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AN X-RAY D I F F R A C T I O N  STUDY OF L I Q U I D  C R Y S T A L  
POLYSILOXANE COPOLYMERS 

H.H. SUTHERLAND, Z. XI-ADIB, B. GASGOUS 
Dept. of Physics, University of H u l l ,  H u l l ,  England 

G. NESTOR 
Dept. of Chemistry, University of H u l l ,  H u l l ,  England 

Abstract The s m e c t i c  and nematic phases of a series of 
l iqu id  c r y s t a l  p o l y m e r s  b a s e d  on  ( I )  a p o l y  
(hydrogemethylsiloxane) backbone  and (11) a p o l y  
( hydrcqenmethyld imethylsi loxane) c o po 1 y mer ba c k bone  
have been investigated by x-ray diffract ion.  

The polymers have the form 

x = H ,  CH3 when m = 8, Y = CN 

* 
Y = CN, OCH3, C02CH2 CHCH2CH3 m = 6 

CH3 
I 

A compara t ive  s t u d y  of results obta ined  from t h e  
homopolymer and the s t a t i s t i c a l l y  random copolymer is 
presented. The dependence of spacing on the length of 
the f l e x i b l e  spacer  and t e r m i n a l  grouping of t h e  
mesogenic s i d e  chain is discussed and possible  packing 
m o d e l s  deduced. 
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328 H .  H .  SUTHERLAND, Z. ALI-ADIB, B.  GASGOUS AND G. NESTOR 

INTRODUCTION 

Thermotropic l i q u i d  c r y s t a l  side c h a i n  p o l y m e r s  c a n  form 

when mesogen ic  g r o u p s  a re  bonded d i r e c t l y  or v i a  s p a c e r  

groups s u c h  as a n  a l i p h a t i c  c h a i n  to the  main c h a i n  o f  a 

macromolecule - t h e  polymer backbone. 

This pape r  describes a s t r u c t u r a l  i n v e s t i g a t i o n  of a 

series of l i q u i d  c r y s t a l  polymers based on a poly(hydrogen 

methyl dimethyl  s i loxane)  backbone. 

The copolymer materials were prepared using a Petrarch 

PS122.5 polyhydrogen me thy ld ime thy l  s i l oxane  backbone and 

t h e  homopolymer m a t e r i a l s  on a DOW 1107 polyhydrogen methyl 

s i l oxane  backbone. 

EXPERIMENTAL 

The x-ray d i f f r a c t i o n  p a t t e r n s  were r e c o r d e d  on f l a t  

photographic p l a t e s  with sample to  p l a t e  d i s t a n c e  between 6 

and 10 ans. The r a d i a t i o n  used was CuKo obtained using a 
g r a p h i t e  monochromator.  The samples were i n i t i a l l y  

mechanically a l i g n e d  by s t r e t c h i n g ,  i n s e r t e d  i n t o  p1.3, 0.5 

or 1 mm diameter  g l a s s  c a p i l l a r i e s  and a t t ached  to  a metal 

heat ing block. The temperature,  measured using a chromel- 

almel the rmocoup le ,  c o u l d  be c o n t r o l l e d  t o  - +0.2' C. I n  

subsequent experiments  s e v e r a l  of t h e  samples were found to 

a l i g n  i n  a m a g n e t i c  f i e l d  of 1.6T. 

X-ray d i f f r a c t i o n  p h o t o g r a p h s  were t a k e n  a t  r e g u l a r  

i n t e r v a l s  d u r i n g  h e a t i n g  from 15OC up  t o  t h e  i s o t r o p i c  

phase. 

RESULTS AND DISCUSSION 

R = (CH2)m-O-@-C02-@CN 1 ~ . = 3 - 6  
T h e  homopolymer and copo lymer  s a m p l e s  of m e c h a n i c a l l y  D
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POLYSILOXANE COPOLYMERS 329 

aligned specimens have some common features. Both give 
sharp low angle equatorial first and second order 
reflections, and a diffuse meridianal maximum corresponding 

FIGURE 1. X-ray photographs for (a) copolymer and (b) 
homopolymer for rn = 4. 

to an intermolecular distance, D, of approximately 5A. In 
addition, the homopolymers gave two broader equatorial 
reflections with d-spacings of approximately l @ A  and 7 A ,  

the values varying with the lengths of the spacer unit; 
whereas the copolymers gave a diffraction ring with d- 
spacing of 7-8A. In the case of the homopolymer these are 
due to columns of mesogenic units and backbone and in the 
copolymer to the backbone. The smectic layer spacing was 
obtained as a function of temperature for both sets of 
polymer Fig.1 and was found to decrease as the temperature 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
02

 1
9 

Fe
br

ua
ry

 2
01

3 



330 H. H. SUTHERLAND, Z. ALI-ADIB, B. GASGOUS AND G. NESTOK 

R = (Q12)5- 0 -@-C02-@CN 

20 i 0 COPOLYMER 

I D roc 
0 100 200 

FIGURE 2. V a r i a t i o n  of  t h e  l a y e r  s p a c i n g  w i t h  

tanperature.  

was i n c r e a s e d ,  t h e  a v e r a g e  v a l u e  for t h e  copolymer was 
-.03A K-I and for t h e  homopolymers -.014A K-’. I n  

addi t ion  t h e  copolymer layer  spacing for m of 4,5 and 6 was 

approximately 8-9A l a r g e r  t h a n  t h a t  for t h e  c o r r e s p o n d i n g  
homopolymer, T a D l e  I. The oDserved i n t e r l a y e r  spacings are 

TABLE I O v e r l a p  d i s t a n c e s  for t h e  observed  l a y e r  
spacing a t  TI-30 

The ca lcu la ted  Copolymer Homopolymer 
length of t h e  
f u l l y  extended The overlap The overlap 

m side chain(A) d , A  d i s tance(&)  d,A distance(A) 

3 39.7 33.0 6.7 27.0 12.7 

4 42.3 34.3 8.0 25.7 16.6 

5 44.3 35.5 8.8 27.0 17.3 

6 47.1 39.9 8.1 30.0 17.1 D
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POLYSfLOXANE COPOLYMERS 33 I 

cons ide rab ly  s m a l l e r  t h a n  t h e  c a l c u l a t e d  l e n g t h  of t h e  

molecule, a s s u m i n g  t h a t  t h e  m e s o g e n i c  g r o u p s  l i e  

perpendicular t o  t h e  main polymer chain. Such a decrease 

can be e x p l a i n e d  i n  terms of t i l t i n g  or i n t e r d i g i t a t i o n .  

Howsver t h e r e  is  no e v i d e n c e  for a smectic C p h a s e  and a n  

i n t e r d i g i t a t e d  smectic A a r r a n g e m e n t  is most l i k e l y .  I n  

t h e  copolymer there is a partial ove r l ap  of t h e  core and i n  

t h e  homopolymer t o t a l  o v e r l a p  of t h e  c o r e  b u t  n o t  of t h e  

f l e x i b l e  s p a c e r ,  F i g . 3 .  B o t h  a r r a n g e m e n t s  a r e  

CDFULYflER WERLAP 

FIGURE 3.  Schematic r e p r e s e n t a t i o n  of packing. 

e n e r g e t i c a l l y  f avouraDle  and are c o n s i s t e n t  w i t h  t h e  

g r e a t e r  f l e x i b i l i t y  of t h e  copo lymer  backbone and t h e  

weaker forces between the  reduced number of mesogenic u n i t s  

i n  t h e  copolymer. 
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332 H. H.  SUTHERLAND, Z .  ALI-ADIB, B .  GASGOUS AND G. NESTOR 

R = (CH2)g-0- 0 -CO2-(O)-CN 

The d i f f r a c t i o n  

homopolymer w e  r e 
previous samples. 

Q, 
pho tographs  o f  t h e  copolymer  and 

s i m i l a r  t o  t h o s e  o b t a i n e d  from t h e  

T h e  copolymer gave f i r s t  and second 

order l a m e l l a r  spac ings  of 43.8 and 21.5A a t  25OC, which  

decreased a t  -.12A K - I  a s  t h e  tempera ture  was increased ,  

Fig.4. T h i s  spacing is c o n s i s t e n t  wi th  t h e  spacing 

0 '  I 8 0 Toc 
0 5 0  100 

FIGURE 4.  V a r i a t i o n  o f  l a y e r  s p a c i n g  w i t h  

temperature. 

obtained for the series without t h e  methyl group and can be 

explained i n  terms of an interdigitated smectic A structure 
w i t h  a co re  over lap  of 8.4A. T h e r e  were t h e  d i f f u s e  

c i rcu lar  r i n g  a t  8.4A and t h e  ou te r  d i f f u s e  mer id i ana l  
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POLYSILOXANE COPOLYMERS 333 

reflection. The homopolymer at 20OC gave a first order 
lamellar spacing of 35 .6A and when the temperature was 
raised above 30OC a second order reflection was observed. 
The spacing which is approximately 8 A  smaller than that for 
the copolymer is due to a smectic A interdigitated 
structure with a core overlap of 1 6 . 4 A  - a result which is 
similar to those ootained for the previous group compunds. 

R = ( C H 2 ) 6 - 0 - @ - ~ ~ - @ - ~ ~  CH2 $* H CH2 cH3 

Non-aligned samples of the copolymer gave a first order 
reflection at 30.1A, a broad diffuse band at approximately 
7-9A and the diffuse reflection at d = 4.6A. Alignment in 
a 1.6T magnetic field gave at 20OC an intense first order 
meridianal reflection of 30 .1A and weaker second order of 
14.6A, two extended diffuse arcs of 8.18 and 6 .0A and a 
diffuse equatorial reflection of D = 4.96A. The lamellar 
spacing, which decreased - . 0 4 A  K-l, with increasing 

C H 3  

FIGURE 5. X-ray photographs for (a) copolymer and (b) 
hanopolper. 
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334 H. H.  SUTHERLAND, Z. ALI-ADIB, B. GASGOUS AND G. NESTOK 

temperature, is c o n s i d e r a b l y  less t h a n  t h e  l e n g t h  of t w o  
mesogenic u n i t s  p l u s  backbone, 52.8A. T h i s  d i s c r e p a n c y  
can be accounted f o r  i f  t h e  copolymer has an i n t e r d i g i t a t e d  
smectic A s t r u c t u r e  w i t h  a n  o v e r l a p  of 2 2 . 7 A  w h i c h  

indicates almost t o t a l  o v e r l a p .  T h e  two d i f f u s e  a r c s  a t  

8.8 a d  6.9A probably arise from columns of mesogenic u n i t s  
and backbone which are perpendicular to  t h e  layers.  

T h e  d i f f r a c t i o n  p a t t e r n  from non-aligned samples of t h e  
hcmopolywr g a v e  a series o f  c o n c e n t r i c  c i rc les .  
Mechanically a l igned samples produced a s t rong f i r s t  order 
e q u a t o r i a l  r e f l e c t i o n  of 24.63 and moderately s t rong second 
order of 12.2A a t  20OC. The lamellar spacing w a s  constant  
w i t h  i n c r e a s i n g  t e m p e r a t u r e .  The s p a c i n g  of 24 .6A 1s 
smaller  than even t h e  length  of one mesogenic u n i t  and can 
be explained i n  terms of an i n t e r d i g i t a t e d  s t r u c t u r e  w l t h  

the mesogenic  u n i t s  i n c l i n e d  a t  30' t o  t h e  l a y e r .  I n  
addi t ion  there were two sets of d i f f u s e  r e f l e c t i o n s  a t  8.85 

and 6.91A. These  took  t h e  form o f  f o u r  sectors whose 

maxima lay a l o n g  two l i n e s  w h i c h  were i n c l i n e d  a t  30O t o  
t h e  equator. The d i f f u s e  r e f l e c t i o n s  arise from columns 
of mesogenic  u n i t s  and backbone w h i c h  a r e  l y i n g  a t  30O t o  
t h e  mesogenic u n i t s  i n  t h e  layers.  

R = (CH2) 6-o-@-co2-@]-o-cH3 

The copolymer and t h e  homopolymer were a l i g n e d  i n  a 1.6T 

magnetic f i e l d ;  b o t h  g a v e  s i m i l a r  d i f f r a c t i o n  p a t t e r n s  
e x h i m t i n g  nematic phases; those f o r  t he  homopolymer are i n  
agreement w i t h  t h e  r e s u l t s  of Zugenmaier and Muggel. 

Although t h e  homopolymer  a t  20OC was o b s e r v e d  t o  
c r y s t a l l i s e  w i t h  t i m e ,  no such  e f f e c t  was noted  f o r  t h e  D
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POLYSILOXANE COPOLYMERS 335 

copolymer. At 20OC the copolymer on the meridian gave a 
strong first order maximum of 30.1A in the form of four 
spots, together with a weak second order reflection, a 

(a) ( b) 
FIGURE 6. X-ray photograph of (a) copolymer and (b) 
homopolymer. 

diffuse 10.9A reflection in the form of 4 segments with the 
maximum inclined at -25' to the meridian; a ring of spacing 
8.0A with maximum intensity on the meridian; and diffuse 
arcs with spacing of 6.23 and 4.58A. On the equator there 
was the usual diffuse reflection with D of 4.92A. Since 
the length of two mesogenic units plus backbone is 46.0A, 
the lamellar spacing of 30A implies interdigitation with 
core overlap of 15.4A. This can be compared with the 
corresponding homopolymer spacing of 23A which requires 
total overlap of core and alkyl chain together with a 
random tilt of 20O. 
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