (SPS) ionomers i s  described Increawg temperdrure dbove < promote3 phase 
mixing in ZnSPS and increased phase sepdration in NdSPS The efTect of anne~ling a t  eievakd temperature5 
on the microstructure oi ZnSPS IS reversible, but dependent on the cooling rille, Changes in the 
microstructure of NaSPS on annealing are irreversible 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) om 10- SAXS System 

Title Polymer Crystallinity and Morphology in Polysiloxanes. 

Research Sponsor National Gcience Foundation Grant or Contact No. DMR 811- 

3089 and Alexander von Humboldt Foundation of West Germany. 

Participants and NCSASR Collaborator(s) 

- J. H. u. University of Pittsburgh 

J. S. Lin, Oak Ridge National Laborator 

Report 
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MakromQf. Chem. 187,455 - 462 (1986) 455 

Polymer crystallinity and morphology in polysiloxanes. 
Poly(tetramethy1-p-silphenylenesifoxaoe) and 
poly(tetramethyl~p~silphenylene/dimethyb~oxane) copolymers 

Jaseph H. Magill 

SchooI of Engineering, University of Pittsburgh, $41 &nedum Hall, 
Pittsburgh, PA 15251, U.S.A. 

@ate of retdpt: May 2, 1985) 

SUMhLARY: 
The mystafliaities of polysiloxane homo- and copolymers, measured by DSC and checked by 

X-ray measurements, are presented. A wide range ofcrystallization conditions and molecular 
weight fractions were investigated. The morphologid implications of crystallinity changes as a 
functisn of molecular weight are discussed in regard to other physical parameters. It is con- 
cluded that the dependence of crystallinity and X-ray long period on molecular weight is in 
accord with a dcfcd interface created via chain entanglements primarily. which are trapped 
during crystallitation. The morphology of the spsirncns directly reflects their preparative 
history and molecular weight. 
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Report of Measurements Camed Out at the NCSASR 

Instrument(s) 
SAXS, SANS 

Melting and Crystallization of UHMWPE Gels: 
Title 

I. Melt Structure of UHMWPE. 

NSF EM-85 19906 
Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

Thein Kyu 

Kenichi Fuji ta 

Myung H. Cho 

Report 
In an effort to examine the miscibility between ultra-high molecular 

weight polyethylene (UHMWPE) and conventional polyethylenes, a preliminary 
smallangle neutron scattering (SANS) experiment on blends of UHMWPE with 
deuterated linear low density polyethylene (D-LLDPE) was undertaken in the 
melt state. The increase in SANS intensity was noticed during isothermal 
runs at 160°C. 180°C and 200°C. 
the phenomenon may be associated with thermal-induced phase separation 
which is occasionally observed in amorphous polymer blends. 
was further pursued by Ree and Stein who concluded that it may be an 
artifact. The detail is expected to be reported by the Stein's group. 

It was suspected at the beginning that, 

This behavior 
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Meanwhile. the investigation on the melt behavior of UHMWPE was in 
progress in our laboratory using small-angle light scattering (SALS) and 
wide-angle x-ray diffraction (WAW). It was found that SALS scattering 
indeed persists in the uH)lt$TpE melts. WAW studies, however, show the 
disappearance of (110) and (200) crystal planes above the Tm (140%) of 
UNMWPE. implying that light scattering from the UHEIlKPE melts is not 
relevant to crystal orientation fluctuation. SAXS studies at ORNL also 
supgort the above observation in that SAXS intensity persists up to 
200 C (Fig. 1). 
with extremely high molecular weight. is so high so much so that their 
melts remain heterogeneous even in the melt state. 

In swmary, the increase of SANS intensity of 
increasing temperature above their Tm is not necessarily due to thermal 
induced phase separation. Scattering can occur from heterogeneity of 
UHMWPE melts: ordered structure is likely to exist in the melt state. 

It seems that the melt viscosity of UHntPpE. associated 

with 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 10 m SLm 

Title Dynamic or I n  situ SAXS C r y s t a l l i z a t i o n  of  Polymers 

Research Sponsor ORAU, NSF, DOE Grant or Contact No. 

Report Severa l  p r e s e n t a t i o n s  a t  the .her. Phy. Soc.  zrid h e r .  Ckern. SOC. b!eet,lngs 
were oresenzed o c  t h i s  r e s e a r c t .  There were o t h e r  l e c t w e s  (invited. ax5 
con t r ibu ted )  dea l ing  v i t h  SA.E r e s d t s  ob ta ined  a t  O d K  8i6gge. ?ubiisBeci 
papers  axe enc losed  w i t h  t h i s  r e p o r t .  
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Dynamic c r y s t a l l i z a t i o n  experimects using poly(T!QS) f r a c t i o n s  were made 
with a sample c e l l  designed and constructed at t h e  University of Pi t tsburgh 
(it was pat terned a f t e r  an e a r l i e r  O a k  Ridge model of Schult:: e t  al) . 
c r s y t a l l i z a t i o n  measurements were made in rea l  time using t h e  6 K w a t t  
Rigaku generator which abor ted  on many long runs inval idat ing t h e  experiments. 
The mew 12 K w a t t  f a c i l i t y  has not ye t  been used f o r  i n  s i t u  SAXS k i n e t i c s ,  
but it is hoped t o  activate it soon fo r  this purpose. 

All 
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Report of Measurements Carried Out at the NCSASR 

Instrurnent(s) 10 meter SAXS camera 

Title SAXS Studies of the Microdomain Structure in Copolyester-ether Elastomers 

Participants and NCSASR Collaborator(s) 

Galen C. Richeson 

Dr. J. E. Spruiell 

Report 
EFFECT OF COMPOSITION AND PROCESSING CONDITIONS 

MELT SPUN FROM COPOLYESTER-ETHERS 
ON THE STRUCTURE AND PROPERTIES OF ELASTIC FILAMENTS 

Elastic filaments have been produced by melt spinning poly(tetramethy1ene 
terephthalate)/poly(tetramethylene ether glycol)-terephthalate (PTMT/?TMEG-T) 
copolymers of various hard segment contents (HSC). 
properties were found to be strongly dependent on the composition and processing 
conditions. 

temperature. Small angle X-ray scattering studies (SAYS) show that the degree of 
phase separation in as-spun filaments decreases as HSC increases. Annealing pro- 
duces a significant increase in the degree of phase separation in filaments having 
a high HSC, but has little effect on those low in HSC. 
segment sequences are able to crystallize at the quench temperature, whereas the 

The microstructure and mechanical 

The crystallization behavior depends primarily on HSC and the crystallization 

Thus, the shorter hard 
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longer  sequences r equ i r e  h igher  temperatures f o r  c r y s t a l l i z a t i o n .  
Wide angle  X-ray d i f f r a c t i o n  s t u d i e s  show t h e  o r i e n t a t i o n  of the  

c r y s t a l l i n e  hard segments i nc reases  g r e a t l y  i n  a l l  compositions as t h e  
s p i n  draw r a t i o  i s  increased.  The two-point SAXS p a t t e r n s  i n d i c a t e  a 
lamellar s t r u c t u r e  wi th  some degree of p re fe r r ed  o r i e n t a t i o n  i n  all samples. 
As the  s p i n  draw r a t i o  is increased ,  t h e  lamellae become inc reas ing ly  a l igned  
wi th  t h e i r  long axis perpendicular  t o  the  f i b e r  a x i s .  Wide angle  l i n e  broaden- 
ing  experiments show t h a t  t h e  c r y s t a l l i t e  th ickness  is r e l a t i v e l y  independent 
of HSC, while  SAXS shows a decrease i n  the  long per iod as HSC increases. 
Thus, t h e  th ickness  of  t he  amorphous phase decreases  wi th  inc reas ing  HSC due 
t o  t h e r e  being a g r e a t e r  number of lamellae stacked i n  t h e  ax ia l  d i r e c t i o n .  

Upon anneal ing,  the  c r y s t a l l i t e s  grow p r imar i ly  by the  add i t ion  of  new 
cha in  stems t o  t h e i r  l a t e r a l  su r f aces ,  a l though some c r y s t a l l i t e  thickening 
appears  t o  occur  i n  f i l amen t s  having a high NSC. The increase i n  c r y s t a l l i t e  
th ickness ,  however, is not  enough t o  account f o r  t h e  l a r g e  inc rease  observed 
i n  the  long period. Thus, t h e  th ickness  of t he  amorphous phase must i nc rease  
a s  anneal ing temperature goes up. It is  bel ieved t h a t  t he  smal le r  c r y s t a l l i t e s  
m e l t  a t  t he  anneal ing temperature. Th i s ,  i n  e f f e c t ,  i nc reases  the  a x i a l  
d i s t ance  between the  l a r g e r  crystal l i tes .  

s h i p s  could be e s t ab l i shed .  The modulus and drawing stress were found t o  
depend p r imar i ly  on the  HSC and the  degree of phase sepa ra t ion .  The t e n a c i t y  
seems t o  depend more on the  i n i t i a l  degree of o r i e n t a t i o n  than on the degree 
of phase sepa ra t ion  i n  a p a r t i c u l a r  sample. Both the  amount of hard segment 
drawing and s o f t  segment e l a s t i c i t y  p lay  a r o l e  i n  determining t h e  u l t ima te  
e longat ion.  

The t e n s i l e  p r o p e r t i e s  were determined so  t h a t  s t ruc ture-proper ty  r e l a t i o n -  
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Report of Measurements Carried Out at the NCSASR 

Instrument( s) ORNL 10 meter SAXS svstem with 2 dimensional detector 

~~~ ~ ~ 

Title Small-Anqle X-ray Scatterinq Studies of Solutfon-Cast Perfluorosulfonate 

Ionomer Films 

RF 5379 
Grant or Contact No. Dow Chemical Company Research Sponsor 

Participants and NCSASR Collaborator(s) 

Dr. C ~ I P T  R. Martin ITBMU) 

Report 

Srnall-angle x-ray scattering experiments were conducted to detect and measure the 

microdomains present in perfluorosulfonate ionomers (PFSI's). Three forms of 1100 EW 

Nafion (E.I. duPont Company) were analyzed. 

membrane which has been well characterized by previous SAXS studies (1-4). 

fo rms  of the PFSI, termed solution-processed and recast, were prepared by completely 

evaporating a solution of the polymer at different temperatures. 

prepared by room temperature evaporation of a Nafion solution in ethanol and water. The 

solution-processed PFSI w a s  prepared by evaporation of a Nafion solution in DMSO at 1 8 5 O C .  

These solution-cast forms of the PFSI have not been previously characterized. 

The first f o r m  was the as-received polymer 

The other two 

The recast PFSI was 

Figure la shows S A X S  data from as-received 1100 EW Nafion. In agreenent wi:b previo::s 

studies, a large scattering peak at k = 0.12 (Bragg spacing of ca. 502) is observed. 

peak has been attributed to scattering from ionic clusters present in this PFSI ( 1 , 2 ) .  

This 
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Figures lb and c show SAXS data from solution-processed and recast Nafion, respectively. 

The prominent scattering peaks suggest that ionic clusters are also present in both 

solution-cast forms of the polymer. Furthermore, because the k values are approximately 
the same, the Bragg Spacing in all three forms of this PFSI are equivalent. 

The SAXS data also reveal information about the extent of crystallinity in these 

polymers. 

has been attributed to scattering from the PFSI crystallites ( 2 - G ) .  

received and solution-processed Nafion produce this shoulder. No evidence for 

crystallinity exists for the recast Nafion. Thus, the solution-processing procedure 

apparently regenerates crystalline regions similar to those found in the as-received 

polymer. 

The shoulder at ca. k - 0.06 (Bregg spacing - 160& in the as-received polymer 

Note that only as- 

Feferences 
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Report of Measurements Carried Out at the NCSASR 

Ins t rurne nt( s) SAXS 

Title Search  for I o n  Aggregat ion i n  Doped P o l y a n i l i n e  

B r i a n  K. Annis 

Stephen Spooner 

Report 

The SAXS and SANS s c a t t e r i n g  p a t t e r n s  f o r  a number of i o n  c o n t a i n i n g  polymers haye been 
found t o  c o n t a i n  peaks which co r re spond  t o  Bragg s p a c i n g s  i n  t h e  r ange  20 t o  60 A .  
These peaks are norma l ly  a t t r i b u t e d  t o  t h e  fo rma t ion  of ion c l u s t e r s .  

As a p a r t  of a s t u d y  of t h e  s t r u c t u r a l  a s p e c t s  of t h e  conduc t ing  polymer-doped poly- 
a n i l i n e ,  SAXS measurements on t h e  emera ld ine  and emera ld ine  hydrobromide forms of 
p o l y a n i l i n e  were c a r r i e d  o u t .  The conduc t ing  form, emera ld ine  hydrobromide, c o n t a i n e d  
t h e  m a x i m u m  p o s s i b l e  doping level  of B r  which co r re sponds  t o  a B r f N  atom r a t i o  of 0 .52 .  
Both s a m p l e s  w e r e  p rov ided  by A .  G.  MacDiannid and A .  F. R i c h t e r  of The U n i v e r s i t y  of 
Pennsy lvan ia  and were i n  powder form. 
p e l l e t s  o f  t h e  materials and covered a r ange  of momentum t r a n s f e r  of 0 . 0 2 - 0 6 4  A - I .  
t h i s  range,  no peaks were observed which could b e  a t t r i b u t e d  t o  c l u s t e r i n g  o r  t h e  bromine. 

The SAXS measurernents were made on comprEssed 
I n  
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) ORNL 10- SAXS Camera 

Small-Angle X-Ray Scattering of Doubly Oriented Polymers. Title 

Potential NSF or Army Research O f f i c e  

Participants and NCSASR Collaborator(s) 

J. H. M a g i l l ,  University of Pittsburgh 

M. J. Shankernarayan, University of Pittsburgh 

Report 

2oubly-or iented commercial p l a s t i c s  p o l y o l e f i n s ,  polyamides and p o l y e s t e r s  
e s p e c i a l l y  have been prepared with very high moduli and s t r e n g t t s ,  h igh 
t r anspe rency ,  l o w  shr inkage and creep p r o p e r t i e s  u s ing  a one s t e p  c o q r e s s i v e  
r s l l i n g  ope ra t ion  with s u b s t a n t i a l  “ take-off’’  t e n s i o n  a p p l i e d  t o  t h e  work-,iece 
s imultaneously.  Q u a l i t y  polymers o f  inoderate molecular  weight with w e l l  
organized “amoThous” and c r y s t a l l i n e  r eg ions  d i s p l a y i n g  pseuCo “ s i n g l e -  
c r y s t a l - l i k e ”  moTho log ie s  have been i n v e s t i g a t e d  us ing  SAXS and o t h e r  
t echn iques .  Oak Ridge s m  demonstrated t h a t  w e l l  o r i e n t e d  polymers e-xhibit 
t r i a x i a l  d i s p o s i t i o n  of c r y s t a l l l t e s  showing s e v e r a l  o r d e r s  c f  r e f l e c t i c r .  
a long t h e  o r i e n t a t i o c  d i r e c t i o n ,  p a r a l l e l  and perpendiculL- t o  t h e  ro1 l l r . g  
p l ane .  There i s  a l so  s u b s t a n t l a l  c r y s t a l l i t e  o r d e r  t r a n s v e r s e  t o  t h e  O l w ~  
(machine) d i r e c t i o n .  A low index c r y s t a l l o g r a p h i c  p l ane  always l i e s  p a r a l l e l  
io t h e  r o l l  p l ane  i n  t h e s e  we l l  de f ined  specimens which have n u n e x u s  
tecP.nologlca1 a p p l i c a t i o n s .  
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Small-Angle X-ray Scattering from Rolltruded 
Polyolefins. J. H. Magill and M. J. Shankernarayanan, 
University of P¶ttsbumh, and J. S. Lfn, NCSASR, Oak 
Ridge. Superior doubly oriented polymers of  high 
modulus, strength and transparency amongst other 
properties have been investigated by many techniques 
including small-angle X-ray scattering. Commercial 
polyethylene and pofypropyfene have been studied using 
the Oak Ridge 10 meter small angle scattering equipment 
to provide unique results on morphology-property 
correlations over a wide range of draw ratios and 
processing conditions. These tolltruded specimens, of 
reproducible quality, are comprised of well organized 
triaxially oriented crystallites associated with a variously 
oriented amorphous matrix of controllable dimensions. 
Some of the implications and correlations derived from 
these processed samples will  be correlated and discussed 
in regard t o  processing conditions. 

References 
~ -~ ~ ~~ 

Give references if the work has been published or submitted to conferences, symposia. etc. 

h e r .  Phy. SOC. Fieprints (XF?) A b s t .  32 # 3 ,  OV6 
p .  837, March 16-20 New York (1387) 



186 

Report of Measurements Carried Out at the NCSASR 

SAXS 1 ns t rumen t (s) 

Title Characterization of d me- * s  

by Small Angle X-Ray S c a t t e r i n g  

Research Sponsor W R C I R S !  . .  Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

J. S. Lin  

Report 
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CHARACTERIZATION OF SURFACE MODIFIED CARBON FIBERS AND THEIR 
EPOXY COMPOSITES BY SMALL ANGLE X-RAY SCATTERING 

BERNHARD $TOLL* J. F. FELLERS** AND J.  S. LIN*** 

Leverkusen, fed. Rep. of Germany 

igxville, TN 37996-2200 

Laboratory, Oak Ridge, TN 37830 

BAYER AG, Geschaftsbereich Kunststoffe, Anwendungstechnik, 5090 * 

Materials Science and Engineering, The University o f  Tennessee, ** 

National Center for Small Angle Scattering Research, Oak Ridge National 

ABSTRACT 

This paper correlates the interlaminar shear strength o f  7 different 
carbon fiber/epoxy composite with structural characteristics determined by 
Small Angle X-ray Scattering (SAXS) measurements. The carbon fibers were 
a l l  of the same type but had different surface treatments. The SAXS 
patterns of the fibers and o f  the composites showed a highly nonlinear 
Guinier region which could not be approximated by traditional linear 
regression. A new approach to the Guinier approximation was developed to 
treat this nonlinear curve using a polynomial of second order. 
o f  gyration (RG) of the fibers, as determined by this new method, 
correlated clearly with both the extent of the surface treatment and the 
interlaminar shear strength of the composite. Also the difference in 
scattering between a dry fiber and a glycerine soaked fiber provides a way 
to characterize the changes obtained by surface treatments. These methods 
provide new ways to estimate the efficiency of a surface treatment and its 
effect on the interlaminar shear strength by analyzing the SAXS patterns o f  
the fibers. 

The radius 
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Report of Measurements Carried Out at the NCSASR 

10 meter SAXS unit Instrument(s) 

~~ 

Title Small Ansle X-ray Diffraction from Nylon Strappinq 

Research Sponsor &a Grant or Contact No. nnn~ 

~~ ~~ __ 

Participants and NCSASR Collaborator(s) 

nr ??dwArd S .  C l a r k  

Mr. Y. Shinohara 

w i t h  ,l- .S- Tain  N W R  

Report 
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Research had been conducted at an earlier date at NCSASR 
on polyethylene sheeting which was highly oriented uniaxially 
but showed a strong tendency to delaminate under tearing stress 
rather than split. This unexpected combination of properties 
was explained in terms of a new interpretation of morphological 
structure. Of particular importance in the hypothesis was the 
nature  of SAXS data recorded in three dimensions using a 
goniometer on the 10m SAXS system. In certain directions, a 
four-point diagram is found; in other directions, a two-point 
diagram is seen. 

Another sample, a commercial nylon strapping, was found 
which had similar properties of uniaxial orientation and lack 
of splitting with delamination under tearing stress. In 
support of preparing a proposal for further experimentation in 
support of the hypothesized morphology, SAXS data were recorded 
in three dimensions on the strapping. Similar two-point and 
four-point diagrams were observed supporting the proposal that 
the morphology is a generic type and not specific to 
polyethylene. 

experiments and interpretation are complete. 
Publication is planned when suitable additional 
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Report of Measurements Carried Out at the NCSASR 

SAXS Instrument( s) 

Title X-Rav Scattering SUudies of Graphite Fibers 

Research Sponsor Grant or Contact No. 

Report 
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X-ray scattering studies of graphite fibers 
Ming-Ya Tang,') G. G. Rice,b) and John F. Fellers 
MamiaLE Science and Engineenng The Uniuemirv of Tennessee. Knoxville. Tennessee 3 7996-2200 

J. S .  Lin 
National Center for Small Angle Scarcering Researrh, Oak Ridge NPtlonnl Laboratory. Oak Ridge, 
Tennessee 3 7830 

(Received 4 November 1985; accepted for publication 1 April 1986) 

The structural features of three diii'erent graphite fibers were studied via small- and wide-angle x- 
ray techniques. The experimental evidence is consistent with a sheath/core fiber morphology. 
Graphitization, degree of onentation, crystallite size, and microporosity were analyzed. Samples 
included low (AS41 and high (HMS) modulus poIy(acrylonitri1e) (PAN) and melt-spun pitch- 
based (VSB-16) fibers. By wide-angle x-ray diffraction (WAXD) VSB- 16 was found to have the 
highest degree of graphitization, the highst degree of orientation, and the largest crystallite 
regions, and AS4 the poorest graphtmd structure. The void system in t hee  graphite fibers was 
investigated by small-angle x-ray scattering (SAXS). SAXS from glycerin-soaked fibers indicates 
the scattering at very small angles (26 < 10 rnrad) is dominated by total reflection of x rays at the 
fiber surface. The pores in HMS and VSB-16 fibers are inaccessible to glycerin and the pores in 
A!% fiber are partially accessible. The pores in PAN-based HMS and AS4 fibers are of needlelike 
shape and those in VSB-16 are ellipsoidal. The porosity is It.b%, 8.4%, and 4.5% in HMS, A S ,  
and VSB-16 fibers, respectively. Deviations from Porod's law were observed at large angles and 
attnbuted to scattering from ftactal aggregates ofcarbon a t o m  in the graphite crystallites and/or 
fractal boundanes of pores. The fractal dimension of the aggregates is 2.3 2 0.1, 2.8 2 0.2, and 
3.0 f 0.2 for AS4, HMS, and VSB-16 fibers, respectively. Speculations about the fractal nature of 
aggregation may stimulate some new insight to the graphitization process, paracrystdlinity, and 
the strength of graphite fibers. 
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Rebort of Measurements Carried Out at the NCSASR 

ritle A Dynamic Smal l  AngleX-ray Scattering Study of Stressed Kevlar 49fEpoxy Composites 

Research Sponsor Lawerence Livermore Nat . Lab. Grant or Contact No. 4502810 
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A Dynamic Small Angle X-Ray 
Scattering Study of Stressed KevlaP 

49/Epoxy Composites 

J. S. LEE, J .  F. FELLERS AND M. Y. TANG 
Chemical, MetalIurgica/ and Polymer Engineering 

The University of Tennessee 
Knoxville, TN 37996-2200 

J. S .  LIN 
National Center for Small A ngle Scattering Research 

Oak Ridge National Laboratory 
Oak Ridge, TN 37830 

ABSTRACT 

The falurz mechanisms of Kevlarm 49 fibers, epoxy r e m  and uruaxiai Keciar 49 
fiber remforced epoxy composites under tensde loads have been studied using small 
angle x-ray scattenng (SAXS) and scanlung electron rmcroscopy (SEM) The behatiot 
of specimens of umaual Kevlars 49 fiber reinforced epoxy with various angles betueen 
the fiber direwon and the tensile load ax15 was e x m n e d  using an lnstron Mecharucal 
Tester. S A X S  showed the KevlarD49 fibers fad due to increases in the volume fraction 
of microvoids and mlargemenr of larger mcrovoids along the fiber a u s  direction. 
These changes m maovaids anse from t h t  effect of Poisson's ratio bang less than 0 5 
Hydtolyuc degradation of Kevlara 49 fibers leads to roughening of the surfaces and 
decreases m the mass densities. The epoxles and the composites faded in a catastrophic 
dynarmc process, the crack ongmanng from surface flaws or ax bubbles entrappea in 
the epoxles dunng the cunng process. The SEM investigations on the faded composites 
revealed fiber-sphts and fiber-pullouts The results of mechanical tests shoucd the 
composite moduh, the composite ultunate strengths and thc elongations ai break 
decrease as the angle between the fibm and loahng a x 1 5  increase. The maxlmum {cork 
theory promdcs a good fit with the expenmend ultunate strength results of [he com- 
pos1res. 
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Small angle x-ray scattering measurements (SAXS) on thorium polymers 
grown with and without uranyl ion present were performed. 
0.05M T h ( 1 V )  and 0.05M Th(IV)-0.25M U02*+ were adjust to pH 3.5 and aged at 
90°C to form hydrous polymers. Comparisons of the polymer particle sizes of 
these sample with previous data and with a sample to which UOz2+ was added 
to a aged Th(1V) polymer sample are being made. An additional scouting test 
using a thorium chloride sample w a s  also measured to compare particle sizes 
in a different matrix. Analysis of the data from all of these runs is in 
progress and a report on the thorium system is forthcoming. 

At this stage of the analysis, it is not possible to demonstrate that 
uranyl ion decreases the size of the Th(1V) polymer through a chain 
termination reaction using the SAXS technique. The problem, however, lies 
more with the UOz2+/Th4+ system since both ions tend to hydrolyze in the 
same pH region, namely pH- 3 - 4  and U02*+ precipitates. 
realized that the significant chain inhibition reaction was noted with the 
U022+/Pu4c system in which Pub* begins to hydrolyze in the pH- 1-2 region. 
(We hope to demonstrate the U022+ inhibition effect on Pu4+ this fall with 
neutron scattering.) 

Samples with 

It should be 
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ORNL 1o-m SGXS system Instrument( s) 

Title Tn SitutInvestinations of Isothermal Crystallization in 

Poly(TME5) Fractions 

Grant or Contact No. ~~~~~~~h s~~~~~~ National Science Foundation 

and NSF CPE 830 40 58 

Participants and NCSASR Collaborator(s) 

J. H. Magill University of Pittsburgh 
9 

J -  M. S c h u l t z ,  University of Delaware 

J. S. Lin, Oak Ridge National Laboratory 

Report 
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In situ SAXS investigations of isothermal crystallization 
in poly(TMPS) fractions*) 

J. H. Ma#), J. M. Schuld), andj. S. Lid) 

’) Depvrment of Materials, Science and Engineering, University of Pimburgh, Pittsburgh, U.S.A., 
’) Dqamnmt  of Chemical Engineering, University of Dehwm, Newark, U.S.A., and 
7 Center for S d - A n g l e  Scattering, Oak Ridge National Laboratory, Oak Ridge, U.S.A. 

Absb.aa: The isothermal crystallization kinetics of poly(TMPS) has been measured by 
ISSAXS and results obtained for a molecuiar weight fraaion (21,000) below the crirical 
entanglement molecular weight (25,060) and another one above it (371,000). T h e  SAXS 
intensity vs. time curves suggest that a single transformation mechanism exists. The 
SAXS long period is independent of cry&uon time for bo& poly(TMpS) fractions. 
However the intaiameh thickness contribution to the long period is dependent upon 
molecular weight and crystalliution temperature, increasing wich temperature and 
mole& weight. The c r y d t e  contribution also increases over the range studied. Both 
fractions exhibit a si&cant, but reversible dmease in thickness on cooling the sample 
from the crysdhation mnpcrature to room trmpcature and recyling again. The 
h g e  is more pronounctd for 371,000 sperimcn in keeping with its lower crystalliniry. 
The path dependence of h d l a r  dimensions has signdicant implicdcions in the morpho- 
bgtd chcteriution of polymers annealed or crystallized at one temperature and then 
masurcd ;ZI anorher one. 

Key w d :  r o l y m s ) ,  in s h ,  $ U S ,  -gys&tion, &mics. 
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Instrument( s) 10-M/30-M Ins tnments 

Title Absolute Calibration of Small-Angle Neutron Scattering Data 

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

G. D. Wifmall 

F. S. Bates 

Report 
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Absolute  c a l i b r a t i o n  forms a v a l u a b l e  d i a g n o s t i c  t o o l  in small- 

a n g l e  n e u t r o n  s c a t t e r i n g  experiments ,  and allows t h e  parameters  of a 

givea m o d e l  to  be r e s t r i c t e d  to t h e  set which reproduces t h e  observed 

i n t e n s i t y .  D i s c r e p a n c i e s  between the observed and c a l c u l a t e d  i n t e n -  

s i t ies  may arise from p o t e n t i a l  ar t i facts  or even n e w  p h y s i c a l  p r o c e s s e s  

and absolute c a l i b r a t i o n  methods are useful in d e l i n e a t i n g  t h e s e  cir- 

cms tances . Genera l  methods whidch are a v a i l a b l e  f o r  a b s o l u t e  s c a l i n g  

are d i s c u s s e d  a long  w i t h  e s t i m a t e s  of t h e  degree of i n t e r n a l  c o n s i s t e n c y  

which may be achleved  between the v a r i o u s  s t a n d a r d s .  I n  o r d e r  t o  a i n i -  

mize t h e  t i m e  devoted t o  c a l i b r a t i o n  in a given exper imenta l  program, 

emphasis  is p laced  on developing  a set of p r e c a l i b r a t e d  strongly scat- 

t e r i n g  s t a n d a r d s  which may be run Fn t h e  chosen exper imenta l  geometry. 

Comparison of such  a set developed a t  t h e  N a t i o n a l  Center f o r  Small- 

Angle S c a t t e r i n g  Research (Oak Ridge) ,  and independent d e t e r s i n a t i o n s  by 

SANS u s e r s  i n d i c a t e s  c o n s i s t e n c y  to w i t h i n  +sZ. 
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Instrument ( s) 30-M (October 6-9, 1986) 

Title Long Range S t a t i c  Cor re l a t ion  i n  Molten ZnC1, - Near the  Mel t ing  Po in t  

Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

Roberto T r i o l o  

E .  Caponet t i  
P.  Migl iardo 

C.  Vasi 

G. P .  Smith 

Report 

Liquid ZnC12 has  been s tud ied  at  50 and 1 2  degrees  C above the mel t ing  poin t  
as w e l l  as  a t  12  degrees  below t h e  mel t ing  poin t  (supercooled l i q u i d ) .  S c a t t e r i n g  
d a t a  have been obtained i n  the  range of momentum t r a n s f e r  k 0.01 < k < 0.25 f-1. 
Due t o  the  low count ing ra te  we have been unable t o  c o l l e c t  da t a  i n  the  f u l l  
range of k at  all t he  temperatures .  However, t he  no t i ceab le  inc rease  of in ten-  
s i t y  a t  s m a l l  va lues  of k ( F i g .  1 and F ig .  2 )  i s  a c l e a r  i n d i c a t i o n  of long 
range c o r r e l a t i o n s  which seem t o  extend f u r t h e r  than we a n t i c i p a t e d .  The 
behavior  found expla ins  some p e c u l i a r  r e s u l t s  of l i t e r a t u r e  and c o r r e l a t e s  
w e l l ,  from a q u a l i t a t i v e  poin t  of view, with Rawan, Rayleigh wing and q u a s i e l a s t i c  
l i g h t  s c a t t e r i n g  experiments by us performed. While ana lyz ing  these  da ta  w e  also 
plan  to  perform depolar ized  B r i l l o u i n  sca t t e r ing  experiments on the  same samples. 
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Report of Measurements Carried Out at the NCSASR 

3O-meter SANS Instrument(s) 

~ i ~ l ~  Investigation of the Flux-Line Lattice in Superconducting Niobiml B i C r y s t a l s  

Research Sponsor DoE Grant or Contact No. 

Report 
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F L U X - L I N E  PINNING BY THE GRAIN BOUNDARY I N  NIOBIUM BICHYSTALS 

tl. R. Kerchner,* D. K. Chr is ten , *  E. M. Lee,* and A .  DasGupta* 
Oak Ridge N a t i o n a l  Labora to ry  

P .  0. Box 1. Oak Ridge, Tennessee, USA,  37831 

8. C. C a i t  and Y.  T. Chout 

Department of M e t a l l u r g y  and M a t e r i a l s  Eng ineer ing ,  Leh igh  U n i v e r s i t y  
Bethlehem, Pennsy lvan ia ,  USA. 18015 

F l u x - l i n e  p i n n i n g  by t h e  g r a i n  boundary i n  n iob ium b i c r y s t a l s  was inves -  

t i g a t e d  by making f o u r - t e r m i n a l  measurements o f  t h e  c r i t i c a l  c u r r e n t  and neu- 
t r o n  d i f f r a c t i o n  measurements o f  t h e  f l u x - l i n e  bending. The elementary p i n n i n g  

i n t e r a c t i o n  i s  es t ima ted  from t h e  c r i t i c a l  c u r r e n t  da ta  by u s i n g  an approx i -  
mate  t h e o r y  o f  t h e  c u r r e n t  d i s t r i b u t i o n  on the g r a i n  boundary. The d a t a  

r e p o r t e d  here  are m a i n l y  f o r  a sample i n  which t h e  a p p l i e d  magnet ic f i e l d  i s  

p a r a l l e l  t o  t h e  [ l l l ]  and t h e  [OOl] c r y s t a l  d i r e c t i o n s  i n  the  two g r a i n s  when 
i t  i s  i n  t h e  p lane  o f  t h e  boundary and pe rpend icu la r  t o  the  c u r r e n t  d i r e c t i o n .  
Evidence i s  seen of g r a i n  boundary f a c e t i n g  and o f  a f l u x - f l o w  r e c t i f i c a t i o n  

e f f e c t  t h a t  peaks as a f u n c t i o n  o f  tempera ture  below 3 K. The sca le  of  t he  
gra in -boundary  p i n n i n g  i s  c o n s i s t e n t  w i t h  t h e  quas ipar t ic le -sca t te r iny  t heo ry .  

'Research sponsored by t h e  O i v i s i o n  of Water ia l s  Sciences, U.S. Department o f  Energy under 
c o n t r a c t  D E - A C O S - 8 4 0 R 2 1 4 0 0  w i t h  M a r t i n  M a r i e t t a  Energy Systems, Inc .  
t h e  N a t i o n a l  Science Foundat ion  under Grant  O M R 7 9 - 1 5 7 9 9 .  tResearch sponsored by 
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Report of Measurements Carried Out at the NCSASR 

30 M SANS Instrument(s) 

Title S t r u c t u r e  of Porous Vycor G l a s s .  

Research Sponsor AT&T Be11 ; oRNL Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

F.  S. B a t e s  AT&T B e l l  Labs 

P .  Wi l tz ius  II 

S .  B. D ie rke r  II 

G .  D. Wignall NCSASR 

Report 

Structure of porous Vycor glass 

P. Wiltzius, F. S. Bates, and S. B. Dicrker 
AT& T Bell Laboratories. Murray Hill .  New Jersey 07974 

G. D. Wignall 
Oak Ridge National Laboratory. Onk Ridge. Tennessee 37830 

(Received 8 May 1987) 

Small-angle neutron scattering experiments investigating the structure of porous Vycor glass 
3re reported. The long-wavelength behavior (0.004 A-' 5 q 5 0.025 Ai - ' )  of the measured 
structure factor S(q)  is in good agreement with Cahn's prediction for spinodal decomposition. 
The high-q data do not conclusively establish whether the internal sur faca  3re fractaily rough 
over the length sc3la probed. Experiments on Vycor contrasted with protonated and deuterated 
cyclohexane reveal local composition gradients within the glass. 
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Instrument(s) 3 0 R n - F -  

Studying Fractal Geometry on S U M C T O ~  Length Scales 
Title 

By Small-Angle Scattering 

Participants and NCSASR Collaborator(s) 

Po-Zen Wong, Schlumberger-Doll 

J. S. L i a  , Oak Ridge National Laboratory 

Report 



207 

Sh<bing Fractal Geometry on Submicron Length Scales 
by Small- Angle Scattering 

Po-Zen Wong 
Schlumbcrger-Doll Research, Old Quarry Road, R~dgttield, CT 04877-4108 

and 

Jar-shyong Lin 
National Center for Small- ARgk Scattering Research 
Oak Ridge National Laboratory, Oak Ridge. TN 37830’ 

ABSTRACT 

Recent studies have shown that the internal sur. ccs of porous geological 

materials, such as rocks and lignite coals, can be described b j  frasldls down lo atomic 

Icngt5 sc3les. In this paper, we review the basis properties of self-similar and self- 

affine fractals and discuss how the ftaclal dimensions can be rnexurcd by small-angle 

scat I crin g e Y p t  rim e n ts  . 

** Abstract of a paper  to appear in Mathematical Geology (in press, 1987) 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 30 m S A N S ,  Double Crystal S A N S ,  10 m S K S  

Title N S  

Research Sponsor DOE Grant or Contact No. DE-46-04-76DP00789 

Participants and NCSASR Collaborator(s) 

D. W. Schaefer, J. P. Wilcoxon, C. Draper, 

J. H. Aubeit, and D. Christen 

Report 
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We have studied the structure of a variety of porous materials using 
Small-Angle Neutron Scattering. Samples included silica aerogels, porous 
silicas prepared by a vapor-phase growth process, and foams prepared by a 
gelation process. In the case of the porous silicas, we have used fractal 
analysis of the scattering curves to interpret the structure. In addition, 
the observed structures were traced to chemical and physical growth processes 
that occur in the precursor solution phases to these materials. 

We also studied the structure of porous silica prepared 'by a vapor- 
phase growth process such as that used to prepare optical fibers. In 
this case, the scattering curves were basically featureless demonstrating 
a porosity length scale of about 1~ and smooth surfaces on shorter length 
scales. By doing an index-matching experiment with a saturating mixture of 
D 0 and H 0, we demonstrated that the porosity was completely connected. 

We also studied the structure of foams prepared by gelation of 
crystalline polymers in solution followed by freeze drying. In this case, 
we observed a very interesting fractal growth process during the gelation 
part of the preparative sequence. At the present time, we interpret the 
growth of fractal aggregates as a feature of the growth of crystalline 
polymers, although other interpretations in terms of phase separation 
cannot be ruled out. 

2 2 
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Instrument( s) 30-m SANS Camera 

Title Small-Angle Scattering Study of Sedimentary Rocks, 

Report 
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Surface Roughening and the Fractal Nature of Rocks 

Po-zen Wong and James Howard 
Schlumberger-Doll Rt?search. R idgefield, Connecticut 068 77 

and 

Jar-Shyong Lin 
National Center for Small-Angle Scatrering Research, Oak Ridge National Laboratory, Oak Ridge, Tennessee 3 7830 

(Received 12 February 1986) 

The mrcrostruclure of sedimentary rocks is studied by small-angle neutron scattering for length 
scales between 5 and 500 i. In limestones and dolomites, we find that the pore surfaces are effec- 
tively smooth above 50 A, bu t  [here is evidence for roughening on shorter length scales. In sand- 
stones and shales. the pore surfaces show fractal character due to the presence of clay. The fractal 
dimension is nonuniversal. We attribute these observations to impurity effects, which can lower 
the surface tension and maximize the surface area. 

Abstract of the paper, Phys ica l  Review Letters, Vo1.57, 637 (1986) 
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Report of Measurements Carried Out at the NCSASR 

Instrument(s) 1 O - k U A X s .  10 M SBKS, 30 M SANS - - 

Title Intercalibration of Small-Angle X-Ray and Neutron Scattering Data 

Research Sponsor IBM/NSP/DOE Grant or Contact No. 

Participants and NCSASR Collaborator(s) 

T .  P .  Russell 

J. S ,  Lin 

S. Spooner 

Report 
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Absolute c a l i b r a t i o n  forms a va luable  d i agnos t i c  t oo l  i n  small- 
angle  s c a t t e r i n g  experiments ,  and allows the  parameters of a given model 
t o  be r e s t r i c t e d  t o  the  set which reproduces the  observed i n t e n s i t y .  
General  methods which a re  a v a i l a b l e  f o r  abso lu t e  s c a l i n g  of small-angle 
x-ray s c a t t e r i n g  ( S A X S )  da ta  a r e  reviewed along with estimates of t he  
degree of i n t e r n a l  cons is tency  which may be achieved between the var ious 
s tandards .  I n  order  t o  minimize the  time devoted t o  c a l i b r a t i o n  i n  a 
given experimental  program, emphasis is  placed on developing a set of 
p reca l ib ra t ed  s t r o n g l y  s c a t t e r i n g  s tandards  f o r  the SAXS f a c i l i t i e s  of 
t he  Nat iona l  Center for Small-Angle S c a t t e r i n g  Research (Oak Ridge). 
S imi la r  s tandards  have been developed previous ly  for c a l i b r a t i o n  of 
small-angle neutron s c a t t e r i n g  (SMS) data .  P a r t i c u l a r  a t t e n t i o n  is 
given to s tandards  which can be used f o r  e i t h e r  SAXS o r  SANS experi--  
ments, where each sample has been independent ly  c a l i b r a t e d  f o r  both 
types of r ad ia t ion .  These c a l i b r a t i o n s  have been cross-checked v i a  the 
t h e o r e t i c a l  r e l a t i o n s h i p s  between the  two c ross  sec t ions .  
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Research Sponsor Grant or Contact No. 

Participants and NCSASR Collaborator(s) Po Be Completed by O R N L  

John Bates, Solid State Division Date Received 

Proposal No. S. Spooner 
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SAX and SANS measurements of the Scattering from electrodeposited manganese 
were made with the object of establishing the fractal character of the 
structure of these materials. Although the scattering in both neutron 
and x-ray measurements was very strong, the behavior of the scattering 
in4the Porod region did not show a gpxlnrag measureable deviation from the 
k- behavior. In fact an effective particle size distribution could 
be calculated which resulted in a log-normal size distribution. 
is is concluded that fractal character, while evident in the optical. 
microscope, is not seen in the size range of 1 to 100 nm. 
made in the optical SAS range would be expected to show fractal 
geometry effects. 

It 

Only a measurement 
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Report of Measurements Carried Out at the NCSASR 

Instrument (s) 301.m SANS Camera 

Fractal Surface in Porous Media Title 

Participants and NCSASR Collaborator(s) 

J. S. J.in Oak Ridne National Laboratory 

PO-Zen Wong, Schlumberger-Doll Research 

Report 
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FRACTAL SURFACES IN POROUS MEDIA 

Po-Zen Wont  
Schlumberger-Doll Research. Old Quarry Road. Ridgefield. CT 06877-4108 

ABSTRACT 

Recent sJudies have s h o w n  that porous materials often have fraclal internal 
surfaces In the article, we g ~ v e  a brief review o f  what fractal surfaces ar t ,  how 
they arc observed experimentally, why tbey form. and how they affect Ihe 0.c. 
electrial  Iranspnri properties through the m e d n  Tbcorclicrl results arc compared 
lo real syslems such as sedimentary rocks and rougblporous electrodes. 
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** From " Physics  and Chemistry of Porous Media", American Institute of 

Physics Conference Proceedings, Volume 154, edited by J. Banavar, J.Koplik, 
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SAXS STUDY OF SILICA SOLS AND GELS 

GERARD ORCEL, ROBERT Y. GOULO, LARRY I.. HENCH 
Department o f  Ma te r ia l s  Science and Engineering, Un ive rs i t y  o f  F lo r i da ,  
Gd inesv i l le .  F lo r i da  32611 

AtlS TRACT 

%all  angle X-ray s c a t t e r i n g  uas used t o  charac ter ize  the  s t r u c t u r e  
o f  sols and gels i n  t h e  Tt40S-t4eOH-H20-CHONH2 system. The sca t te r i ng  
curves were analyzed i n  both the  Porod and Guinier regions. A f r a c t a l  
ana lys is  shows t h a t  the  s t r u c t u r e  evolves w i th  t lme and temperature f r a  a 
l i n e a r  type polymer t o  a more h igh l y  branched polymer and then towards a 
" p d r t i c l e " .  However, these s t r u c t u r r l l  un i ts  disappedr when the tempera- 
t u r e  increases above a c r i t i c a t  value. 

Abstract of a paper published in Materials Research Society Symposium 

Proceedings, Vol. 73, p.289, (1986), Materials Research Society, 

Pittsburgh, Pennsylvania. 
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Instrument(s) S A X S  

Title 

-- - 

Research Sponsor AFoRS Grant or Contact No. 

F 4 9 6 2 0 - 8 3 - C - 0 0 7 2  

Report 

"he Durpose of these experiments was twofold: 

1) determination of t h e  structural characteristics of silica sols 
And gels for different reaction times and temperatures. 

2 )  Assess the influence of formsmide a s  a drying control chemical. 
additive on the structure of these sols and gels. 
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An analysis of the Porod and Guinier domains of the scattering 
curves shows that for the different sols the Guinier radius of 
of gyrstion incre?ses with the reaction time. It reaches a 
value of about 6 0 A  at the gelation point. The corresponding gels h2ve 
a Guinier radius of gyration of about 20-25A. 

The fractal dimension of the particles, determined from the 
Porod plots, is insensitive to dilution, showing the validity of  
the assumptions. A value of 2.2 - 2.3 is measured near the 
gelation point. This was interpreted 3s possible growth 
mechanisms: diffusion limited aggregate or cluster aggregate . 

Addition of formamide to the sols leads to higher Guinier 
radii of gyration s s  well as higher scattering exponents. 
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Ludox sphere sols have been used by a nrrlni~~ number of investigators 
for the purpose of establishing scattering standards and calibrations 
for small angle scattering. Folowing the p procedure used by Russell 
in a recent study of Ludox spheres, a series of sols were prepared at 
5 different dilutions. The solids content of the s o l s  were was determined 
by evaporation of the several sols to dtinass. Integration of the 
scattered intensity to obtain the scattering invarient, Q , was used 
xx as the basis  of calibration. 
factor was establish and then used to obtain a secondary calibration 
of a polyethelene sample. ,p peak in the polyethelene curve wa5 

is too high by 60%. 

By this measurement an &solute intensity 

measured to be 4 0 .  cm . Recent work suggests that the determination 
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Gold sol prepared by controlled precipitation from NaAuCl solution 
(pyridine addition) was used as a scattering sample in SdS measurements 
for the purpose of establishing an absolute scattering standard. The 
basis for establishing the standard is the use of the integrated 
or invarient intensity with a knom consentration of gold colloid in 
the so l .  Measurem ents made at the 5 m and 2 m setting were combined 
and the integration of the combined data were integrated to obtain 

Using the colloid concentration as 0.05 mg/lOO ml an absolute 
%tensity factor of 5 . 5  was found ( with a monitor divide factor of 10) 
so that the P3X peak appeared to be 40 cm-'. 
of magnitude was obtained, -wr ' '  ' d the possibility 
of aggregation so to reduce the amount of free c o l i d  has t o  be considered. 
At the low concentrations which are likely to minimize aggregation the 
scattering intensity is low but easily measured. The quantitative 
determination of gold colloid in the scattering sample may be the 
principal limit in the callibration procedure. 

. 
Although the right order 
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