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THERMAL CHANGES I N  POLYMERS WITH 

LIQUID CRYSTALLINE ORDER . 
V .V .Tsukruk,V .V .Shilov,V .S .Grebneva, 

I .I .Konstantinov,Y .S .Lipatov,Y .B.Amerik 

I n s t i t u t e  of Macromolecular Chemistry, 

252160,Kiev,UkSSR 

I n s t i t u t e  of Petrochemicul Synthes is ,  

103073 ,Moscow ,USSR 
(SubmiLtecf doh Pubk5ca;tion May 4, 1981 ,  Revhcd May 5, 1 9 b 2 )  

A b s t r a c t  : X-ray s tudy of a number of polymers 

with mesogenic s i d e  groups has been c a r r i e d  ou t  

i n  a wide temperature range . I t  ha6 been demonstra- 

t e d  that thermal changes i n  l i q u i d  c r y s t a l l i n e  or -  

de r ing  are determined by the change i n  main cha in  

mob i l i t y  . 
S t r u c t u r a l  i n v e s t i g a t i o n s  of  polymers wi th  mesogenic 

s ide  groups poin t  t o  the  ex i s t ance  of LC s t r u c t u r e s  i n  

a glassy s t a t e  /1/ .LC o rde r ing  i s  supposed t o  be inva- 

r iab le  up t o  t r a n s i t i o n  i n t o  LC s t a t e  /2/ .This f a c t  

g ives  a good p o s s i b i l i t y  t o  s tudy the  LC polymers at 

room temperature8, i .e .  i n  the  glassy s t a t e  a I  polymers, 

Recently we have shown that f o r  eome polymers 
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216 V. V. TSUKRUK e l  al. 

with azobenzene side groups the increase of tempera- 

ture  leads t o  a great  and reversible  increase i n  

peak i n t e n e i t i e s  on X-ray d i f f r a c t i o n  curves /3 ,4 / .  

We explain t h i s  e f f e c t  by the improvement o f  LC o r -  

dering because of the increase o f  mobility o f  the 

main chain. 

To e lucidate  the pecu l i a r i t i e s  of the thermal 

change6 and the r o l e  of the polymer main chain i n  t h i e  

process r e  have invest igated some polymers w i t h  various 

length of  the spacer-groups.The LC polymers of  a gene- 

ral formula have been used : 

tu CH2-C (CH3 
I 

O&-0- (CH ) C-04 6H4-E-O-C 6Hq-O-C4Hg 
0 0 

2 n-rr 

with n=O,3,10 (PM-n) . 
X - r a y  d i f f r ac t ion  curves f o r  PM-n were obtained 

with an automatic diffractometer having a pinhole col- 

l imation with CuK, radiat ion.  

Sharp peaks on low-aagle d i f f r ac t ion  curves (Fig.1) 

are  indicat ive of a smectic s t ruc ture  i n  polymers / l / *  
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F ig. I. Diffract ion curves a)PDIE-O, b)P&3, c)PM-IO 

A 

f 

” 330 - 450 330 4‘0 T,K 390” 45-u 
Q) 6) c )  

Fig. 2.Pea.k intensi ty  ( XXXX-I,~), integral  inten- 
s i t y  ( oooo-Iint), in tegral  peak width ( A A A ~  - ~ 3 ~ ~ ~ )  

as a‘ function of tenperature ( t rans i t ion  temperature 
are marked with arrows) ~)P~~~~O,~)P~C~~~,C~P~I-IO. 
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218 V. V. TSUKRUK el al. 

The increase  i n  the  i n t e n s i t i e s  of low-angle 

peaks with temperature is s i m i l a r  both f o r  PM-0 and 

o the r  polymers /3,4/.If our e a r l i e r  assumption i s  

t rue , the  thermal changes w i l l  be dependent on the 

length  o f  spacer-groups .Moreover the temperature chan- 

ges  i n  polymers with independent packing of mesogenic 

groups and main chains w i l l  be analogous t o  the  chan- 

ges  i n  low-molecular LC /5/. 

I n  f a c t , t h e  temperature v a r i a t i o n s  are  changed with 

lengthening of spacer  groups (see Fig.2,PM-3) .And,fi- 

n a l l y  , the unusual thermal e f f e c t  vanish  i n  polymer with 

independent packing o f  mesogenic groups and the  main 

cha in  (PM-lO,Fig.2).In the las t  case the formation o f  

LC order  i s  not  a f f ec t ed  by the  mobil i ty  of the main 

chain.Apparently the improvement o f  LC order ing  i n  

polymers wi th  the  increase  o f  temperature is  pr imar i ly  

determined by the mobil i ty  o f  the main chain.  

According t o  our c a l c u l a t i o n s  the changes i n  in-  

t e n s i t i e s  of low-angle peaks should be assoc ia ted  w i t h  

v a r i a t i o n s  o f  concent ra t ion  and s i z e s  o f  LC domains / 6 /  

It is neccessary t o  n o t e , t h a t  the  termal changes 

i n  X-ray s c a t t e r i n g  i n  LC polymers d i f f e r  f rom thouse 
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THERMAL CHANGES IN POLYMERS 219 

corresponding  t o  p a r t i a l l y  c r y s t a l l i n e  and l a d d e r  poly- 

mers /7/.As i s  known t h e  i n c r e a s e  of low-angle d i f f r a c -  

t i o n  peak i n t e n s i t y  i n  p a r t i a l l y  c r y s t a l l i n e  polymers 

i s  caused by growing o f  e l e c t r o n  d e n s i t y  f l u c t u a t i o n  

r e s u l t i n g  from sur face  m e l t i n g  on c r y s t a l l i t i e a . A n d  

the i n c r e a s e  of i n t e n s i t y  of low-angle peaks i n  lad-  

d e r  polymers is  connected w i t h  r e d i s t r i b u t i o n  of e lec t -  

r o n  d e n s i t y  due t o  the  thermal expansion. 

Polymers w i t h  mesogenic s i d e  groups do n o t  f o l l o w  

e i t h e r  of t h e s e  schemes.In such polymers t h e  i n c r e a s e  

of temperature  l e a d s  t o  t h e  i n c r e a s e  both o f  concent- 

r a t ion  and s i z e s  o f  LC domains determined by t h e  changes 

of m o b i l i t y  o f  t h e  main cha ins .  
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