
C H A P T E R  V 

COUPLING BETWEEN NEMATIC AND SMECTIC ORDERING 

IN THE REENTRANT NEMATIC SYSTEMS 

5.1. INTRODUCTION 

The  analogy be tween  t h e  s m e c t i c  A liquid c r y s t a l  and  t h e  super-  

conduct ing  phase  of m e t a l s  is now well They b o t h  possess 

a spec ia l  f e a t u r e  in t h a t  the i r  o r d e r  p a r a m e t e r s  a r e  coupled  t o  "gauged 

fields" (vec to r  potent ia l  f o r  t h e  superconductor  a n d  t h e  d i r e c t o r  for  

t h e  s m e c t i c  A liquid c rys t a l )  whose  f luc tua t ions  d ive rge  at long wave- 

3 lengths. Halperin,  Lubensky and Ma have  a r g u e d  t h a t  t h e  superconduc-  

t ing  phase  t r ans i t i on  should be weakly f i r s t- order  b e c a u s e  of t h e .  

e f f e c t s  of f l uc tua t ions  in t h e  in t r ins ic  magne t i c  f ield.  F r o m  a s imi lar  

a r g u m e n t  Halperin and ~ u b e n s k ~ ~  h a v e  shown t h a t  t h e  " c r i t i ca l  proper-  

t ies"  of a s m e c t i c  A liquid c rys t a l  a r e  isomorphic t o  t h o s e  of a super-  

conduc to r  so  much  so t h a t  t h e  s m e c t i c  A- n e m a t i c  t r ans i t i on  i s  a l w a y s  



e x p e c t e d  t o  be weakly  f i r s t  o r d e r  due  t o  coupling b e t w e e n  s m e c t i c  

order ing  a n d  n e m a t i c  d i rec tor  f luctuat ions.  However ,  t h i s  h a s  n o t  

been  conclusively es tab l i shed  exper imenta l ly  s o  f a r .  

T h e  inf luence  of s m e c t i c  order ing  on t h e  t h e r m o d y n a m i c  proper-  

t i e s  of t h e  nemat ic- iso t ropic  t rans i t ion  h a s  been  d e m o n s t r a t e d  by 

5 .  a number  of exper iments .  Achard  et al. ~ n v e s t i g a t e d  t h e  t e m p e r a t u r e -  

concen t r a t ion  d i ag rams  of s y s t e m s  exhibi t ing a n e m a t i c - s m e c t i c  

A - s m e c t i c  C (NAC) point and choles ter ic  (N*)- s m e c t i c  A - s m e c t i c  

C* (N*AC*) point. They found a n  in teres t ing  r e su l t  t h a t  t h e  e n t r o p y  

a s soc ia t ed  wi th  N - I  t rans i t ion  when p lo t ted  as a func t ion  of  con-  

cen t r a t ion  (X), shows a singulari ty,  t h e  maximum of t h e  s ingu la r i t y  

occurr ing  e x a c t i y  at t h e  concen t r a t ion  for  which NAC o r  N*AC* po in t  

occu r s  ( s ee  f igures  5.1 and  5.2). T h e  conclusion w a s  t h e r e f o r e  d r a w n  

t h a t  t h e  coupling be tween  s m e c t i c  a n d  n e m a t i c  o rde r ing  i s  

inf luencing t h e  the rmodynamic  behaviour of N-I t ransi t ion.  Shashidhar  

et aL6  and  Kle inhans  et a1. 798  h a v e  s tudied  t h e  e f f e c t  of p re s su re  

on  N-I t rans i t ion  in mix tu re s  of 4'-n-hexyloxy-4-cyanobiphenyl a n d  



Figure 5.1 

a) Binary isobaric ( 1  bar) diagram between 70NE and 80CB. 

b) Variation of the nematic-isotropic transition entropy 

versus the molar fraction of 80CB in mixture with 70NE 

(Ref. 5). 



Figure 5.2 

a) Binary isobaric ( 1 bar) diagram between 70NE and C 
NO 

b) Variation of the nematic-isotropic transition entropy 

versus the molar fraction of C in the mixture. NO 

* indicates twisted nematic and chiral smectic C phases 

(ref. 5 1. 



4'-n-octyloxy-4-cyanobiphenyl (60CB/80CB),  and, 8 0 C B  and 4-cyano- 

benzylidene-4'-octyloxy anil ine (CBOOA). They found t h a t  a p lo t  

of (dT/dP) at  1 ba r  vs. concen t r a t ion  shows a n  anomalous  d e c r e a s e  

in t h e  concen t r a t ion  r ange  0.1 < x < 0.28, showing a minimum at 

a concen t r a t ion  where  t h e  range  of s m e c t i c  A p h a s e  is max imum.  

Thei r  r e su l t s  a r e  shown in Fig.5.3a and  5.3b. Volumetr ic  s t u d i e s  

by Guichard et o n  mix tu re s  of 8 0 C B / 6 0 C B  showed t h a t  t h e  

vo lume  change  ( A V )  a t  N-I t rans i t ion  fo r  th is  sys t em p l o t t e d  as 

a funct ion  of concen t r a t ion  (X) shows a n  anomalous  dip which  i s  

l o c a t e d  at exac t ly  t h e  concen t r a t ion  a t  which Shashidhar et al .  6 

observed  a dip in t h e  (dT/dP)  vs. concen t r a t ion  plots.  T h e  AV vs. 

X plot  of Guichard  et al. is shown in Fig.5.4. Thus,  t h e s e  s t u d i e s  

c l ea r ly  showed t h a t  t h e  the rmodynamic  p rope r t i e s  of N-I t r ans i t i ons  

a r e  influenced by coupling be tween  n e m a t i c  a n d  s m e c t i c  order ing .  

Another  e v i d e n c e  of t h e  mani fes ta t ion  of t h e  coupling b e t w e e n  

s m e c t i c  and n e m a t i c  order ing  c o m e s  f r o m  a s t u d y  of t h e  pressure-  

t e m p e r a t u r e  (P-T) d i ag rams  of r e e n t r a n t  n e m a t i c  sys tems.  T h e  

P-T d iag rams  of s eve ra l  s ingle component  s y s t e m s  exhib i t ing  r e-  

e n t r a n t  n e m a t i c  phase  showed lo-'' t h e  following fea tures :  



Figure 5 . 3 ( a )  

Transition temperatures T at 1 bar in mixtures of 60CB 

and 80CB versus the mole fraction x of 60CB (Ref. 7 ) .  



F i g u r e  5 . 3 ( b )  

( d ~ / d ~  , bar v a l u e s  f o r  t h e  N-I t r a n s i t i o n  i n  60CB/80CB 

m i x t u r e s  v e r s u s  mole f r a c t i o n  x  o f  60CB as o b t a i n e d  f rom 

DTA ( R e f . 7 ) .  



80CB-60CB system : volume changes at the nematic- 

isotropic transition (ref. 9 ). 



i) T h e  nemat i c- smec t i c  A phase  boundary i s  e l l ip t ic  in shape .  

ii)  T h e r e  is a m a x i m u m  pressure  (P,) beyond which  t h e  s m e c t i c  

A phase does  no t  ex i s t ,  and  

iii) P m  i s  uniquely r e l a t e d  to t h e  range  of t h e  n e m a t i c  phase  

at t h e  a t m o s p h e r i c  pressure.  

Ano the r  impor t an t  f e a t u r e  appeared  t o  e m e r g e  f r o m  t h e s e  

phase  diagrams.  The  ma jo r  axis  of t h e  el l ipt ical ly shaped n e m a t i c -  

s m e c t i c  A phase  boundary s e e m e d  t o  have t h e  s a m e  s lope  as t h e  

N-I phase  boundary which was  a s t r a igh t  line. H o w e v e r  t h i s  w a s  

n o t  a sce r t a ined  quant i ta t ive ly .  T o  inves t iga te  t h i s  point f u r t h e r ,  

w e  have  undertaken a c c u r a t e  mapping of t h e  p re s su re- tempera tu re  

d i ag rams  of a number  of s ingle component  sys t ems .  In addi t ion ,  

concen t r a t ion- tempera tu re  d i a g r a m s  of severa l  b inary  liquid c r y s t a l  

sys t ems  exhibi t ing r e e n t r a n t  n e m a t i c  phase at a t m o s p h e r i c  p re s su re  

have  a l so  been  obtained.  T h e  resul t s  of t h e s e  s t u d i e s  which will 

b e  presented  in th i s  c h a p t e r  show dramat ica l ly  t h a t  t h e  coupl ing  

be tween  n e m a t i c  and  s m e c t i c  order ing  manifes ts  in  t h e  phase  dia-  

g r a m s  exhib i ted  by r e e n t r a n t  nema togen ic  systems.  

Materials 

T h e  single componen t  s y s t e m s  studied are:- (i) 4-cyanophenyl-3'-  

methyl-4'-(4"-n-undecyloxy-a-methylcinnamoyloxy)benzoate(11 CPMaMCB),  

(ii) 4-cyanophenyl-3'-methoxy-4'-(4"-n-undecyloxy-a-methyl c innamoy-  



loxy) b e n z o a t e  ( I  ICPMeOaMCB),  (iii) 4-cyanophenyl-3'-methyl-4'-(4"-n- 

undecy1benzoyloxy)benzoate (1 ICPMBB), and (iv) 4-cyanophenyl-3'-  

methyl-4'-(4"-n-dodecyloxy- CY - methyl  cinnamoyloxy) b e n z o a t e  (1 ~CPMCYMCB),  

while  t h e  binary s y s t e m s  s tud ied  a r e  CBOOA-CEPOOC,~~ CBOOA 

a n d  4-cyanoethylphenyl-4'-octyloxy benzoate  (CEPOOB), 8 0 C B  a n d  

4-n-octyloxybiphenyl-4'-cyanobenzoate ( ~ o B c B ) , ~ ~  a n d ,  CBOOA and  

80BCB.  The  chemica l  f o r m u l a e  of d i f ferent  m a t e r i a l s  a r e  g iven  in 

Fig. 5.5(a&b). The  t r ans i t i on  t e m p e r a t u r e s  of t h e  m a t e r i a l s  used  

in t h e  pressure  s tudy  a r e  g iven  in Tab le  5.1 while  t h e  t r a n s i t i o n  t e m p e-  

r a t u r e s  of t h e  compounds  cons t i t u t ing  t h e  b inary  s y s t e m s  a r e  l i s t ed  

in Tab le  5.2. 

Results 

The  p res su re- tempera tu re  d i ag rams  have  been  o b t a i n e d  by t h e  

op t i ca l  t ransmiss ion  t echn ique  descr ibed  in c h a p t e r  11. T h e  prec is ion  

in t h e  de t e rmina t ion  of p re s su re  i s  r 2  ba r s  a n d  t e m p e r a t u r e  i s  k100 

mK. The  t e m p e r a t u r e- c o n c e n t r a t i o n  d iagrams w e r e  o b t a i n e d  by o p t i c a l  

microscopic  observa t ion  of t h e  individual m i x t u r e s  a f t e r  a s c e r t a i n i n g  

t h e  homogeneity of t h e  mixtures .  The  concen t r a t ions  w e r e  d e t e r m i n e d  

t o  a precision of r0.1%, whi le  t h e  t ransi t ion t e m p e r a t u r e s  w e r e  mea-  

su red  t o  a precision of + I 0 0  mK. (The  de ta i l s  of weighing,  p r e p a r a t i o n  

of mix tu re s  and  d e t e r m i n a t i o n  of t rans i t ion  t e m p e r a t u r e s  a r e  d iscussed  

in sec t ion  3.2 of c h a p t e r  111.) 

W e  shal l  f i r s t  d iscuss  t h e  resu l t s  of ou r  p re s su re  s t u d i e s  f o r  



C B O O A  

I 

4- cyanobenzylidene - 4 -n-octyloxyani l ine 

C EPOO B 
I 

4-cyanoethylphenyl-4 - octyloxybenzoate 

I 

4 - n -  octyloxy biphenyl- 4 -  cyanobenzoate 

Figure 5.5(a) 

Chemical structures of the compounds constituting the 

binary systems exhibiting the reentrant nematic behaviour. 



I I I1  
4 -cyanophenyl-3 -methyl - 4- ( 4 - n-  undecyloxy- 
4- methyl cinnamoyloxy ) benzoate 

0 0 
c ~ ~ H ~ ~ ~  +)--cH=c II 

I 
CH3 ( n =11 and 12 

I I1 
4 - cyanophenyI - 3 - methyoxy-4-( 4 - n  - undecybxy -4 - methyl 

cinnamoyloxy ) benzoate 

3 11 CPMBB 

I I1 
4 - cyanophenyl - 3'- methyl- 4 - ( 4  - n- undecyloxy ) benzoate 

ck, 

4 12 CPM N M C B  

I I It 
4 - cyanophenyl - 3 -methyl  - 4 - ( 4  n - dodecyloxy - OL - methyl 

cinna moyloxy ) benzoate 

Figu re  5 .5  b 

The c h e m i c a l  s t r u c t u r e s  o f  t h e  s i n g l e  component s y s t e m s  c h o s e n  f o r  p r e s s u r e  
s t u d i e s .  



TABLE 5.1 

Transition temperatures (in "C) of the single component 

systems used for P-T diagrams . . 

Compound K R N  A N I 

I ICPMclMCB 78.2 96.0 126.8 167.9 

1 ICPMeOWCB 82.0 ( 5  1 .O) 124.0 138.1 

I ICPMBB 103.0 (76.5) 126.30 150.3 

12CPMaMCB 8 2 (69) 147.1 162.1 

( ) denotes tha t  the  transition is  monotropic 



TABLE 5.2 

Transition temperatures (in "C) of the materials used 

for temperature-concentration diagrams 

Compound K 2( s~ N I 

CEPOOB 55.9 - - 58 

CBOOA 73 82.5 107.2 

80CB 55 66.8 79.9 

For transition temperatures of CEPOOC, see Table 3.3 

( ) denotes the monotropic transition 



four single component systems. The da ta  a r e  given in F igures  5.6-5.9. 

The fea tu res  which a r e  common t o  all the four compounds ( a s  seen 

clearly f rom these  P-T diagrams) are: 

1 The smec t ic  A phase is  bounded in P-T plane wi th  Pm as 

t h e  maximum pressure up t o  which i t  exists ,  

2 t h e  nematic- smectic A phase boundary is, as expec ted ,  ellipti- 

ca l  in shape, and 

3 t h e  t i l t s  of t h e  major axis of t h e  e l l ip t ica l  A-N boundary 

and t h e  N-I line (which is straight)  a r e  t h e  same. 

W e  shall now quanti tat ively examine t h e  slopes of t h e  major 

axis of t h e  el l iptical  A-N boundary and N-I l ine  in t h e  P-T plane. 

c la rk17  and  independently Klug and ~ h a l l e ~ l ~  analysed t h e  

shape a s  well a s  t h e  thermodynamics of the  smec t ic  A- n e m a t i c  phase 

boundary in t h e  P-T plane. According t o  them t h e  shape  of t h e  nema-  

t i c- smec t ic  A phase boundary may be quanti tat ively r e l a t e d  t o  t h e  

thermodynamic parameters  of the  two  phases by obta ining a n  expre-  

ssion for t h e  pressure and t empera tu re  dependence of t h e  d i f fe rence  

in t h e  Gibbs f r e e  energy (AG) between the nemat ic  and  s m e c t i c  A 

phases, i.e., expressing AG in t e r m s  of P and  T. In t h e  vicinity of 

some re fe rence  point (P  T ), AG may be expressed in Taylor ' s  ser ies  
0' 0 

a s  



Figure 5.6 

P-T diagram of 4-cyanophenyl-3~-methyl-~~-(~~-n-undecyloxy-~ -methyl 

cinnamoyloxy) benzoate. The open circles are data points while the 

solid lines are computer fitsof the A-N and N-I data to the equations of 

an ellipse and a straight line respectively. 



Figure 5.7 

P-T diagram of ~-cynophenyl-3t-methoxy-~t-(4~-n-undecyloxy-a-methyl 

cinnamoyloxy) benzoate (see also legend of figure 5.6). 







w h e r e  t h e  fol lowing no ta t ions  a r e  used - 

In t h e  express ion  ( I ) ,  t h e  higher order  t e r m s  h a v e  been  neglec-  

t e d  which impl ies  t h a t  88, Aa and  ACp a r e  a s sumed  t o  be  su f f i c i en t ly  

independent  of P a n d  T o v e r  t h e  r ange  of pressures  a n d  t e m p e r a t u r e s  

under  cons idera t ion  here. I t  shal l  b e  seen  l a t e r  t h a t  t h i s  a s sumpt ion  

is reasonable.  T h e  nemat i c- smec t i c  A (NA) phase  boundary  in t h e  



P-T plane is obtained from t h e  equation (1) by se t t ing  AG t o  ze ro  

and solving for  P(T). Expanding and rearranging equation (I) ,  w e  have 

where  a = A B 
2 AGO 

Equation (3) is t h e  general  equation for a conic section. Thus P-T 

phase boundaries a r e  at  l eas t  locally expressible as conic sect ions  

and  in systems, apparently like t h e  ones under consideration,  where  

ACp, A 8  and A a d o  not depend strongly on P and T, t h e  phase boundary 

will have t h e  shape of conic sections over a large  a r e a  in t h e  P-T 

plane. Elliptical phase boundaries will be obtained f rom equat ion 

(3) i f ,  



T h e  f i t  of t h e  A-N phase  boundary d a t a  to e q u a t i o n  (1) a p p e a r s  to 

involve varying of e igh t  independent  pa rame te r s ,  namely ,  A B  , Po, 

A 4  To, ACp, AV , A S a n d  A Go. S ince  t h e  cho ice  of t h e  r e f e r e n c e  
0 0 

point  is a r b i t r a r y ,  C l a r k  se l ec t ed  t h e  r e f e r e n c e  poin t  as t h e  c e n t r e  

of t h e  f i t t e d  el l ipse.  A t  th is  point AGO is max imum and h e n c e  t h e  

f i r s t  de r iva t ive  of AG, namely,  A V  a n d  AS a r e  zero.  This  e f f e c t i v e l y  
0 0 

e l i m i n a t e s  fou r  p a r a m e t e r s  Po, To, A and  A S o  T h e  f i t t e d  e l l i p se  

will t hen  be  c h a r a c t e r i s e d  by t h r e e  quant i t ies ,  t h e  l eng ths  of i t s  

major  and  minor axes ,  and  eo,  t h e  ang le  of o r i en ta t ion  of t h e  m a j o r  

ax i s  r e l a t ive  t o  t h e  t e m p e r a t u r e  axis. One  i s  t h e r e f o r e  l e f t  w i t h  t h r e e  

equa t ions  and  fou r  unknown quant i t ies ,  viz., Aa, A @  , AC, a n d  A Go, 

a n d  thus  al lowing t h e  de t e rmina t ion  of ra t ios  among  a n y  t w o  of t h e s e  

10  - 
fou r  quant i t ies .  T h e  f i t  of a n  e l l ipse  t o  t h e  d a t a  of C lad i s  et al. 

i s  shown in Fig. 5.10 and  i t  i s  exce l len t ,  which t h e r e f o r e ,  ve r i f i e s  

t h e  assumpt ion  t h a t  Aa, A B  a n d  A C p  a r e  reasonably c o n s t a n t  o v e r  t h e  

a r e a  cove red  by t h e  phase boundary in t he  P-T plane.  This  f i t  yields 

t h e  fol lowing r a t i o s  : 



F i g u r e  5.10 

S m e c t i c- n e m a t i c  ( A N )  p h a s e  boundary o f  80CB. S o l i d  

c u r v e  r e p r e s e n t ;  t h e  b e s t  f i t  o f  a n  e l l i p s e  t o  t h e  
10 17 

d a t a  o f  C l a d i s  e t  a l .  ( a f t e r  C l a r k  ) .  



with  Po = 4.0 ba r s  and  To = 42.85'C, €I = 49.4' a n d  

while  ca l cu la t ing  t h e  rat ios,  t h e  following units have  b e e n  used: 

2 S (cal /moleoC),  a (cc/mole°C),  B ( c c  /mole  ca l )  a n d  

We shal l  discuss t h e  resu l t s  of ou r  computa t ions  f o r  t h e  d a t a  given 

in F igu res  5.6-5.9. 

F o r  t h e  s a k e  of s impl ic i ty  of computa t ion ,  w e  h a v e  r educed  

t h e  number  of cons t an t s  in equa t ion  (3) by dividing th roughou t  by 

f ,  so t h a t  equa t ion  (3) now r e d u c e s  t o  t h e  form 

w h e r e  a' = a / f ,  b '  = b/f, c' = c / f  a n d  s o  on. The  c o m p u t a t i o n s  have  

been  c a r r i e d  o u t  by using a PDP-11 computer .  T h e  c o n s t a n t s  a', b', 

c', d'  a n d  e' e v a l u a t e d  by l e a s t  - squares- fi t  of t h e  d a t a  to equa t ion  

(5) a r e  g iven  in Tab le  5.3. T h e  f i t s  of t h e  d a t a  fo r  e l l i p t i ca l ly  shaped 

A-N boundary t o  t h e  equa t ion  of a n  el l ipse fo r  t h e  f o u r  s y s t e m s  s tud ied  

by us a r e  given in F igures  5.6-5.9, which h a v e  b e e n  d r a w n  using 

Hewle t t- Packa rd  p rog rammable  c a l c u a t o r  with a p l o t t e r  a t t a c h m e n t .  





T h e  open  c i r c l e s  deno te  t h e  d a t a  points  while t h e  so l id  c u r v e  repre-  

s e n t s  t h e  bes t  - f i t  f o r  t h e  d a t a  points  t o  t h e  e q u a t i o n  of a n  el l ipse,  
. . 

i.e., t h e  c u r v e  ob ta ined  by using t h e  cons t an t s  a', b', c', dl and  e' 

l i s t ed  in t a b l e  5.3. It  is c l e a r  f r o m  t h e  Figures  5.6-5.9 t h a t  t h e  f i t s  

a r e  indeed good. T h e  incl inat ion of t h e  major  ax i s  of t h e  e l l ip t ica l ly  

shaped N-A boundary  was c a l c u l a t e d  in e a c h  case using t h e  equat ion ,  
18 

t a n  2 9  = b'r  
2 c ' - r  a '  

where  r is t h e  r a t i o  of unit  lengths  of pressure a n d  t e m p e r a t u r e  axes ,  

a' ,  b' a n d  c' a r e  t h e  cons t an t s  of t h e  f i t  shown in t a b l e  5.3. 

T h e  nemat ic- iso t ropic  phase boundary is a s t r a i g h t  l i n e  and  

t h e  d a t a  f o r  t h e  N-I boundary have  been f i t t e d  t o  t h e  e q u a t i o n  of 

a s t r a i g h t  l ine f r o m  which t h e  s lope  of t h e  N-I boundary ,  i.e., t h e  

t i l t  with r e s p e c t  t o  t h e  t e m p e r a t u r e  axis i s  ca l cu la t ed .  T h e  s lopes  

f o r  N-I l i nes  t hus  ca l cu la t ed  and t h e  t i l t s  of t h e  m a j o r  a x i s  of el l ipt i -  

ca ly  shaped A-N boundary as ca l cu la t ed  using e q u a t i o n  ( 6 )  a r e  l i s t ed  

in Tab le  5.4. It  is c l ea r  f r o m  this  t ab l e  t h a t  t h e  t i l t  of t h e  ma jo r  

ax is  of e l l ip t ica l  phase boundary,  within e x p e r i m e n t a l  e r r o r s ,  i s  t h e  

s a m e  as t h e  t i l t  of t h e  N-I boundary  fo r  each  of t h e  sys t em.  

Studies on Binary Mixtures 

S o  f a r ,  we  have  seen  t h e  s imi lar i ty  of t i l t s  of t h e  m a j o r  ax is  

of t h e  e l l ip t ica l  A-N phase boundary and N-I p h a s e  boundary  which  



TABLE 5.4 

Tilts of t h e  major axis  of elliptical AN phase boundary 

as  calcula ted f rom Eqn. (6) and t i l t  of t h e  N-I line a s  

obtained f r o m  t h e  f i t s  t o  equation of a s t ra igh t  line 

S1.No. Compound t i l t  of major axis  t i l t  of t h e  N-I 
of A-N boundary line 

'major (in degi) (in deg.) 

4 12CPMa MCB 38.4 37.2 



i s  linear. We shal l  s e e  if t h i s  s imi lar i ty  is valid in t e m p e r a t u r e - c o n c e n -  

t r a t i o n  diagrams.  We have  s tud ied  phase d i ag rams  of f o u r  binary 

s y s t e m s  consist ing of m a t e r i a l s  of widely d i f f e ren t  c h e m i c a l  s t r u c t u r e  

a n d  hence  widely d i f f e r e n t  t r ans i t i on  tempera tures .  T h e  only  common  

f a c t o r  was  t h a t  t h e  m a t e r i a l s  possessed a s t rongly  po la r  C N  o r  NO 
2 

t e rmina l  group,  so  much s o  t h a t  t h e  r een t r an t  n e m a t i c  phase  is t o  

be  e x p e c t e d  ove r  a c e r t a i n  r ange  of concent ra t ion .  We p r e s e n t  in 

F igu res  5.11-5.14, t h e  t empera tu re- concen t r a t ion  d i a g r a m s  of t h e  

f o u r  binary sys tems.  I t  should be  remarked h e r e  t h a t  t h e  s h a p e  of 

t h e  A-N phase  boundary in t h e  T-X plane h a s  no t  b e e n  inves t iga t ed  

ea r l i e r  fo r  many  sys tems.  In t h e  case of 80CB-60CB mix tu res  i t  

was  c o n c ~ u d e d l ~ - ~ ~  t h a t  t h e  A-N boundary i s  pa rabo l i c  in t h e  T-X 

plane. We have  f i t t e d  o u r  A-N d a t a  t o  t h e  e q u a t i o n  of a n  e l l ipse  

(eqn. 5) wi th  X t h e  concen t r a t ion  expressed as we igh t  p e r  c e n t  repla-  

c ing  t h e  pressure  t e r m  P. The  cons t an t s  of t h e  f i t  a', b', c', d', e' 

a n d  t h e  coord ina t e s  of t h e  c e n t r e  of the  el l ipse (Xo, To), ob ta ined  

fo r  e a c h  of t h e  s y s t e m  a r e  given in tab le  5.5. T h e  f i t s  of t h e  T-X 

d a t a  fo r  t h e  A-N boundary t o  t h e  equation of a n  e l l ipse  a n d  d a t a  

of  N-I t r ans i t i ons  t o  a n  equa t ion  of a s t ra ight  l ine a r e  shown in Fig. 

5.15a-d. The  open c i r c l e s  a r e  t h e  d a t a  points w h e r e a s  t h e  sol id l ine  

is t h e  c o m p u t e r  f i t  of t h e  d a t a  t o  t h e  equat ion  (5). T h e  s lopes  o r  

t i l t s  of t h e  major  ax is  of t h e  el l ipt ical ly shaped A-N boundary  wi th  

t h e  t e m p e r a t u r e  axis ,  as c a l c u l a t e d  f rom eqn. ( 6 )  using t h e  c o n s t a n t s  

ob ta ined  f r o m  t h e  f i t  (Table  5.5) a r e  shown in t h e  t a b l e  5.6. T h e  





Smectic A 

Figure 5.12 

Temperature-concentration (T-X) diagram of binary mixtures of CBOOA and 

and CEPOOB. X is the weight per cent of CEPOOB in the mixture. 



Figure 5.13 

T-X diagram of binary mixtures 80CB and 80BCB. X is the weight per cent 
of 80CB in the mixture. 
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X 

Figure 5.14 : T-X diagram o f  binary mixtures of CBOOA and 80BCB.  
X is the weight per cent of 80BCB in t h e  mixture. 





FIGURE 5.15 

T-X d i a g r a m s  f o r  f o u r  b i n a r y  s y s t e m s  showing  t h e  c o m p u t e r  f i t s  
o f  t h e  T-X d a t a  f o r  t h e  A-N a n d  N - I  t r a n s i t i o n s  t o  t h e  e q u a t i o n  
o f  a n  e l l i p s e  a n d  a s t r a i g h t  l i n e  r e s p e c t i v e l y .  The c i r c l e s  are 
t h e  d a t a  p o i n t s  a n d  t h e  s o l i d  c u r v e s  a r e  o b t a i n e d  by c o m p u t e r  
f i t s  ( s e e  t e x t ) .  The b i n a r y  s y s t e m s  a r e  ( a )  CBOOA/CEPOOC, 

(b) CBOOA/CEPOOB, ........ con t i nued  



(c) 8 0 C B / 8 0 B C B  and (d) CBOOA/80BCB. In every case 
X denotes the weight per cent of the second compo- 
nent. 



TABLE 5.6 

T h e  t i l t s  of t h e  ma jo r  ax i s  of el l ipt ical ly shaped  

A-N boundary as ca l cu la t ed  f r o m  Eqn. (6) and  t h e  t i l t s  of  

t h e  N-I l ine obta ined  f r o m  t h e  f i t s  of N-I d a t a  t o  e q u a t i o n  

of a s t r a igh t  line. 

Ti l t  of t h e  ma jo r  T i l t  of t h e  N-I 
S1.No. Binary sys t em axis  (in deg.) boundary  ( in deg) 

ma jo r  axis  N-I 



d a t a  f o r  t h e  N-I phase  boundary which is a s t r a i g h t  l ine  w e r e  f i t t e d  

t o  t h e  equa t ion  of a s t r a i g h t  line. The  slopes of t h e  N-I l ine o b t a i n e d  

f r o m  t h e  f i t  a r e  a l so  shown in Table  5.6. By compar ing  t h e  s lopes  

c a l c u l a t e d  f o r  t h e  major  ax i s  of t h e  e l l ip t ica l  A-N phase  boundary  

a n d  t h e  N-I phase  boundary for  e a c h  sys tem,  i t  i s  e v i d e n t  t h a t  within 

e x p e r i m e n t a l  e r ro r s ,  t h e  t i l t s  of t h e  major  ax i s  a n d  t i l t s  of t h e  N-I 

boundary  a r e  near ly  t h e  s a m e  for  al l  t h e  sys t ems .  Thus, i t  i s  c l e a r  

t h a t  t h e  major  ax i s  of t h e  el l ipt ical ly shaped A-N boundary i s  a l w a y s  

para l le l  to t h e  N-I l ine  e i t h e r  in t empera tu re- concen t r a t ion  p l a n e  

o r  p re s su re- tempera tu re  plane,  fo r  any  r e e n t r a n t  s y s t e m  rega rd le s s  

o f ( i )  t h e  m a t e r i a l  s tudied ,  (ii) t h e  t rans i t ion  t e m p e r a t u r e s ,  a n d  (iii) 

widely vary ing  s lopes  of N-I boundary. 

We have  t h u s  shown t h a t  t h e  coupling b e t w e e n  t h e  s m e c t i c  

a n d  n e m a t i c  order ing  is man i fe s t ed  in t h e  phase  d i a g r a m s  of r e e n t r a n t  

n e m a t o g e n s  both in P-T a n d  T-X planes. It i s  r e l e v a n t  t o  r e c a l l  t h a t  

r e c e n t l y  K e y e s  22 h a s  developed a mean  f ie ld  t h e o r y  fo r  r e e n t r a n t  

n e m a t i c s  by tak ing  in to  a c c o u n t  t h e  coupling of s m e c t i c  and  n e m a t i c  

orders .  By incorpora t ing  t h e  lowest  o rde r  coupling t e r m s  in t h e  Landau  

f r e e  ene rgy  expansion,  h e  h a s  shown t h a t  o b s e r v e d  f e a t u r e s  of t h e  

s m e c t i c  A- n e m a t i c  phase  boundary c o m e  o u t  as a consequence  of 

t h i s  coupling. E x a c t  compar isons  be tween t h e o r y  and  e x p e r i m e n t s  

a r e  y e t  t o  be  worked out.  

Gordetsk i  and  PodnekZ3  have  developed a model  which p e r m i t s  



a unified desc r ip t ion  of t h e  main types  of liquid c r y s t a l  p h a s e s  as 

well as phase  t rans i t ions  be tween  them. Their s t a r t i n g  po in t  was  

t h e  f a c t  t h a t  in liquid c rys t a l s  genera l ly  t h e r e  a r e  t w o  independen t  

directions: o n e  of t h e m  d e t e r m i n e s  t h e  o r i en ta t iona l  o rde r  of t h e  

n e m a t i c  t y p e  a n d  a n o t h e r  g ives  t h e  or ien ta t ion  of t h e  s m e c t i c  layers .  

The  e x i s t e n c e  of t h e s e  t w o  d i rec t ions  means  t h a t  a liquid c r y s t a l  

should be  desc r ibed  by two  o rde r  pa rame te r s ,  o n e  of which is respon-  

sible f o r  t h e  f o r m a t i o n  of t h e  n e m a t i c  phase, t h e  o t h e r  f o r  t h e  s m e c t i c  

phases. T h e  t w o  t enso r  o r d e r  p a r a m e t e r s  c a n  b e  in t roduced  e i t h e r  

phenomenological ly,  o r  by sepa ra t ing  t h e  long-wave ( n e m a t i c )  a n d  

short-wave ( s m e c t i c )  componen t s  of a single tensor.  This  mode l  descr i-  

bes  a r e e n t r a n t  behaviour which is de t e rmined  by compe t i t i on  b e t w e e n  

o r i en ta t iona l  a n d  s m e c t i c  ordering.  The t h e o r e t i c a l  ca l cu la t ions  of 

Gordetski  et al. show t h a t  t h e  disposition (slope) of t h e  r e e n t r a n t  

parabola  should s t rongly  depend on  t h e  s lope  of t h e  N-I t r a n s i t i o n  

line. Our r e su l t s  c lear ly  d e m o n s t r a t e  t h a t  such a d e p e n d e n c e  i s  i ndeed  

s e e n  exper imenta l ly .  
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