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REFFWCTIVE INDICES, D E N S I T Y  AND ORDER 
PARAMETER O F  SOME TECHNOLOGICALLY IMPORTANT 
L I Q U I D  CRYSTALLINE MIXTURES 

B. BAHADUR*, R . K .  SARNA and V . G .  BHIDE 
N a t i o n a l  P h y s i c a l  Labora to ry ,  H i l l s i d e  Road, 
N e w  Delhi-110012, I N D I A  

(Received for Publication November 5, 1981) 

ABSTRACT Temperature  v a r i a t i o n  of  t h e  refra-  
c t i v e  i n d i c e s ,  b i r e f r i n g e n c e ,  d e n s i t y  and o r d e r  
pa rame te r  of l i q u i d  c r y s t a l l i n e  mix tu res  E 
N10 and PCH-1132 a r e  r e p o r t e d .  The b i r e f r i n g -  
ence  of PCH-1132 i s  found t o  be abnormally l o w  
compared t o  o t h e r  m i x t u r e s .  

7 '  E 8 r  

T h i s  l e t t e r  r e p o r t s  t h e  r e f r a c t i v e  i n d i c e s  he, 
*no) , b i r e f r i n g e n c e  ( A n ) ,  d e n s i t y  ( ? ) and t h e  order 

pa rame te r  (S)  of  f o u r  mesogenic mix tu res  E E8 N 1 0  

and PCIi-1132 as a f u n c t i o n  of  t empera tu re .  These 

m i x t u r e s  are wide ly  used  i n  l i q u i d  c r y s t a l  d i s p l a y s  

due t o  t h e i r  s u i t a b l e  nemat ic  r ange ,  s t a b i l i t y  and 

7 '  t 

h igh  p o s i t i v e  d i e l e c t r i c  a n i s o t r o p y  1,2 . 
E 7 ,  E were purchased  from M / s .  BDH (England) 8 

whereas N10, PCH-1132 were purchased from M / s .  E.  

Merck (Germany) i n  p u r e  form and w e r e  used as such.  

E 7  and E3 have s i m i l a r  composi t ion i . e .  t h e s e  are 
t h e  e u t e c t i c  mix tu res  o f  three cyanobiphenyls  and 

one  cyanoterphenyl ' '  2 .  

pounds and aromatic esters w h i l e  PCH-1132 i s  a mix- 

t u r e  of t h r e e  cyanophenyl cyclohexanes w i t h  one cy- 

N10 c o n s i s t s  of azoxy c o m -  

*Presen t  Address:  D a t a  Images I n c .  
1283 Algoma Road 
K1B 3W7 O t t a w a ,  O n t a r i o ,  CANADA 
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140 B. BAHADUR,  R .  K .  SARNA and V. G. BHIDE 

2 anobiphenylcyc lohexane  . The t r a n s i t i o n  t empera tu res  
w e r e  de te rmined  u s i n g  a p o l a r i z i n g  microscope and 

are l i s t e d  below: 
S o l i d  -lO°C Nematic 58OC Isotropic:  

S o l i d  -12OC Nematic 7OoC I s o t r o p i c  E 8  
N10 S o l i d  9OC N e m a t i c  55.5OC I s o t r o p i c  
PCH-1132  S o l i d  -6OC N e m a t i c  7OoC I s o t r o p i c  

The r e f r a c t i v e  index  i n  t h e  isotropic  phase  

E7 

( n )  and t h e  o r d i n a r y  r e f r a c t i v e  index  (n  ) i n  ne- 

m a t i c  phase  w e r e  measured us ing  Abbe r e f r a c t o m e t e r  . 
The b i r e f r i n g e n c e  ( A n )  w a s  measured u s i n g  t h e  mo-  
d i f i e d  wedge t echn ique  . This  t e c h n i q u e  e s s e n t i a -  
l l y  c o n s i s t s  of t h e  measuring t h e  F i z e a u  f r i n g e  se- 

3 0 

3 

p a r a t i o n ,  A x ,  
i n  t h e  a i r  gap 

and t h e  b i r e -  

f r i n g e n c e  f r i n -  

ge s e p a r a t i o n  
Ax' ( r e f l e c t i o n  

142 
20 30 40 5 0  60 7 0  8 0  

TEMPERATURE('CC) -.+ 

FIGURE 1. Temperature v a r i a -  

geomet ry ) ,  i n  t h e  
gap f i l l e d  w i t h  

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

m a t e r i a l  i n  t h e  

wedge formed 

by t w o  g l a s s  

p l a t e s .  An i s  
t h e n  g iven  by 

3 t h e  r e l a t i o n  

b n  = A x  
b X' 

The d e n s i -  
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REFRACTIVE INDICES, DENSITY & ORDER PARAMETER 141 

166- 

t y  ( f ' )  w a s  m e -  

024: 

al c 

- 153- 
0 c 

I a s u r e d  by d i l a -  

ne n 

I 

tomet r ic  t e c h -  

n i q u e 3 '  4 .  The 

t e m p e r a t u r e  re- 
g u l a t i o n  w a s  
be t t e r  t h a n  

4 0 . l o C .  The 

a c c u r a c i e s  of  

n , no and A n 

measurements  

a re  0 .l%, 0 . 1 %  

a b s o l u t e  accu-  
r a c y  of ? 

F I G U Q E  2 .  Tempera tu re  v a r i a t i o n  
of n n and- A n  of f J l O  (-) measurement i s  
and PCH-1132 (-1 A =  58938. ~ 0 . 2 %  w h i l e  t h e  

o f  e 

r e l a t i v e  accu-  

r a c y  i s  be t te r  

t h a n  2 0 . 0 1 % .  

Tempera tu re  v a r i a t i o n  of n ,  n 0'  n e and A n  f o r  

E 7  and E8 are shown i n  F i g .  1 w h i l e  t h o s e  of N10 & 

DCH-1132 a re  shown i n  F i g .  2 .  The measurements  w e r e  

c a r r i e d  o u t  a t  t h e  p r i n c i p a l  r a d i s - t i o n  of sodium 

( A =  5 8 9 3 a ) .  The no and ne of E 7  have  a l s o  been re- 
c o r d e d  i n  i t s  e n t i r e  nemat i c  r a n g e  by T a r r y 5  a t  436 

nm, 509 nm, 577 nm and 6 4 4  nm wave- l eng ths .  Our v a l u e s  

f i t  w e l l  i n  t h i s  series.  I n  case of E 8 ,  N10, PCH-1132 

t o o ,  t h e  commercial f i r m s  have r e p o r t e d  t h e  v a l u e  of An ,  

b u t  o n l y  a t  one  t e m p e r a t u r e  ( 2 O o C l 2 .  Our v a l u e s  a t  2OoC 

are  i n  good ag reemen t  w i t h  t h o s e  r e p o r t e d  by t h e s e  
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142 B.  BAHADUR, R .  K .  SARNA and V. G. BHIDE 

f i r m s  i n  case of E 7 ,  E8 and PCH-1132. However, i n  

case of N 1 0  t h e r e  e x i s t s  a s m a l l  d i f f e r e n c e  i n  va- 

l u e s  r e p o r t e d  by us  and Y/s  E. Merck. T h i s  may be  

due t o  s i g n i f i c a n t  d i f f e r e n c e s  i n  p e r c e n t a g e  com- 

p o s i t i o n  o f  t h i s  mix tu re  i n  v a r i o u s  b a t c h e s .  These 

comparisons a r e  l i s t e d  i n  Table  1. n ,  no, ne and 

A n  e x h i b i t  t h e  normal behav iour  of l i q u i d  c r y s t a l s .  

The v a l u e s  of An  f o r '  N10, E8 and E7 are of t h e  s a m e  
o r d e r  and are much h i g h e r  t han  t h o s e  of PCH-1132.The 

P o l a r i z a b i l i t y  a n i s o t r o p y  (and h e n c e h n )  be ing  mainly 

c o n t r i b u t e d  by t h e  p o l a r i z a b l e  groups  i n  t h e s e  

m i x t u r e s ,  it can be i n f e r r e d  on s t r u c t u r a l  grounds 

t h a t  PCH-1132 should  have much lower v a l u e  o f  An as 
it c o n t a i n s  

one 93 group 
less .  I n  

PCH- 11 3 2 

one h i g h l y  

a n i s o t r o p i c  

e r  group 

bY-grouP I 

i s  r e p l a c e d  

which h a s  
n e g l i g i b l e  

p o l a r i z a b i l i  t y  
a n i s o t r o p y .  

The d e n s i t y  

(F ig .  3 )  shows 
1 I I I I 1 

TEMPERATUREI'C I - I 104 t h e  normal 093 
20 30 40 5 0  60 7 0  80 ' 9 0  

behaviour  i . e .  

FIGURE 3. Temperature v a r i a t i o n  it i n c r e a s e s  
of t h e  dens i t ;  of E 7 ,  N10, Eg and 
PCH-1132. 

w i t h  d e c r e a s e  

i n  t empera tu re .  
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144 B. BAHADUR, R.  K. SARNA and V. G. BHIDE 
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FIGURE 4. Temperature variation of the order 
parameter of E7 amd E , -&&using Vuks appro- 
ach; * using Neuge&uer's approach. 
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1 0.8 - 

r- 
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w I- 
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F I G U R E  5. Temp. variation of the order para- 
meter of N10 and PCH-l132,&using Vuks 
approach;- using Neugebauer's approach. 
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REFRACTIVE INDICES, DENSITY & ORDER PARAMETER 145 

A b r u p t  jumps w e r e  observed  i n  t h e  v i c i n i t y  of nema- 

t i c - i s o t r o p i c  t r a n s i t i o n  t empera tu re  which i n d i c a t e s  

t h a t  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  i n  a l l  t h e s e  ma- 
t e r i a l s  i s  of f i r s t  order,  However, it i s  observed  
t h a t  t h e  d e n s i t y  jump a t  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  i n  t h e s e  mater ia l s  i s  n o t  as  sudden and s h a r p  

as i n  some p u r e  mesogens.4 The p r e - t r a n s i t i o n a l  va- 

r i a t i o n s  i n  d e n s i t y  are observed  on b o t h  s i d e s  of  

t h e  t r a n s i t i o n  though i t  i s  m o r e  pronounced on t h e  

nemat ic  s i d e .  
Using r e f r a c t i v e  i n d i c e s  and d e n s i t y  d a t a  t h e  

o r d e r  pa rame te r  i s  e v a l u a t e d  by bo th  Vuks and Neu- 
gebaue r '  s approaches.  The t empera tu re  v a r i a t  on of 

o r d e r  parameter  e v a l u a t e d  from t h e  approaches i s  

d i s p l a y e d  i n  F i g .  4 and 5. I t  i s  c lear  from t h e  f i -  

gures t h a t  t h e  o r d e r  parameter  e v a l u a t e d  f r o m  Vuks 

and Neugebauer 's  approaches  are i n  good agreement.  
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