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MOLECULAR MASS DEPENDEMCE OF P R O P E R T I E S  I N  SELECTED 
POLY/~-ALKYL-~,~-PHENYIJENE TEFLEPHTHALATE/S 

JERZY MAJNUSZ 
I n s t i t u t e  o f  Physical Chemistry and Technology 
of Polymers,Silesian Technical University,Gliwice, 
Poland 

Abstract 
compounds, oligomers and polymers coneisting of 
rod l i k e  molecule backbones and f l e x i b l e  pendant 
alkyl groups, were discussed. 

The proper t ies  of selected model 

INTRODUC T I O N  

A t  inves t iga t ion  of polymeric l i q u i d  o rys t a l s  (PIX: 8 )  

main i n t e r e s t  w a s  paid t o  the re la t ionships  between 
s t ruc tu re  and l i q u i d  crystal l ine(LC) behaviour, while 
the influenoe of moleoular maasfM) was seldom considered. 
More frequent ly  the LC behaviour of PIGS w a s  compared 
w i t h  low M model compounds. 

the PI inf luence on a aeries of main chain PLCs contai- 
ning f l e x i b l e  alkyl spacers. 

chain r i g i d  rod oligomers o f  4-hydroxybensoio acid 
terminated w i t h  phenyl groups, report ing that a t  M=558 
t he  oligomer melts at  224OC forming an isotropic melt 
a t  400°c. Kricheldorf and S0hware3 showed that the for -  
mation of  a U: phase a t  f u r t h e r  increase of M t o  1000- 
1500 for such oligomers w a s  not possible. No melting w a s  
observed below 400%, however a aolid-solid t r ans i t i on  
a t  temperature s l i g h t l y  exceeding 300% took place. 

The depresaion of t r a n s i t i o n  temperatures by a 
l a t e r a l  subs t i t u t ion  of t he  r i g i d  chains enables the 
study of LC behaviour f o r  oligomers and polymers. 

Blumstein et.al,' presented a de ta i l ed  study of 

B a l l a u f f  et ,a lO2 described the behaviour of main 

[941]/161 

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

0:
33

 1
9 

Fe
br

ua
ry

 2
01

3 



162/[9421 J. Majnusz 

Low M compounds of the general formula given below,were 

including alkyl groups4. The 
OOC 0 OCH3 studied f o r  many subs t i tuents  

l a t t e r  will be diecussed here and abreviated as MC-3. 

SYNTHESIS 

Model compounds MC-5,i.e. Bis[2-alkyl-4/4-methoxybenz0yl- 
oxy/] t a rephtha la tes  have been synthesized as presented: 

C H ~ O ~ C O C l  + HOQOH -+ C A J O O G O O Q O H  

R I R  

The de ta i led  synthersis w i l l  be described elsewhere, 

$0 

Their M was control led by nonequimolar amounts of mono- 
m e m  w e d  and by addi t ional  so l id  state polycondensation. 
The e n t i r e  range of sample8 Investigated enclosed model 
compounds from Md400 t o  polymer8 of inherent v i scos i ty  
(1X)up t o  6 dl/g. 

PROPERTIES 

S olub il i t y  
The samples s o l u b i l i t y  woretened w i t h  the  increase of  PI. 
NC-3, MC-5 and oligomerls of M ( 1 5 0 0  were soluble, i n  C H C l j  
and CH2C12 a t  ambient. Higher M oligomers and polymers 
bearing l a r g e r  a lkyl  subst i tuente[A~)were soluble in h o t  
C l 2 / C H 2 / 2 C l 2  bu t  formed g e l s  when cooled down below 8Ooc, 
All samples were soluble  In h o t  chlorinated phenols 
forming s t ab le  so lu t ions  a t  cold, 

Oligomers and polymers of the general s t ruc ture  

R 
OW 0 C O  f have been synthesized i n  polyconden- 

6 sa t ion  react ions already describe& 
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Molecular mass influence on 1;c behaviour [943]1163 

Phase t r a n s i t i o n s  
The MC-3 and MC-5 a f t e r  c r y s t a l l i z a t i o n  from ethanol 
showed sharp melting points ,  while oligomers of M (1 500 
exhibited melting a t  a l i t t l e  broader temperature range 
Oligomers of M)1500 and lower M polymers prec ip i ta ted  
during the  solut ion polycondensation, as noncrystal l ine 
so l id s  which d i d  no t  show regular  melting and could not  
be c rys t a l l i zed  without change of t h e i r  M. Higher M 
polymers formed c r y s t a l l i n e  s t ruc tures ,  however mult iple  
peaks i n  t h e i r  X-ray diffractograms could be observed 
only  when the polymers were thermally c rys t a l l i zed  for 
20-40 hours, I t  should be noted, that the morphology of 
the l o w  M model compounds and oligomers seems t o  be 
d i f f e r e n t  of that of  higher M polymers. I n  samples of 
moderate M i n  the  order of few thousands /IX=O.2-l.dl/g/ 

no c l e a r  signs of c r y s t a l l i n i t y  could be observed a t  
DSC o r  X-ray s tudies ,  

samples and f o r  polymers bearing long Ass at both, the  
microscopic and DSC studies ,  Polymers subs t i tu ted  w i t h  
s h o r t  ASS and those of high M d i d  no t  show i so t ropisa-  
t i o n  below the i r  decomposition. It is cha rac t e r i s t i c  
t h a t  the T i  i s  strongly dependent on M a t  lower M,while 
a t  higher M th is  re la t ionship  tends t o  l e v e l  of f ,  Phase 
t r a n s i t i o n  data a re  compiled i n  Table 1, while the 
dependence of Ti on M is presented i n  Figure 1. 

Mesophase characteristics 
A l l  samples studied formed mesophases, the MC-3 showed 
monotropic behaviour, while a l l  higher M samples were 
enant iotropic  w i t h  a mesophase s t a b i l i t y  increasing 
w i t h  M, The textures ,  which were sch l ie ren  nematic f o r  
the MC-3 and MC-5 melts, changed t o  more complicated 
w i t h  the  increase of M although i n  p o l T e r s  of higher M 
3hreaded nematic tex tures  were observed . 

I so t ropisa t ion  could be detected f o r  t h e  lower 
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Table 1 Phase transition data f o r  the n-octyl 
substituted samples. 

~~ 

Mc-3 463 
MC-5 822 

oiPgoLm1200 
oligomer2200 

pol p e r  3700 
polymer - 
polymer - 
polymer - 

low M 

- 
0.08 
0 .30  
0 .74  
1.41 
3.10 
5.33 

8 2  - 8 2  

123 52.5 20 2 
88 24.5 235 - - 390 
305= - 430 
313 9.0 441 
316 15.5 )450 
320 20.0 )450 

I 

1.25 - 
1.31 
1.38 
1 e 4 0  - 

~~ 

x- calculated f o r  the alk lphenylene terephthalate 
repeating unit  xx- f i n J  pe& temperature of the 
rearyetallisation-melting endotherm 

1 2 3 4  - 
Mn. loo3 

0 i 2 31 
IV 

-1 /g 

FIGURE 1. Molecular mas8 de endence o f  isotropiaa- 
t ion  temperature YT for: 
A- n-octyl subst i tubd lower M samples 
B- n-decyl substituted higher M sample8 
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Molecular ma88 influence on LC behaviour [ 94511 I65 

C ONCLUS I O N  

The a lky l  group subs t i t u t ion  on the aromatic rings i n  
the  r i g i d  oligo- and polyesters  allowed the study of LC 
behaviour of a wide range of samples from low t o  high M ,  
i n  cont ras t  t o  the unsubsti tuted ones. 

The re la t ionships  between M and the propert ies  o f  
main chain r i g i d  rod samples studied i s  s l i g h t l y  similar 
t o  that  of oligo- and polymeric LCs containing f l e x i b l e  
alkyl spacers. However, the formation of s t ab le  enantio- 
t rop ic  mesophases i n  a lkyl  subs t i tu ted  r i g i d  rod oligo- 
mers occurs a t  lower M /-800/ when compared w i t h  those 
of containing f l e x i b l e  a lkyl  spacers /M + 2200/l. The 
r i g i d  lower M samples showed a l s o  a much stronger depen- 
dence of Ti on M than comparable LCs containing f l e x i b l e  
alkyl ~ p a c e r s .  Although a t  higher M the T i  i s  l e s s  
dependent on M changes, it increases  continously up t o  
a polymer 1I.V. of 3 dl/g. As suggested by the isotropisa-  
t i on  entropy values, i t  seems t o  e x i s t  an increasing 
order i n  the  nematic phase w i t h  the increase of  M. 

deprehsed not  o n l y  the phase t r ans i t i on  temperatures but  
a l s o  the c rya ta l l i aa t ion  a b i l i t y ,  especial ly  of low M 
polymers when compared t o  unsubsti tuted ones 

The randomly d i s t r ibu ted  ASS along the  main chain 

3 
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