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THERMOTROPIC HYDROCARBON S IDE CHAIN LIQUID CRYSTALLINE 
POLYMERS 

JOSEPH J. MALLON and SIMON W. KANTOR 
Polymer Science and Eng ineer ing  Department 
U n i v e r s i t y  o f  Massachusetts, Amherst, Ma. 01003 U.S.A. 

ABSTRACT V i r t u a l l y  a l l  known l i q u i d  c r y s t a l l i n e  po ly -  
mers con ta in  heteroatoms t h a t  can inc rease mesophase 
s t a b i l i t y  through a n i s o t r o p i c  i n t e r m o l e c u l a r  a t t r a c -  
t i o n s  such as d i p o l a r  i n t e r a c t i o n s  o r  hydrogen bonds. 
I n  t h e  present work t h e  syntheses o f  a l l -hydrocarbon 
polymers w i t h  a mesogenic group i n  t h e  s ide  cha in  a re  
discussed. F i ve  h igh  molecu la r  weight polymers have 
been prepared by Z ieg le r -Na t ta  po l ymer i za t i ons  o f  
l i q u i d  c r y s t a l l i n e  b ipheny l - con ta in ing  monomers. Three 
o f  t h e  polymers d i s p l a y  a smect ic s t r u c t u r e  as i n d i -  
ca ted  by f i b e r  X-ray d i f f r a c t i o n  pa t te rns .  The r e s u l t s  
o f  t h e  v a r i a t i o n s  o f  t he  lengths  o f  t h e  spacer and t e r -  
m ina l  groups and data f rom p o l a r i z e d  l i g h t  o p t i c a l  
microscopy and d i f f e r e n t i a l  scanning c a l o r i m e t r y  are 
discussed. 

INTRODUCTION 

A l a r g e  number o f  s ide  cha in  l i q u i d  c r y s t a l l i n e  polymers 

have been prepared i n  recent  y e a r ~ . l - ~  P o l y ( a c r y l a t e ) ,  
po ly (methacry1ate)  and po ly (s i1oxane)  d e r i v a t i v e s  seem t o  

be t h e  most p reva len t ,  due a t  l e a s t  i n  p a r t  t o  t h e  r e l a t i v e  
ease w i t h  which they  can be prepared. Many o f  t h e  mesogens 

t h a t  have been u t i l i z e d  c o n t a i n  es ter ,  b iphenyl ,  S c h i f f  

base and azoxy groups. N i t r i l e ,  a l k y l  and a lkoxy  t a i l s  are 
a l s o  q u i t e  common. I n  f a c t ,  nea r l y  a l l  s i d e  cha in  l i q u i d  
c r y s t a l l i n e  polymers con ta in  heteroatoms such as N, 0 o r  S i  
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44 I .  I .  MALLON AND S. W. KANTOR 

i n  t h e i r  s t ructures.  These heteroatoms are useful  because 

they a l low simple, v e r s a t i l e  syn the t i c  methods t o  be used 
f o r  t h e i r  preparat ion and they may s t a b i l i z e  the mesophase 

through polar  a t t r a c t i o n s  or  hydrogen bonds. 

necessary f o r  t h e  format ion o f  t he  l i q u i d  c r y s t a l  l i n e  
phase, as predic ted by F lo ry  i n  19564. 

existence o f  a mesophase i s  governed by shape anisotropy 
alone. 

e f f e c t s  o f  an i so t rop i c  i n t e r a c t i o n s  t h a t  are present i n  
r e a l  molecules, but  t h e  est imat ion o f  t he  magnitude o f  

these i n t e r a c t i o n s  i s  complicated. Conventional mesogens 
conta in  a v a r i e t y  o f  po la r i zab le  groups whose mutual 

i n t e r a c t i o n  i s  d i f f i c u l t  t o  p r e d i c t  from t h e  molecular 
s t ructure.  

bis-bicyclo[2.2.2Joctanes would be useful  t o  t e s t  t heo r ies  
because o f  t h e i r  simple s t r u c t u r e  and weak in termolecular  

i n te rac t i ons .  

To i n v e s t i g a t e  these ideas, we have synthesized a 
se r ies  of hydrocarbon s ide chain l i q u i d  c r y s t a l l i n e  po ly -  
mers. 

atoms and have no s t rong d ipo les o r  hydrogen bonds. 
use of  a biphenyl mesogen w i t h  p o l a r i z a b l e  e lec t rons  

r e s u l t s  i n  increased d ispers ion a t t r a c t i o n s  i n  these 
polymers. To our knowledge, t h i s  i s  t he  f i r s t  repo r t  i n  

which a mesogen has been incorporated i n t o  an a l l -  
hydrocarbon side chain l i q u i d  c r y s t a l  1 i ne polymer, An 
add i t i ona l  b e n e f i t  o f  the se lec t i on  o f  t he  appropr ia te 

monomers i s  t he  use o f  Ziegler-Natta po lymer izat ion cata- 

l y s t s  t o  synthesize t h e  polymers, which a l l ow  con t ro l  o f  
t a c t i c i t y  over a wide range. 

However, these a t t r a c t i v e  forces are not  be l ieved t o  be 

I n  t h i s  view, the  

Other theor ies5 have attempted t o  inc lude the  

It has been suggested5 t h a t  4,4'-di-n-alkyl- 

These polymers conta in  only carbon and hydrogen 

The 

Thus, t he  e f f e c t  o f  t a c t i c i t y  
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HYDROCARBON LIQUID CRYSTALLINE POLYMERS 45 

on the  na tu re  and s t a b i l i t y  o f  l i q u i d  c r y s t a l l i n e  phases 
may be i nves t i ga ted .  

I n  t h i s  r e p o r t  t h e  syn thes is  and p r e l i m i n a r y  charac- 

t e r i z a t i o n  o f  t h e  polymers by a v a r i e t y  o f  techniques i s  

descr ibed. A companion paper descr ibes  t h e  monomer synthe- 
s i s  and p roper t i es .  D e t a i l e d  X-ray and thermal exper iments 

a re  i n  progress and these r e s u l t s  w i l l  be repo r ted  i n  a 
f u t u r e  commu n i  c a t  i on. 

SYNTHESIS 

The polymers prepared i n  t h i s  study were syn thes ized i n  

chlorobenzene s o l u t i o n  a t  room temperature w i t h  an 

AlEt3/TiC14 c a t a l y s t .  
Ti/rnonomer mole r a t i o  o f  0.035/1 were employed.6 

t imes were genera l l y  24-48 hours. 
l a t e d  by p r e c i p i t a t i o n  i n  EtOH. The s y n t h e t i c  scheme i s  

shown i n  F i g u r e  1. S a t i s f a c t o r y  elemental  analyses were 
ob ta ined f o r  a l l  o f  t h e  polymers. A f u t u r e  r e p o r t  w i l l  
g i v e  d e t a i l e d  syntheses and a n a l y t i c a l  data. 

An A l /T i  mole r a t i o  o f  2.8/1 and a 

The polymers were i s o -  

React ion 

FIGURE 1 

Polymer Synthesis 
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46 J .  J. MALLON AND S. W. KANTOR 

RESULTS AND DISCUSSION 

The polymers prepared i n  t h i s  study were cha rac te r i zed  by 
D i f f e r e n t i  a1 Scanning Ca lor imet ry ,  (DSC) , Po la r i zed  L i g h t  
Op t i ca l  Microscopy (POM), X-ray d i f f r a c t i o n  o f  f i b e r  

samples and Gel Permeation Chromatography (GPC) i n  ch lo ro -  

form. A l l  o f  t he  polymers were s o l u b l e  i n  chlorobenzene, 

ch lo ro fo rm and ho t  (6OOC) benzene. A l l  o f  t h e  polymers 

were f i b e r  and f i l m  forming. 

( r e l a t i v e  t o  po l ys ty rene  standards) are g iven i n  Table I. 
The polymer s t r u c t u r e s  and GPC molecu la r  weight data 

TABLE I 

Polymer Structure 

n m Code "n Mu %'", 

PEEP04 0 4  49000 450000 9 

PEBPO6 0 6 43000 660000 15 

PEBP26 2 6 90000 850000 9 

PEBP44 4 4 14000 330000 24 

PEEP46 4 6 70000 710000 10 
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HYDROCARBON LIQUID CRYSTALLINE POLYMERS 47 

While t h e  molecu la r  weights are g e n e r a l l y  high, t h e  
v a r i a b i l i t y  i n  molecular weight and molecu la r  we igh t  

d i s t r i b u t i o n  between samples i s  due t o  t h e  s e n s i t i v i t y  o f  

t h e  heterogeneous c a t a l y s t .  AlEt3/TiC14 was se lec ted  as 

t h e  c a t a l y s t  s ince  i t  has been repo r ted  t o  po lymer ize  
propy lene t o  a 50/50 m ix tu re  o f  a t a c t i c  and i s o t a c t i c  

p01ymer .~  Attempts were made t o  separate t h e  polymers i n  

a t a c t i c  and i s o t a c t i c  f r a c t i o n s .  E x t r a c t i o n  w i t h  b o i l i n g  

hexane o r  cyclohexane was unsuccessful ,  as was r e c r y s t a l l  
z a t i o n  f rom benzene so lu t i on .  Nuclear Magnetic Resonance 

(NMR ) experiments are c u r r e n t l y  i n  progress t o  determine 

t h e  degree o f  t a c t  i c i t y  i n  se lec ted  samples . 

0 

The DSC, POM and X-ray data i n d i c a t e  t h a t  t h e  polymers 

The DSC hea t ing  and c o o l i n g  

may be p laced i n t o  two ca tegor ies .  PEBPO4 and PEBP06 

belong t o  t h e  f i r s t  category. 

scans f o r  PEBP04 are shown i n  F igu re  2 and are represen- 

t a t i v e  o f  bo th  polymers. POM observa t ions  i n d i c a t e  t h a t  

t h e  one l a r g e  peak present i n  each scan corresponds t o  

polymer m e l t i n g  and r e c r y s t a l l i z a t i o n ,  respec t i ve l y .  

C h a r a c t e r i s t i c  l i q u i d  c r y s t a l  l i n e  t e x t u r e s  were no t  

observed by POM i n  e i t h e r  polymer. 
p a t t e r n  o f  a melt-drawn f i b e r  o f  PEBP04 i s  shown i n  F igu re  

3. This f i b e r  was annealed a t  145OC f o r  2 hours, then 
coo led  t o  27OC before  t h e  X-ray photograph was taken. The 

f i b e r  a x i s  i s  v e r t i c a l .  The i n n e r  r i n g  spacings correspond 

t o  a d-spacing o f  28 A ,  which i s  cons i s ten t  w i t h  a l a y e r  

s t r u c t u r e  w i t h  t h e  s ide  chains arranged on e i t h e r  s i d e  o f  

t h e  main cha in  and rough ly  perpend icu la r  t o  t h e  main chain. 
The wide angl e equa to r i  a1 r e f l e c t i o n s  corresponding t o  

5.5 A and 4.0 A suggest t h a t  t h e  main chains may be 

c r y s t a l  1 i z i  ng. 

The X-ray d i f f r a c t i o n  

The r a t h e r  d i f f u s e  r i n g  cor respond ing  t o  a 
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50 J.  J .  MALLON AND S. W. KANTOR 

FIGURE 3 

X-ray of PEBP04 
Fiber axis  vert ica l  

FIGURE 6 

X-ray of PEBP46 
Fiber axis  v e r t i c a l  
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HYDROCARBON LIQUID CRYSTALLINE POLYMERS 51 

FIGURE 5 

PEBP46 170°C 460X 
Crossed polarizers 
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52 J.  J .  MALLON AND S. W. KANTOR 

4.7 A spacing i s  probably due t o  t h e  i n t e r m o l e c u l a r  spa- 

c ings  o f  t h e  s ide  chains. 

and DSC observat ions c i t e d  above c o n f i r m  t h a t  PEBP04 and 

PEBP06 are c r y s t a l l i n e  and no t  l i q u i d  c r y s t a l l i n e  p o l y -  
mers. 

PEBP26, PEBP44 and PEBP46 belong t o  t h e  second ca te-  

The X-ray evidence, and t h e  POM 

gory. 
i s  shown i n  F igu re  4. 
lower m e l t i n g  peak o r  shoulder and a sharp, h ighe r  m e l t i n g  

peak. 
i s o t r o p i c  when they are  heated above t h e  second DSC peak. 

Coo l ing  t h e  polymers f rom t h e  i s o t r o p i c  me l t  r e s u l t s  i n  
r e c r y s t a l l i z a t i o n  o f  t h e  polymers a t  t h e  temperatures i n d i -  
ca ted  by the  l a r g e  DSC exothermic peak generated d u r i n g  t h e  

c o o l i n g  cycle.  A " f i n e  g r a i n "  t e x t u r e  i s  e x h i b i t e d  by t h e  
polymer a f t e r  i t  has r e c r y s t a l l i z e d .  A photomicrograph o f  

t h i s  type  o f  t ex tu re ,  c h a r a c t e r i s t i c  o f  smect ic polymer 

l i q u i d  c r y s t a l s ,  i s  seen i n  F igu re  5. 

o n l y  low angle equa to r i  a1 r e f  1 e c t i  ons corresponding t o  t h e  

l a y e r  spacing and a d i f f u s e  wide angle r i n g  c h a r a c t e r i s t i c  

o f  t h e  i n te rmo lecu la r  spacing o f  t h e  s i d e  chains. A t y p i -  

c a l  X-ray d i f f r a c t i o n  p a t t e r n  f o r  t h i s  second category i s  

d i sp layed  by PEBP46 i n  F igu re  6. 
annealed a t  175OC f o r  one hour, then coo led  t o  27OC be fo re  
i t s  X-ray d i f f r a c t i o n  p a t t e r n  was obtained. The l a y e r  
spacing measured f rom t h e  p a t t e r n  was 39.9 A and t h e  i n t e r -  
mo lecu la r  spacing was found t o  be 4.6 A. 
spacing suggests t h e  type  o f  l a y e r  spacing i l u s t r a t e d  i n  

F igu re  7. The wide angle e q u a t o r i a l  r e f l e c t i o n s  present  i n  

F igu re  3 are absent f rom F igu re  6, i n d i c a t i n g  t h a t  t h e  main 

The DSC t r a c e  o f  a r e p r e s e n t a t i v e  polymer, PEBP46, 
These polymers d i s p l a y  a broad, 

POM observa t ions  show t h a t  t h e  polymers become 

X-ray d i f f r a c t i o n  p a t t e r n s  ob ta ined from f i b e r s  show 

A f i b e r  sample was 

The 39.9 A l a y e r  
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HYDROCARBON LIQUID CRYSTALLINE POLYMERS 53 

FIGURE 7 
PEBP46 layer spacing 

chains o f  PEBP46 do no t  c r y s t a l l i z e ,  even a f t e r  annea l l ing .  

ca tegory  i n d i c a t e s  t h a t  they  are smect ic l i q u i d  c r y s t a l s .  

The low temperature peaks i n  t h e  DSC scans have been 

designated as Tn, which represents  a c r y s t a l  t o  l i q u i d  

c r y s t a l  t r a n s i t i o n .  The h igh  temperature peaks have been 

dekignated as the  c l e a r i n g  temperatures, Tc l ,  t o  fo rm an 

i s o t r o p i c  melt .  A l i q u i d  c r y s t a l  t o  c r y s t a l  t r a n s i t i o n  

on c o o l i n g  i s  not i n d i c a t e d  by DSC, so i t  i s  assumed t h a t  
t h i s  t r a n s i t i o n  i s  k i n e t i c a l l y  slow and takes p lace  over a 
broad temperature range. It has been noted8 p r e v i o u s l y  

t h a t  t h e  hexagonal t o  orthorhombic t r a n s i t i o n  i n  

p o l y (  1-octadecene) takes p lace  over a broad temperature 

range and i s  no t  de tec tab le  by DSC. It i s  a l so  p o s s i b l e  

The evidence accumulated f o r  polymers i n  t h e  second 
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t h a t  Tm represents the  s ide chain me l t i ng  o f  phase 

separated a t a c t i c  ma te r ia l  and Tcl i s  t h e  s ide chain 
mel t ing po in t  o f  the i s o t a c t i c  ma te r ia l  . I 3  The i s o t a c t i c  

and a t a c t i c  phases o f  po ly(  1-octadecene) have been shown t o  

melt  separately8'I2, the a t a c t i c  being t h e  lower melt ing.  

Mu1 t i p l e  temperature X-ray s tud ies and anneal 1 i ng exper i  - 
ments are planned t o  e luc ida te  the  exact nature o f  Tm. 

a l so  p lan t o  synthesize an i s o t a c t i c  vers ion o f  PEBP26 w i t h  
appropr ia te cata lysts .  

polymers and the Tcl temperatures o f  t he  f i r s t  category are 

l i s t e d  i n  Table 11. The peak temperatures have been 

reported f o r  Tm and Tcl from t he  second heat ing DSC scans. 

We 

The Tm and Tcl t r a n s i t i o n s  f o r  t h e  second category o f  

TABLE I1 

Polymer T r a n s i t i o n  Temperatures 

Tm TCI Code 

PEEP04 151 

PEEP06 126 

PEEP26 shoulder  176 

PEEP44 158 206 

PEEP46 145 181 
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Based on these data, i t  appears t h a t  l eng then ing  t h e  

f l e x i b l e  spacer causes a decrease i n  Tcl.  Th is  i s  t h e  

general behaviour assoc ia ted  w i t h  most s ide  cha in  l i q u i d  

c r y s t a l l i n e  po1ymers.l The presence o r  absence o f  a t a i l  
a l s o  seems t o  c o r r e l a t e  w i t h  t h e  presence o r  absence o f  a 

l i q u i d  c r y s t a l l i n e  phase. Th is  c o r r e l a t i o n  was a l s o  noted 

i n  t h e  monomers and model compounds repo r ted  i n  a companion 

paper. A d d i t i o n a l  work i s  requ i red  t o  con f i rm  t h i s  
conclusion. 

CONCLUSION 

Hydrocarbon s ide  cha in  l i q u i d  c r y s t a l  l i n e  polymers con- 

t a i n i n g  b ipheny l  mesogens have been syn thes ized f o r  t h e  

f i r s t  time. Po lymer iza t ion  v i a  Z ieg le r -Na t ta  c a t a l y s i s  

produced polymers w i t h  broad molecu la r  weight d i s t r i b u t i o n s  

and weight average molecu la r  weights f rom 330,000-850,000 

as measured by GPC (po l ys ty rene  c a l i b r a t i o n ) .  Polymers 

whose s t r u c t u r e s  con ta in  t a i l s  were found t o  be l i q u i d  

c r y s t a l l i n e  by DSC, POM and f i b e r  X-ray d i f f r a c t i o n .  

Polymers whose s t r u c t u r e s  lacked t a i l s  were found t o  be 

c r y s t a l l i n e  and d i d  no t  e x h i b i t  l i q u i d  c r y s t a l l i n e  phases. 

ACKNOWLEDGEMENT 

Th is  work was supported by t h e  M a t e r i a l s  Research 
Labora tory  a t  t h e  U n i v e r s i t y  o f  Massachusetts. 

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

2:
58

 1
9 

Fe
br

ua
ry

 2
01

3 



56 J.  J .  MALLON AND S. W. KANTOR 

REFERENCES 

1. 

2. 

3. 

4. 

5 .  

6. 

7 .  

8.  

9. 

10. 

11. 

12. 

13. 

H. Finkelmann, i n  "Polymer L i q u i d  C r y s t a l s "  ed. by A. 
C i f e r r i ,  W.R. Krigbaum and Robert B. Meyer, Academic 
Press, NY 1982 Chap. 2. 
V.P. Shibayev and N.A. Plate,  Polym. Sci. USSR, 19,  5 
1065 (1977).  
Gy. Hardy e t  a l .  I s r a e l  Journal  o f  Chemistry, 25, 
F lo ry ,  P.J. Proc. R. SOC. London, Ser. A, 234, 73 
(1956).  

- 

252-63 (1985).  
- 

See H. Toriumi and E.T. Samulski, Mol. Cryst.  L iq .  
C r  st., 101, 163-73 (1983) and re fe rences  the re in .  
&-Aubrey and A. Barnat t ,  J. Polym. Sci. Pt .  A l ,  Q, 
1709-26 119661. 
John Boor, Jr: ~ " Z ieg le r -Na t ta  Ca ta l ys ts  and 
Po lymer iza t ions"  Academic Press, New York. 1979 p. 111. 
R.S. Por te r ,  J .  Wang and J.R. Knox, Polym. Journa l ,  

P.L. Magagnini, F. Andruzzi and G.F. Bene t t i ,  
Macromolecules, 13, 12-15 (1980).  
P.L. Magagnini e t a l .  Macromolecules, 14, 1845-1847 
119811. 

10( 6 ) ,  619-28 (1978).  

- 
P.L. Magagnini e t  a l .  Proceedings 28th Macronolecular 
Symposium, 1982 p. 802. 
P.L. Magagnini e t  a1 . Polymer, 23, 277-80 (1982) and 
re fe rences  the re in .  
Recent 13C NMR experiments have shown t h a t  PEBP26 i s  
i s o t a c t i c .  
cannot be due t o  t h e  m e l t i n g  o f  a t a c t i c  polymer i n  t h i s  
case. 

Thus, t h e  shoulder on t h e  DSC m e l t i n g  peak 

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

2:
58

 1
9 

Fe
br

ua
ry

 2
01

3 


