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THE STRUCTURE PROPERTY RELATIONSHIP OF A HOMOLOGOUS 
SERIES OF MESOGENIC COMPOUNDS. 

SAKUNTALA GUPTA AND SUKLA PAUL 
Department of Phys ics ,  North Bengal Un ive r s i ty ,  
S i l igur i -734430,  India .  

Abs t r ac t  In  t h i s  paper  e f f o r t s  have been made t o  
i n v e s t i g a t e  a r e l a t i o n  between t h e  molecular  s t r u c t u r e ,  
packing c o e f f i c i e n t  and phase  t r a n s i t i o n  behaviour  f o r  
a homologous series of l i q u i d  c r y s t a l s .  W e  have  
undertaken t h e  s t u d i e s  of t he  twe lve  members of t h e  
series (nOCB) The molecules  belonging t o  t h i s  series 
are asymmetric. The o r i e n t a t i o n a l  o r d e r  pa rame te r s  i n  
t h e  nematic  phase  have been c a l c u l a t e d  f o r  t h e  
molecules  <n=5 t o  9) i n t r o d u c i n g  asymmetry and t h e  
v a r i a t i o n  o f  a r d e r  parameter  wi th  c h a i n  l e n g t h  nea r  t h e  
t r a n s i t i o n  t empera tu re  is d i  scussed.  

INTRODUCTIClN 

The phys ica l  p r o p e r t i e s  of l i q u i d  c r y s t a l s  such a5 thermal  

st a b i  1 i t y  , or i e n t  a t  i onal  o r d e r  parameter  , o p t i c a l  

p r o p e r t i e s  etc. p l a y  an impor tan t  role i n  t h e  d e s i g n  of 

l i q u i d  c r y s t a l  devices .  These p r o p e r t i e s  are s t r o n g l y  

dependent on molecular  s t r u c t u r e  and t h e i r  packing5 

c o e f f i c i e n t s .  In  t h e s e  paper  e f f o r t s  have  been made t o  
i n v e s t i g a t e  a r e l a t i o n  between t h e  molecular  s t r u c t u r e ,  

packing c o e f f i c i e n t s  and phase  t r a n s i t i o n  behaviour  f o r  a 

homologous series 4-alkoxy-4-cyanobiphenyl (nOCB, n=l  to 

12) .  T h i s  series have been s t u d i e d  e x t e n s i v e l y  by v a r i o u s  

experimental  t e c h n i q ~ e s l - ~ .  The molecules  be longing  to t h i s  

series are asymmetric. The o r i e n t a t i o n a l  o rde r  pa rame te r s  

have been c a l c u l a t e d  i n t r o d u c i n g  t h i s  asymmetry f o r  t h e  

molecules  Cn=5 t o  9) i n  t h e  nematic phase  nea r  t h e  

t r a n s i t i o n  t empera tu re  and t h e  v a r i a t i o n  of o r d e r  

parameter  wi th  c h a i n  l e n g t h  is d i scussed .  
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484 S. GUPTA AND S. PAUL 

CALCULATION 

Packing  c o e f f i c i e n t  

Molecular  p a c k i n g  c o e f f i c i e n t  is d e f i n e d  as t h e  ra t io  of 
t h e  g e o m e t r i c  volume of a molecule  t o  t h a t  of t h e  volume 

p e r  molecule  i n  t h e  c r y s t a l .  The volume i n c r e m e n t s  f o r  

a t o m i c  c o m b i n a t i o n s  are c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  

formula  g i v e n  by K i t a i g o r o d s k y  8 
7 7 

U= 4/31R" - 1/3nhi (3R-hi > 
where R is t h e  i n t e r m o l e c u l a r  r a d i u s  of t h e  a t o m  concerned  

and R i ' 5  are t h e  i n t e r m o l e c u l a r  r a d i i  of t h e  a t o m s  t h o s e  

are valence-honded w i t h  t h i 5  a t o m  and a re  p o s i t i o n e d  a t  

d i s t a n c e  d . f r o m  t h i s  a t o m .  The. h e i g h t  c u t  o f f  segment is 

si ven by 
1 

- 
2 2 2  h . =R - It? +di -Ri /2d.  

1 1 
Relevant  d a t a  f o r  p a c k i n g  c o e f f i c i e n t  c a l c u l a t i o n s  are 

t a k e n  from t h e  c r y s t a l  5 t r u c t u r e  a n a l y s i s  of f i r s t  s e v e n  

compounds '-ll. For h i g h e r  hamologues In=8 t o  12) t h e  cell 

TARLE 1 P h y s i c a l  d a t a  for- t h e  series nUC3 

n ~ o l  2 c r y .  ~ e n s i t y  T,<OC) T, (OC) Packing  (a3) C l  a55 fgm/cc 1 Coef f I 

1 2257 8 Mono 1.24 85. zi* 105.0 0.69 

2 4856 16 Mono 1.22 90. 5* 102.0 0.69 

3 1317 4 Mono 1.19 64.0 74.5 0.67 
* 

4 2904 8 O r  t h o  1 - 1 4  75.5" 78.0 0.64 

5 1496 4 Mono 1.17 47.5 67.5 0.66 

6 3263 8 Mono 1.14 57.0 75.5 0.64 

7 1738 4 T i  1.12 54.0 74.0 0.63 
8 1804 4 Mono 1-13 54.5 79.5 0.64 

9 1795 4 Mono 1-18 64-0 80.0 0.68 

10 2028 4 Manu 1.09 59.5 84.0 0.63 

11 2121 4 Mono 1-09 71.5 87.5 0.63 

12 2214 4 Mono 1-09 70.0 70.0 0.63 

* :mono t r o p i c  nemat ic .  
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STRUCTURE PROPERTY RELATIONSHIP 485 

p a r a m e t e r s  have  

d a t a  indexed  by 

NRCVAX used  f o r  

been de termined  from t h e  ponder d i f f r a c t i o n  

t h e  program PPLP of t h e  package  program 

c r y s t a l  s t r u c t u r e  a n a ~ y s i s ' ~ '  - Values  of 
7 13 

t h e  packing  f r a c t i o n s  a l o n g  w i t h  o t h e r  c r y 5 t a l l o g r a p h i c  

d a t a  a r e  g i v e n  i n  T a b l e  I .  

D r i  e n t a t i  a n a l  o r d e r  parameter  

W e  d e t e r m i n e d  o r i e n t a t i o n a l  o r d e r  parameter  (5) i n  t h e  

n e m a t i c  ptra5e of t h e  molecule  < n = 5 t o  9 c o n s i d e r i n g  

b o t h  t h e  a n i s o t r o p i c  d i s p e r s i o n  and r i g i d  body r e p u l s i o n  

a l o n g  w i t h  a n  a d d i t i o n a l  f a r c e  which d e s t r o y s  o r d e r  when 

t h e r e  is asymmetry i n  t h e  m01ecule5 . W e  adopted  t h e  method 

of S h i v a p r a k a s h  et  a l l '  and c a l c u l a t e d  t h e  o r d e r  parameter  

from t h e  f o l l o w i n g  e q u a t i o n  

Avn (a - b ) z  
+ - =a 

KT 32 where I '  = 

a is t h e  c o e f f i c i e n t  i n d i c a t i n g  t h e  s t r e n g t h  of t h e  

a n i s o t r o p i c  p a r t  of t h e  d i s p e r s i o n ,  4 i n d i c a t e s  t h e  

5 t r e n g t h  of t h e  f o r c e  t h a t  c o n t r i b u t e  t o  t h e  d e s t r u c t i o n  of 

t h e  o r d e r ,  Z is t h e  c o - o r d i n a t i o n  number of t h e  molecules ,  

n t h e  c o n c e n t r a t r o n  of  m o l e c u l e s ,  A v  change  i n  volume. The 

g e o m e t r i c a l  d a t a  have  been o b t a i n e d  f r a m  c r y s t a l  s t r u c t u r e  

a n a l y s i  5.  

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

The thermal  s t a b i l i t y  d a t a  h a v e  been o b t a i n e d  from 

l i t e r a t u r e 1 4  and are  g i v e n  i n  T a b l e  1. The v a r i a t i o n  of 

thermal  s t a b i l i t y  w i t h  c h a i n  l e n g t h  is shown i n  f i g u r e  1. 

It is observed  t h a t  t h e  a v e r a g e  thermal  s t a b i l i t y  ! c l e a r i n g  

p o i n t  ) d e c r e a s e s  w i t h  c h a i n  l e n g t h ,  a common phenomenon 

for a homologous series of asymmetr ic  molecules .  There  1 5  a 

sudden change  i n  s l o p e  a t  s o m e  member of t h i s  homologous 

series, i n d i c a t i n g  t h e  o n s e t  of d i f f e r e n t  mesomorphic 

s t a t e .  T h i s  is i n  agreement  w i t h  t h e  e x p e r i m e n t a l  s t u d i e s ,  

which showed t h a t  t h i s  series have  a s y s t e m a t i c  change  of 
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FIGURE 2 Packing c o e f f i c i e n t  a g a i n s t  chain length .  
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FIGURE 3 Dependence uf order  parameter on T°K 
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488 S .  GUPTA AND S. PAUL 

p h a s e  s e q u e n c e s  depending  on c h a i n  l e n g t h .  The v a r i a t i o n  of 

m e l t i n g  p o i n t  w i t h  c h a i n  l e n g t h  is a150 p l o t t e d  i n  f i g . 1 .  

Pronounced odd even e f f e c t  is o b s e r v e d  i n  t h e  v a r i a t i o n  of 

m e l t i n g  p o i n t  w i t h  t h e  n o  of c a r b o n  a t o m s  i n  t h e  c h a i n .  The 

v a r i a t i o n  of p a c k i n g  c o n f i d e n t  w i t h  n is shown i n  fig.2. 

Packing  c o n f i d e n t  d e c r e a s e s  a5 n i n c r e a s e s ,  which i m p l i e s  

t h a t  an  i n c r e a s e  i n  p a c k i n g  c o n f i d e n t  i n c r e a s e s  t h e  thermal  

s t a b i l i t y .  f i t  n = 9 t h e  p a c k i n g  c o n f i d e n t  i 5  abnormal ly  

h i g h . T h i 5  is s i m i l a r  t o  t h e  b e h a v i o u r  of thermal  s t a b i l i t y .  

The v a r i a t i o n  of o r d e r  parameter S w i t h  t e m p e r a t u r e  f o r  t h e  

c o m p o u n d 8 O C ~ i s  shown in t h e  f i g . 3 .  f i t  h i g h e r  t e m p e r a t u r e  S 
d r o p s  o f f  m o r e  r a p i d l y  when asymmetry is c o n s i d e r e d .  T h i s  

is i n  c u n f o r m i t y  w i t h  t h e  e x p e r i m e n t a l  v a l u e s  of S 
determined  f rom o p t i c a l  s t u d i e s .  C a l c i t e  v a l u e s  of S at 

T -T= 2OC i n  t h e  n e m a t i c  p h a s e ,  c o n s i d e r i n g  asymmetry, a r e  

p l o t t e d  i n  f i g . 4  f o r  t h e  compounds I n = 5 t o  9 1 .  
C 

Order  p a r a m e t e r  d e c r e a s e s  w i t h  c h a i n  l e n g t h  a5 i5 

a p p a r e n t  f r o m  t h e  f i g u r e .  T h i s  i5  a k i n  t o  t h e  packing  

c o e f f i c i e n t  behaviour .  W e  t h e r e f o r e  f i n d  t h a t  o r d e r  

parameter  depends  on p a c k i n g  c o e f f i c i e n t .  Densely packed 

m o l e c u l e s  h a v e  h i g h e r  v a l  ues of order parameter .  

ACKNOWLEDGEMENT 

W e  are t h a n k f u l  t o  D r j  R.Pau1 and P.Planda1 f o r  t h e i r  
v a l u a b l e  s u g g e s t i o n s  i n  c a r r y i n g  o u t  t h i s  w o r k .  S.Gupta 
g r a t e f u l l y  acknowledges t h e  f i n a n c i a l  s u p p o r t  f rom 
CSIR, I n d i a .  

REFERENCES: 
1 

2. 

3- 

4. 

c -I. 

6. 

3. B h a t t  a c h a r  jee, S .  Paul  and R.Paul , 
M a 1  .Crys t .  L i  q. C r y s t .  , 83, la1 1982). 

PI-J-Bradshaw, E.P.Raynes, J.D.3unning and T.E.Faber, 
J .Phys. ,  46, 1513<1?85) .  

J. D. Bunning, D.N. C r e l l  i n  and T.E.Faber, L i  q. C r y s t a l s ,  I, 
37 (1986). 
M - M i t r a ,  R.Pau1 and S.Pau1, A c t a  P h y s i c a  P o l o n i c a ,  

B, 454 (1990). 
M . M i t r a ,  S.Paul and R-Paul ,  Z - N a t u r f o r s c h - ,  - *, 

M - M i t r a ,  S.Gupta, R-Paul and S .Paul ,  Mol-Cry5t.Liq.Cryst 
axt(i99i). 

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:
18

 1
8 

Fe
br

ua
ry

 2
01

3 



STRUCTURE PROPERTY RELATIONSHIP 489 

199, 257 < 1991). 

A . f l o s l e y ,  3. Phys., 40, 375<1979). 
7, A.J.Leadbetter, J.C.Frost, J.P.Gaughan, G-W-Grey and 

8. A. l.Kitaigorodsky, Molecular Crystals and Molecules, 

Academic Press, New York-London, (1973). 
9 .  L.Wslz, H.Paulus and W.Haase, Zeitschrift fur Kristal- 

lographie., 180, 9761987). 10. P.Manda1 and S-Paul, 

Mol,Cryst.Liq.Cryst., 131, 223(1985). 
11. Kayako Hori, Yashika Koma, Akira Uchida and Yuji 

12. S.Gupta and S.Paul, private communication. 
13, PC version of the NRCVAX Crystal Structure System, P. 

Ohashi, Mol. Cryst.Liq.Cryst., 225, 1561993). 

S. White, Department of Chemistry, University of New 
Rrunswick, New Brunswick, Canada. 

Cryst. Liq. Cryst., 74, 2156 1981) - 
15. Catalogue data, RDH Chemicals LTD. 

14. N. C. Shivaprakash and 3. Shashidhara Prasad, Mol. - 

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:
18

 1
8 

Fe
br

ua
ry

 2
01

3 


