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~ t d  SOPlLIRPdI C POslY ivihRS -1V : SY N'I'KE S I S , 
CHBKACTBRILA'I!ION APJD EVALUATI03 OF 
~ S O G i 3 E s I C  AiYD OTHER YKYYICAL PROPXRTIES OF 
POLYESTERS AND POLYAMIDBS OBTAINED FRO3 
1,2=Bid ( 4'-CAELBOXY-PHBNOXY) ETRANE 

R -A .VORx AND R .G .PATEL 
Applied Chemistry Department , 
Facul ty  of Technology and Bngineering, 
M S  .University of Elaroda, 

Kalabhavan, Vadodara - 390 001, INDIA. 
Post  BOX NO. 51,  

Eleven p o l y e s t e r s  and polyamides a r e  synthe- 
s i z e d  by polycondensatioa of d i a c i d  c h l o r i d e  
o f  1,2-bis( 4' -carboxy-phenoxy) e thane with 
d i f f e r e n t  dihydroxy compounds and diamines. 
All  t h e  p o l y e s t e r s  e x h i b i t  mesomorphism. 
Aliphat ic-aromatic  polyamides are mesogenic 
whereas, aromatic  polyamides are non-rneso- 
genic ,  Polymers a r e  cha rac t e r i zed  by elem- 
en ta l  a n a l y s i s  and IR spectra .  The v i s c o s i t y  
of so lub le  polymers i s  measured. The effect  
of  chemical c o n s t i t u t i o n  and v i s c o s i t y  on 
mesomorphism i s  evaluated. One branched 
chain po lyes t e r  e x h i b i t s  nematic mesophase 
a t  room temperature  and i s  quite  s t a b l e  
with a long mesophase range. The thermogra- 
vimetric a n a l y s i s  is c a r r i e d  out t o  eva lua te  
the thermal s t a b i l i t y  of one of the samples. 
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110 R. A. VORA AND R. G .  PATEL 

1. ILiTRODUCTION 
Number of new polymers a r e  being reported which 
exhibi t  l i q u i d  c rys t a l l i ne  propert ies  as they 
are of bo th  t h e o r i t i c a l  and commercial in te res t .  
Recently, the t e  cbnological applicatfons and 
poss ib i l i t y  of l a rge  s t r u c t u r a l  var ia t ions  have 
given impetus f o r  the  synthesis of  mesogenic 
condensation polymers. 

Gr i f f in  and Havens ' evaluated the e f f ec t  o f  
f l e x i b l e  apacers of d i f fe ren t  length on mesomor- 
phism by synthesizing polyestere having f l e x i b l e  
spacers both  in acid and phenolic monomers. In 
t h e  present study it was proposed t o  synthesize 
polyesters  and polyamides having a fixed f l e x i -  
b l e  spacer in one monomer t o  evaluate the e f f e c t  
of other parameters on the mesogenic character 
o f  r e su l t an t  polymers. 

With t h i s  in view eleven polyesters and 
poiyamides a r e  synthesized by using 1,2-bis( 4 ' -  
carboxy-phenoxy)ethane as one of the monomers. 

2.1 Preparation of 1 . 2 - b i s ( 4 ' - c a r b o x ~ - ~ h e n o ~  

This was prepared by the known method lS2. The 
melting point t e l l i e s  with the l i t e r a t u r e  ( 352 

2.2 Preparation of diacid chlor ide of 1.2-bis- 

Diacid'chloride of 1,2=bis( 4' -carboxy-phenoxy)- 
ethane was prepared by reac t ing  ac id  w i t h  

ethane 

"C). 

14' -carboxy-phenoxu) ethane 
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MESOMORPHIC POLYMERS - IV 111 

t h i o n y l  ch lo r ide  (2.5 mo1)and hea t ing  on water  
b a t h  t i l l  t h e  eva lua t ion  of hydrochlor ic  a c i d  
ceased. One t o  two drops of dry pyr id ine  was 
used i n  the r e a c t i o n  as c a t a l y s t .  Excess of 
t h i o n y l  ch lo r ide  was d i s t i l l e d  off  under reduced 
p res su re  uoing a water  pump and t h e  d i a c i d  
c h l o r i d e  l e f t  behind as a r e s i d u e  was used i n  
next  r e a c t i o n  without  f u r t h e r  pu r i f i ca t ion .  
2.3 Prepara t ion  of p o l y e s t e r s  
Diacid ch lo r ide  of 1,2-bis( 4 '  -carboxy-phenoxy) 
e thane (BCPE) was aondensed w i t h  d i f f e r e n t  d i -  
hydroxy monomers. 

Cl-CO-C6H4-0-CH2-CH2-0-CgHq-CO-C1 + 
B CPE 

U0-R-OH - 
dihydroxy compound 

Sys tem - I 
Respect ive dihydroxy monomer (0.01 mol) was 

d i s so lved  i n  dry pyr id ine  (5 m l )  and wa8 added 
slowly i n  a q u i c k f i t  50 ml round bottom f lask 
conta in ing  magnetic n iddle  and a s o l u t i o n  of  
d i a c i d  ch lo r ide  of 1,2-bis( 4'-carboxy-phenox.y) - 
ethane in dry p y r i d i n e  (10 m l )  w i t h  s t i r r i n g  i n  
a cold condi t ion  keeping the f lask i n  i c e  bath. 
The r e a c t i o n  mixture  was s t i r r e d  continuously 
w i t h  guard tube  on the f l a s k  and temperature waa 
al lowed t o  r i s e  t o  room temperature (23OC) t hen  
i t  was s t i r r e d  further f o r  six hours. A t  t h e  end 
of six hours t h e  whole mass was a c i d i f i e d  wi th  
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112 R. A. VORA AND R. G .  PATEL 

cold  1 $ 1  hydrochlor ic  acid. The s o i i d  product 
w a s  f i l t e r e d ,  washed w i t h  d i l u t e  hydrocli loric 
acid followed by washing of water f o r  t h e  
complete removal of  mineral  acid.  The product 
was washed wi th  DMP twice followed by a lcohol  
t o  remove unreac ted  m a t e r i a l  and t o  g e t  pure 
polymeric material .  The s o l i d  polymer was d r i e d  
and melt ing po in t  and t r a n s i t i o n  temperatures  
were determined. The data of a l l  the polymers 
is recorded i n  Table 1. 

2.4 Prepara t ion  of  polyamides 
Uiacid ch lo r ide  of BCYE was condensed with 
d i f f e r e n t  di~wnines. 

Cl-CO-C6 6 ~ ~ O - C H ~ ~ C H ~ O - C g H q ~ C O - C 1  + 
BCPE 

dys tem - I1 
Respec t ive  diamine monomer (0.01 mol) was 

d i s so lved  i n  dry py r id ine  ( 5  m l )  and was added 
slowly i n  a y u i c k f i t  50 m l  round bottom flask 
conta in ing  magnetic n idd le  and a s o l u t i o n  of 
d i a c i d  ch lo r ide  (0.01 mol) of 1,2-bis(4'-carboxy 
-phenoxy) e thane  i n  dry pyr id ine  ( 10 m l )  wi th  
stirring i n  cold condi t ion  keeping the flask i n  
i c e  bath. The r e a c t i o n  mixture was s t i r r e d  
continuously w i t h  guard tube on t h e  f l a s k  f o r  
one and a half hour by maintaining t h e  tempera- 
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MESOMORPHIC POLYMERS - IV 113 

tu re  between 0 t o  5OC. After the s t i r r i n g  
pe r iod  was over, t h e  whole mass was a c i d i f i e d  
wi th  cold 1:l hydrochlor ic  acid.  The s o l i d  prod- 
uc t  was f i l t e r e d ,  washed with d i lu t e  hydrochlo- 
r i c  a c i d  followed by washing of water f o r  
complete removal of mineral  acid. The product 
w a s  washed with DMF twice followed by a l coho l  
t o  remove unreac ted  m a t e r i a l  and t o  get pure 
polymeric material. The s o l i d  polymer was d r i e d  
and melt ing poin t  and t r a n s i t i o n  temperatures  
were determined. The data of a11 t he  polyamides 
i s  recorded i n  Table 1. 

2.5 Charac te r i za t ion  of  polymer samples 
2.5.1 Elemental  Analysis: The elemental  
a n a l y s i s  of all t h e  polymer samples i s  satis- 
fac tory .  
2.5.2 I R  spec t ra :  All t h e  polymers were 
screened by us ing  K B r  p e l l e t s  i n  the range o f  
i n f r a r e d  frequency, The data o f  two p o l y e s t e r s  
and two polyamides is given i n  Table 2. 

2.6 Trans i t i on  Temperature Measurements 
A p o l a r i z i n g  microscope provided with m e t t l e r  
EP-2 hea t ing  stage was used t o  observe mesomor- 
phism i n  the polymer samples. The mesomorphic 
p r o p e r t i e s  a r e  recorded i n  Table 1. 

2.7 Viscos i ty  Measurements 
The polymer samples  which were so lub le  i n  s u i t -  
a b l e  s o l v e n t s  were d iseo lved  and t h e i r  s o i u t i o n  
v i s c o s i t y  was measured. 

Viscos i ty  was measured by taking 0.5s 
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114 R. A. VORA AND R. G. PATEL 

s o l u t i o n  of  polymers i n  DMSO a t  3 O o C  by us ing  
Ubbelohde viscometer. I n t r i n s i c  v i s c o s i t y  g is 
c a l c u l a t e d  by us ing  formula g iven  i n  the 
l i t e r a t u r e  . Viscos i ty  data i s  recorded i n  
Table 1. 

[I 
3 

2.8 ' L b m  

One o f  t h e  sample 1s s tud ied  by u s i n g  thermo- 
g rav ime t r i c  a n a l y s i s  method. The percentage 
weight loss is  p l o t t e d  a g a i n s t  t he  temperature 

2.9 Charac ter iza t ion  of  mesor>hases by contac t  

To cha rao te r i ze  and a s c e r t a i n  about  t he  smect ic  
and nematic mesophases of t h e  polymer samples, 
fol lowing low molecular weight mesogens were 
sy n t  h esi z e d. 

method 

1 . iviethyl 4-( 4 -n-octadecyloxy -b enzoyloxy ) - 
ben~glidene-4~~-aminobonzoat e. 
ic 102oc, s 213oc, I 

2. Methyl 4-( 4'-n-hexyloxy-benzoyloxy)benzy- 
lidene-4 gi-sminobenzoat 8. 

3 . 4 ( 4 on-propoxy-benzoy loxy  ) -3-met hoxybenzy - 
lidene-4 "-ani s i d i n  8. 

I( 150OCp 214.5OC> N 2720C+ I 

K 1 3 5 O C + N  19l0C,I 

The above sme ctogen, polymesogen and nemato- 
gen a r e  misoible  continuously wi th  the polymers 
e x h i b i t i n g  amectic, polynesogenic and nematic 
phases 
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MESOMORPHIC POLYMERS - IV 115 

3. KSULTS AND DISCUSSION 
Keference t o  Table 1 shows tha t  out o f  e3.evon 
polymers, e i g h t  polymers e x h i b i t  mes omorphi sm. 
A l l  the  f i v e  p o l y e s t e r s  a r e  mesogenic na tu re  
whereas out  of a l l  polyamides, polyamides with 
a l i p h a t i c  spacer  groups e x h i b i t  mesomorphism. 
The polyamides having aromatic  diamines do not 
mel t  up to  325OC hence i t  could not  be a s c e r t a i n -  
ed whether they a r e  mesogenic o r  not. 

The p o l y e s t e r  38-1 exhibits only smectic 
mesophase whereas po lyes t e r  BE-3 e x h i b i t s  poly- 
mesogenic character .  Po lyes t e ra  BL-2, 4 and 5 
e x h i b i t  only nematic mesophase. It is  i n t e r e s -  
t i ng  t o  n o t e  t h a t  even though phenolphthalein 
and Bisphenol-A w i l l  broaden t h e  molecule due 
t o  t h e i r  bu lk iness  and s t e r i c  e f f e c t ,  t h e  meso- 
g e n i c  p r o p e r t i e s  are observed i n  t h e  polymers 
BB-4 and BE-5. The branching i n  the  po lyes t e r  
BE-2 ha8 brought down the  mesogenic temperature  
upto  room temperature. The amectic and nematic 
mesophases o f  all t h e s e  p o l y e s t e r s  are charac t -  
e r i a e d  by u s i n g  contact  method and known samples 
as mentioned i n  the experimental  sect ion.  

r a t u r e  c l e a r l y  shows t h a t  phenyl r i n g  (BE-3) 
enhances thermal  s t a b i l i t y  much more than  any 
o t h e r  moiety. S o l y e s t e r s  BE-1 and 2 have a l ipha-  
t i c  f l e x i b l e  chain,  n a t u r a l l y  one would expect 

4 lower ing  of  mesomorphism . I n  t h e  case  of poly- 
es te rs  BE-4 and 5 though o v e r a l l  p o l a r i e a b i l i t y  
o f  monomer u n i t  w i l l  be more compared t o  

The r e f e r e n c e  t o  mesogenic-isotropic tempe- 
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116 R. A. VORA AND R. G. PATEL 

hydroquinone monomer, due t o  t he  inc rease  i n  
b read th  and  s t e r i c  hindrance,  mesogenic thermal  
s c a b i l i t i e s  w i n  decrease. This i n d i c a t e s  that 
t h e  f a c t o r s  which lower t h e  mesogenic thermal  
s t a b i l i t i e s  i n  low molecular weight l i q u i d  
crystals are ope ra t ive  in these polymers . 

Bolyamides having a l i p h a t i c  diamines as 
monomers e x h i b i t  nematic mesophases whereas 
aromatic  d i an ines  r a i s e  the melt ing po in t  beyond 
t h e  l i m i t  o f  microscope. It would be i n t e r e s t i n g  
t o  observe t h e s e  polyamides (SEA-4-6) a t  h igher  
temperature  under microscope having h igher  
range (up to  500OC) whether they e x h i b i t  mesomor- 
phism o r  not, Polyamide 3EA-4 has a l s o  a f l e x i t -  
le spacer  eventhen mel t ing  poin t  is > 325OC. 

These resul ts  i n d i c a t e  t h a t  a l l  t h e  poly- 
es te rs  e x h i b i t  mesomorphism whereas polyamides 

5 are  r e l a t i v e l y  high melting. In  e a r l i e r  study 
we have r epor t ed  mesogenic ester-amides which 
e x h i b i t  h igher  thermal s t a b i l i t i e s  compared t o  
e s t e r  l i n k a g e s  i n  similar compounds. The h ighe r  
thermal  s t a b i l i t i e s  of  these low molecular 
weight compounds a r e  a t r i b u t e d  t o  t h e  l i n e a r  
s t r u c t u r e  of polyamide and h ighe r  p o l a r i z a b i l i t y  
compared t o  e s t e r  l inkage. This exp la ins  the  
high mel t ing  behaviour and non-mesomorphism of 
polyamides having aromatic  moiety. 

To understand t h e  r o l e  of e s t e r  l i nkage  and 
amide l i n k a g e  on mesomorphism some mQdel compo- 
unds were synthesized. It was very i n t e r e s t i n g  
t o  note tha t  model e s t e r - w e r e  mesogenic 

4 
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MESOMORPHIC POLYMERS - 1V If7 

whereas model amides were non-mesogenic and 
had r e l a t i v e l y  h igher  mel t ing points. 

In previous study6 in homopolyesters it was 
observed that inc rease  i n  v i s c o s i t y  r e s u l t e d  
f r o m  smectic t o  nematic cha rac t e r s  and f i n a l l y  
a t  h ighe rv i scos i ty  samples d i d  not e x h i b i t  
mesomorphism, In  t h e  present  study t h e  poly- 
es ters  33-4 and 5 have higher  v i s c o s i t y  and 
e x h i b i t  nematic phases, However, i n  present  
s tudy  no auch c o r r e l a t i o n  can be e s t a b l i s h e d  as 
the  chemical s t r u c t u r e s  of monomers d i f f e r  i n  
d i f f e r e n t  polyesters .  However, i n  t h e  case of  
polyamides, s y n t h e s i s  was t r i e d  by varying 
condensation hours t o  obta in  polymers having 
d i f f e r e n t  degree of polymerization t o  eva lua te  
t h e  e f f e c t  of v i s c o s i t y  on mesomorphism b u t  
without success  as o the r  samples prepared were 
i n s o l u b l e  i n  most of the s o l v e n t s  and were 
i n f u s i b l e  upto 325 OC. 

i t s  thermal s t a b i l i t y  using TGA technique. A 
graph  was drawn by p l o t t i n g  t h e  percentage 
weight l o s s  a g a i n s t  the temperature, T t e  sample 
exhib i t s  good thermal s t a b i l i t y .  10% weight 108s 
i s  a t  3OOOC and 25% weight loss is a t  4OOOC. 

One of t he  p o l y e s t e r s  BE-3 was s tud ied  f o r  

CONCLUSIONS 
1. Out of e leven polymers, e i g h t  polymers 

2, branching o r  dev ia t ion  from l i n e a r i t y  by 
exhibi t  mes ornorphism. 
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I18 R. A. VORA AND R. G .  PATEL 

TABLE 1 Phys ica l  d a t a  of polymers 

Sr. Code Dihydroxy/ T r a n s i t i o n  
No. No, Diamine - TernDerature( O C )  Viscos i ty  

S compound 
I CSI N 

1 2 3 4 5 6 7 

1 .  

2. 

3 .  

4. 

5. 
6 ,  

7. 

80 

9 0  

10. 

11. 

BE-1 Bthylene 101 
glycol 

BE-2 1 -Methyl - 
propylene 
gly (201 

SE-3 Hydro- 215 

3s-4 Yhenolph- ..) 

quinone 

tha le in  
Sx-5 Bisphenol-A - 
BBA-~  1,2=Diamino - 

ethane 
d ih -2  193-Diamoni - 

propane 

~ u i - 3  196-Diamino - 
hexane 

MA-4 4,4 -2iamino - 
diphenyl 
e thane 

B h - 5  p-phenyfene - 
diamine 

BEA-6 Benzidine - 

0 

31 

261 

147 

136 

160 

138 

(2757 
- 
- 
- 

174 001009 

203 0.0862 

325 ... 
194 0,2451 

180 0,3392 

288 0.0803 

281 0.1012 

280 0 

325 - 
325 - 
325 0 

~~ ~~ 

* Mesophase observed during cooling 
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i nc rease  i n  b read th  o r  s t e r i n  hindrance lowers 
solid-mesogenic temperature as well as mesoge- 
n i c - i so t rop ic  t r a n s i t i o n .  
3. 

4. 

5. 

One o f  t h e  p o l y e s t e r s  e x h i b i t  nematic phase 
a t  room temperature  which can be utilized 
f o r  a p p l i c a t i o n  purposes i n  o p t i c a l  d i sp lays .  
Two p o l y e s t e r s  having good v i s c o s i t y  can 
f i n d  a p p l i c a t i o n s  f o r  t h e  development of new 
p l a s t i c  materials. 
Polyamides having aromatic  moiety r a i ze  t h e  
m e l t i w  p o i n t  beyond 32506 and may be non- 
m e s  oge n i c  . 
TGA study of  one po lyes t e r  BE-3 shows good 
thermal  s t a b i l i t y .  

TABLE 2 IH d p e c t r a l  Data 
I R  S t r e t c h i n g  Vibra t ions  

---- 
&=-I BE-3 BEA-3 BEA-5 

2940 cm" 2900 cm" 3330 era" 3310 CK'' 

1700 cm"' 1700 cm'l 2920 cm" 2923 c:? -1 
1600 om'' 
1575 cm" 
1500 cm" 
1475 CIU-' 

1260 cm-' 
840 cm-' 

1575 cm'l 1705 cnol 1700 cm-' 
1550 cm" 1600 cm" 1600 an'' 
1480 cm" 1570 cn" 1570 cm" 
1420 cm" 1495 cm" 1505 crn" 
1230 cm" 1445 cm-' 1445 cm-' 
840 cm-' 1240 cm" 1240 cm" 

0 - 840 cm" 840 cm" D
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