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MULECULAR ORIERITATIUNAL ORDERING UF A LONG C H A I N  

MESUGENIC COMPOUND. 

SAFUNTCILA GUPTA, R A N J I T  PAUL AND SUKLA PAUL. 
Department of P h y s i c s , N u r t h  Rengal U n i v e r s i t y ,  
s i l i g u r i ,  I n d i a ,  734430 

A b s t r a c t  I n  t h i s  communication w e  p r e s e n t  t h e  o r d e r  
parameter  v a l u e s  of t h e  c h a i n  p a r t  of t h e  compound 
5- ( t r a n s  -4- h e p t y l c y c l o h e x y l )  -2- (4- cyanophenyl > 
p y r i m i d i n e  IHCCPP) i n  t h e  nemat ic  p h a s e ,  f r o m  t h e  
s u b t l e  f e a t u r e s  i n  t h e  X-ray d i f f r a c t i o n  p a t t e r n  and 
its r e f r a c t i v e  index a n i s o t r o p y  d a t a .  

INTRODUCTION 

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

f l a t ,  e x h i b i t  

m o l  e c u l  e4, u s u a l  1 y el ongated  and re1 a t  i v e l  y 

l o n g  r a n g e  o r i e n t a t i o n a l  o r d e r  i n  t h e  

mesomorphic phases .  V a r i o u s  e x p e r i m e n t a l  methods h a v e  been 

used  t u  measure o r i e n t a t i o n a l  o r d e r i n g  of mesogenic 

m o l e c u l e s  i n  u n i a x i a l  l i q u i d  c r y s t a l s .  Hut i n  r e a l i t y ,  

t y p i c a l  mesogenic compounds are  n e i t h e r  r i g i d  nor  h i g h l y  

symmetr ic ,  f l e x i b l e  hydrocarbon ' t a i l s '  are a t t a c h e d  to 

e i t h e r  o n e  or troth e n d s  of a c e n t r a l  c u r e .  The t a i l  p a r t  

o f t e n  h a s  l o w  symmetry and m o r e  i n t e r n a l  d e g r e e s  of fr-eedorn 

and a s  a r e s u l t ,  i t  c a n  t a k e  d i f f e r e n t  conformat ions .  

I n  o u r  l a b o r a t o r y  o r i e n t a t i o n a l  o r d e r  parameter  v a l u e s  

have  been e s t i m a t e d  from X-ray d i f f r a c t i o n  and o p t i c a l  

methods etc. f o r  d i f f e r e n t  mesogenic compounds which h a v e  

f l e x i b l e  hydrocarbon c h a i n .  I t  h a s  been found that 

o r i e n t a t i o n a l  o r d e r  p a r a m e t e r  v a l u e s  f o r  t h i s  t y p e  of 

mesogens a s  de termined  from X-ray d i f f r a c t i o n  t e c h n i q u e  

are  much less t h a n  t h o s e  frum r e f r a c t i v e  index  

measurements . The d i s c r e p a n c y  between t h e  r e s u l t s  o b t a i n e d  

from t h e s e  t w o  methods is d u e  t o  t h e  c o n t r i b u t i o n  of t h e  

l o n g  hydrocarbon c h a i n  whose a x i s  is t i l t e d  w i t h  r e s p e c t  to 

t h e  a x i s  o f  t h e  core .Thus it is i m p o r t a n t  t o  c o n s i d e r  t h e  
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c h a i n  C o n t r i b u t i o n  to t h e  s c a t t e r r e d  i n t e n s i t y  s e p a r a t e l y  

w h i l e  a n a l y s i n g  X-ray da ta  and cumparing i t  t a  t h e  

c o n t r i b u t i o n  d u e  t o  t h e  r i g i d  p a r t 2 .  

I n  t h i s  paper  w e  e s t i m a t e d  o r i e n t a t i o n a l  o r d e r  

parameter  of t h e  c h a i n  p a r t  Df  a mesoqenic compound i n  t h e  

nemat ic  phase.  T h i s  compound h a 5  been s t u d i e d  by X-ray 

d i f f r a c t i o n  and o p t i c a l  methods1 and i t  h a 5  t h e  f o l l o w i n g  

s t r u c t u r e  and t r a n s i  t i on temper a t  u r  es: 

75°C 

CALCULATIONS &ME) RESULTS 
7 

L e a d b e t t e r  and t J o r r i e s 3  h a v e  shown t h a t  X-t-ay i n t e n s i t y  

d i s t r i b u t i o n  a l o n g  t h e  e q u a t o r i a l  a r c  I < 8 )  ,keeping  t h e  

Rragg a n g l e  c o n s t a n t ,  is r e l a t e d  t o  t h e  o r i e n t a t i a n a l  

d i s t r i b u t i o n  f u n c t i o n  f <,O) of t h e  m o l e c u l e s  by  

8 v a l u e  a t  I<€+> maximum is t a k e n  t o  be equal t o  zerc). 

Equat ion  < l )  can  b e  s o l v e d  t o  d e t e r m i n e  f<,f?) f r c r m  

e x p e r i m e n t a l  I ( 8 )  v a l u e s .  The o r i e n t a t i o n a l  o r d e r  parameter  

(OOP) can  b e  c a l c u l a t e d  from t h e  d i s t r i b u t i o n  f u n c t i a n  f { f i )  
r e a d i l y ?  They h a v e  also shown t h a t  t h e  c a l c u l a t e d  f < @ >  f i t s  

w e l l  w i t h  t h e  Maier-Saupe t y p e  d i s t r i b u t i o n  f u n c t i o n  

7. 

f ((3) =exp !a cosL[3) 12) 

where ' a '  i 5  t h e  v a r i a t i o n a l  parameter-.  Assuming t h i s  form 

csf f < / j ) ,  I t e l  can  be w r i t t e n  a s  

2 C e x p  (a cos 8 )  e r f  < a cos 8 > 
I <8)= 

cx cos e 

6.8123 S 
where a= -- r = T'TNI T 

or i e n t a t  i o n a l  o r d e r  parameter  . 

( 3 )  

, S b e i n g  t h e  
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MOLECULAR ORIENTATION ORDERING [ 1775]/487 

The c r y s t a l  s t r u c t u r e  of t h i s  compound HCCPP had been 

sol./ed by u s  . From t h e  c r y s t a l l o g r a p h i c  d a t a  w e  c a l c u l a t e d  

t h e  a n g l e  BC between t h e  mean axis of t h e  c h a i n  p a r t  and 

t h e  a x i s  of t h e  r i g i d  p o r t i o n  which was found t o  be 27,89*. 

The e q u a t i o n  12) w a s  used t o  c a l c u l a t e  c h a i n  p a r t  

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

t h e n  added t o g e t h e r  t o  g i v e  t h e  t o t a l  x-ray i n t e n s i t y  

d i s t r i b u t i o n ,  which can  b e  w r i t t e n  a 5  

4 

tei = C1 I te, + C2cIch(e tec)  f I C h < @ - e C ) 3  (4) I c a l  R 
where lFitP) is due  t o  t h e  r i g i d  p a r t  and Ich(8-Wc), 

<e-6c) i n c l u d e  c h a i n  p a r t  c o n t r i b u t i o n  having  t w o  

symmectric o r i e n t a t i o n s  o f  t h e  c h a i n  -W w i t h  r e s p e c t  t o  
I c h  

- c  
t h e  r i g i d  core. t3 r a n g e s  from O O t o  90: IRif3>,  rch(e+ecf and 

Ichle-@c) w e r e  c a l c u l a t e d  u s i n g  t h e  r e l a t i o n  12) b u t  w i t h  

d i f f e r e n t  v a l u e s  of t h e  order p a r a m e t e r -  I n  the c a l c u l a t i o n  

of 'a' for  t h e  r i g i d  p a r t  of t h e  molecule ,  S w a 5  t a k e n  as 

determined  from r e . F r a c t i v e  index measurement. T h i s  is 

j u s t i f i e d  s i n c e  r i g i d  p a r t  of t h e  molecule  c o n t a i n i n g  

cyanophenyl and p y r i m i d i n e  g r o u p s ,  b e i  ng h i g h l y  

p o l a r i z a b l e ,  c o n t r i b u t e  t o  t h e  r e f r a c t i v e  i n d i c e s  of t h e  

molecule  much m o r e  t h a n  t h e  c h a i n  p a r t .  For t h e  c h a i n  p a r t  

w e  v a r i e d  t h e  v a l u e  of a and hence  its o r d e r  p a r a m e t e r ,  50 

t h a t  t h e  e x p e r i m e n t a l l y  de te rmined  X-ray i n t e n s i t y  

1 8 1  f i t s  t h e  v a l u e  c a l c u l a t e d  from d i s t r i b u t i o n  

e q u a t i o n  (4)- The c o n s t a n t s  of p r o p o r t i o n a l i t y  C and 

w e r e  chosen OR t h e  bas i s  of t h e  number of n m  hydrogen 

a t o m s  i n c l u d e d  i n  r i g i d  and c h a i n  p a r t s  s e p a r a t e l y .  For t h e  

compound HCCPP, t h e i r  r a t io  i 5  approximate ly  3 : 1 , h e n c e  w e  

t o o k  C /C,=3. F i g u r e  1 show5 t h e  f i t t i n g  of t h e  

e x p e r i m e n t a l  and t h e  c a l c u l a t e d  X-ray i n t e n s i t y  

d i s t r i b u t i o n  v a l u e s  f o r  t h e  nemat ic  p h a s e  (158GCf of t h e  

(€3) matches w i t h  I t e )  f o r  t h e  v a l u e  of S= compound. 

0.52 f o r  t h e  c h a i n  p a r t  of t h e  molecule .  Fol lowing  t h i s  

p r o c e d u r e ,  w e  e s t i m a t e d  t h e  c h a i n  o r d e r  parameter  v a l u e s  

1 

obs 

c2 1 

1 ,  
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over t h e  whale  range of n e m a t i c  phase uf t h e  compuund 

I4CCPF. T h e  r e s u l t s  a r e  g i v e n  in Table I .  

'FARLE - I 

Temp i OC 1 OOP (X-ray) DOF ( o p t i c a l  1 OOPIChain) 

158 0.47 0. ti2 0.52 

162 0.42 0.61 0.50 

177 0.41 0.57 0.47 

200 0.39 0.54 0.44 
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bJe f i n d  t h a t  t h e  c h a i n  o r d e r  parameter  v a l u e s  are  

i n t e r m e d i a t e  between t h e  OOP v a l u e s  o b t a i n e d  f a r  t h i s  

compound f r o m  X-ray and r e f r a c t i v e  index  measurements. T h i s  

i 5  n a t  s u r p r i s i n g ,  s i n c e  a5 mentioned before, t h e  

r e f r a c t i v e  i n d i c e s  depend s t r o n g l y  on t h e  r i g i d  p a r t  which 

h a 5  u n d e r s t a n d a b l y  1drCJE DDP v a l u e s .  On t h e  &her  hand 

X-ray d i f f r a c t i o n  s t u d i e s  p r o v i d e  a weighted mean I 

depending on t h e  number of non hydrogen a t o m s  ) order 

parameter  of t h e  r i g i d  p a r t  and t h e  c h a i n  p a r t ,  which n o t  

o n l y  h a s  a l o w e r  v a l u e  of o r d e r  parameter  b u t  d l 5 0  h a 5  a 

t i l t  w i t h  r e s p e c t  t o  t h e  r i g i d  p a r t  axis. T h i s  t i l t i n g  

b r o a d e n s  t h e  Dbserved X-ray i n t e n s i t y  d i s t r i b u t i a n  and t h u 5  

l o w e r s  t h e  OOP v a l u e  determinEd f r o m  i t .  
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