
Structural aspects of stretched emeraldine 
as determined by X-ray scattering 

B. K. Annis* and E. D. Spechtt 
* Chemistry and ~ Metals and Ceramics Division, Oak Ridge National Laboratory, 
PO Box 2008, Oak Ridge, Tennessee 37831-6197, USA 

and N. Theophilou and A. G. MacDiarmid 
Department of Chemistry, University of Pennsylvania, Philadelphia, 
Pennsylvania 19104-6323, USA 
(Received 9 February 1990; revised 15 May 1990; accepted 17 May 1990) 

Small angle X-ray scattering experiments on amorphous and partially crystalline samples of polyaniline 
stretched by two different methods indicate the development of quite different structural features in the 
size range 5-100 nm. A qualitative comparison of wide angle scattering data shows that both processing 
methods produce orientation at the molecular level. The two types of scattering experiments indicate that 
the stretching processes result in reduced crystallinity. Doping the stretched polymers with CI- was found 
to produce changes in both large and small scale structure. 
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INTRODUCTION identify the nature of the scattering elements. Con- 
sequently, wide angle X-ray scattering (WAXS) was used 

Of current interest in the area of conducting polymers is to provide an indication of orientation at the molecular 
the enhancement of conductivity produced by stretching level and to establish the presence of crystallites in some 
the material. This approach has been applied with success of the samples. 
to polypyrrole x, poly(p-phenylene vinylene) 2, poly- 
acetylene 3, and recently to polyaniline 4. In general 
stretching a polymer can introduce a variety of morpho- EXPERIMENTAL 
logical effects, and the possible influence of the morpho- The polyaniline powders and solutions have been 
logy on the conductivity is an open question. For obtained by the technique described previously 9'1°. A 
example, the conductivity becomes anisotropic upon polymeric stretchable support (5 × 2 × 0.01 cm) such as 
stretching, and in the case of polyacetylene, electron 
micrographs 7 showed that a substantial increase in the polypropylene, polyethylene, polybutadiene or poly- 
alignment of fibrils in the films occurred. A qualitative (tetrafluoroethylene) (Teflon) was clamped in a labora- 
explanation for the difference in the conductivity parallel tory stretching device and a ,-~ 2% solution of polyaniline 

(emeraldine base) in N-methylpyrrolidinone (NMP) was 
and perpendicular to the stretch direction is that in the poured onto the substrate. A heating infra-red lamp 
latter an additional interfibril transfer is involved. 
Conversely, no evidence for fibril formation or alignment (250 W, General Electric) was placed ~ 20 cm from the 

substrate, and the solvent was evaporated at ~ 60°C over 
which could be correlated with conductivity changes was ~20 min until the semi-solid resulting mixture was just 
found for poly(p-phenylene vinylene) 2. Further under- no longer 'tacky' to the touch. At this time, the 
standing is unlikely without additional information on temperature was raised to 70-90°C (technique A) and to 
the structural effects caused by the stretching process 110-150°C (technique B), and stretching was commenced 
and, as part of an effort to characterize such effects in at a rate of ~ 1 cm min-  1 to stretching ratios up to 
polyaniline, X-ray scattering techniques have been em- ~l/Io=3.5 (where /=f ina l  length and lo=initial  
ployed, and the results are presented here. length)4. 

One of the techniques is small angle X-ray scattering Four different batches of emeraldine base were used 
(SAXS) which has provided information on a variety of 
features in the size range 5-100 nm (ref. 8). The scattering to provide samples for the X-ray investigation. The 

supports were removed and measurements were made 
arises from fluctuations in the electron density which are on stretched and unstretched samples prepared from each 
typically due to the presence of microvoids, fibrils, and batch, and in two instances samples which were stretched 
crystallites. Because of the variety of sources of the and subsequently doped with C1- by immersion in 1M 
scattering, supplementary measurements can help to HC1 were also examined. 

:~ A recent review of the subject for semi-crystalline polymers has been The SAXS experiments were done with the Oak Ridge 
given by Peterlin ~ and the behaviour of a number of amorphous National Laboratory SAXS facility ~1 which makes use 
polymers has been discussed by Berger 6 of a rotating anode X-ray source (Cu Ks), pinhole 
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collimation, and a two-dimensional position-sensitive angles for the samples designated AA and AC are plotted 
detector. Various angular ranges are obtained by chang- in the form of the Guinier equation in Fi.qure 1. The 
ing the sample-to-detector position, and for this study corresponding values for the radii of gyration are 
distances of 1, 2 and 5 m were used. The corresponding tabulated in Table 1. For k > 0.4 n m -  1 the scattered 
range in momentum transfer was ~ 0.04-4 n m -  1. Absolute intensity for AC can be seen to be of greater magnitude 
intensities were obtained by calibration with a poly- than that for AA. This continued to be the case until 
ethylene standard 12. The WAXS results were also k = 2 . 5 n m  -1 and suggests a difference in the two 
obtained with a Cu Kct rotating anode source and a samples. This was clarified by WAXS which found no 
goniometer which provided for step scanning a scintilla- evidence for crystallinity in AA whereas crystalline peaks 
tion detector. Both types of observations used the same are evident in the data for AC. Similar features have been 
samples which were composed of stacks of 5 10 #m thick noted previously by Moon et al. 15, Jozefowicz et al. 16, 
films, and Fosang et al.~7 

A complete interpretation of SAXS from a three-phase 
system (voids, amorphous,  and crystalline) can be quite 

RESULTS AND D I S C U S S I O N  complicated 14'18. However, the plot of a portion of the 

Unstretched bases kernel of equation (2) as shown in Fi(jure 2 suggests that 
Diffuse small angle scattering from an amorphous,  the contribution to the invariant from the crystalline and 

unoriented polymer containing no impurities indicates void phases are sufficiently well localized to permit an 
the presence of voids in the material. The nature of the estimate of the volume fractions. A value of the invariant 
voids can be characterized by the angular distribution for the crystalline phase was obtained from the integral 
which is related to the size and the integrated scattering of the difference of k2I(k) for the partially crystalline and 
which is related to the volume fraction. Guinier 's  law 13 amorphous  samples as shown in Fiqure 2. A density of 
provides a means of extracting size information. It applies 1.43 g c m -  3 was obtained from the unit cell of Moon et 
to the case of a monodisperse system of scattering al. ~5. The density of the amorphous  phase was deter- 
elements and is given by mined to be 1.22 g c m -  3 by comparison with the densities 

of known liquids. Equation (2) was then used to provide 
I(k) = I ( 0 ) e x p ( - ( k R g ) 2 / 3 )  (1) an estimate of 0.03 0.05 for the volume fraction of the 

where l(k) is the cross-section per unit volume (in units crystalline phase. If the entire invariant for sample AC 
o fcm-1 ) ,  the momentum transfer magnitude is given by was ascribed to the crystalline phase, a value of 0.08 
k = (47r/2) sin O, ), is the wavelength of the incident would result. In the case of sample AA, application of 
radiation and 2 0  is the scattering angle. The electronic 
radius of gyration is Rg, and in the case of a spherical 

scatterer, the sphere radius is R s = x ~ 3 R g .  The slope of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a plot of In I(k) v e r s u s  k 2 provides a value for Rg. ,.o 
Generally, at larger angles, some degree of curvature is 
found in this type of plot and can be due to a distribution ~.o 
of sizes and deviations from sphericity. 

The integral of the intensity over reciprocal space is "° 
related to the mean square fluctuation of the electron 
density and in the case of a two-phase, isotropic system ~'° 
this relationship may be written . . . . . . . . .  

Q = k2 l (k )dk  = 2xrZ(pl - -  102)2q~l~b2 (2) "'° . 

5.0 o • 
the extension to three phases is given by 14 

2,O 
Q = 2 7 ~ { ( / ' 1  --- /)2)2(Dl(D2 -~- (P2 - -  p3 )2~b2~3  n • . 

-]- (D3  - - / 9 1 ) 2 0 3 ~ b l  ] (3) . . . .  , 

where Q is the so-called invariant, r~ is the Thomson O.Oo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
classical electron radius, and Pi and ~b i are the electron . . . .  -" 
density and volume fraction, respectively, of the ith phase. Figure 1 Guinier plots: A, sample AA, Rg = 39 nm: ©, sample AC, 

Some of the angular distribution data at the smallest R, = 29 nm. SAXS apparatus in 5 m c o n f i g u r a t i o n  

Table 1 Data for the samples studied 

Crystalline fraction 
Void fraction 

Sample Rg (nm) ( × 10 -4) SAXS WAXS L (nm) W (nm) 

AA 39 5 
AC 29 6 0.03-0.05 0.05 7.5 _+ 2.5 8 + 2 
BA 32 3 
BC 28 4 0.02 0.03 0.05 6.0 _+ 1.5 11 _+ 2 
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- '  F igure  3 W A X S  data f r o m  2 5 0 %  stretched and unstretched versions 
of sample AC. , Axis vertical; + ,  axis horizontal; 17, unstretched 

Figure 2 l(k)k 2 versus k: A, sample AA; ©,  sample AC; a background 
of 0.018 (cm- a) has been subtracted from each curve. + ,  The azimuthal 
average of the data for the 250% stretched sample corresponding to AC ~5 f ~ ~ ~ ~ i i r 

equa t ion  (2) p rovides  a value of  5 x 10 - 4  for the volume 40 
fract ion of  voids.  F o r  sample  AC,  ex t r apo l a t i on  of  the 35 
curve f rom k = 0.2 n m -  ~ ou twa rd  with the ' P o r o d  ta i l '  

i 30 model  x9 results  in a value of 6 x 10 -4  for the volume , 

fract ion of  voids.  These values are  quite s imilar  to those r 
E 2 5  

ob ta ined  by Russell  2° on samples  of K a p t o n  by SAXS. 
An es t imate  of  the size of  the crystal l i tes  can be s 

ob ta ined  f rom the P o r o d  'd is tance  of  heterogeneity,2~ Yr 20 

fo,~ ~5 
L = n kI(k) dk/Q (4) ~o 

for spherical  scat terers ,  the d iamete r  of  the sphere is given 5 
by D = 4/3L. The value of the in tegral  in the n u m e r a t o r  
is more  sensitive to the detai ls  of  the ca lcula t ion  than  is o ' ' ' ~ ' ~ ' ~ ' ~ ' ~ ' ~ ' ~ ' 

o 5 ~o ~s 2o 2~ ~o ~ ~o ~s 
the case for the invar ian t  integral ,  nevertheless,  a value 
of  7.5 + 2.5 nm results.  A s imilar  es t imate  of  the crystal l i te  ~-r,~r*c0~.~ 
size can be ob ta ined  from the W A X S  da t a  with the a id  Figure 4 WAXS data from sample BA and the 350% stretched version 
of the Scherrer  fo rmula  of it. Intensities normalized by sample thickness. Symbols as in Figure 3 

W = (0.882/A(2®) cos (9) (5) 
1 0 . O 0  . . . . . . . .  , . . . . . . . .  , . . . . . . . . .  , . . . . .  , . . . . . . . . .  , . . . . . . . . .  , . . . . . . . . .  , . . . . . . . . .  , . . . . . . . .  ~ . . . . . . . .  

where A(2®) is a full peak  width  at  half  m a x i m u m  and  ° 
W is an average d imens ion  for roughly  equiaxed  objects  ~.oo 
(cf. ref. 22). F r o m  this app roach ,  an average value of  
8 + 2 nm was ob ta ined  f rom the three peaks  shown in ~.oo 
Figure 3. An es t imate  of  the crysta l l in i ty  can also be made  . 
f rom the W A X S  da ta ,  but  unl ike the SAXS est imate ,  it ,.oo • 
is qui te  sensitive to the choice of  an a m o r p h o u s  • 
b a c k g r o u n d  which mus t  be subt rac ted .  One  a p p r o a c h  is .~o 

• • 

to s imply d raw a smoo th  curve across  the base of  the • 
peaks ,  and  this leads to a crystal l i te  f ract ion of abou t  , . . . .  2o ° 
0.09. Ano the r  a p p r o a c h  is to sub t rac t  an app rop r i a t e ly  , ° 

o 

norma l i zed  a m o r p h o u s  curve. This  would  give a value o.,o ~ ° 
of  0.01 but  is qui te  sensitive to small  er rors  in the ~ . 
no rma l i za t ion .  The  average value of 0.05 is in sat isfactory .o5 ° 
agreement  with the SAXS est imate .  ~ t t ~ ° ° • o ° 

Both  SAXS and  W A X S  da t a  for an a m o r p h o u s  and  a .~ t ! . t • • ° • • ~ ~ ~ ,  
pa r t i a l ly  crystal l ine sample  f rom batches  which were t ' ~ ! t ! t } { [ ,  [ 
s t re tched by technique B were also ob ta ined .  The W A X S  o.o ........................................................................... 
results  from the a m o r p h o u s  sample  are shown in Figure o . o  o . 2 ~  o . ~ o  0 . 7 ~  " O k  ( n m - ' l ' ~ )  l . =  1 . 7 ~  2 . O o  2 . ~  2 . ~ i 3  

4, a n d  t h e  d a t a  f o r  t h e  p a r t i a l l y  c r y s t a l l i n e  s a m p l e  a r e  Figure 5 SAXS data with instrument in 2 m configuration: O,  un- 
ana logous  to tha t  shown in Figure 3. A po r t i on  of the stretched sample BC; A, radial average of data from 250% stretched 
SAXS da t a  are  shown in Figure 5. There  is a dist inct  version 
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change in slope at k ~ 0.4 n m -  1 and a plot of lk 2 versus • - o , 
k gives a result similar to that discussed for Figure 2. _Q /--~--'-A'~-~~" ""'~ " 
Analysis of the data as described above led to results ~ ~xP/~--, ,~LLr'~ 

whicharesummarizedinTablel.stretched bases ~ .~~~ .~ - ' k , ' ~ -~*~ ,  

Contour  plots of the scattering from two samples 
stretched by technique B are shown in Figure 6. The data 
was obtained with the SAXS apparatus in a configuration 

I (5 m) that viewed the smallest scattering angles (k ~ 0.04 
0 .4nm-1) .  Figure 6a is for a sample (designated BCS) (~) (b) 
which was stretched 250% and came from a partially 
crystalline batch. The corresponding unstretched sample 
has been designated BC. No anisotropy is evident, nor o ~  ,i~n, A 
is there any indication of interference peaks which would " ' 
indicate the presence of aligned scattering elements such 
as fibrils or lamellae. Such features with characteristic "~ 
dimensions greater than 100 nm could exist but would ~)" 
not be observable. A comparison of the scattered intensity 
at larger angles for the stretched (BCS)and  unstretched y ~ ~  
samples (BC) is shown in Figure 5. It is clear that the 
contribution (k = 0.4-2.0 n m -  1) that was attributed to ' ' • ~ ,, 
crystallites has disappeared in the processing. This (c) (d) 
reduction in crystallinity was confirmed by the WAXS 
data which was similar to that shown in Figure 3. Figure7 SAXS data for two stretched samples: (a) and (c) correspond 

to the stretched version of AA; (b) and (d) correspond to stretched 
Calculation of the invariant for the stretched sample gives version of AC. Stretch axis is vertical. (a) and (b) 5 m configuration; 
a value less than half that attributed to voids in the (c) and (d) 1 m configuration. The intensity contours for (a) are a factor 
unstretched sample, BC. The Rg value was determined of 10 greater than in (b). Those for (c) and (d) have the same value. 
to be 29 nm which is the same as that for BC within the The innermost contours for 1 m have the same value as the outermost 

at 5 m. The line segments correspond to k = 0.1 nm i for 5 m and 
experimental uncertainty. In essence, at the length scale 0.5 nm- 1 for 1 m 
accessible to the SAXS technique, the processing has 
tended to homogenize the material. However, WAXS 
results analogous to those shown in Figure 3 indicate 

unstretched forms. The elongation of the contours 
that this is not the case at the molecular level. A difference 
between the scans taken with the stretch axis coplanar perpendicular to the stretch direction is a common 

characteristic of SAXS from stretched polymers 25. Due 
(meridional) and perpendicular (equatorial) to the plane to the reciprocal nature of scattering, such a pattern 
of the scan is typical of an oriented material. It should indicates the presence of scattering elements with a minor 
be noted that other X-ray 23 and spectroscopic 24 studies axis perpendicular to the stretch axis. The eccentricity of 
on other stretched emeraldine samples have been recently the contour lines is quite small and amounts to only 
reported which provide a more quantitative measure of 1.1-1.2. Intensity profiles parallel and perpendicular to 
chain alignment, the stretch axis do not indicate any interference effects 

Figure 6b was obtained from a sample that was and are typical of diffuse polydisperse scatterers. This 
stretched 350% (designated BAS) and which showed no 

sample differs from that previously discussed (BCS) in 
indication of crystallinity in either the stretched or that Rg is 25% larger than that of the corresponding 

unstretched sample, BA. This increase is accompanied 
by an increase of 30-50% in the invariant and is 

~ qualitatively consistent with a picture of relatively large 
voids which have expanded in a slightly anisotropic 

0 manner.  SAXS data extending to k = 4.5 n m -  1 were also 
obtained and showed no significant difference between 
the stretched and unstretched samples. WAXS data are 
shown in Figure 4 and confirm that the processing has 
introduced anisotropy at the molecular level. 

The isointensity contour plots for two samples 
stretched by technique A are shown in Figure 7 and are 
substantially different from those discussed above. Figure 
7a corresponds to the stretched version (300%) of the 
amorphous sample AA. The innermost contours are 

(a) (b) indicative of scattering elements elongated parallel to the 
Figure 6 SAXS data with instrument in 5 m configuration: (a) 2 5 0 %  stretch axis. However, as the angle increases, the 
stretched version of sample BC; (b) 350% stretched version of sample scattering becomes dominated by elements which are 
BA. The outermost contours correspond to the same values of the elongated perpendicular to the stretch axis. Plots of slices 
scattered intensity and increase inward at the same rate. Stretch axis of the intensity distributions in the two directions are 
is vertical. (All contour plots have been corrected for background, 
detector response, absorption and put on an absolute intensity scale.) shown in Figure 8. The slice parallel to the axis shows 
The l inesegmentcor responds tok=0 .1nm -1 n o  evidence of any correlation effects, but a weak 
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I0Cl300 
.................................................................................. some degree of alignment parallel to the stress direction. 

However, the SAXS observations alone are insufficient 
to establish that this type of correlation between fibrils 

~ooo and voids was present in this sample. The volume fraction 
,~o . . of voids was found to have increased by a factor of 15-20 

,°,'o, °'~°° in comparison with the unstretched sample AA and 
° . , ° amounted to about 0.01. Most of this is due to voids 

.... ~oo • - °  oriented perpendicular to the stretch direction. The 
o .  • 

• • eccentricity of the contours outside the fibril region is 
,ooo ~ "." 1.5-1.6, and a simple elongation of an existing void by 

~ o  . ° .. this factor would not account for the increase in the 
~o . o" °'- volume fraction. Consequently, it would appear that the 

° o • ' .  processing has increased the number of voids. • " ° 

,oo •• ° " Figure 7b shows the isointensity contours for the 
= t '  ,° °° " -  ,i stretched (250%) (sample ACS) corresponding to the 

, °, partially crystalline sample, AC. There is no indication 
i l l  e 2o ~ % of fibril interference, and the scattering at lowest angles 

,o ..~ .................................................................... t.t is due to scattering elements oriented perpendicular to 
-o.~ -o.~o -o.,= -o.,o -o.o5, ,~,-,,°'° o.o~ o.,o o.t~ o.2o o.~ the stretch axis. The maximum eccentricity of about 

1.8-2.0 is similar to that for sample AAS, but, as can be 
Figure g SAXS data from 300% stretched version of AA: O,  slice seen in Figure 7b this source of scattering predominates 
perpendicular to the stretch direction; A, slice parallel to the stretch axis o v e r  a much more limited range of angles. Because of 

the relatively rapid change in the orientation of the 
principle axis of the contours, it is difficult to rigorously 

interference peak along the perpendicular direction is determine the size of the scattering elements. Application 
apparent, of the Guinier approach to slices of the intensity 

If the scattering elements responsible for the peak are distributions parallel and perpendicular to the stretch 
assumed to be aligned crystalline regions, then a axis amounts to averaging over much of the central core 
consideration of the magnitude of the invariant requires of Figure 7b and results in an estimate of the radii of 
that the volume fraction of such regions be about 0.03. gyration of 25 and 22 nm, respectively. 
By comparison with the results on samples AC and BC, Some of the azimuthally averaged SAXS data are 
it would be expected that WAXS should show evidence included in Figure 2. Comparison with data from the 
of crystalline peaks. However, the WAXS data proved corresponding unstretched, partially crystalline sample 
to be quite similar to that shown in the data of Figure (AC) indicates substantially less scattering in the region 
4, and this suggests that the SAXS result is due to aligned which was attributed to crystallite scattering in AC. This 
amorphous fibrils. The Bragg law can be used to gi~'e an is confirmed by the WAXS data for the two samples 
estimate :6 of the separation between the fibrils of 100 nm. shown in Figure 3. The portion of the invariant computed 
Scanning electron microscopy (SEM) work z7 has indi- from the SAXS data below k = 0.2 nm-1 is approxi- 
cated the presence of highly entangled fibrils on the mately two times larger than the equivalent region for 
surface of unstretched, doped polyaniline, and a scanning the unstretched sample and is felt to be due to voids. 
tunnelling microscopy study 28 also on unstretched, This increase in the void scattering is substantially less 
doped samples found regions on the surface which than that for the 300% stretched sample (AAS) but is 
resembled partially aligned fibrils with separations of five to six times larger than that for sample BCS which 
100-200nm. The SEM results 3'7 for stretched poly- was stretched an equivalent amount (250%) at higher 
acetylene gave evidence for aligned, closely packed fibrils temperature. 
with a separation of 20 nm. The emeraldine salt version of polyaniline which is 

The general appearance of the contours of Figure 7a formed by doping the films in 1 M HCI is of interest 
(sample AAS) is similar to SAXS results obtained in because of the electrical conductivity. If the only result 
studies of crazing in polymers 29. The crazes are en- of a doping process is to cause changes at the atomic 
visioned to be microcracks or separations which de- and molecular level, and if this occurs uniformly on a 
veloped perpendicular to a stress axis. The volume of the scale greater than about 5 nm, then the contours observed 
region of separation can be partially filled by fibrils with in the SAXS measurements should remain the same while 

Table 2 

Sample Stretch ratio Void fraction _1_, Rg (nm), II Peak ratio" 

ACS 2.5 1 × 10 -3 22 25 1.2 

AAS 3.0 1 x 10 -2 - 33 1.2 

BCS 2.5 2 x 10 -4 29 1.2 

BAS 3.5 4 x 10 4 40 1.8 

ACS (doped) 2.5 5 x 10 -4 28 1.1 

BAS (doped) 3.5 9 x 10 -4 35 28 2.0 

"WAXS ratio of equatorial (axis vertical) to meridional (axis horizontal) peak heights 
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~.~.,,. . .  ~ C O N C L U S I O N S  
" t  • + 

• + e .  . The SAXS patterns from the emeraldine base films that 
~ ~ "  ~ ? , v ~ _  ~ × ~ - -  o "~. were stretched at lower temperature (technique A) can 

"i ~ ° : ' ° ,  be interpreted as arising from the presence of cracks or 
. . . .  ~. ~, voids oriented perpendicular to the stretch axis. The 
0 ~ , , ( ~  ] quantity of voids increased with stretch ratio and was 

". ~ ~ ~ . ~ ,  ~.~ accompanied by an indication of interfibril interference. 
This implies the possibility of the onset of craze 

° 

+ - 0  * formation, i.e. the development of cracks containing 
+ fibrils. This is in qualitative accord with observations on 

J 9  

• " a number of other glassy polymers at similar stretch 
' ' ratios 5'6"29. For  films drawn at higher temperature, there 

~a/ /b/ was little indication of anisotropy on the scale of 
5-100 nm, and no significant increase in the scattering 
due to the possible formation of bubbles, cracks or fibrils Figure 9 SAXS data from doped and stretched samples. Stretch axis 

was vertical, and instrument was in 5 m configuration: (a) corresponds was found. 
to 250% stretched and doped version of AC; (b) corresponds to 350% Neither the SAXS or WAXS observations provide 
stretched and doped version of BC. Outermost contours for both evidence for an increase in crystallinity for stretch ratios 
samples correspond to the same intensity. The line segment corresponds of 3.5 or less. Instead, a reduction in crystallinity occurred 
to k=0.1 nm ' using both techniques at a ratio of 2.5. Some degree of 

molecular orientation was found in the WAXS observa- 

the intensities and invariants should change as the ratio tions in all cases. 
of the square of the electron densities of the doped and Doping the stretched films with C1 was found to affect 
undoped materials. The density of a number  of doped the polymer on length scales observable by both SAXS 
samples which showed little if any indication of crystal- and WAXS. However, the limited amount  of data does 
linity by WAXS has been determined to be 1.34 _+ 0.02 not permit more specific conclusions to be made. 

g c m -  s, and the corresponding ratio of the square of the 
electron densities is 1.18 +0.07.  In the case of the A C K N O W L E D G E M E N T S  
unstretched material we have observed some differences 
between doped and undoped samples (primarily at the This research is sponsored by the Division of Materials 
smallest observable angles) which exceed this ratio. As Sciences, Office of Basic Energy Sciences, US Department  
a preliminary effort in ascertaining the structural effects of Energy under contract DE-AC05-84OR21400 with the 
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