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EFFECT OF MOLECULAR STRUCTURE ON MESOMORPHISM. 16. 
NEMATI C-ISOTROP I C THERMODYNANI CS FOR OLIGOMER 

MODELS OF LIQUID CRYSTALLINE POLYMERS 

Anselm C .  G r i f f i n  and Thomas R. B r i t t  
Department of  Chemistry,  Box 5043, So. S t a t i o n  

U n i v e r s i t y  o f  Southern M i s s i s s i p p i  
H a t t i e s b u r g ,  MS 39406 USA 

(Received for Publication July 21) 

A b s t r a c t :  Thermodynamic measurements o f  A H  and AS f o r  
t h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  f o r  a homologous 
s e r i e s  o f  Siamese Twin 
r e p o r t e d .  These d i e s t e r s  a r e  s t r u c t u r a l l y  r e l a t e d  as 
conceptual  dimers i n  t h e  monomer + o l i g o m e r  -f polymer 
sequence o f  l i q u i d  c r y s t a l s  w i t h  a 4 , 4 ' - d i s u b s t i t u t e d  
phenyl  benzoate mesogenic mo ie ty .  Both A H  and A S  
values show an odd:even a l t e r n a t i o n  w i t h  carbon number 
i n t e r m e d i a t e  i n  magnitude between those f o r  t h e  mono- 
m e r i c  and t h e  po lymer i c  mesogens. 
t h e  Twin d i e s t e r s  a re  good models f o r  t hese  o l igomers 
i n  t h e  monomer +o l i gomer  +po lymer  p r o g r e s s i o n .  

d i e s t e r  l i q u i d  c r y s t a l s  a r e  

It i s  concluded t h a t  

INTRODUCTION - 
With an i n t e r e s t  i n  understanding s t r u c t u r e : p r o p e r t y  

r e l a t i o n s  i n  bo th  smal l  molecule l i q u i d  c r y s t a l s  and p o l y -  
m e r i c  li u i d  c r y s t a l s  we have r e c e n t l y  syn thes i zed  and 

" d i m e r i c "  s e r i e s  o f  mesogens, 1, below. These compounds 
can be cons ide red  as dimers i n  t h e  conceptual  t a i l - t o - t a i l  
coup1 i ng o f  two (monomeric) 4-a1 koxyphenyl 4 '  -a1 koxybenzoa t e  
mesogens, 2. As such these compounds, 1, a r e  r e l a t e d  as 
Siamese Twin mesogens t o  2.  Our i n t e r e s t  i n  these  Twin 
dimers i s  t h a t  t hey  a re  examples o f  conceptual  ( b u t  n o t  
a c t u a l  ) o l igomers i n  t h e  i nc remen ta l  p r o g r e s s i o n  o f  
monomer + o l i g o m e r  -f polymer l i q u i d  c r y s t a l s .  The a c t u a l  
o l i gomers  i n  t h e  polycondensat ion r e a c t i o n s  t o  fo rm main 
c h a i n  l i q u i d  c r y s t a l l i n e  polymers a r e  dominated by r e a c t i v e  
ends (such as COOH, C O C l  , OH) and a r e  t h e r e f o r e  u n r e l a t e d  
t o  bo th  t h e  h i g h  mo lecu la r  we igh t  polymer l i q u i d  c r y s t a l  

r e p o r t e d  3 t r a n s i t i o n  temperatures and phase behav io r  o f  a 
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150 A. C .  GRIFFIN and T. R .  BRlTT 

R=C - C  2 10 

and the  small  molecule l i q u i d  c r y s t a l  analogous t o  these 
polymers. Conceptual ol igomers such as 1 on the  o the r  hand 
are r e l a t e d  t o  t h e  repeat ing  mesogenic u n i t  i n  t he  polymers, 
33, and t o  the  small molecule r e l a t e d  t o  t h i s  repeat ing  
mesogenic moiety, 2. I n  t h e  s t ruc tu res  above the  dashed l i n e s  
i n d i c a t e  the  4-a1 koxyphenyl 4 ' -a1 koxybenzoate mesogenic 
moiety i n  the  polymer ic  repeat  u n i t  o f  3. 

en tha lp ies  ( A H )  and t r a n s i t i o n  en t rop ies  ( A S )  f o r  Twin dimers 
1 as a f u n c t i o n  o f  the  l eng th  o f  the  a lkoxy chain a t  t h e  ends 
o f  the  molecule. I n  a d d i t i o n  we present  a comparison of 
s i m i l a r  nemat ic - i so t rop ic  data f o r  monomeric compounds 2 
and the  r e l a t e d  polymer ic  ma te r ia l s  3 i n  an e f f o r t  t o  examine 
the  p o t e n t i a l  use o f  compounds such as 1 as models f o r  o l i -  
gomers i n  the  monomer + ol igomer + polymer sequence of l i q u i d  
c r y s t a l  1 i ne mater i  a1 s . 

We wish t o  r e p o r t  here the nemat i c - i so t rop i c  t r a n s i t i o n  

EXPERIMENTAL 

Compounds 1 3 have been synthes ized and charac ter ized  
by us p rev ious l y .  
monomers 2 were taken fr m the  l i t e r a t u r e .  For monomers 2 
the paper o f  Demus e t  a1 was used. Concerning the  cho.ice 
o f  which OR'  t o  use f o r  2 we chose decyloxy p r i m a r i l y  because 
the data f o r  most o f  these compounds was more e a s i l y  obta ined 
(by e x t r a p o l a t i o n )  than f o r  penty loxy as O R ' .  We are no t  
suggesting t h a t  decyloxy i s  a b e t t e r  model than penty loxy 

Thermodynamic data f o r  polymers 3 and 
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OLIGMER MODELS 151 

f o r  O R '  i n  2, b u t  r a t h e r  t h a t  we have g r e a t e r  con f idence  i n  
t h e  v a l i d i t y  o f  o u r  e x t r a p o l a t e d  A H  and AS values f o r  t h e  
decy loxy homologues. For  comparison o f  n e m a t i c - i s o t r o p i c  
e n t h a l p i e s  and e n t r o p i e s  among t h e  t h r e e  s e r i e s  o f  compounds 
t h e  c a l c u l a t i o n s  were made as desc r ibed  below t o  no rma l i ze  
each t o  one 4-a1 koxyphenyl 4 '  -a1 koxybenzoate segment: 

polymers ,3 J / g  was taken  f rom t h e  l i t e r a t u r e  
and conver ted  t o  a p e r  "mole" o f  
phenyl  benzoate segment b a s i s  
u s i n g  h a l f  t h e  mass o f  t h e  fo rma l  
p o l y m e r i c  r e p e a t  u n i t  as t h e  
convers ion  f a c t o r .  

Twi n d i  mers , l  J/mole d i v i d e d  by two 

monomers ,2 J /mole taken f rom t h e  l i t e r a t u r e  
as d e s c r i b e d  above. 

T r a n s i t i o n  e n t h a l p i e s  f o r  s e r i e s  1 Twin dimers were 
o b t a i n e d  on a Du Pont model 990 thermal  ana lyze r  equipped 
w i t h  a model 910 c e l l  f o r  d i f f e r e n t i a l  scanning c a l o r i m e t r y .  
The sample chamber was c o n t i n u o u s l y  purged w i t h  n i t r o g e n  
d u r i n g  a l l  runs (a minimum o f  f o u r  runs p e r  d a t a  p o i n t ) .  
Perk in-Elmer AD-2 microbalance was used t o  weigh t h e  samples. 
Ind ium was used as e n t h a l p i c  s tandard.  Peak areas were 
measured u s i n g  e x t r a p o l a t i o n  o f  monotonic b a s e l i n e  on bo th  
s ides  o f  t h e  t r a n s i t i o n  t o  t h e  t r a n s i t i o n  temperature ( taken  
as p o i n t  o f  maximum r a t e  o f  change o f  hea c a p a c i t y ;  endo- 
the rm ic  maximum). The r e s u l t i n g  area was measured by 
a c c u r a t e l y  weighing mu1 t i p l e  s tandard i zed  photocopies and 
comparing these weights  t o  i n d i u m  peak we gh ts .  

A 

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

A l l  polymers, 3, and a l l  Twin d imers, l ,  a r e  e n a n t i o t r o p i c  
m a t e r i a l s  hav ing t h e  nemat ic  phase as t h e  o n l y  meso- 

nemat i593 phase. The monomeric phenyl  benzoates , 2, have phase 
behav io r  t y p i c a l  o f  many mesogenic homologous s e r i e s ,  i .e., 
nemat ic o n l y  when a l koxy  t a i l ( s )  a r e  s h o r t ,  bo th  smect ic  and 
nematic a t  i n t e r m  d i a t e  c h a i n  l e n g t h s ,  and smect ic  o n l y  when 
t a i l s  a r e  iong.495 Comparisons o f  n e m a t i c - i s o t r o p i c  temper- 
a t u r e s  among t h e  t h r e e  s e r i e s  have been made p r e v i o u s l y 2  w i t h  
t h e  conc lus ions  t h a t :  

i )  The po lymer i c  mesogens, 3, have h i g h  T w i t h  a 
l a r g e  odd:even a l t e r n a t i o n  i n  TN-I. T#ebe i s  a 

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

1:
19

 2
1 

Fe
br

ua
ry

 2
01

3 



152 A. C. GRIFFIN and T. R .  BRITT 

gradua l  descending t r e n d  as t h e  carbon c h a i n  l e n g t h  
X i s  increased.  
The monomeric m a t e r i a l s ,  2, have low  TN-1 w i t h  a 
s m a l l ,  b u t  p e r c e p t a b l e  odd:even e f f e c t  i n  a g r a d u a l l y  
ascending f a s h i o n  as carbon c h a i n  l e n g t h  ( O R )  i s  
i n c r e a s e d  . 
The Twin d i m e r i c  mesogens, 1, have TN-I a t  i n t e r -  
mediate va lues w i t h  a d i s t i n c t  odd:even a l t e r n a t i o n  

ii) 

i i i )  

i n  t h e  same sense as t h a t  i n  t h e  PO 
i s  a l s o  a g radua l  descending t r e n d  
t a i l s  ( R O )  i n c r e a s e  i n  l e n g t h .  

The i n t e r m e d i a t e  TN- w i t h  i t s  d i s t i n c t  
t i o n  and e x c l u s i v e l y  nema i i c  mesophase behav 

ymers, 3 .  There 
n TN-I as t h e  

odd :even a1 t e r n a -  
o r  o f  t h e  Twin 
between phase 
r s ,  1, and 

d imer  f a m i l y ,  1, suggest  a s t rong .  connec t ion  
t y p e  and mesophase o r d e r i n g  i n  b t h  Twin d im 
polymers,  3. B lums te in  e t  a1 .6,q have r e c e n t l y  r e p o r t e d  
s y n t h e s i s  and thermodynamic da ta  f o r  b o t h  po lymers,  model 
compounds and a c t u a l  o l i gomers  r e l a t e d  t o  p o l y ( a z o x y e s t e r s )  . 
T h e i r  r e s u l t s  i n d i c a t e  " p o l y m e r i c "  b e h a v i o r  beg ins  a t  about  
s i x  r e p e a t i n g  u n i t s  p e r  c h a i n  f o r  t h e i r  system. 

Thermodynamic d a t a  f o r  t h e  N-I t r a n s i t i o n  f o r  t h e  Twin 
d imer  s e r i e s ,  1, a r e  p resen ted  i n  Table 1. F i g u r e s  2 and 3 
show N - I  e n t h a l p i e s  and e n t r o p i e s ,  r e s p e c t i v e l y ,  f o r  com- 
pounds 1,2, and 3 u s i n g  t h e  d e r i v a t i o n s  as d e s c r i b e d  i n  t h e  
exper imen ta l  s e c t i o n .  Both f i g u r e s  show remarkable s i m i l a r i t y  
i n d i c a t i n g  a s t r o n g  coup1 i n g  between i n t e r m o l e c u l a r  f o r c e s  
and s t r u c t u r a l  o r d e r i n g  i n  each o f  t hese  systems. With t h e  
e x c e p t i o n  o f  X=4 i n  s e r i e s  3 (which we now b e l i e v e  t o  be an 
i n c o r r e c t  da ta  p o i n t )  t h e r e  i s  an odd:even a l t e r n a t i o n  i n  
each s e r i e s .  A l t e r n a t i o n  i n  t h e  polymer s e r i e s ,  3, i s  t h e  
most p rominen t  and on a "monomer" b a s i s  t h e  p o l y m e r i c  mesogens 
e x h i b i t  t h e  g r e a t e s t  i n t e r m o l e c u l a r  b i n d i n g  (AH) and mesophase 
o r d e r  ( A S ) .  
t h a t  i n  o u r  c a l c u l a t i o n s  t h e  f l e x i b l e  segments a r e  e f f e c t i v e l y  
h a l v e d  t h u s  t h e  a c t u a l  e n t h a l p i c  and e n t r o p i c  va lues  o f  an 
e x a c t l y  analogous polymer would be even l a r g e r  t h a n  those 
shown. The phenyl  benzoate s e r i e s ,  2, has a s h a r p l y  ascending 
odd:even a1 t e r n a t i o n  w i t h  t h e  l e a s t  degree o f  i n t e r m o l e c u l a r  
bonding and s t r u c t u r a l  o r d e r i n g  ( a t  l e a s t  u n t i l  X = l O ) .  The 
t w i n  d imers,  1, have a r e g u l a r  odd:even a l t e r n a t i o n  f o r  b o t h  
A H  and AS w i t h  an i n t e r m e d i a t e  ( r e l a t i v e  t o  2 and 3 )  amount 
o f  b o t h  i nte rmo l  e c u l  a r  a t t r a c t i o n  and mesophase o r d e r i n g  . 
For  b o t h  e n t h a l p y  and e n t r o p y  changes t h e  genera l  t r e n d  i s  
toward i n c r e a s i n g  va lues as t h e  t a i l s  (RO)  become l o n g e r .  

T h i s  i s  made even more s i g n i f i c a n t  by t h e  f a c t  
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OLICMER MODELS 153 

C2H5 451.0 7.18 7.96 

C3H7 433.3 6.89 7.95 

C4H9 433.1 7.00 8.09 

C5Hll 422.2 6.84 8.10 

422.7 7.49 8.86 'gH13 

- -  - R 

C7H15 416.2 6.98 8.39 

C8H17 419.3 8.31 9.91 

CgHl9 406.2 7.28 8.97 

ClOHZ1 409.4 9.21 11.3 

a )  TN-I i n  K b )   AH^-^ i n  kJ/mole c )  ASNmI i n  J/mole K 

TABLE 1. Thermodvnaniic da ta  f o r  N -  I t r a n s i t i o n  i n  Twin 

FIGURE 1. Comparisons o f  nemat i  c - i  s o t r o p i  c e n t h a l  p i e s  f o r  
s e r i e s  1,2 and 3 mesogens. 
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154 A. C. GRIFFIN and T. R. BRITT 

P 

..* 

l . . .  a' 

2 3 4 5 b 7 8 9 10 

NUMFC OF URW5 IN Kip SEGYEAT 

Figure 2. Comparisons o f  nemat i c - i so t rop i c  en t rop ies  f o r  
se r ies  1,2, and 3 mesogens. 

For t h i s  se r ies ,  1, the  average value o f  bo th  A H  and AS 
( e s p e c i a l l y  f o r  the lower members) i s  q u i t e  above t h a t  f o r  
the  monomers, 2, even cons ider ing  the  f a c t  t h a t  OR'=decyloxy 
n o t  penty loxy  f o r  the  monomer ser ies .  The odd:even a l te rna -  
t i o n  i n  1 appears as a secondary e f f e c t  superimposed on a 
l a r g e  basal value o f  approximately AH=3.4 kJ/mole and 
AS=8 J/mole K, i.e. t h e  coup l ing  o f  t h e  OR' a lkoxy  chains 
imposes a l a r g e  o rde r ing  (and e n t h a l p i c )  e f fec t  on the Twin 
dimers w i t h  the  odd:even e f f e c t  as a minor  v a r i a t i o n  on th i s  
major  theme. There i s  a cur ious increase i n  t h e  ex ten t  o f  
a l t e r n a t i o n  o f  both A H  and AS. Both values show a much 
g rea te r  degree o f  a l t e r n a t i o n  as the  t a i l  l eng th  increases. 
We c u r r e n t l y  have no s u i t a b l e  exp lanat ion  t o  o f f e r  f o r  t h i s  
behavior. It the re fo re  appears t h a t  t he  thermodynamics of  
the nemat ic - i so t rop ic  t r a n s i t i o n  suppor t  t he  proposal t h a t  
model compounds such as 1 are useful t o  study the  conceptual 
in te rmed ia tes  i n  the  monomer + o l  igomer -+ polymer sequence 
as w e l l  as be ing i n t e r e s t i n g  mesogens i n  t h e i r  own r i g h t  
hav ing f l e x i b l e  centers .  
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