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SYNTHESIS OF L NEW CLASS OF SIDE C1-I-IJN 
LIQUID CRYST-YG POLYNlERS- POLYMERS WITH 
MESOGElJS LATERALLY ATTACHED V I A  SHORT 
LIiiKAGES TO POLYMER BACKBONES 

&I-FENG ZHOU,  HUI-MIN LI and XIN-DE FENG 
Chemistry- Department ,  Pekinp; U n i v e r s i t y ,  
E e i  j i n g  100871, China 

A b s t r a c t  New .iionomers, 2 ,5 -  (4-a lkoxybenzoyl -  
oxy)benzyl a c r y l a t e s  were s y n t h e s i z e d .  Upon 
r a d i c a l  p o l y m e r i z a t i o n s  of  t h e s e  inonomers 
t h e r A n o t r o p i c  l i q u i d  c r y s t a l l i n e  p o l y a c r y l a t e s  
w i t h  mesogens l a t e r a l l y  a t t a c h e d  t o  polyllier 
backbones v i a  s h o r t  l i n k a g e s  were o b t a i n e d .  
The polymers  were found n o n - c r y s t a l l i n e  by 
WAXS measurements.  Above glass t r a n s i t i o n  a l l  
t h e  polymers  had a s tab le  mesophase as reveal-  
ed by DSC and a p o l a r i z i n g  microscope .  The 
$lass t r a n s i t i o n  and 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 s  were a b o u t  100 OC and a b o u t  165OC 
r e s p e c t i v e l y ,  b o t h  v a r y i n g  w i t h  t h e  s i z e  o f  
t h e  R s u b s t i t u e n t s  i n  t h e  mesogens.  The t e r m  
"mesogen- j a c k e t e d  polymer" i s  proposed t o  
d e s c r i b e  t h i s  t y p e  of  polymers  o f  which t h e  
main c h a i n s  a r e  j a c k e t e d  w i t h  l a t e r a l l y  s u b s t i -  
t u t e d  mesogens and t o  d i s t i n g u i s h  t h i s  new 
c l a s s  of  s i d e  c h a i n  l i q u i d  c r y s t a l  polymers  
from t h e  c o n v e n t i o n a l  o n e s .  

I N T R O D U C T I O N  

L i q u i d  c r y s t a l  polymer molecules  can  b e  c o i i s t r u c t -  
ed by i n c o r p o r a t i o n  o f  mesogenic m o i e t i e s  i n t o  
polymer m o l e c u l e s  by d i f f e r e n t  ways,  192,3 The 
polymers  a r e  of  t h e  main c h a i n  c l a s s  if t h e  meso- 
g e n s  a r e  p r e s e n t  as p a r t  o f  t h e  m o l e c u l a r  backbones ,  
w h i l e  t h o s e  w i t h  mesogens as t h e  s u b s t i t u e n t s  o r  
s i d e  c h a i n s  a r e  o f  t h e  s i d e  c h a i n  c l a s s .  The meso- 

73 

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:
04

 1
9 

Fe
br

ua
ry

 2
01

3 



74 Q.-F. ZHOU, H.-M. [,I AND X.-D. FENG 

-:ens a r e  r ;enera l ly  r o d i c , b u t  t h e  d i s c o t i c  mesosens 

have a l s o  been s u c c e s s f u l l y  employed' and t h e  bowl 
shaped or t h e  bowl ic  mesogens may have o f f e r e d  u s  
new o p p o r t u n i t i e s  t o  make more f a n c y  l i q u i d  c r y s -  
t a l l i n e  polymers .  I n  t h i s  p a p e r  is r e p o r t e d  a s e -  
r i e s  o f  ilew c l a s s  o f  s i d e  c h a i n  l i q u i d  c r y s t a l l i n e  
polymers o f  which t h e  mesogens a r e  r o d i c  b u t  l a t -  
e r a l l y  a t t a c h e d  t o  t h e  polymer backbones v i s  s h o r t  
l i n k a g e s  (Fig.1). The r e s u l t s  o f  t h i s  s t u d y  have 
been p a r t l y  r e p o r t e d  as a communication t o  t h e  

Macromolecules , 3 

Convent iona l  s i d e  c h a i n  LCP: 

The new t y p e :  

FIGURE 1. A. s k e t c h  showing t h e  d i f f e r e n c e  
between a c o n v e n t i o n a l  s i d e  c h a i n  LCP and t h e  
new t y p e  w i t h  mesogens l a t e r a l l y  a t t a c h e d  t o  
t h e  main c h a i n  backbones.  

The polymers  were s y n t h e s i z e d  a c c o r d i n g  t o  t h e  
f o l l o w i n g  sequence o f  r e a c t i o n s  and have a gener -  
a l  chemical  s t r u c t u r e  of  ( I V ) :  

'c HO 
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SYNTHESIS OF NEW CLASS OF SIDE CHAIN LCPs 75 

bH20- CO- CH=CH2 

EXPERIMENTAL 

In this section the syntheses of the compounds I- 
I11 and the polymers IV are separately discussed. 

A solution of 2,5-dihydroxybenzaldehyde (2.Sg) in 
20 ml THF was added dropwise with vigorous stir- 
ring to a solution of 4-methoxybenzoyl chloride 
( l5g )  in 110ml THF and 12ml triethy1amine.Because 
the reaction is exothermic an ice bath was used 
to cool the system to about 10 OC. Mter the addi- 
tion the reaction was allowed to continue at room 
temperature for 24 hours. The product and the tri- 
ethylamine-HC1 salt precipitated. It was filtered, 
washed with water, 5OOml 5% TJa2CO3 solution and 
water again. The product was dried in vacuo and 
recrystallized in toluene (yield ' 7 9 % ) .  
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76 Q.-F. ZHOU, H:M. LI AND X:D. FENG 

T h i s  compound i s  l i q u i d  c r y s t a l l i n e ,  ;n. p .  192OC 
atld i . p . 2 2 4  C. Elementa l  a n a l y s i s :  calc.67.99$ C ,  

4.46% H; found 67.79% C and 4.39% H. I R  a b s o r p t i o n :  
c s t e r  C=O 1725 cm-l, -CH=O 1695 aild t h e  a l d e h y d e  
C-H s t r e t c h i n g  2900 cm-l. 'H-NMR spectrum: a s i n -  
:let a t  10.03 f o r  -CH=O, a s i n g l e t  a t  3.89 f o r  CH3 
and a i n u l t i p l e t  a t  6.82 t o  7.97 for t h e  benzene 
r i n z s .  

0 

Compound I w i t h  R=C~HJ 

Coinpound I w i t h  R=C2H5 and R=C&H9 were p r e p a r e d  i n  
t h e  same manner. 

Elemerital  a n a l y s i s :  c a l c .  69.91% C ,  5.10% H; 
found 69.82% C and 5.01% H. It is also l i q u i d  crys- 
t a l l i n e ,  m.p.  186, i . p .  228 OC. IR a b s o r p t i o n s :  
e s t e r  C = O  1725, - C H = O  168'7 crn-l. 'H-MMR: a s i n z l e t  
a t  10.08 f o r  -CHO, a q u a r t e t  a t  4.03-4.29 f o r  t h e  
ethoxy -CH2- and a t r i p l e t  a t  1.29-1.47 f o r  t h e  
ethoxy CH3-. 

Compound I w i t h  R=CbHq 
Elemental  a n a l y s i s :  c a l c .  '71.01% C, 6.17% H; found 
70.836 C and 6.09% H. It is l i q u i d  c r y s t a l l i n e  t o o ,  
m.p.104 and i . p .  203 OC. I R  a b s o r p t i o n s :  e s t e r  C=O 
a t  1725, -CH=O a t  1690 cm-l, 'H-NMR: a s i n g l e t  a t  
10.09 f o r  - C H O ,  a t r i p l e t  a t  4.19-4.02 for RCH20, 
a m u l t i p l e t  a t  1.18-1.84 f o r  CCH2CH2C and a t r i p l e t  
a t  1.03-0.95 f o r  t h e  CH3-. 

2,~-Bis(~-methoxybenzoyloxy)bei~zyl a l c o h o l  (111 
1.2g I (R=CH3) was d i s s o l v e d  i n  60 ml DINSO, t o  
which a s o l u t i o n  o f  0.6g idaBH4 i n  5 ml H20 was 
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SYNTHESIS OF NEW CLASS OF SIDE CHAIN LCPs I1 

added dropwise wi th  v igorous  s t i r r i n g  a t  0 OC.The 
lnixture was s t i r r e d  for 4 h r s  a t  0 OC. The r eac -  
t i o n  s o l u t i o n  was poured wi th  s t i r r i n g  i n t o  400ml 
H20 t o  p r e c i p i t a t e  t h e  product .  The product  w a s  
f i l t e r e d  o u t ,  washed wi th  H20, d r i e d  i n  vacuo and 
r e c r y s t a l l i z e d  i n  to luene  ( y i e l d  57%). 

Unlike i t s  p recu r so r  t h i s  compound i s  n o t  l i q -  
u id  c r y s t a l l i n e ,  m.p. 159-160 OC. 

Elemental  a n a l y s i s :  c a l c .  67.65% C ,  4.94$ H; 
found 67.38% C and 4.82% H. IR abso rp t ions :  0-H 
s t r e t c h i n g  a t  3495 and t h e  e s t e r  C=O a t  1710 cm-l. 
'H-NMR: a s i n g l e t  a t  2.14 f o r  -CH20H and ano the r  
s i n g l e t  a t  3.94 f o r  t h e  CH30- .  

Compound I1 w i t h  R=C2H5 
The compounds I1 with  R=C2H5 and R=C4H9 were pre-  
pared i n  a similar way. 

I t  i s  a l s o  n o n - l i q u i d - c r y s t a l l i n e ,  m .  p .  158 OC. 
Elemental  a n a l y s i s :  c a l c .  68.81% C, 5.51% H; 

found 68.72% C and 5.47% H. IR abso rp t ions :  0-H 
s t r e t c h i n g  a t  34-30 and t h e  e s t e r  C=O a t  1710 cm-l. 
'H-NMR: a s i n g l e t  a t  2.13 f o r  -CH20Hl a t r i p l e t  a t  
1.25-1.44 for t h e  allcoxy CH3 and a q u a r t e t  a t  4.04 
-4.17 for t h e  alkoxy -CH20-. 

Compound I1 w i t h  R=C4H9 
I t  i s  n o n - l i q u i d - c r y s t a l l i n e  t o o ,  m.p. 125 OC. 

found 70.51% C,  6.61% H. IR: 0-H s t r e t c h i n g  a t  
34-90 and t h e  e s t e r  C=O a t  1710 c~-~.~H-NMR: a s i n -  
e l e t  a t  2.13 f o r  -CH20H1 a m u l t i p l e t  a t  1.02-1.92 
f o r  t h e  a lkoxy C3H7 and a t  4.03-4.12 a t r i p l e t  for 

Elemental  a n a l y s i s :  c a l c .  70.72% C ,  6.55% H; 
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78 Q.-F. ZHOU, H.-M. LI AND X.-D. FENG 

t h e  a lkoxy -CH20-. 

2,5-Bis(4-methoxybei1zoyloxy)benzyl a c r y l a t e  (111) 

4g II(li-ClL3) was d i s s o l v e d  i n  40 ml THF and 10 m l  
Et3N, t o  which 5 m l  a c r y l o y l  c h l o r i d e  i n  20ml THF 
w a s  added dropwise  w i t h  stirriii: a t  0 C. The re- 
a c t i o n  was c o n t i n u e d  a t  0 C f o r  4 h r s .  The Et3Ii- 
HC1 sal t  w a s  p r e c i p i t a t e d .  I t  w a s  f i l t e r e d .  The 
s o l v e i i t  was removed from t h e  f i l t r a t e  by vacuum. 
The r e s i d u a l  l i q u i d  w a s  poured w i t h  s t i r r i n g  i n t o  
100ml w a t e r  t o  p r e c i p i t a t e  t h e  p r o d u c t .  R e c r y s t a l -  
l i z a t i o n  w a s  c a r r i e d  o u t  i n  95% e t h a n o l  ( y i e l d  84%) 

c r y s t a l l i n e ,  m.p. 102 OC. 

found 67,35% C and 4.90% H. 

0 

0 

The liioiiomer t h u s  o b t a i n e d  i s  a l s o  n o n - l i q u i d -  

Elementa l  a n a l y s i s :  c a l c .  67.54% C, 4.80% H; 

'13-NMR: a m u l t i p l e t  a t  6.19-6.57 f o r  t h e  v i n y l  
p r o t o n s  i n  a d d i t i o n  t o  a s i n g l e t  a t  2.14 f o r  t h e  
e s t e r  -CH20CO- and a n o t h e r  s i n g l e t  a t  3.87 f o r  t h e  
CH3O-. 

Compound I11 w i t h  R=C& 
Compounds 111 w i t h  R=C2H5 
i n  t h e  same manner. 

and R=C4H9 were p r e p a r e d  

I t  i s  a l s o  n o n - l i q u i d - c r y s t a l l i n e ,  m.p. 120 OC. 
Elementa l  a n a l y s i s :  c a l c .  68.58% C ,  5.34% Hi 

'H-NMR: a m u l t i p l e t  a t  6.24-6.57 for t h e  v i n y l  
found 68.27% C and 5.51% H. 

p r o t o n s  i n  a d d i t i o n  t o  a t r i p l e t  a t  1.29-1.49 f o r  

t h e  a lkoxy CH3-,a m u l t i p l e t  a t  4.11-4.20 for t h e  
a lkoxy -CH20- and a s i n g l e t  a t  2.13 f o r  t h e  e s t e r  
-CH20CO- n 
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SYNTHESIS OF NEW CLASS OF SIDE CHAIN LCPs 79 

Compound I11 wi th  R = C ~ E I Q  
I t  i s  aga in  n o n - l i q u i d - c r y s t a l l i n e ,  m.p. 87 OC. 

found 70.1356 C and 5.41% H. 
Elenei i ta l  a n a l y s i s :  c a l c .  ' { O .  32;6 C, 5.19); H; 

'H-NMRI a mult ip le t  a t  6.24-6.57 for t h e  v i n y l  
p ro tons  i n  a d d i t i o n  t o  a m u l t i p l e t  at 0.95-1.90 
f o r  t h e  alkoxy C 3 H 7 ,  a t r i p l e t  a t  4.01-4.09 f o r  
the alkoxy -CI120- alld a s i n g l e t  at 2.13 f o r  t h e  
es te r  -CHZO-CC)-, 

P repa ra t ion  of  t h e  polymers 
The polymers were prepared i l l  THF s o l u t i o n s  o f  t h e  
:iio,ioiners a t  refluxin.;  t empera ture  wi th  A I B N  as t h e  
i n i t i a t o r  (1 mol$ , d B i f ) .  

I11 - -( C H - C H 2 ) r  I 

c=o 

Where R = C l i 3 ,  o r  C2H5 o r  C4H9. A s  ail example o f  t h e  
p r e p a r a t i o n s ,  2,5-bis(4-methoxybenzoyloxy)benzyl 
n c r y l a t e  (2 .312)  w a s  d i s so lved  i n  l 5 1 n l  THY, 1 mol$ 
A I B N  w a s  added t o  t h e  s o l u t i o n .  The r e a c t i o n  w a s  
condacted a t  refluxin..; t empera ture  under N2 w i t h  
s t i r r i n g  f o r  5 hrs. 'The polymer w a s  t hen  p r e c i p i -  
t a t e d  i n  3 O O m l  inethanol. The product  was f i l t e r e d  
Zi?d thoroughly washed wi th  :;lethano1 and d r i e d  a t  
rooin tempera ture  uIider vacuuin. 

111 t h i s  s tudy  a l l  t h e  elemental  a n a l y s e s  were 
performed by t h e  mic rosna lys i s  1nbora.tory o f  t h e  
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80 Q.-F. ZHOU, H.-M. LI AND X.-D. FENC 

Chemistry Departllient, Peking b la ivers i ty .  The melt-  
i n g  te!uperatures and t h e  l i q u i d  c r y s t a l  p r o p e r t i e s  
were determiried by a polar iz in: ;  iiiicroscope and a 
DSC ins t rument .  f! Variaii FT-3011 N15R was used t o  
o b t a i n  t h e  !JAR s p e c t r a  o f  t h e  co,!ipoui?ds, I&? spec- 
t r a  o f  t h e  monomers were m d e  oil a Shiinadzu 113-403 
i n s t rum en t . 

RESULTS AND D I S C U S S I O N  

Piolecular Weights O f  The Polymers 
In Table 1 a r e  molecular  weights  o f  a s e r i e s  o f  
t h e  polyi,iers, measured ~y a Waters 201 GPC Aiistru- 
ment w i th  po lys ty rene  as t h e  cal ibrat i i iJ7;  s t anda rds .  
'The molecular  weights  a r e  r e l a t i v e l y  low presuil a b l y  
because t h a t  t h e  huge I.iesogenic s u b s t i t u e n t  on t h e  
C = C  o f  t h e  monomer inolec?rles has iiriposed s t r o n g  
h i n d r m c e  on t h e  a d d i t i o n  polyrner izat ion p rocess .  

Thermal :dialysis  Arid The Liquid C r y s t a l  P r o p e r t i e s  
The compounds I a r e  c r y s t a l l i n e .  -*&bove t h e  m e l t i n g  
p o i n t  a s t a b l e  rielnatic phase i s  formed w i t h  t h e  
butoxy d e r i v a t i v e  having t h e  wides t  l i q u i d c r y s t a l -  
l i n e  range from 104 t o  203 O C .  

compounds I1 have des t royed  t h e  l i q u i d  c r y s t a l l i n i -  
t y  o f  t h e  compounds. Collipounds I1 a r e  non-mesomor- 
ph ic .  The hydroyien bonding between t h e  hydroxyl 
groups o f  t h e  co'npounds inay have prevented t h e  
.nolecules f rom be ing  p a r a l l e l l y  o r i e n t a t e d  i n  t h e  
~ e l t .  

S u r p r i s i n g l y  t h e  r e d u c t i o n s  o f  conpounds I t o  

The lnonomers I11 were a l s o  i ion- l iyu id-crys ta l -  
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l i n e  as would be expected from t h e  l a r g e  l a t e r a l  
s u b s t i t u t i o n .  

The WAXS c-dialysis u s i n g  a D/ifiax 33 X-ray d i f -  
f r ac tometc r  r evea led  t h a t  a l l  t h e  polymer sa,aples 
i n c l u d i n s  t h o s e  annealed o r  o therwise  h e a t - t r e a t e d  
a r e  n o n c r y s t a l l i n e .  

The glass t r a n s i t i o n  tempera tures  of  t h e  poly- 
mers as shown in Table 1, a r e  around 100 O C  which 
I.s much h ighe r  t han  t h a t  o f  such iiormal po lyac ry l -  
a t e s  as poly(methy1 a c r y l a t e )  of  which t h e  @ass 

t r a n s i t i o n  tempera ture  i s  o d y  6 O C ,  i n d i c a t i n g  
t h a t  t h e  polymer iliain cha in  has  been s t i f f e n e d  sig- 
n i f i c a n t l y  by t h e  l a t e r a l l y  s u b s t i t u t e d  r o d i c  
mesogens. 

have a s t a b l e  inesophase i n  a t empera ture  range  o f  
about  60 O C .  

A d i s t i n c t  f e a t u r e  of  t h i s  new class o f  poly- 
mers ("mesogen- jacke ted")  i s  t h a t  t h e  g r a v i t y  
c e n t e r s ( o r  t h e  nearby p o s i t i o n )  of  t h e  mesogens 
are  p o s i t i o n s  bonding t o  t h e  main cha in .  Conse- 
quen t ly ,  t h e  motion o f  t h e  main cha in  seginents 
should ha.ve only  minor coupl ing  e f f e c t s  on t h e  ao- 
t i o n  of  t h e  mesogens i n  c o n t r a s t  w i t h  t h e  c a s e s  o f  
convent iona l  l i q u i d  c r y s t a l  s i d e  cha in  polymers 
where t h e  mesogens are connected v i a  t h e  ends t o  
t h e  .nain cha in .  Therefore ,  t h e  i n t r o d u c t i o n  o f  
f l e x i b l e  s p a c e r s  t o  decouple  t h e  motions o f  t h e  
imin  cha in  and t h e  motions o f  t h e  rnesogens i s  l i l re -  
ly !lot as necessary .  In f a c t ,  t h e  polymers r e p o r t e d  
h e r e  have on ly  s h o r t  l i n k a g e  between t h e  main 
cha in  and t h e  desogen. I t  occurs  t o  t h e  a u t h o r s  

Above t h e  glass t r a n s i t i o n  a l l  t h e  polymers 
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t h a t  wi th  t h e  l i n k a g e s  t o  t h e  LTavity c e n t e r s  of  
t h e  mesogens t h e  main cha ins  hold t h e  rnesogens t o -  
g e t h e r ,  draw them c l o s e r  and h e l p  t h e  format ion  of 
a n  ordered inesophase. As i n  t h e  case  of  t h i s  r e -  
p o r t ,  a.11 t h e  polyiliers are t r u e l y  l i q u i d  c r y s t a l -  
l i n e  a l though t h e i r  monoiners a r e  n o t ,  

TABLE 1 P r o p e r t i e s  o f  t h e  polymers 
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