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STUDY OF MESOMORPHIC PROPERTIES OF THREE ALKENYL 

L I Q U I D  CRYSTALLINE COMPOUNDS. 

APARNA NATH, BASANA CHOUDHURY* AND SUKLA PAUL. 
Department o f  Physics, North Bengal Un ive rs i t y .  
g i l i g u r i  734430 I n d i a .  

Department o f  Physics, Regional Engg. College. 
S i l cha r  788010 I nd ia .  

Abstract  We have undertaken the study o f  t he  physi- 

ca l  p roper t i es  e.g. densi ty ,  o p t i c a l  b i re f r i ngence  and 
x-ray d i f f r a t i o n  o f  three l i q u i d  c r y s t a l l i n e  compounds 
having bicyclohexane r i g i d  core and i s o l a t e d  C=C 
double bond i n  the chain. The physical  p roper t i es  o f  
these l i q u i d  c r y s t a l s  are s t rong ly  a f fec ted  by the 
p o s i t i o n a l  changes o f  the double bond. We have 
measured the r e f r a t i v e  ind ices ( n  ,n ) f o r  t h ree  

d i f f a r e n t  wavelengths and ca lcu lated the 
p o l a r i z a b i l i t y  values ,ze 1 a t  d i  f f e r e n t  

temperatures. I t i s  found t h a t  f o r  a l l  t he  compounds 
o p t i c a l  b i re f r ingence i s  very low (On < 0 . 1 ) .  We have 
a l so  ca lcu lated the  intermolecular distance, pseudo 
layer  spacing, c o r r e l a t i o n  length and the 
o r i e n t a t i o n a l  order parameter values a t  d i f f e r e n t  
temperatures from low angle x-ray d i f f r a c t i o n  
photographs o f  a l igned samples. Or ien ta t i ona l  order 
parameters a t  d i f f e r e n t  temperatures were ca lcu lated 
both from b i re f r i gence  and x-ray study. 

o e  

INTRODUCTION 

I t i s  wel l  known t h a t  s t ruc tu res  o f  the r i g i d  core o f  

l i q u i d  c r y s t a l  molecules s t rong ly  a f f e c t  t he  physical  

proper t ies o f  mesogens. I t  has been found t h a t  the 

i n t r o d u c t i o n  o f  a double bond a t  s p e c i f i c  s ide  chain 

[3265]/699 
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700/[3266] A 

pos i t i ons  a lso 

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

compounds are 

NATH, B. CHOUDHURY AND S. PAUL 

markedly a f f e c t s  the  ma te r ia l  p roper t i es  o f  

s . Common features o f  these type o f  
1 

low v i s c o s i t i e s  as w e l l  as low o p t i c a l  

an isot rop ies.  Since the  end chains i n  nematics are usua l l y  

q u i t e  shor t ,  double bonds are c lose t o  the core and s t e r i c  

i n t e r a c t i o n s  between the  core and the  double bonds are 

c e r t a i n l y  important.  I n  view o f  these we have undertaken 

the study of some a lkenyl  l i q u i d  c r y s t a l l i n e  compounds 

which have nematic phase over a wide range. 

I n  t h i s  paper we r e p o r t  the experimental r e s u l t  o f  

x-ray d i f f r a t i o n  and o p t i c a l  s tud ies  on three compounds 

which have the  f o l l o w i n g  s t r u c t u r e s  : 

'nH2n- 1 - @ - @ - R  

( I )  n=3, R=CN, 4 ( l f f - p r o p e n y l ) 4 '  ( c y a n o ) l , l '  bicyclohexane 

( i n  sho r t  PrCBCH 1. ( ld(1)CC ) 

(11) n=5, R=CN, 4(3"-pentenyl)4'(qyano)l,l' bicyclohexane 

( i n  sho r t  PtCBCH ) ( ld(3)CC ) 

(111) n=5, R=OC H 4(3"-pentenyl)4'(ethoxy)l,l' 
2 5 '  

bicyclohexane. ( i n  sho r t  PEBCH ) ( ld(31CC02 ) 

l n e  molecular and the  c r y s t a l  s t r u c t u r d  of mesogenic 

compounds may prov ide clues f o r  t he  format ion and s tab i1 i t .y  

o f  l i q u i d  c r y s t a l l i n e  phases. It has been confirmed by a 

number o f  s tud ies t h a t  t he  molecular packing i n  the  s o l i d  

phase predetermines the assembly o f  molecules i n  the 

mesophase. S o  we undertook the  s t r u c t u r a l  analys is  o f  

mesogens using s i n g l e  c r y s t a l s .  The s t r u c t u r e  f o r  compound 

P CBCH has already been solved and reported2, the analys is  

o f  the c r y s t a l  s t r u c t u r e  o f  o ther  two compounds have no t  

been solved yet .  
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MESOMORPHIC PROPERTIES OF ALKENYL COMPOUNDS [32671/701 

EXPERIMENTAL DETAILS 

Texture Study 

The phase t r a n s i t i o n  o f  t he  three compounds were s tud ied by 

observin!, textures under crossed p o l a r i z e r s  w i t h  a 

p o l a r i s i n g  microscope o f  magni f icat ion 150x. The t r a n s i t i o n  

temperatures agree we l l  w i t h  the l i t a r a t u r e  values , except 

t h a t  we get supercool ing i n  a l l  three compounds and f o r  

P CBCH we get SmecticA phase f o r  a very shor t  range o f  

temperature dur ing cool ing.  The compounds P CBCH and PEBCH 

both dur ing heat ing and cool ing showed marbled textures,  

o f t e n  found i n  the nematic phase. The compound P CBCH 

showed a fan shaped t e x t u r e  o f  SmecticA phase and a nematic 

marbled tex tu re .  The existence o f  these phases were a lso 

confirmed from x-ray studies.  

1 

t 

r 

t 

X-ray d i f f r a c t i o n  study 

A de ta i l ed  desc r ip t i on  o f  the experimental method f o r  x-ray 
3 

d i f f r a t i o n  study i s  given elsewhere . The a7kenyl 

bicyclohexanes under i n v e s t i g a t i o n  have very small magnetic 

anisotropy, v i r t u a l l y  zero and these could not  be a l igned 

by usual magnetic f i e l d .  By heat ing the sample s lowly t o  

the i s o t r o p i c  s t a t e  and then cool ing i t  down t o  the desired 

tempereture we succeeded t o  ob ta in  wel l  a l igned sample. The 

d i f f r a t i o n  photogrphs o f  a l igned compound were taken a t  

regular  i n t e r v a l s  dur ing coo l i ng  from i s o t r o p i c  phase. 

4 

I n  order t o  determ ne the var ious parameters, the 

photographs were scanned both l i n e a r l y  and c i r c u l a r l y ,  by 

an o p t i c a l  micro densitometer ( VEB Carl Zeiss Jena, Model 

MD 100 ) equiped w i t h  an automatic recording f a c i l i t y .  The 

measured o p t i c a l  dens i t i es  were converted t o  x-ray 

i n t e n s i t y  values w i t h  the help o f  a c a l i b r a t i o n  curve. 
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702/[3268] A. NATH, 6 .  CHOUDHURY AND S. PAUL 

Op t i ca l  study 

Birefr ingence measurements were made us ing the  technique o f  

t h i n  pr ism and the  experimental procedures were the  same as 

adopted by Zeminder e t  a15? A p r e c i s i o n  spectrometer and 

a n i c o l  pr ism were used t o  measure the  r e f r a c t i v e  i nd i ces  

(no,n ) w i t h i n  + - 0.001 f o r  t h ree  d i f f e r e n t  wavelengths. 
e 
The d e n s i t i e s  o f  t he  sample were determined by a 

d i la tometer  o f  c a p i l l a r y  type. Temperature dur ing the 

experiment was c o n t r o l l e d  t o  about + - 0.5OC by a temperature 

c o n t r o l l e r .  The experimental unce r ta in t y  o f  densi ty  

measurement i s  1%. 

RESULTS AND DISCUSSIONS 

From t e x t u r e  and x-ray d i f f r a c t i o n  s tud ies  the  th ree  

compounds are found t o  have the f o l l o w i n g  mesophase 

behaviour. 

PrCBCH 
65.5OC 100.5'C 

C-N-I 

47.5*c 

79 * 5*c 100.5* C 
(11) PtCBCH C-N-1 \ 1 4 5 ' ~  

SmA 

(111) PEBCH 
44OC 7 6 . 5 * C  

C-N-1 - 
29.5'C 

Re f rac t i ve  index measurements 

Var ia t i ons  o f  dens i t y  measurements w i t h  temperatures f o r  

the samples are given i n  f i g . 1 .  The densi ty  graph f o r  t he  

compound P CBCH shows a f i r s t  order phase t r a n s i t i o n  a t  

45*C i n  the super cooled s t a t e .  The phase was i d e n t i f i e d  
t 
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MESOMORPHIC PROPERTIES OF ALKENYL COMPOUNDS [32691/703 

1.20' 

0 

1.15 
0 
c) 
\ 
v) 
E 1.10 m 
C 

1- 

a 1.05- A 
A 

- 

- 

20 40 60 80 100 120 
Temperature in "C 

FIGURE 1 Var ia t i on  o f  Density w i t h  Temperature. 

0 - PtCBCH, A - PrCBCH, 0 - PEBCH. 

t o  be SmA by our x-ray and t e x t u r e  studies.  

I t  i s  found t h a t  the value o f  b i refr ingence(An1 i s  

very low f o r  these compounds. This low anisotropy may be 

due t o  the i n f l uence  o f  the n-e lect ron o f  -C=C- double bond 

i n  the alkenyl  s ide  chain which f o r  a l l  the three compounds 

are i n  even p o s i t i o n  making angles w i t h  the long a x i s  o f  

t he  molecule. Over and above t h i s ,  t he  cyclohexane cores 

are less po la r i zab le  compared t o  the biphenyl cores. I t  

w i l l  be i n t e r e s t i n g  t o  study the o p t i c a l  anisotropy o f  

compounds having double bonds i n  the odd pos i t i ons .  

From the values o f  r e f r a c t i v e  ind ices the molecular 

p o l a r i z a b i l i t i e s  (aO,ae) were ca lcu lated us ing Vuks 

i s o t r o p i c  (1966)  and Neugebaur's(l954) an i so t rop i c  i n t e r n a l  

f i e l d  models. From these p o l a r i z a b i l y  anisotropy values a t  

d i f f e r e n t  temperatures we ca l cu la ted  the o r i e n t a t i o n a l  

order parameter <P > f o r  a l l  t he  th ree  compounds. I t  was 
2 
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704/[32701 A. NATH, B. CHOUDHURY AND S .  PAUL 

found t h a t  the order parameter values < P  > ca lcu lated from 

b i re f r ingence data i s  much la rge r  than the t h e o r e t i c a l  

Maier-Saupe values. The r e l a t i o n 7  (de Gennes, 1 9 7 1 )  we used 

t o  ca l cu la te  the o r i e n t a t i o n a l  order parameter < P  > i s  as 

fo l l ows  

2 

2 

< p  > = (2. -2 )/(.2.i, - a ) I 2 o e  

ti where c. and .cL,are molecular p o l a r i z a b i l i t i e s  p a r a l l e l  and 

perpendicular t o  the long molecular ax i s .  due t o  lack o f  

r e f r a c t i v e  index data i n  the c r y s t a l l i n e  s t a t e  the values 

o f  G and ::xt were no t  ca lcu lated d i r e c t l y .  I n  order t o  

ob ta in  (.aII - .Zi) we took help o f  H a l l e r ’ s  ex t rapo la t i on  

procedure. 

L 1/ 

Est imation o f  the p o l a r i z a b i l i t i e s  o f  the molecules 

was c a r r i e d  ou t  using the a d d i t i v e  r u l e  o f  bond 

p o l a r i z a b i l i t y  proposed by Le Fevre8 (1965). This molar 

p o l a r i z a b i l i t y  i s  approximated as a sum o f  bond 

p o l a r i z a b i l i t i e s  

a = r a  k 
the summation extending over a l l  covalent bonds k i n  the 

k molecule. Assuming r o t a t i o n a l  symmetry around the bonds, a 

i s  spec i f i ed  by i t s  l ong i tud ina l  component (a l l )  i t s  

transverse component (nL) and the o r i e n t a t i o n s  o f  the 

bond’. The bond p o l a r i z a b i l i t y  values were taken from Le 

Fevre. 

Table-1 shows the  experimental and ca l cu la ted  values 

of mean p o l a r i z a b i l i t y  a and molecular p o l a r i z a b i l i t y  

anisotropy L.2. Since c and E values a t  d i f f e r e n t  
0 e 

wavelengths are q u i t e  c lose we have given values f o r  h=5780 

x .  From the t a b l e  i t  i s  c l e a r  t h a t  t he  ca l cu la ted  o f  mean 

p o l a r i z a b i l i t y  f o r  a l l  t he  three compounds d i f f e r  from the 

experimental value. But the experimental h values are 

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:
40

 1
8 

Fe
br

ua
ry

 2
01

3 



MESOMORPHIC PROPERTIES OF ALKENYL COMPOUNDS [32711/705 

I 

almost same t o  t h a t  o f  the ca lcu lated values. For the 

compound PtCBCH .2 and ha were ca lcu lated consider ing the 

molecular geometry from the c r y s t a l  s t r u c t u r e  data. These 

values are found t o  be the same. 

TABLE - 1 

Comparison o f  experimental and ca lcu lated 

p o l a r i z a b i l i t y  values. 

i f Vuks Neug . 
ComDounds [Calcu lated ExDt .  Calculated 1 -  EXDerimental 

I I I I 

PrCBCH 27.96 22.14 8.31 6 .89  5.81 

PtCBCH 31.54 24.53  10.52 9 .92  8.49 

PEBCH 33.57  27.32 8.04 9 .97  8.76 

c and ha are i n  
-24 3 

10 cm u n i t .  

Parameters from x-ray d i f f r a c t i o n  study 

Extensive i n v e s t i g a t i o n  have a1 ready been reported'' o f  the 

s t r u c t u r e  o f  nematic and smectic phases o f  a v a r i e t y  o f  

compouns having bicyclohexane as t h e i r  r i g i d  core. Here we 

discuss the r e s u l t s  o f  x-ray d i f f r a c t i o n  s tud ies o f  three 

compounds having double bond i n  s ide chain as we l l  as 

bicyclohexane as the core. 

From the x-ray d i f f r a c t i o n  photograph, f l u c t u a t i o n  

wavelengths p a r a l l e l  and perpendicular t o  the d i r e c t o r  and 

co r re la ton  lengths f o r  a l l  the compounds have been 

ca lcu lated.  X-ray i n t e n s i t y  data from l i n e a r  scanning o f  

outer ha lo were f i t t e d  t o  a gaussian form w i t h  a background 

vary ing l i n e a r l y  w i t h  the s c a t t e r i n g  vector q as fo l l ows ,  

I ( q )  = a + exp 

The best f i t t e d  values o f  q the peak p o s i t i o n ,  g ive 

-b (q-c I2 + d + eq 

0' 

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:
40

 1
8 

Fe
br

ua
ry

 2
01

3 



7W[ 32721 A .  NATH, B. CHOUDHURY AND S .  PAUL 

the value of inter-molecular distance D using the r e l a t i o n  

D = 2n(1.117/q ) .  The D values are found t o  be temperature 

independent f o r  a l l  the compounds. From the best f i t t e d  

value o f  Aq we ca l cu la ted  the c o r r e l a t i o n  length and it has 

been found t h a t  the l o c a l  d i r e c t o r  i s  random beyond f i v e  

molecular diameters. 

0 

F luc tua t i on  wavelength 1 p a r a l l e l  t o  the d i r e c t o r  are 

obtained from s c a t t e r i n g  about the meridional  d i r e c t i o n  

using Bragg's formula. For PtCBCH t h i s  pseudo layer  

spacings i n  the nematic phase i s  about 1 . 7  t imes the 

molecular length ( 1 6  A ) .  Ant ipara l  l e l  molecules have 

d ipo le-d ipo le i n t e r a c t i o n  forming dimers. The compound 

P CBCH have molecular length 13.8 8 .  We could n o t  determine 

the pseudo layer  spacing because o f  the weakness o f  the 

i n t e n s i t y  i n  the meridional  d i r e c t i o n .  Compound PEBCH i s  

weakly po lar  and the layer  spacing i s  found t o  be almost 

same as the molecular length ( 1 6 . 5  1. Van der Walls type 

o f  i n t e r a t i o n s  are involved i n  mesophase s t a b i l i t y  i n  t h i s  

compound. 

r 

The compound P CBCH e x h i b i t s  a monortopic SmA phase 

w i t h  two c o l l i n e a r  but  incommensurate densi ty  modulation o f  

p e r i o d i c i t y  14.94 A which i s  almost the same as the 

molecular length and the other  p e r i o d i c i t y  i s  24.01 x ,  
which i s  between 1 and 21.  This type o f  SmA phase i s  never 

been observed so f a r  f o r  pure compounds. We could not  

exp la in  the existence o f  t h i s  smectic phase from the 

s t r u c t u r a l  s tud ies i n  the s o l i d  phase. D i f f e r e n t  k i n d  o f  

intermolecular i n t e r a c t i o n  are responsible f o r  t h i s  phase 

format ion.  

Or ien ta t i ona l  order parameters 

The x-ray i n t e n s i t y  I($) around the d i f f u s e  equator ia l  arc 

t 

. ,  
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MESOMORPHIC PROPERTIES OF ALKENYL COMPOUNDS [3273lnO7 

1'0 

0 .8  

8 

E 
c 0 '6  

E 
0.4 

12 
i s  re la ted t o  the d i s t r i b u t i o n  funct ion fd(@) as fo l lows 

- 

- 

- 

where fd((3) describes the d i s t r i b u t i o n  funct ion o f  the 

d i rec to rs  o f  a loca l  c lus te r  of  molecules which are assumed 

t o  be per fec t l y  al igned w i th in  the c luster .  However, fd(P) 

can be expected t o  be almost the same as the s ing le t  

d i s t r i b u t i o n  funct ion f(/?). The deta i led procedures f o r  the 

ca lcu lat ion o f  <P > and <P > has been discussed e a r l i e r  . 
Orientat ional  order parameters <P > and <P > calculated f o r  

these compounds a t  d i f f e r e n t  temperatures are shown i n  

Fig.2a, Fig.2b and F i g . 2 ~ .  The experimental uncer ta in t ies 

i n  both <P > and <P > are estimated t o  be +0.02. A s  seen 

from the graph the order parameter determined from x-ray 

data agree reasonably wel l  w i th  the MS theoret ica l  curve 
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FIGURE 2a 

Temperature f o r  the compound PrCBCH 

0 - Optical data, b - X-ray <P2> data, 0 - X-ray <P > data 

Var ia t ion o f  Order Parameters <P2> and <P4> wi th  
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~ 
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Temperature in 'C 

FIGURE 2b 

Temperature f o r  the compound P CBCH 

0 - Opt ica l  data, A - X-ray <P2> data, 3 - X-ray <P4> data 

Var ia t i on  o f  Order Parameters <P 2 > and <P 4 > w i t h  

r 

* A  
<P,> 

A 
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' A  
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20 30 40 50 60 70 80 
Temperature in 'C 

FIGURE 2c Var ia t i on  of Order Parameters <P > and <P > w i t h  

Temperature f o r  t he  compound PrCBCH 

A - Opt ica l  data, A - X-ray <P > data, 0 - X-ray <P4> data 
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f o r  P CBCH and PEBCH. Even the order parameter <P4>  i s  

found t o  be i n  good agreement. For the compound P CBCH the 

<P > values are i n  agreement w i t h  the t h e o r e t i c a l  values 

w i t h i n  experimental e r r o r s .  <P > values determined from 

b i re f r i ngence  measurement f o r  the compound are i n  good 

agreement w i t h  theo r ies  apar t  from the f l u c t u a t i o n s  a t  h igh 

temp13. For the other two compounds P CBCH and PEBCH the 

order parameters from o p t i c a l  s tud ies are much higher than 

MS t h e o r e t i c a l  values. It may appear t h a t  these h igh values 

o f  order parameter may be due t o  u n j u s t i f i a b l e  H a l l e r ’ s  

ex t rapo la t i on  procedure besides the  a d d i t i v e  r u l e  o f  bond 

p o l a r i z i b i l i t y  i s  not  f r e e  from l i m i t a t i o n s .  The p roper t i es  

o f  t he  a lkenyl  compound depends on the p o s i t i o n  o f  double 

bond, the distance o f  the double bond from the core, the 

molecular s t r u c t u r e  and the s p e c i f i c  s t e r i c  conformation o f  

the s ide chains. 

r 

t 

2 

2 

r 

Surface treatment produced h i g h l y  ordered o r ien ted  

molecules f o r  samples P CBCH and PEBCH r e s u l t i n g  i n  h igh 

value o f  order parameters determined by o p t i c a l  s tud ies.  

More s tud ies on the physical  p roper t i es  o f  t h i s  type of 

a lkeny l  compounds are needed t o  g ive a q u a n t i t a t i v e  

explanat ion o f  the l a rge  discrepancy between M.S. between 

t h e o r e t i c a l  values and the experimental values. 
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