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SUHHARY 

P o l y ( e t h y l e n e  t e r e p h t h a l a t e )  PETP has been mod i f ied  
w i t h  s d i f u n c t i o n s l  a l coho l  and ac id  i n  the molar  r e l a t i o n  
1=1. By d i e l e c t r i c  r e l a x a t i o n  measurements could be shown 
t ha t  the m o d i f i c a t i o n  i nc reases  the segmental m o b i l i t y  
( 06 -p rocess )~  The l o c a l  m o b i l i t y  (6 -p rocess )  i nc reases  at 
sma l l e r  and decreases at h i ghe r  c o n c e n t r a t i o n s  of the modi- 
f i c a t o r s .  A sepa ra t i on  of the o ~ - r e l a x a t t o n  from the common 
r e l a x a t i o n  process o~+ B could be observed w i th  decreas ing 
temperature~ 

INTRODUCTION 

D i e l e c t r i c  measurements are a power fu l  t o o l  to s tudy  
locaZ and segmental mot ions of  polymers ( I ) .  Such i n v e s t i -  
g a t i o n s  ere s p e c i a l l y  of i n t e r e s t  i f  the r e s p e c t i v e  polymers 
are s y s t e m a t i c a l l y  mod i f i ed  to improve the mechaniceZ p ro -  
p e r t i e s .  Under t h i s  p o i n t  of  v iew 4 -hyd roxybenzo ic  ac id  
segments have been i n c o r p o r a t e d  i n  p o l y ( e t h y l e n e  t e r e p h t h a -  
l a t e )  PETP and l i q u i d - c r y s t a l Z i n e  random copoZy,,esters were 
ob ta ined  ( 2 ) .  Hempel at e l~  (3) proposed a change of both,  
the d i - c a r b o x y l i c  ac id  A and the d i f u n c t i o n a l  a l coho l  E in  

o ~ n 
A ~  E 

i n  o rde r  to get more p o s s i b i l i t i e s  to va ry  the chemical  
compos i t ion  and to avo id  the fo rma t ion  of extended a romat i c  
b l ocks .  The re fo re ,  n - p e n t a n e - l , 5 - d i y l - 4 - o x y b e n z o i c  ac id  

Ho ~, oc o - ( c % )  5 - o co ~ OH A '  
' 1 

and le 4 - b i s ( 4 - a c e t o x y b e n z o y l o x y ) - b e n z e n e  

CH S - C ~ 0 C - 0 0 - C 0 "~ C - CH S E' 

0 ' O 0 I 0 

were prepared and added i n  the molar  r a t i o  ~t:1 ( A ' = E ' )  to  
PETP. Dur ing  the t r a n a e s t e r i f i c a t i o n  at T = 550 K a c e t i c  ac id  
evapora tes  as i n d i c a t e d  by broken l i n e s ~  The r e l a t i o n  between 
the molar  f r a c t i o n s  of b u i l d i n g  u n i t s  was 

(PETP) x A' (X ~ 1) ( : t - x ) / 2  E ' ( 1 . X ) / 2  
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f o r  wh ich  we w i l l  use the  a b b r e v i a t i o n  P ( x ) .  The m e l t i n g  
t e m p e r a t u r e  T M found by DSC measurements decreases  w i t h  r e -  
spec t  t o  t he  T H o f  t he  pure PETP (x  = 1) as shown i n  Tab le  1. 

Tab le  lo H e l t i n g  t e m p e r a t u r e s  T H o f  the  po l ymers  

tlVl 1 0 , 8  0~7 0~6 Oe4 0 , 2  I 
K 533 504 491 490 440 488 1 J l  i i  

An e n t e o t r o p i c  me l t  w i t h  �9 nemat i c  c h a r a c t e r  cou ld  be d e t e c -  
t ed  above T= f o r  x �9 0=8 by a p o l a r i z i n g  m ic roscope ,  Due to  
the  decompo~ t t i on  o f  t he  sample the  phase t r a n s i t i o n  i n t o  the  
i s o t r o p t c  me l t  cou ld  no t  be d e t e r m i n e d .  

EXPERZHENTAL 

For  t he  measurements i n  the  f r e q u e n c y  range from 1 kHz 
to  1GHz two d i f f e r e n t  measurement systems were employed. 
From 1 kHz to  10 HHz the  a u t o m a t i c  e c - b r i d g e  HP 4192A 
( H e w l e t t - P s c k a r d )  was used,  The samples were p ressed  at  about  
530 K between two g o l d - p l a t e d  s t a i n l e s s - s t e e l  condenser  p l a t e s  
(~ 20 mm) to  a f i l m  o f  about  50 ~m t h i c k n e s s .  The d i s t a n c e  
were c o n t r o l l e d  by 50 + 2 ~m s i l i c a  f i b e r s .  For  the  h i g h  f r e -  
quency measurements f ~ m  1HHz to  1GHz the  H e w l e t t - P a c k e r d  
Zmpedance A n a l y z e r  HP 4191A has been a p p l i e d .  I n  t h i s  case the  
c e l l  was e p a r t  o f  t he  i n n e r  c o n d u c t o r  ( d i a m e t e r  3 mm. d i s -  
tance  50 ~m).  The whole equipment  i n c l u d i n g  the  t e m p e r a t u r e  
s t a b i l i z a t i o n  of  + 0 .02  K were f u l l y  computer  c o n t r o l l e d  ( 4 ) .  
Zt  s h o u l d  be mentToned here t h a t  t he  a b s o l u t e  v a l u e s  o f  ~ " 
show a r e l a t i v e l y  b i g  e r r o r  due to  u n c e r t a i n t i e s  o f  t he  c e l l  
t h i c k n e s s ,  

RESULTS AND DISCUSSION 

The measurements o f  t h e  d i e l e c t r i c  c o n s t a n t  ~ '  and the  
l o s s  6 "  were pe r fo rmed a f t e r  h e a t i n g  the sample above T . 
Then the sample was i m m e d i a t e l y  coo led  down to  the f i r s t  M 
measur ing  t e m p e r a t u r e ,  

Zn F i g .  1 da ta  o f  6 "  s t  d i f f e r e n t  f r e q u e n c i e s  and tempe- 
r a t u r e s  of  P ( 0 . 6 )  are p r e s e n t e d .  Whereas at  T = 415 .05  K 
( c u r v e  1) t he  i n c r e a s e  o f  ~ "  at  low f r e q u e n c i e s  l s  due to  the  
c o n d u c t i v i t y ,  a t  a 100 K l o w e r  t e m p e r a t u r e  a v e r y  broad d i -  
e l e c t r i c  a b s o r p t i o n  range has been obse rved ,  T h i s  one has been 
found e a r l l e r  end I n t e r p r e t e d  as a B - r e l a x a t i o n  p rocess  ( 5 - 8 ) .  
Due to  the  s t r o n g  b r o a d e n i n g  o f  t he  B-mechanism we have p l o t -  
ted  6 "  s t  c o n s t a n t  f r e q u e n c y  ove r  a wide t e m p e r a t u r e  range,  
The r e s p e c t i v e  da ta  of  pure  PETP ere g l v e n  i n  F i g .  2. Here s t  
low t e m p e r a t u r e s  the  B-mechanism and at  h l g h e r  one an = - m e c h a -  
nism c o u l d  be obse rved .  The r e s u l t s  a re  i n  agreement w l t h  da ta  
g i v e n  i n  t he  l i t e r a t u r e  ( 6 - 8 ) .  I t  i s  a l s o  known t h a t  the  I n t e n -  
s i t y  and the  r e l a x a t i o n  f r e q u e n c y  o f  the  ~ - m e c h s n l e m  depends 
on the  degree of  c r y s t a l l i z a t i o n  whereas the  ~-mechanCem i s  no t  
s e n s i t i v e  to  m o r p h o l o g t c  changes ( 6 ) .  T h e r e f o r e .  we were m a i n l y  
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F igure  1= D i e l e c t r i c  abso rp t i on  curves of P (O.6 ) .  
T(1)  = 415.05 K, T(2)  = 368~ K, T(3)  = 311o01 K, 
T(4)  = 301.27 K, T(5)  = 284.73 K, T(6)  = 271.95 K, 
T(7)  = 257.67 K, T(8)  = 243.55 K, T(9)  = 234.85 K. 

i n t e r e s t e d  in  the change of  the r e l a x a t i o n  f requenc ies  of the 
B-mechanism due to the chemical  m o d i f i c a t i o n  because the be- 
g i nn i ng  of c r y s t a l l i z a t i o n  could not be measured p a r a l l e l  to  
the d i e l e c t r i c  data i n  our exper iments .  

The r e s p e c t i v e  data of the d i e l e c t r i c  l o ss  versus  
tempera ture  of PETP c o n t a i n i n g  40 ~ of m o d t f i c a t o r  are g iven 
i n  Ftgo 3~ Here the i n t e n s i t y  of the ~ - r e Z a x a t l o n  i s  decre-  
ased and the h a l f  w id th  temperature  l s  i nc reased ,  Th i s  i n d i -  
ca tes  t ha t  a h i g h e r  con ten t  of  A'  and E ~ changes the energe- 
t i c  p o s i t i o n s  of the d i p o l e s  which are respons ib l e  f o r  the 

- r e l a x a t t o n o  Whether t h i s  i s  an e f f e c t  of a p a r t i a l  c r y -  
s t a l Z t z a t t o n  o r  of the v a r i a t i o n  of the PETP s t r u c t u r e  can 
not decided from these data .  
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F i g u r e  3= D i e l e c t r i c  a b s o r p t i o n  of  P ( 0 . 6 )  a t  f = 3 1 . 6  kHz 
( o )  and f = 0 . 1 H H z  ( + ) .  
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At h igh f r equenc ies  onZy one d i e l e c t r i c  d i s p e r s i o n  range 
could be de tec ted .  For the pure PETP the maximum of  the 
abso rp t i on  curve i s  o u t s i d e  of the expe r imen ta l  tempereture  
range whereas f o r  P (0 ,6 )  a maximum was found ( F i g .  4 ) .  
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F igure  4: D i e l e c t P i c  l o s s  of PETP (o) and P (0~ (+) 
a t  O , 1 G H z .  

For o the r  samples we could a lso  observe onZy one d i e l e c t r i c  
a b s o r p t i o n  peak at f > l  HHz~ There are no exper imen ta l  
h i n t s  f o r  a c ross over  of the ~ and B r e l a x a t i o n .  Such an 
e f f e c t  should be q u i t e  improbable because a l o c a l  mot ion 
(6 -p rocess )  should be always f e s t e r  than a segmental one. 
The mutual  i n f l u e n c e  of both mechanisms can be seen in  the 
summarized r e l a x a t i o n  f requenc ies  i n  F i g ,  5. 

For the d i s c u s s i o n  two p o i n t s  are of  i n t e r e s t :  
( t )  How the ~ and 6 mechanisms form on l y  one complex 

r e l a x a t i o n  process at h l ghe r  tempera tures  ( f r e q u e n c i e s )  
end 

( t l )  how the chemical  m o d i f i c a t i o n  i n f l u e n c e s  the dynamtcso 

To g i ve  answer to the f i r s t  ques t i on  the d i e Z e c t r i c  Zose 
of  P ( 0 , 2 )  i s  p l o t t e d  i n  F ig .  6 ve rsus  temperature  and f r e -  
quency. Two maxima can c l e a r l y  be seen at  low temperatures  
and f r equenc ies  r e s p e c t i v e l y .  The ~-mechan ism separates  from 
the common r e l a x a t i o n  process due to the i n f l u e n c e  of the 
impending g lass  t r a n s i t i o n  connected w i t h  an i nc rease  of  the 
a c t i v a t i o n  energy.  
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F igu re  5= A r rhen ius  p l o t  of  the r e l a x a t i o n  f r equenc ies  
o f  PETP (o ) ,  P ( 0 . 8 )  (+ ) ,  P ( 0 . 7 )  ( ~ ) ,  P (0~  ( ~ ) ,  P (0~  
( � 9  and P ( 0 , 2 )  ( 4 ) .  

The in f luence  of the concentrat ion of A~ E' on the 
dynamics of  the  ~ end 6 r e l a x a t i o n  a t  fR = 104 Hz i s  i l l u -  
s t r a t e d  i n  F i g ,  7 ,  
For the segmenteZ mot ion ( c - p r o c e s s )  on l y  a tendency to  e 
h i g h e r  m o b i l i t y  due to  the m o d i f i c a t i o n  can be de tec ted ,  
Hay be t h a t  the  s t rong  s c a t t e r i n g  of  the expe r imen ta l  p o i n t s  
i s  �9 r e s u l t  of  d i f f e r e n t  degree of  c r y s t a l l i z a t i o n  (6 )~  On 
the o t h e r  hand the l o c a l  8 -process  which i s  caused by the re-  
o r i e n t a t i o n  o f  the  -CO0- and C-O-C d i p o l e s  shows a s y s t e m a t i -  
ca l  behaviour= smal l  c o n c e n t r a t i o n s  of the  m o d i f i c a t o r  r e s u l t s  
i n  a h i g h e r  m o b i l i t y  and s t a r t i n g  from x ~ 0 , 8  to  lower  vaZueel 
the mot ion i s  more end more h inde red ,  0bv ious ly~  the i n c o r p o -  
r a t i o n  of  the more s t i f f  p a r t  E' g i v e s  �9 s t r o n g e r  h indrance 
f o r  the d i e l e c t r i c  r e o r i e n t a t i o n  o f  the d i p o l e s  around the 
pare a x i s  o f  the  benzene u n i t s ~  
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F i g u r e  6: D i e l e c t r i c  l o s s  of  P (0~  as f u n c t i o n  of  
f r equency  and tempera tu re .  

The a c t i v a t i o n  e n e r g i e s  of the  6 -p rocess  are not  s t r o n g l y  
I n f l u e n c e d  by the  m o d i f i c a t i o n  as demons t ra ted  i n  Tab le  2. 

Tab le  2: A c t i v a t i o n  e n e r g i e s  of  the 6 - p r o c e s s  

F o lymer  1 PETP P (0 .8 )  P(0oT) P (0 .6 )  P(0~ P(0 .2~  
~ k O  mol-  57 55. ,, 58 56, ,,,, 59 59 

,I 
The data are i n  agreement w i t h  measurements from o t h e r  groups 
on PETP ( 5 . 7 )  and on m i x t u r e s  (6~9 ,10)  and show t h a t  the 
chemica l  v a r i a t i o n  do not have a s t r o n g  i n f l u e n c e  on the 
l o c a l  mo t ions .  The e a r l i e r  p u b l i s h e d  EA-va lues of  P(Oo4) 
(8)  are  q u i t e  more u n c e r t a i n  than the ~ata  of  Tab le  2. 
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Figure 7: The tnfZuence of the mod i f i ca to r  concentre- 
t i on  x on the temperature of maximaZ d i e l e c t r 2 c  absorp- 
t i on  f o r  fR = 10 kHz. 

REFERENCES 

1. H i l l ,  N., Vaughan, W.E., Pr ice ,  A.H., Davies, M., 
" D i e l e c t r i c  Proper t ies  and Ho lecu lar  Behaviour" ,  
Van Nostrend, Reinhold Co., Princetown, New Yersey (1969). 

2. Oeckson, WOO., Kuhfuss, H.F=, O. PoZym. Sc i . ,  Polym. Chem. 
Ed. 14, 2043 (1976). 

3. Hempe-'T, Eo, Lindau, 0 . ,  R6tz, U~ Fischer ,  Ho, Utschr 
H., Kuschel~ F.,  submitted to Hol.  Crys t .  L iq .  Cryet .  

4, Kremer, Fo. Boese. D..  Heter,  G~ Fischer,  EoW~ Progr.  
in  CoZloid and Polym. Scs in  press. 

5. Davies, G.R., Ward, I , M , ,  D. Polym. Sci .  A2 10, 1153 (1972). 
6. Coburn, O~ Boyd, R.Ho, Hacromolecules 19,"~238 (1986).  
7. Hedvlgj P~ " D i e l e c t r i c  Spectroscopy of P~ymers" ,  

Academia1Ktedo, Budapest p. 133-134p p. 16B, po 398 (1977). 
8. Kresse, H~ Ernst~ 8 . .  Hempel, Eo. Kuschel~ F. ,  Cryst~ Res. 

Technol . ,  24, 135 (1989).  
9Q Benson, R=~ ,  Lewle, D=N=, Polym. Commun. 28, 289 (1987), 

10. Wendorff, O.H.w F r i ck ,  G., Ztmmermann, .H.,-~olo Cryet .  
L iq .  C rye t . ,  157, 455 (1988). 

Accepted April 18, 1990 C 


