
C H A P T E R  V I I  

PRESSURE STUDIES ON THE NEMATIC - ISOTROPIC TRANSITION IN 

CYAN0 CYCLOHEXYL CYCLOHEXANE MATERIALS 

7.1 INTRODUCTION 

I t  is well known t h a t  t h e  end  chains  of a molecu le  play a signi-  

f i c a n t  p a r t  in t h e  s tab i l i ty  of t h e  mesophases exh ib i t ed  by t h e  c o m-  

pounds. The N-I t rans i t ion  t e m p e r a t u r e 1  and a n u m b e r  of o t h e r  proper-  

t i e s  like o rde r  t h e  excess  spec i f i c  heat,' t r a n s i t i o n  

entropy, '  sp lay  e l a s t i c  cons t an t5  a n d  d ~ / d ~ ~ ' ~  ( t h e  r a t e  of v a r i a t i o n  

of t rans i t ion  t e m p e r a t u r e  with pressure  at room pressure) ,  etc., 

show a pronounced a l t e rna t ion  as t h e  homologous s e r i e s  is a s c e n d e d ,  

i.e., as t h e  number  of c a r b o n  a t o m s  is i nc reased  in t h e  end- chain.  

This is o f t e n  r e f e r r e d  t o  as t h e  'odd-even' e f f ec t . 8  Q u a l i t a t i v e l y ,  

t h e  origin of t h e  e f f e c t  c a n  be understood f r o m  a cons ide ra t ion  

of  t h e  molecular  s t r u c t u r e  (Fig.7.1). In t h e  e v e n  m e m b e r s  of t h i s  . 

s e r i e s  t h e  disposition of t h e  end-groups i s  such  as t o  e n h a n c e  t h e  

molecular  an iso t ropy and h e n c e  t h e  molecular  order ,  w h e r e a s  in 

t h e  odd-members i t  has t h e  oppos i te  e f f ec t .  A s  t h e  chains  g e t  l onge r  

t h e i r  f lexibi l i ty i nc reases  and t h e  odd-even e f f e c t  b e c o m e s  less  

pronounced. A quan t i t a t i ve  ca lcula t ion  of t h e  con t r ibu t ion  of t h e  

end- chains t o  t h e  order  p a r a m e t e r  has been  m a d e  by Marce l ja .  
9 



Figure 7.1. Structure of p,pl-di-n-alkoxyazoxybenzenes. The addition ,, 

of an even-numbered atom in the preferred trans conformation is along 

the major molecular axis. This isnot the case for an odd-numbered 

carbon atom (Ref. 9). 



T h e  f i r s t  observa t ion  of a l t e r n a t i o n  in dT/dP for  N-I t r ans i-  

t ions  was  by F e y z  and ~ u s s , ~  w h o  r epor t ed  such  a l t e r n a t i o n  in f i v e  

homologous series ,  a l l  of t h e m  5eing  b i a roma t i c  t h e r m o t r o p i c  c o m-  

pounds. Such a n  a l t e r n a t i o n  was  subsequently seen  in s t rong ly  polar  

mesogens7 and  t h e r m o t r o p i c  main- chain polyesters. 10 

Eidenschink et al. "12 syn thes i zed  a new s e r i e s  of t h e r r n o t r o p i c  

liquid c rys t a l s  ca l l ed  penty l  cyc lohexanes  where in  t h e  phenyl  r ing 

is r ep l aced  by cyc lohexane  ring. Subsequently they  s y n t h e s i z e d  1 3  

a n o t h e r  group of cyc lohexanes ,  viz., a l icycl ic  cyclohexyl  cyc lohexanes ,  

by replac ing  both t h e  phenyl  r ings with t h e  cyc lohexane  rings. T h e s e  

ma te r i a l s  were  found t o  have  a negat ive  d i amagne t i c  an i so t ropy  

and  r ep resen t  t h e  f i r s t  t h e r m o t r o p i c  c lass  of n e m a t i c  s u b s t a n c e s  

wi th  nega t ive  d i a m a g n e t i c  an iso t ropy with t h e  excep t ion  of n e m a t i c  

sys t ems  of compensa ted  c h o l e s t e r i c  liquid crystals.14 T h e y  possess 

s eve ra l  unique p rope r t i e s  such  as high photostabi l i ty,  s m a l l  an iso-  

t ropy  of polarizabil i ty (when c o m p a r e d  with t h e  a r o m a t i c  r ing  s y s t e m s  

and  conjugated  func t ions  groups). T h e  phase behaviour of t h e s e  c o m-  

pounds is unusual in t h a t  t h e  compound with t h e  s h o r t e s t  t a i l  exh ib i t s  

t h e  g r e a t e s t  s m e c t i c  s tab i l i ty  whi le  t h e  s e v e n t h  m e m b e r  onwards  

show only n e m a t i c  phase. This  c l a s s  of subs t ances  a l s o  possesses  

enan t io t rop ic  n e m a t i c  p rope r t i e s  a n d  wide n e m a t i c  phases  w i t h  re la-  

t ive ly  high c lear ing  points,  in c o n t r a s t  t o  previous c o n c e p t s  of propor- 



t iona l i ty  be tween  aniso t ropy a n d  polarizability a n d  c l ea r ing  point  

of t h e  liquid crystals .  As f a r  as we  are a w a r e  n o  s y s t e m a t i c  pre-  

s su re  s tudy  has  been  c a r r i e d  o u t  on al icycl ic  cyc lohexyl  cyc lohexane  

m a t e r i a l s  a l though t h e r e  h a v e  been  repor ts  on P - v - T ' ~  a n d  p re s su re  

s tudies16 o n  a f e w  phenyl  cyc lohexanes  for  which o n e  phenyl  r ing 

i s  r ep l aced  by a cyc lohexane  ring. We shall desc r ibe  in t h i s  c h a p t e r  

our  pressure  s tudies  on f o u r  success ive  homologous m e m b e r s  of t h e  

a l icyc l ic  cyclohexyl  cyc lohexane  series .  Our s t u d i e s  a r e  r e s t r i c t e d  

only t o  t h e  behaviour of N-I t r ans i t i ons  of t h e  f o u r  compounds  up 

t o  a p re s su re  of abou t  600 bars .  

7.2 MATERIALS 

T h e  ma te r i a l s  chosen  fo r  o u r  pressure s tudy a r e  n=2,3 ,4  a n d  

5 m e m b e r s  of t h e  ho:nologous s e r i e s  - t h e  t rans ,  t h e  trans-4-alkyl-4'- 

cyanocyclohexyl  cyc lohexane  (CCHn). 1 3  

T h e  chemica l  s t r u c t u r e  of t h e s e  compounds is shown in t h e  

Fig. 7.2 a n d  t h e  t rans i t ion  t e m p e r a t u r e s  a r e  l is ted in T a b l e  7.1. T h e s e  

compounds  w e r e  purchased  f r o m  Merck and used wi thout  f u r t h e r  

purif icat ion.  The  t rans i t ion  t e m p e r a t u r e s  de termined by o p t i c a l  mic ro-  

scopy (Table  7.1) a r e  in good a g r e e m e n t  with t h e  t r ans i t i on  t e m p e r a -  

t u r e s  r epor t ed  ea r l i e r  and h e n c e  ind ica t e s  t he  pur i ty  of t h e  ma te r i a l s .  

All t h e  four homologues exh ib i t  n e m a t i c  phases. CCH2 a n d  C C H 4  



Chemical structure of the cvclohexane mater~als used 

I 
the trans , trans - 4-  alkyl-4- cyanocyclohexylcyclohexane (CCH, ) 



TABLE 7.1 

Transi t ion t e m p e r a t u r e s  (in "C) of cyc lohexane  m a t e r i a l s  

Compound K 1 2 3 
N I 

( ) deno tes  t h a t  t h e  t r ans i t i ons  a r e  monotropic. 

S1, S 2  a n d  S3 a r e  s m e c t i c  phases. S3 has been c l a s s i f i ed  as s m e c t i c  B 17 

while S l  and  S2 a r e  y e t  t o  b e  classified. 



exhib i t  o n e  s m e c t i c  phase  whereas  C C H j  and  CCH5 e x h i b i t  t h r e e  

and  2 s m e c t i c  phases  respect ively.  Of the  var ious  s m e c t i c  p h a s e s  

exhib i ted  by t h e s e  compounds,  only S3 (high t e m p e r a t u r e  s m e c t i c  

phase) phase  of C C H 3  and C C H 5  h a s  been  c h a r a c t e r i s e d  by Brownsey 

a n d  ~ e a d b e t t e r ' ~  by t h e  Xray  d i f f rac t ion  studies.  They i d e n t i f i e d  

t h e  S phase  of C C H j  and C C H 5  as bi layer  s m e c t i c  B phase. 3 

7.3 PRESSURE STUDIES 

An op t i ca l  high pressure  ce l l  was used f o r  t h e  expe r imen t s .  

A brief descr ip t ion  of t h e  ce l l  as well as t h e  t echn ique  used t o  d e t e r -  

mine  t h e  t rans i t ion  t e m p e r a t u r e s  have  a l ready been  given in c h a p t e r  

I1 a n d  will not  b e  r e p e a t e d  here.  P re s su re  was  measu red  using a H e i s e  

gauge  t o  a n  a c c u r a c y  of k1.5 bar  while t h e  t e m p e r a t u r e  was  m e a s u r e d  

with a precision of k100 mK. About  6 mg of t h e  s a m p l e  was  m o u n t e d  

in t h e  pressure  cell.  Applying a known pressure ,  t h e  s a m p l e  w a s  

h e a t e d  and cooled  at  a very  slow r a t e  of 0.2OC/min.and t h e  t r a n s i-  

t ions  w e r e  recorded.  The  t rans i t ion  t e m p e r a t u r e s  w e r e  d e t e r m i n e d  

as explained in C h a p t e r  11. T h e  pressure  was va r i ed  in s t eps  of - 6 0  

ba r s  and at e a c h  pressure  t h e  N-I t rans i t ion  t e m p e r a t u r e  w a s  d e t e r -  

mined. D a t a  w e r e  co l l ec t ed  in th is  manner up to a pressure  of - 6 0 0  

bars. A l e a s t  s q u a r e  f i t  of t h e  d a t a  ( for  t h e  N-I t r ans i t i on )  was  c a r r i e d  

o u t  using a c o m p u t e r  ( H P  868).  Such a f i t  yielded (dT/dP) a n d  N-I 

t rans i t ion  t e m p e r a t u r e  (T ) ex t r apo la t ed  to room pressure.  T h e  N-I 



precision in t h e  de t e rmina t ion  of (dT/dP) in  our  p re s su re  set up  i s  

found t o  b e  +0.2"C/kbar. 

The  values of dT/dP ob ta ined  fo r  t h e  f o u r  compounds  are shown  

in Tab le  7.2. T h e  P-T d iag rams  of t h e s e  ma te r i a l s  a r e  shown in F i g u r e s  

7.3-7.6. T h e  open c i r c l e s  r ep resen t  t h e  d a t a  poin ts  a n d  t h e  sol id 

l ines  r ep resen t  t h e  c o m p u t e r  f i t  of t h e  d a t a  d rawn  using t h e  con-  

s t a n t s  f r o m  t h e  t a b l e  7.2. T h e  goodness of t h e  f i t  is ev iden t  f r o m  

t h e  P-T diagrams.  F igu re  7.7(a) shows t h e  p lo t  of (dT/dP) vs. n ( t h e  

number  of carbon a t o m s  in t h e  end  chain)  a n d  Fig.7.7(b) shows  t h e  

plot  of (N-I) t rans i t ion  t e m p e r a t u r e  versus In'. I t  is c l ea r ly  s e e n  f r o m  

t h e s e  f igures  t h a t  (dT/dP)N-I shows a n  odd- even a l t e r n a t i o n  wi th  

n s imilar  t o  t h a t  exhib i ted  by T N-I' The a l t e rna t ion  i s  m o r e  pronoun-  

c e d  for  smal l  n and  t h e n  d e c r e a s e s  with increas ing  n as e x p e c t e d .  

Similar  i n s t ances  of odd-even a l t e rna t ion  of (dT/dP)N-I  h a v e  b e e n  

observed  e a r l i e r  fo r  s eve ra l  homologous series6 of t he r rno t rop ic  liquid 

7 
c rys ta ls ,  s t rongly polar mesogens  and  main-chain polyesters .  1 0  

Thus, our  s tud ie s  es tab l i sh  t h e  occu r rence  of odd- even e f f e c t  

fo r  (dT/dPLNaI in cyc lohexane  mater ia l s .  In t h e  a b s e n c e  of d a t a  o n  

volume changes  a s soc ia t ed  with N-I t rans i t ion  f o r  t h e s e  m e m b e r s  

of t h e  homologous se r i e s  (CCHn)  w e  a r e  unable  t o  c o m p a r e  t h e  

(dT/dP)N-I  ob ta ined  expe r imen ta l ly  with t h e  o n e  c a l c u l a t e d  f r o m  

t h e  Clausius-Clapeyron equat ion .  More expe r imen t s  in t h i s  d i r e c t i o n  

should t h r o w  l ight  on t h e  the rmodynamic  behaviour of t h i s  n e w  c l a s s  

of t h e r m o t r o p i c  liquid crys ta ls .  



TABLE 7.2 

(TN-I) a t  1 bar and (dT/dP)N - I values obtained from t h e  least- square- fi t  

of (P, TN-I) d a t a  t o  t h e  equation of a s t ra igh t  l ine 

Compound (dT/dP)N -I (TN-I) a t  1 bar 
in "C/kbar in "C 





F i g u r e  7 . 4  

P r e s s u r e  v s .  
T ~ - ~  

p l o t  f o r  CCH (Also see l e g e n d  o f  F i g .  7 . 3 ) .  3 ' 



F i g u r e  7 .5  

P r e s s u r e  v s .  TN-I p l o t  f o r  CCH4 

( A l s o  see F i g u r e  l e g e n d  o f  7 . 3 )  



F i g u r e  7 .6  

P r e s s u r e  v s .  
T ~ - ~  p l o t  f o r  CCH ( a l s o  s e e  f i g u r e  l e g e n d  of  7 . 3 )  

5 ' 



I 
2 3 4 5 
n (no. of carbon atoms) 

Figure 7 . 7  

( a )  ( d T / d ~ ) ~ - ~  v s .  n and ( b )  TN I v s .  n p l o t s  f o r  n - 2  t o  5 - 
members o f  CCH s e r i e s .  

n 
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