
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 12:12
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Orientational Order Parameters in
the Smectic C and Nematic Phase of
Heptyloxyazoxybenzene (HAB)
Banani Adhikari a & Ranjit Paul a
a Department of Physics, North Bengal University Siliguri, 734430,
INDIA
Version of record first published: 23 Sep 2006.

To cite this article: Banani Adhikari & Ranjit Paul (1995): Orientational Order Parameters in the
Smectic C and Nematic Phase of Heptyloxyazoxybenzene (HAB), Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 261:1, 241-249

To link to this article:  http://dx.doi.org/10.1080/10587259508033471

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259508033471
http://www.tandfonline.com/page/terms-and-conditions


Mol. Cryst. Liq. Cryst. 1995, Vol. 261, pp. 241-249 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1995 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published under license by 

Gordon and Breach Science Publishers SA 
Printed in Malaysia 

ORIENTATIONAL ORDER PARAMETERS IN THE SMECTIC C AND 

NEMATIC PHASE OF HEPTYLOXYAZOXYBENZENE (HAB). 

BANANI ADHIKARI AND RANJIT PAUL 

Department of Physics, North Bengal University 

Siliguri, 734430 INDIA. 

Abstract Orientational order parameters (OOP) in the 
smectic C and nematic phases of heptyloxyazoxybenzene 
(HAR) have been determined from x-ray diffraction and 
refractive index studies. Order parameters determined 
from x-ray studies have been corrected for the random 
orientation of the director in a cone in the smectic C 
phase of HAB. The causes of discrepancy between the 
experimental and theoretical OOP values have been 
di scussed. 

INTRODUCTION 

Quantitative knowledge of orientational order parameters 

(OOP) is necessary to test either the different theories of 

liquid crystalline mesophases or the applicability of the 

liquid crystal in a display device. The compound 

heptyloxyazoxybenzene (HAB), which has a smectic C and a 

nematic phase, has been a subject of much interest and has 

been widely studied by different ~orkersl-~. OOP of HAB in 

the nematic phase were determined by Leadbetter et a1 from 

x-ray measurements . Chistyakov et a1 has estimated the 

tilt angle in the smectic C and nematic phase . A.de Vries 

had earlier reported the presence of skewed cybotactic 

nematic phase in this compound I McMillan has measured the 

anisotropic liquid structure factor in the nematic phase 
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From x-ray critical scattering Terauchi et a1 has 

investigated the nature of the smectic C t o  nematic phase 

index and transition I The ordinary refractive 

birefringence of H A 3  in the nematic phase have been 

reported by others6". In this paper we report the density, 

refractive indices (no,ne), birefringence and OOP values of 

this compound both in the smectic C and nematic phases from 

x-ray diffraction and optical studies. We have explained 

the anomaly in experimental orientational order parameter 

values in the smectic C phase, as obtained from x-ray 

scattering intensities, using a model of random tilt. This 

model has been succesfully applied to the smectic C phase 

of a commercial liquid crystal mixture having smectic A 

phase as well*, but to our knowledge no such attempt has 

been made on compounds having smectic C phase without 

smectic A phase, ODP's determined from x-ray diffraction 

and refractive index studies are found to differ 

significantly in the smectic C phase, reason for which has 

been discussed. We have a150 compared our experimental 

results with those of other workers. 

5 

bi 

EXPERIMENTAL 

Transition temperatures of this compound were determined 

using a Mettler FP82 Thermosystem, and were found to agree 

with 1 i terature values. The measured valuers are the 

following: 

0 

>Nemat i cS: f24> I sotrop i c 93OC Crystal<:=C>Smectic c.: 
0 

The experimental set up and the procedure for order 

parameter determination from x-ray diffraction and 
refractive index and density" studies have been described 
in detail in our earlier publications. Samples were aligned 

using a magnetic field of about 6 Kilogauss for x-ray 
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ORDER PARAMETERS IN SMECTIC C AND NEMATIC PHASE [883]/243 

diffraction experiment. Refractive indices were measured by 

a thin hollow prism method, sample being surface aligned by 

rubbing. 

RESULTS c\ND DISCUSSIONS 

(a) X-ray diffraction studies 

The x-ray diffraction photographs of the oriented sample in 

the nematic phase shows the presence of skewed cybotactic 

groups, with the inner ring split up into four spots of 

strong intensity. Tilt angle in the nematic phase has been 

measured to be 29.5 degree at 97OC, the value to 

29.2 degree at 93% (the nematic to smectic C transition 

point), which are in agreement with those reported by 

changing 

Leadbetter et all but deviate from those given by 

Chistyakov and Chaikowsky by 3-4 degree'. 
7 

The x-ray diffraction photographs of the smectic C 

phase of HAB were similar tu those obtained from monodomain 

smectic 6 samples, indicating that in our sample the 

director is randomly oriented in a cone about the layer 

normal of the smectic C phase, which is the laboratory 

fixed magnetic field direction. The possible smectic C 

configuration in this ca5e is of azimuthal disorder (Figure 

2b in Reference I f  I Tilt angle, et, in this phase has thus 

been determined indirectly from the layer thickness, 1, 

rrsing the relation €3 = cos (dll), where 1 is the length of 

the molecule in all-trans configuration and d is the 

smectic layer spacing. The molecular model length of the 

HAR molecule in all- trans configuration is 30.55a. The 

tilt angles so determined vary from 40 to 42 degree. 

However, Leadbetter et a1 from direct measurements , have 

shown that in the smectic C phase of HAB the tilt angle is 

(32% 2) degree. This seems to conform to the view' that the 

effective molecular lengths are shorter than the most 

extended configuration by about 38, implying considerable 

-1 
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d i s o r d e r  i n  t h e  a l k y l  c h a i n s .  Thus t h e  t i l t  a n g l e s  i n  t h e  

s m e c t i c  C p h a s e  h a s  been c a l c u l a t e d  u s i n g  I =  27.558 i n  t h e  

p r e s e n t  paper .  Tempera ture  v a r i a t i o n  of  t h e  t i l t  a n g l e  is 

s m a l l ,  v a r y i n g  f r o m  29.2 d e g r e e  a t  93OC t o  32.7 d e g r e e  a t  

75°C. E x p e r i m e n t a l l y  o b t a i n e d  l a y e r  s p a c i n g  d = 24.;588 5 

0.22, which is i n  agreement  w i t h  t h e  p r e v i o u s l y  r e p o r t e d  

v a l u e s  of L e a d b e t t e r  et a1 . 1 

The o r i e n t a t i o n a l  d i s t r i b u t i o n  f u n c t i o n  f (8) and hence  

t h e  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 s  .IF2>. and (P4> h a v e  been 

de termined  from x-ray i n t e n s i t y  d a t a  u s i n g  t h e  method 

d e s c r i b e d  p r e v i o u s l y  . The t e m p e r a t u r e  v a r i a t i o n  of < P  2'  
and (P > are shown i n  f i g u r e  1. The ':Pz>- and CP .>- v a l u e s  

r e p o r t e d , t e a d b e t t e r  et a1 i n  t h e  n e m a t i c  p h a s e  of HAP is 

also shown i n  t h e  f i g u r e .  Exper imenta l  ':Pa> and .:P > v a l u e s  

i n  t h e  nemat ic  p h a s e  a g r e e  q u i t e  w e l l  w i t h  t h o s e  of 

L e a d b e t t e r  et a l l  and also w i t h  t h o s e  c a l c u l a t e d  from 

Maier-Saupe mean f i e l d  t h e o r y .  W e  h a v e  a lso c a l c u l a t e d  t h e  
11 

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 s  u s i n g  M c f l i l l a n ' s  p o t e n t i a l  

f o r  srnectic A phase: 

P 

4' by. 4. 

4 

where a and 6 are t w o  a d j u s t a b l e  p a r a m e t e r s ,  z is t h e  

d i s p l a c e m e n t  a l o n g  t h e  l a y e r  normal ,  d is t h e  l a y e r  

t h i c k n e s s ,  r )  = ( P  (case)>-, t h e  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 ,  w h i l e  T = <rcos(2fiz/d) > is t h e  t r a n s l a t i o n a l  

o r d e r  parameter  and a = ~ ~ P , l c o s e ) c o s l 2 n z / d ) ?  is the mixed 

t r a n s l a t i o n a l  and o r i e n t a t i o n a l  o r d e r  parameter .  Using t h i s  

p o t e n t i a l ,  t h e  v a l u e s  of 6 = .6, c1 = .39, t h e  e x p e r i m e n t a l  

nemat ic  t o  i s o t r o p i c  and s m e c t i c  C t o  nemat ic  t r a n s i t i o n  

t e m p e r a t u r e s  are r e p r o d u c e d  and a r e a s o n a b l y  good f i t  t o  
t h e  measured 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 s  i n  t h e  n e m a t i c  

p h a s e  is o b t a i n e d .  However, t h e  agreement  between t h e  

e x p e r i m e n t a l  and c a l c u l a t e d  <P2> and c : P 4 : i  i n  t h e  smectic C 
p h a s e  is p o o r ,  t h e  e x p e r i m e n t a l  o r d e r  p a r a m e t e r s  d e c r e a s i n g  
w i t h  d e c r e a s i n g  t e m p e r a t u r e .  l h i 5  i n  d u e  to t h e  f a c t  t h a t  

2 
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8 
n 
0" 
a a 
v 

Y 

t; 

t h e  m o l e c u l a r  t i l t  a t  l o w e r  t e m p e r a t u r e s  c a u s e s  t h e  

o b s e r v e d  o r i e n t a t i o n a l  d i s t r i b u t i o n  + u n c t i o n  w i t h  respect 

t o  t h e  l a y e r  normal t o  become b r o a d e r  a t  l o w e r  

t e m p e r a t u r e s .  S i n c e  t h e  l a y e r  normal is p a r a l l e l  t o  t h e  

a p p l i e d  magnet ic  f i e l d  d i r e c t i o n  and normal t o  the x-ray 

I' 0.5 

0.4 

0.3 

0.2 

I 
SYCCTIC C I NLMAT\C I 

I ............ .., I 

........................ I I 
I I 

I , I  I , I  
70 80 90 100 110 120 13 

Temperature in "C - 
FIGURE I The 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 s  f o r  HCfP; 

0 ,  x-ray d a t a  for c:P,>; 0, x-ray d a t a  f o r  <:P4>.; m, 
r e f r a c t i v e  index  data  for  .:P,>; s o l i d  l i n e  is 

t h e u r e t i c a l  <P,>- f rom McMil lan 's  p o t e n t i a l ;  dashed  

l i n e  is t h e a r e t i c a l  -<P4F f rom McMil lan 's  p o t e n t i a l ,  I n  

s m e c t i c  C p h a s e  t h e  e x p e r i m e n t a l  p o i n t s  o and 

c o r r e s p o n d  t o  a p p a r e n t  v a l u e s  of o r d e r  p a r a m e t e r s  

d e t e r m i n e d  w i t h  r e s p e c t  to t h e  l a y e r  normal.  

T h e o r e t i c a l  a p p a r e n t  o r d e r  p a r a m e t e r s  f o r  t h e  smectic 

C p h a s e  i n c l u d i n g  a l l o w a n c e  f o r  t h e  t i l t  a n g l e  are 

r e p r e s e n t e d  as  f o l l o w s  : - ----- -, a p p a r e n t  (P,>; 

L 

L 

L 

L ........ a p p a r e n t  <P >; A ,  x-ray d a t a  for .:P > f rom 4 2 

4 L e a d b e t t e r  et a l ;  A , x-ray d a t a  f o r  .:P >- from 

L e a d b e t t e r  et a1 ( r e f e r e n c e  1 ) .  V e r t i c a l  b a r s  show 

e s t i m a t e d  errors. 
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b e a m ,  t h e  d i f f r a c t i o n  p a t t e r n  is c a u s e d  by t h e  a p p a r e n t  

o r i e n t a t i o n a l  d i s t r i b u t i o n  f u n c t i o n  a b o u t  t h e  layer 

normal'. Fo l lowing  t h e  p r o c e d u r e  g i v e n  i n  r e f e r e n c e  8 ,  w e  

have c a l c u l a t e d  t h e  a p p a r e n t  a 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  i n  t h e  s m e c t i c  C phase.  The agreement  between t h e  

e x p e r i m e n t a l  and c a l c u l a t e d  v a l u e s  is f a i r l y  good (see 

f i g u r e  1 ) .  

( t r f  R e f r a c t i v e  index  and d e n s i t y  s t u d i e s  

F i g u r e  2 shows t h 2  t e m p e r a t u r e  dependences  nf r e f r a c t i v e  

1 

t 
- 
0 
c 

0 c 2 

m 
$ 1  
0 
E 
w > 
+ 
4 

w r 

- 

a 

1 

1 

0 Present work - Tavsl kov 01 aI 

I 
0 h = 5 7 8 " m  I 

I 

I .. 
I 

I I I  I 

7o 100 110 120 130 
Tempera ture  in 'C --t 

FIGlJFiE 2 Tempera ture  dependence of t h e  o r d i n a r y  (n  1 

and e x t r a o r d i n a r y  (n ) r e f r a c t i v e  i n d i c e s  of HAR. 
u 

e 
T- ll,=,,e8 .- s h o w s  b i r e f r i n g e n c e  v a l u e s  ir; t h e  nemat ic  p h a s e  

a5 compared w i t h  Tsvetkov e t  a1 ( r e f e r e n c e  7 ) .  
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104 

103 

1 0 2  

I 

t 1 0 1 -  - 
n E  100 

2 .99 

; 97 

0 

0, 
d 

Q 98 
> 

z 
Y 
P '96 

95 

'54 

'93 

a t  t w o  d i f f e r e n t  wavelengths  h=578nm and i n d i c e s ,  n 

546nm. On comparing our An (= n -n 1 v a l u e s ,  a s  shown i n  
7 i n s e t  of f i g u r e  2, w i t h  t h o s e  o b t a i n e d  by Tsvetkov e t  a1 

a t  h=546nm, i n  nemat ic  p h a s e ,  a r e a s o n a b l e  agreement  is 

found . 

O r n ,  

e o  

The d e n s i t y  v a r i a t i o n  of HAB i n  t h e  t e m p e r a t u r e  r a n g e  

7OoC t o  13OoC is shown i n  f i g u r e  3. From t h e  f i g u r e s  2 and 

3 i t  a p p e a r s  t h a t  t h e r e  is a c o n t i n u o u s  change i n  t h e  

r e f r a c t i v e  index and d e n s i t y  v a l u e s  i n  g o i n g  from smectic C 

I 

I 

I 

I I 

1 - 
! 
I 4 

- 5 m C  N I 1  
I 

I 
0 

I 
I I 

I I 
I I 

I I 

I I 

I I 
I 
I 

- 
0 

- 

- I 

I 

I 
I 

1- 
I 

I I 
I I 

I 

70 \!\: 80 90 I d I 100 110 120 , I  I I 130 
- 

FIGURE 3 The d e n s i t y  of HAE as  a f u n c t i o n  of 

t e m p e r a t u r e .  S o l i d  l i n e  is g u i d e  t o  t h e  e y e  only .  

t o  n e m a t i c  phase ,  imply ing  second o r d e r  p h a s e  t r a n s i t i o n .  

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  o b t a i n e d  on 

a n a l y s i n q  t h e  r e f r a c t i v e  index and d e n s i t y  d a t a ,  a s  a 

f u n c t i o n  of t e m p e r a t u r e ,  u s i n g  Vuks  p r o c e d u r e ,  are a l so  

shown i n  F i g u r e  1. Although t h e r e  is good agreement  between 

t h e  ODP's determined  from d i f f e r e n t  methods i n  t h e  n e m a t i c  

p h a s e ,  t h e r e  is a l a r g e  d i s c r e p a n c y  i n  t h e  o r d e r  p a r a m e t e r s  
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in the smectic C phase. This i 5  due to the fact that in the 

refractive index determination experiment, the director, in 

both the nematic and smectic C phases, is pinned along the 

direction of the surface alignment, whereas, in the x-ray 

diffraction studies w e  have seen that the director in the 

smectic C phase is randomly oriented on a cone about the 

layer normal. Hence the anisotropy and OOP, which depends 

on anisotropy, are greater in case of surface aligned 

samples of HAR than the magnetically aligned samples. 

However, the DOP values from refractive index measurements 

in the smectic C phase are still lower than the theoretical 

values, which may be due to the observed disordering in the 

alkyl chain' part of the HAR molecules in the srnectic C 

phase, causing anisotropy of the system to be reduced. 
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