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EFFECTS OF THERMAL TREATMENT ON THE TEMPERATURE AND 
HEAT OF ISOTROPIZATION I N  A NEMATIC POLYETHER. 

J . L .  FEIJOO, G. UNGAR, A . J .  OWEN, A.KELLER 
H.H. W i l l s  Phys i c s  Labora tory ,  U n i v e r s i t y  of B r i s t o l ,  
Tyndal l  Avenue, B r i s t o l  BS8 1TL. U.K. 
V. PERCEC 
Case Western Reserve U n i v e r s i t y ,  Cleve land ,  Ohio, 
U.S.A. 

A b s t r a c t  A new f a m i l y  of  l i q u i d  c r y s t a l  f o r m i n g  
compounds, p o l y e t h e r s  c o n s t i t u t e d  of a mesogen 
( a -me thy l s t i l bene )  and f l e x i b l e  a l i p h a t i c  s p a c e r s  
p rov ides  a ready  r e a l i z a t i o n  of i s o t r o p i c - l i q u i d  
c r y s t a l - t r u e  c r y s t a l  r e g i m e s  i n  o n e  and  t h e  same 
material i n  a convenient  t empera tu re  range wi thou t  
d e g r a d a t i o n  problems. Within t h e  the rmot rop ic  range  
t h e  i s o t r o p i z a t i o n  tempera ture  was found t o  be 
v a r i a b l e ,  a f f e c t e d  by preceding  thermal  t r e a t m e n t :  
h e a t  t r ea tmen t  s h i f t s  t h e  t r a n s i t i o n  t o  h ighe r  
tempera tures  w i t h  co r re spond ing ly  h ighe r  h e a t  of 
i s o t r o p i z a t i o n .  The e f f e c t  w a s  found t o  c o r r e l a t e  
wi th  coa r sen ing  of v i s i b l e  t e x t u r e .  

INTRODUCTION 

The f i n d i n g s  he re  p re sen ted  form p a r t  of a wider  programme 

o n  main  c h a i n  m e s o g e n i c  po lymers  f i r s t  i n t r o d u c e d  by 

Rov ie l lo  and S i r i g u  and s i n c e  more r e c e n t l y  by Pe rcec  

and c o l l a b o r a t o r s  . ( 2 )  

I n  t h e s e  m a t e r i a l s  m e s o g e n i c  a n d  f l e x i b l e  s p a c e r  

u n i t s  are j o i n e d  through e t h e r  l i n k a g e s ,  which, from t h e  

p o i n t  of view of t h e  p r e s e n t  works, has  t h e  advantage  over  

t h e  more e x t e n s i v e l y  s t u d i e d  and used  p o l y e s t e r s  of 

g r e a t e r  cha in  f l e x i b i l i t y  and h i g h e r  thermal  s t a b i l i t y .  

The combined e f f e c t  of t h e s e  two p r o p e r t i e s  enab le s  t h e  

i s o t r o p i c  s t a t e  t o  be r e a d i l y  a t t a i n e d  a t  c o n v e n i e n t  
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488 J .  L. FEIJOO, G. UNGAR, A .  J. OWEN, A. KELLER AND V. PERCEC 

t e m p e r a t u r e s  w i t h o u t  t h e  r i s k  of t h e r m a l  d e g r a d a t i o n .  In 

a d d i t i o n ,  t h e  materials are s o l u b l e  t o  v a r y i n g  e x t e n t s  

t h r o u g h  which t h e y  can  be o b t a i n e d  i n  t h e  l y o t r o p i c  s t a t e  

w i t h  t h e  concommitant p o s s i b i l i t y  of  mapping t h e  f u l l  

l y o t r o p i c  - t h e r m o t r o p i c  phase  d i a g r a m  . ( 3 )  

I n  t h e  work h e r e  r e p o r t e d  we are c o n f i n i n g  o u r s e l v e s  

t o  t h e  t h e r m o t r o p i c  r a n g e  and s h a l l  u s e  t h e  o p p o r t u n i t y  

o f f e r e d  by t h e s e  ma te r i a l s  t o  e x p l o r e  t h e  n e m a t i c  - 
i s o t r o p i c  t r a n s i t i o n  i n  some d e p t h .  I n  t h e  c o u r s e  of i t  

w e  f i n d  t h a t  t h e  i s o t r o p i z a t i o n  t e m p e r a t u r e  ( T . )  cannot  be 

u n i q u e l y  i d e n t i f i e d  by j u s t  any t e m p e r a t u r e  s c a n  because ,  

as i n  t h e  case of c r y s t a l  m e l t i n g  i n  c r y s t a l l i n e  polymers ,  

i t  i s  a f f e c t e d  by t h e  t h e r m a l  h i s t o r y  of t h e  sample.  The 

l a t t e r  h a s  v i s i b l e  m a n i f e s t a t i o n s  i n  t h e  m i c r o s t r u c t u r e  

o b s e r v e d  i n  t h e  form of  c o a r s e n i n g  of  t h e  d i s i n c l i n a t i o n  

ne tworks .  These f i n d i n g s  open up f u t u r e  p o s s i b i l i t i e s  of  

q u a n t i t a t i v e  c o r r e l a t i o n s  w i t h  d i s i n c l i n a t i o n  c o n t e n t  and 

of d e t e r m i n i n g  t h e  d i s i n c l i n a t i o n  f r e e  e n t h a l p y .  

EXPERIMENTAL 

Materials and Methods 
The materials used  i n  t h i s  s t u d y  were main c h a i n  random 

c o p o l y e t h e r s  of 4,4'-Dihydroxy-a-methylstilbene (HMS) and 

1 : 1 molar m i x t u r e s  of 1 ,5-dibromopentane and  1,7-dibromo- 

heptane .  These were s y n t h e s i s e d  by phase  t r a n s f e r  

c a t a l y z e d  p o l  y e t h e r i f  i c a t i o n  ( 2 ) .  The random copolymers  

s t u d i e d  were w i t h  1:l mole ra t ios  of 5 and 7 -CH2- u n i t s ,  

and t h e y  have t h e  g e n e r a l  formula :  
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THERMAL TREATMENT IN A NEMATIC POLYETHER 489 

A Perkin-Elmer DSC-2 c a l o r i m e t e r  w a s  u s e d  t o  measure t h e  

t h e r m a l  p r o p e r t i e s  of random copolymer samples  as a 

f i inc t  i o n  of t e m p e r a t u r e .  V a r i o u s  h e a t  t r e a t m e n t s  

( a n n e a l i n g s )  were a l s o  c a r r i e d  o u t  i n  t h e  c a l o r i m e t e r  when 

t h e  need f o r  t h e s e  a r o s e .  The h e a t i n g  rates used  were 

10°K/min. The D.S.C. i n s t r u m e n t  was c a l i b r a t e d  a c c o r d i n g  

t o  recommended p r o c e d u r e s .  

S o l v e n t - c a s t  f i l m s  were p r e p a r e d  on microscope  c o v e r  

g l a s s e s  and used as t e s t  spec imens  f o r  o p t i c a l  microscopy.  

I s o t h e r m a l  h e a t  t r e a t m e n t  of  t h e  f i l m s  w a s  performed by 

p l a c i n g  t h e  spec imens  i n  t h e  .D.S.C. sample h o l d e r s .  

S e l e c t e d  samples  were examined u n d e r  t he  p o l a r i s i n g  micro-  

s cope. 

RESULTS AND DISCUSSION 

F i g u r e  1 d i s p l a y s  t h r e e  t r a n s i t i o n  t e m p e r a t u r e s ,  g l a s s  

t r a n s i t i o n  (T ), c r y s t a l  m e l t i n g  (T max) and i s o t r o p i z -  
g m 

a t i o n  ( T . )  as a f u n c t i o n  o f  m o l e c u l a r  w e i g h t  (in). Here 

Tmm= r e p r e s e n t s  t h e  maximum m e l t i n g  t e m p e r a t u r e  of t h e  

m o s t  s t a b l e  c r y s t a l  form o b t a i n a b l e  by h e a t  a n n e a l i n g  a t  

small  s u p e r c o o l i n g s .  A s  a n t i c i p a t e d  a l l  three t r a n s i t i o n s  

f i r s t  i n c r e a s e  a n d  t h e n  l e v e l  o f f  w i t h  . Ti ,  t h e  

p r i n c i p a l  s u b j e c t  of o u r  i n v e s t i g a t i o n ,  i n i t i a l l y  

i n c r e a s e s  s h a r p l y  w i t h  c u n t i l  En - 12000. From t h e r e o n ,  

w h i l e  b r o a d l y  l e v e l l i n g  o f f ,  t h e  d a t a  p o i n t s  are 

m u l t i v a l u e d .  It d i d  t u r n  o u t  t h a t  t h i s  v a r i a b i l i t y  i s  

a f € e c t e d  by h e a t  t r e a t m e n t  b o t h  b e l o w  a n d  a b o v e  t h e  

c r y s t a l  m e l t i n g  p o i n t  T p r i o r  t o  i s o t r o p i z a t i o n .  I n  v iew 

o f  t h e  f a c t  t h a t  t h e  as-measured Ti i s  g e n e r a l l y  t h o u g h t  

t o  be a n  e q u i l i b r i u m  q u a n t i t y  t h i s  b e h a v i o u r  i s  unexpected  

and w a s  examined f u r t h e r .  
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490 J. I.. FEIJOO, G. UNGAR, A. J. OWEN, A. KELLER AND V. PERCEC 

F i g .  2 shows DSC thermograms c o r r e s p o n d i n g  t o  t h e  

i s o t r o p i z a t i o n  t r a n s i t i o n  as a f u n c t i o n  of  h e a t  t r e a t m e n t  

t i m e  f o r  = 17700, i n  t h i s  case below Tm . A s  s e e n ,  max 

200 

I50 

T ('C) 

100 

50 

C #' 
10 20 30 

t441o3 
FIGUKE 1 .  T r a n s i t i o n  t e m p e r a t u r e s  of PHHS - 5 / 7  
(50 :50)  copolymer as  a f u n c t i o n  of m o l e c u l a r  w e i g h t  
as d e t e r m i n e d  , I $  DSC: T = g l a s s  t r a n s i t i o n  

= maximug m e l t i n g  p o i n t  of t h e  t e m p e r a t u r e ;  
most s t a b l e  c r y s t a l  form,  a c h i e v e d  by a n n e a l i n g  a t  
low s u p e r c o o l i n g ;  Ti = n e m a t i c - i s o t r o p i c  t r a n s i t i o n  
t e m p e r a t u r e  ( I =  some a s - p r e p a r e d  samples  which were 
t r a n s f o r m e d  i n t o  t h e  c o r r e s p o n d i n g  samples  a on h e a t  
t r e a t m e n t ) .  

*m 

b o t h  t h e  t r a n s i t i o n  t e m p e r a t u r e  Ti and t h e  h e a t  of 

i s o t r o p i z a t i o n  ( A H . ) ,  as a s s e s s e d  from t h e  endotherm peak 

a rea ,  are i n c r e a s i n g  w i t h  a n n e a l i n g  t i m e .  It f o l l o w s  

t h e r e f o r e  t h a t  Ti and AHi, s i m p l y  as  measured,  may n o t  
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THERMAL TREATMENT IN A NEMATIC POLYETHER 49 1 

correspond t o  e q u i l i b r i u m  v a l u e s  beyond a c e r t a i n  

molecu la r  we igh t ,  ME, and i t  is  n e c e s s a r y  t o  annea l  t h e  

sample f o r  t he  e q u i l i b r i u m  t o  be approached.  

Beyond MZ, t h e  molecular  weight  dependence would t h e n  

r e f l e c t  t h e  lowered m o b i l i t y  of t h e  c h a i n s ,  and 

p a r t i c u l a r ,  t h a t  of t h e  mesogenic u n i t s .  

i n  

120 1 %  1 . a  tw 160 170 180 190 2 0 0  210 

TEMPERATURE ('C) 

FIGURE 2 DSC thermograms of PHMS-5/7 (50:50) ,  = 
17700, samples  annea led  a t  100°C: A(2.0h),B(6.4%), 
C(13.5h) and D(16.6h). 

F ig .  3 d i s p l a y s  t h e  p o l a r i s i n g  o p t i c a l  images f o r  t h e  same 

s a m p l e s  as i n  F ig .  2. The dark  l i n e s ,  are most l i k e l y  t o  

be d i s i n c l i n a t i o n s  c i r cumscr ib ing ,  what appea r s  as 

"domains" .  T h e  s i z e  o f  t h e  "domains"  i n c r e a s e s  w i t h  

a n n e a l i n g  t ime, t h e  t e x t u r e  coa r sen ing  and t h e  number of 

d i s i n c l i n a t i o n s  r educ ing  acco rd ing ly .  The l a t t e r  i n  

i t s e l f  would e n t a i l  a r e d u c t i o n  of n e t  e n t h a l p y  and f r e e  

e n t h a l p y  of t h e  nemat ic  phase t h u s ,  a t  l e a s t  i n  a 

q u a l i t a t i v e  s e n s e ,  c o r r e l a t i n g  w i t h  t h e  t r e n d  i n  t h e  

thermograms of F ig .  2. 

T h e  a b o v e  f i n d i n g s  a l l o w  a s a m p l e  wh ich  i s  i n  a n  

i m p e r f e c t  nonequ i l ib r ium s t a t e  t o  be c h a r a c t e r i z e d  u s i n g  

t h e  measured h e a t  and tempera ture  of i s o t r o p i z a t  i o n ,  

a n d  T i ,  i n  r e l a t i o n  t o  t h e  c o r r e s p o n d i n g  e q u i l i b r i u m  
AHi 

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:
03

 1
9 

Fe
br

ua
ry

 2
01

3 



492 J. L. FEIJOO, G. UNGAR,  A. J .  OWEN. A. KELLER AND V. PERCEC 

W m 

v a l u e s  AHi and Ti . 
01 

We assume an e x p o n e n t i a l  approach of AHi t o  AHi and 

f i n d  t h e  l a t t e r  parameter  by l i n e a r i z i n g  Ln (AHi- - AHi 

( t ) )  versus  annea l ing  t i m e  t ( f i g .  4 ) .  This  t h e n  provides  

= 12.5 J/ f o r  t h e  hea t  of i s o t r o p i z a t i o n  i n  t h e  

e q u i l i b r i u m  s ta te .  With t h i s  va lue  we can t h e n  

c h a r a c t e r i s e  a sample by c o n s i d e r i n g  AHi(t)/AHi a 

q u a n t i t y  which, r i s k i n g  some o b j e c t i o n s  t o  t h e  term, may, 

m 

AHi g 

W 

C D -- >c, , , I  

FIGURE 3.  SEquence of o p t i c a l  micrographs  f o r  PHMS 
5 / 7  (50:50),Mn = 17700, t a k e n  a t  d i f f e r e n t  t i m e  
i n t e r v a l s  d u r i n g  annea l ing  a t  100°C. A(Unannealed1, 
B(6.4h),  C(13.5h)  and D(16.6h). 

i n  analogy wi th  c r y s t a l l i n e  polymers, be termed degree of 

l i q u i d  c r y s t a l l i n i t y .  
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THERMAL TREATMENT IN A NEMATIC POLYETHER 493 

W 

Values of (AH.(t)/AH ). lo0 t o g e t h e r  w i t h  t h e  a c t u a l  

AH va lues  as a f u n c t i o n  of annea l ing  time a r e  p l o t t e d  i n  

F ig .  5. A s  s e e n  t h e  (AH (t)/AH )I00 v a l u e s  range from 

39% t o  72% r e p r e s e n t i n g  t h e  p e r f e c t i o n  of l i q u i d  

c r y s t a l l i n i t y  a s  a pe rcen tage  of i t s  e q u i l i b r i u m  va lue .  

1 i 

i m 

i i 

The r eason  t h a t  i n  t h e  expe r imen ta l  s e r i e s  p re sen ted  

he re  t h e  hea t  t r ea tmen t  was conducted below Tm i s  t h a t  

some o x i d a t i o n  of t h e  polymer w a s  d e t e c t e d  d u r i n g  p ro l -  

onged  annea l ings  i n  a i r  above T . C u r r e n t l y ,  vacuum 

max 

max 
m 

ANNEALING TIME ( h )  
m 

FIGURE 4 .  a (AH - AH.( t ) )vs  annea l ing  t ime a s  
derived from ' t h e  tf iewograms of PHMS - 5/7 (50:50)  
(Mn = 17700), w i th  AHi 

1 

= 12.5 J /g .  

max a n n e a l i n g s  are be ing  performed above T , i . e .  w h i l e  i n  

t h e  nematic s t a t e .  I n  t h e  l a t t e r  c a s e  s h o r t e r  annea l ing  

times a r e  r e q u i r e d  t o  o b t a i n  t h e  same AH va lue  t h a n  f o r  

h e a t i n g  below T . 

m 

i 

m 
The p re l imina ry  r e s u l t s  here  p r e s e n t e d  c o n t a i n ,  i n  

o u r  view, an e s s e n t i a l  r ecogn i t ion :  namely t h a t  i n  h igh  

molecu la r  weight m a t e r i a l  t h e r e  can e x i s t  non-equilibrium 

s t a t e s  of l i q u i d  c r y s t a l l i n i t y ,  where d e p a r t u r e s  from t h e  

e q u i l i b r i u m  s ta tes  can be q u a n t i f i e d  c a l o r i m e t r i c a l l y  and 

a l s o  c o r r e l a t e d  (even i f  so  Ear on ly  q u a l i t a t i v e l y )  w i th  
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m 

FIGURE 5 AHi and AHi(t)/AHi v s  a n n e a l i n g  t i m e  as 
d e r i v e d  i r o m  t h e  t h e r m o g r a m s  o f  PHMS-5/7 ( 5 0 : 5 0 )  
samples  (Mn = 17700). 

t h e  scale of t h e  d i s i n c l i n a t i o n  t e x t u r e  as o b s e r v e d  v i s -  

u a l l y  under  t h e  p o l a r i s i n g  microscope .  Above a l l ,  t h i s  

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

i s o t r o p i z a t i o n  t e m p e r a t u r e s  (T >. The o b s e r v e d  e f f e c t  a l s o  

p r e s e n t s  a n  o p p o r t u n i t y  f o r  e x p e r i m e n t a l  d e t e r m i n a t i o n  of 

t h e  f r e e  e n t h a l p y  of d i s i n c l i n a t i o n s .  The work on t h i s  

i s s u e  is c u r r e n t l y  i n  p r o g r e s s .  

i 
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