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STRUCTURE OF FULLY ORIENTED CRYSTALLINE TRANS-(CH), 

G.LEISING, O.LEITNER, and H . K A H L E R T  
I n s t i t u t  f u r  F e s t k o r p e r p h y s i k ,  TU Graz ,  
P e t e r s g a s s e  16, 8010 Graz ,  A u s t r i a  

A b s t r a c t  F u l l y  o r i e n t e d  h i g h l y  c r y s t a l l i n e  f i l m s  
o f  t r a n s - p o l y a c e t y l e n e  were  s y n t h e s i z e d  by  c o n v e r -  
t i n g  f i l m s  o f  po ly - (BTFM-TCDT)  a t  e l e v a t e d  t e m p e r a -  
t u r e s  u n d e r  a p p l i e d  s t r e s s .  We r e p o r t  e l e c t r o n  
d i f f r a c t i o n  and X - r a y  d i f f r a c t i o n  e x p e r i m e n t s  on 
t h e s e  f i l m s ,  w h i c h  a l l o w  t o  deduce t h e  s t r u c t u r a l  
p a r a m e t e r s  o f  t h i s  f u l l y  o r i e n t e d  c r y s t a l l i n e  m o d i -  
f i c a t i o n  o f  t r a n s - ( C H ) x .  

1 .  E X P E R I M E N T A L  

The p r e p o l y m e r  p o l y -  bis-(trifluoromethy1)-tricyclo- 
d e k a - t r i e n e  was c a s t  f r o m  a s o l u t i o n  i n  a c e t o n e  o n t o  a 

g l a s s  s u b s t r a t e  and d r i e d  u n d e r  a r g o n  f l o w .  The p r e p o l y -  
mer f i l m s  were  mounted i n t o  a s t r e t c h i n g  a p p a r a t u s  and 

s t r e t c h e d  u n d e r  d y n a m i c a l  vacuum and t e m p e r a t u r e s  i n  t h e  
r a n g e  be tween  8OoC and 1 4OoC. The a t t a i  nab1 e e l  o n g a t i  o n  
depends on t h e  s i z e  and t h e  t h i c k n e s s  o f  t h e  p r e p o l y n e r  
f i l m  and t h e  a p p l i e d  s t r e s s  and c a n  p r e s e n t l y  be  p e r -  
f o r m e d  up t o  r a t i o s  o f  1 / l 0  = 20 ,where  1 i s  t h e  f i n a l  

l e n g t h  o f  t h e  f i l m  and 1, t h e  l e n g t h  o f  t h e  p r e p o l y m e r  
f i l m  ’ .  
t r a n s - ( C H I ,  as was e v i d e n c e d  f r o m  t h e  l a c k  o f  t h e  c i s -  

C - H  o u t - o f - p l a n e  v i b r a t i o n  a t  740  cm-’ and t h e  c i s -C-C-C 
d e f o r m a t i o n  v i b r a t i o n  a t  446 c m - l .  The f i l m s  e x h i b i t  a 
compac t ,  n o n - f i b r o u s  and f u l l y  d e n s e  m o r p h o l o g y  and 
smooth  s u r f a c e s  as  f o u n d  i n  t h e  S E M  . 

F i l m s  p r e p a r e d  a t  t h e s e  t e m p e r a t u r e s  a r e  1 0 0  % 
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68 

2. ELECTRON-DIFFRACTION EXPERIMENTS 

0. LEISING, 0. LEITNER AND H. KAHLERT 

HEED-experiments were performed i n  a Philips EM420 elec- 
tron microscope at a beam voltage of 120 k V  on small 
pieces of films transferred to TEM grids. TlCl powder 
samples were used for calibration purposes. Fig.1 shows 
the diffraction pattern for a sample with a thickness in 
the range between 700 and 1000 8 ,  which was estimated 
from the maximum value of the optical density around 2.1 
eV. It is a typical fiber pattern implying the existence 
of randomly oriented crystal 1 i tes having a1 1 their c -  
axis aligned very precisely parallel t o  a preferred d i -  
rection, which coincides with the stretching direction. 

Fig.1 H E E D  pattern on film Fig.2 Microdensitometer 
with thickness < 1000 8 
Besides the sharp diffraction spots on the hkO, h k l  and 
hk2 lines we observe diffuse streaks, which can even be 
detected for the h k 6  line. In Fig.2 we show a microden- 
sitometer scan perpendicular to the layer lines through 
000, which displays excess intensity at the position of 
a 001 reflection. Microdensitometer scans along the hkO, 

scan 1 t o  the layer lines 
of Fig.1 
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STRUCTURE OF FULLY ORIENTED CRYSTALLINE TRANS-(CH). 69 

F i  g . 3  M i  c r o d e n s i  t o m e t e r  
s c a n s  a1 o n g  t h e  1 a y e r  1 i n e s  
o f  F i g . 1  

F i g . 4  S c a t t e r e d  X - r a y  i n -  
t e n s i t y  f o r  a s c a n  i n  a 
p l a n e  c o n t a i n i n g  t h e  c - a x i s  

h k l ,  a n d  h k 2  l a y e r  l i n e s  

a r e  shown i n  F i g . 3 .  The 

-~ 

m a r k e d  p o s i t i o n s  a r e  t h e  c a l c u l a t e d  l o c a t i o n s  u s i n g  t h e  

p a r a m e t e r s  d e r i v e d  i n  t h e  d i s c u s s i o n .  

3 .  X-RAY-DIFFRACTION EXPERIMENTS 

X - r a y  d i f f r a c t o m e t e r  d a t a  w e r e  r e c o r d e d  w i t h  CUK, r a d i a -  

t i o n ,  F i g . 4  shows t h e  d i f f r a c t e d  i n t e n s i t y  a s  a f u n c t i o n  

o f  2 n l d  f o r  a s c a n  i n  a p l a n e  c o n t a i n i n g  t h e  o r i e n t a -  

t i o n  d i r e c t i o n .  An a l m o s t  i d e n t i c a l  p a t t e r n  was o b t a i n e d  

f o r  a s c a n  i n  a p l a n e  p e r p e n d i c u l a r  t o  t h e  s t r e t c h i n g  

d i r e c t i o n .  Only  t h e  h k 0 - r e f l e c t i o n s  a r e  o b s e r v e d  p r o v i n g  

t h a t  t h e  c - d i r e c t i o n  i s  o r i e n t e d  p a r a l l e l  t o  t h e  s t r e t -  

c h i n g  d i r e c t i o n .  

4 .  D I S C U S S I O N  

S t a r t i n g  w i t h  t h e  a s s u m p t i o n  o f  a monoc 

we f i r s t  d e d u c e d  a v a l u e  f o r  c s i n p = 2 . 4 2  

i n i c  l a t t  

9) W f r o m  

2 c e  
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70 G. LEISING, 0. LEITNER AND H. KAHLERT 

d i s t a n c e  o f  t h e  l a y e r - l i n e s  i n  t h e  H E E D  p a t t e r n  o f  
F i g . 1 .  V a l u e s  f o r  a s i n r j  and b were  d e r i v e d  f r o m  t h e  
s p l i t t i n g  o f  t h e  s t r o n g e s t  hkO r e f l e c t i o n ,  were  we ob -  
s e r v e d  2 3 - v a l u e s  o f  24.25' and 24.5'. S i n c e  i t  c a n n o t  be 
i m m e d i a t e l y  d e c i d e d ,  w h i c h  i s  t h e  020  and  t h e  110 r e -  
f 1 e c t i  on we have  t e s t e d  b o t h  p o s s i  b i  1 i t i  es  and have  c a l -  
c u l a t e d  t h e  v a l u e  o f  I l d c a l c  -dabs/ f o r  e l e v e n  HEED 
s p o t s  as a f u n c t i o n  o f  t h e  m o n o c l i n i c  a n g l e p  f o r  b o t h  
c h o i c e s .  The r e s u l t  i s  shown i n  F i g . 5 .  B o t h  f i t s  d e f i n i -  
t e l y  i m p r o v e  f o r  a n g l e s  /3 > 90' w i t h  a r e m a r k a b l y  b e t t e r  

f i t  f o r  t h e  c h o i c e  d ( 0 2 0 ) >  
d ( 1 1 0 )  and a minimum o f  t h e  
d e v i a t i o n s  a t  /3 = 90.5: As 
f i n a l  r e s u l t ,  we o b t a i n  t h e  
f o l  1 o w i n g  p a r a m e t e r s  f o r  
t h e  m o n o c l i n i c  l a t t i c e  f r o m  
o u r  p u r e l y  g e o m e t r i c a l  c o n -  

F i g . 5  q u a l i t y  o f  f i t  o f  
t h e  c a l c u l a t e d  l a t t i c e  
s p a c i n g s  t o  t h e  o b s e r v e d  
ones  as  a f u n c t i o n  o f  /3 

s i d e r a t i o n s :  a = 4 . 1 8 ( 1 )  1 ,  b = 7 . 3 4 ( 0 )  1 ,  c = 2 . 4 2 ( 9 )  1 ,  
/3=90.5'. A d e c i s i o n  a b o u t  t h e  space  g r o u p  c a n  o n l y  b e o b  
t a i n e d  a f t e r  a p r o p e r  c a l c u l a t i o n  o f t h e  i n t e n s i t i e s , w h i c h  
i s  d i f f i c u l t  f o r t h e  HEEDda ta  b e c a u s e o f t h e  p o s s i b i l i t y  
o f  d y n a m i c a l  e f f e c t s ,  w h i c h  may a l t e r  t h e  r e l a t i v e  i n t e n -  
s i t y  o f  c e r t a i n r e f l e c t i o n s .  A c l e a r  e v i d e n c e  f o r  t h e p r o -  
p e r  space  g r o u p  w i l l  come f r o m  a measurement  o f  X - r a y  i n -  
t e n s i t i e s  f o r  t h e  001 and 002 r e f l e c t i o n s ,  w h i c h  we a r e  
p r e s e n t l y  a t t e m p t i n g  t o  p e r f o r m .  
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