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Abstract. High pressure,  Xray and misc ib i l i t y  
s tudies  on binary mixtures of terminally subs t i t u t ed  
cyano and n i t r o  compounds have led t o  the observation 
of two kinds of A-A t r a n s i t i o n s ,  v i z . ,  Ad-& and 
Ad-Ai , t he  former being observed f o r  the first time. 
The s ignatures  of these t r a n s i t i o n s ,  which are not 
observable e i t h e r  op t i ca l ly  o r  by d i f f e r e n t i a l  scanning 
calorimetry, a r e  seen dramatically i n  the smectic A - 
nematic phase boundary i n  the  P-T plane. Xray r e s u l t s  
show'that the &-Ad t r a n s i t i o n  i s  from a p a r t i a l l y  
b i l aye r  smectic A with a temperature-independent layer  
spacing t o  one with a temperature-dependent layer  
spacing. 

1 I t  i s  now well known t h a t  several  golymorphic forms 
of smectic A e x i s t ,  v iz .  , A l ,  A2,  Ad and A. Direct t r a n s i -  
t i o n s  between a l l  these forms [except t he  Ad-x t r a n s i t i o n )  
have been observed e i t h e r  i n  s ing le  component systems o r  i n  
binary systems. 
pressure and Xray techniques, binary mixtures of terminally 
subst i tuted cyano and n i t r o  compounds with a view t o  seeing 
i f  t h e  

We have studied, by misc ib i l i t y  , high 

phases exhibited by these compounds a r e  isomorphous. 

The compounds studied a re  4-nitrophenyl-4'-/4"-n- 
hexyloxybenzoyloxybenzoate (or 6 ONPBB) and p-nonyloxybenzoy- 
loxy-p' -cyanoazobenzene l o r  9 OBCAB) whose molecular s t ruc-  
t u r e s  a re  given i n  Figure 1. 
phases while 9 OBCAB shows A 1 ,  Nre, Ad and N phases with 
increasing temperature [N and Nre s tanding f o r  nematic and 
reentrant  nematic). 

6 ONPBB exh ib i t s  Ad and N 
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106 R. SHASHIDHAR, B. R. RATNA and S. KRISHNA PRASAD 

Figure 1 Molecular s t ruc tu res  of 6 ONPBB (top) 
9 OBCAB (bottom). 

I 

and 

00 02 0 4  06 08 I0 
X 60NPBB 9 OBCAB 

Figure 2. Temperature-concentration (T-X) diagram of 
X binary mixtures of 6 ONPBB and 9 OBCAB. 

is  the  mole f r ac t ion  of 6 ONPBB i n  the  mixture. 

The temperature concentration diagram is  shown i n  FigJre 2 .  3 
I t  is in t e re s t ing  t o  note t h a t  t he  Nre phase i s  completely 
bounded and does not e x i s t  f o r  6 ONPBB molar concentr(ations 
(X) > 0.29. The two Ad phases as well as t he  A 1  phase 
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A NEW KIND OF A-A TRANSITION 107 

appear t o  be isomorphous, no t r a n s i t i o n s  between these phases 
being observable e i t h e r  op t i ca l ly  o r  by d i f f e r e n t i a l  scanning 
calorimetry (DSC). (A somewhat similar s i t u a t i o n  has been 
observed before by Hardouin e t  a1.2 where Adand A1 phases 
seemed t o  be continuously YfScible.) Since we know from our 
e a r l i e r  s tud ie s  on 9 OBCAB t h a t  the pressure behaviour of 
the A phase should be s t rongly r e l a t ed  t o  the extent of 
i n t e r d i g i t a t i o n  of t he  molecules i n  the  layer ,  we decided t o  
conduct a de t a i l ed  pressure study of t he  A-N t r a n s i t i o n  i n  
6 ONPBB/9 OBCAB mixtures. 

Pressure Studies:  The A-N t r a n s i t i o n s  a t  high 
pressures were detected by the op t i ca l  t r a  s i s s ion  tech- 
nique using an op t i ca l  high pressure c e l l .  ',' The accuracy 
of pressure measurement was 
measurement was f 0 . 0 5 ° ~ .  Figures 3(a)-(d) show the  P-T 
diagrams f o r  4 binary mixtures, v i z . ,  f o r  X = 0 .22 ,  0.45, 
0.60 and 0 .70 ,  where X i s  the  mole f r ac t ion  of 6 ONPBB i n  
the mixtures. 
3a) i s  very s imi l a r  t o  t h a t  of  pure 9 O B C A B , ~  the A1-Nre l i n e  
i s  s t r a i g h t  while the Ad phase i s  completely bounded. 
easy t o  see by extrapolat ing the A1-NTe and Nre-Ad l i n e s  t o  
negative pressures t h a t  we should a r r i v e  a t  a s i t u a t i o n  where- 
i n  the  Nre phase ceases t o  ex i s t  betyeen the A 1  and A phases 
r e su l t i ng  i n  a d i r e c t  A1-Ad t r a n s i t i o n  a t  about -0.2 kgar. 
( In  the  case of pure 9 OBCAB5 such a t r a n s i t i o n  can be expect- 
ed t o  occur at  a s t i l l  lower (negative) pressure,  v i z . ,  -1.7 
kbar).  We can therefore  i n f e r  t h a t  with increasing X ,  the  
pressure a t  which the  A1-Ad t r a n s i t i o n  occurs should a l s o  
increase and as  a consequence the A1-& t r a n s i t i o n  should 
e x i s t  a t  atmospheric pressure f o r  X > 0.29 a t  which the  Nre 
phase ceases t o  e x i s t  (see Fig.2). For X = 0.45 (Fig. 3b) 
the A-N boundary shows a d r a s t i c  change of slope a t  0.3 kbar. 
We ascr ibe t h i s  t o  the  in t e r sec t ion  of  t he  A1-& l i n e  with t h e  
Ad-N and A1-N phase boundaries. For X = 0.6 ( F i g . 3 ~ )  the A-N 
boundary shows two kinks, one a t  0 .41 kbar and the  o the r  a t  
0.08 kbar. T h e x n k  at  0 . 4 1  kbar can be associated,  as i n  the  
case of  the X = 0.45 mixture, with the  in t e r sec t ion  of t he  
A -A The second 
kink at 0.08 kbar, which is somewhat l e s s  pronounced, should 
be due t o  the  meeting of another phase boundary with the Ad-N 
boundary. 
tence of an Ad-Ad t r a n s i t i o n  i n  the P-T plane. We s h a l l  show 
present ly  by Xray d i f f r a c t i o n  experiments t h a t  t h i s  Ad-& t r an -  
s i t i o n  does e x i s t  even a t  atmospheric pressures.  The same 
type of behaviour i s  again seen f o r  t he  X = 0.80 mixture 
[Fig. 3d). I t  must be mentioned t h a t  although the  signatures 

-11 bar while t h a t  of  temperature 

The P-T diagram of the X = 0.22 mixture ( F i g .  

I t  i s  

boundary with the Ad-N and A1-N boundaries. I d  

We associate  t h i s  kink as being due t o  the  exis- 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

0:
28

 2
1 

Fe
br

ua
ry

 2
01

3 



108 R. SHASHIDHAR. B. R. RATNA and S. KRISHNA PRASAD 
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Figure 3. P-T diagrams of 6 ONPBB/9 OBCAB mixtures f o r  
d i f f e r e n t  values of X; (a), 0 . 2 2 ,  (b) 0 .45,  
(c) 0.60 and (d) 0.70. 

of the A1-Ad and A -Ad t r a n s i t i o n s  a r e  seen dramatically i n  
the A-N phase bouniary i n  t h e  P-T plane, both these t r a n s i -  
t i ons  pe r  s e  a r e  unobservable e i t h e r  o p t i c a l l y  o r  by DTA 
experiments a t  high pressure showing thereby t h a t  these should 
be second order t r a n s i t i o n s .  

Xray Results : We have determined by Xray d i f f r a c t i o n  
experiments on oriented samples, t he  p rec i se  smectic A layer  
spacing as a function of temperature f o r  d i f f e ren t  concen- 
t r a t i o n s .  We s h a l l  give here only two representat ive dia- 
grams which i l l u s t r a t e  the important r e s u l t s .  
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A NEW KIND OF A-A TRANSITION 109 

The temperature va r i a t ion  of the layer  spacing (d) i n  
the d i f f e ren t  A phases of t he  pure compounds 6 ONPBB and 
9 OBCAB i s  already known from our previous Xray experiments. 
For 9 OBCAB d i s  independent of temperature i n  the A 1  phase 
Id--, 0.96% ) while it var ies  qu i t e  appreciably (d ~ 1 . 0 7 %  
1 .14% ) with temperature i n  the  Ad phase. 
i n  t h e  case of t he  Ad phase of 6 ONPBB d i s  independent o f  
temperature Id--, 1.04%) '. 
now examine the  d vs. temperature curves f o r  two concentra- 
t i o n s ,  v i z . ,  X = 0.7 and 0.8 (Figs. 4a and 4b). 

t o  
On the other  hand 

With these f a c t s  i n  mind w e  s h a l l  

I t  i s  seen t h a t  f o r  X = 0.7 ( F i g .  4a) d i s  i n i t i a l l y  

This increasing t rend is  continued up t o  
constant with respect t o  temperature but s t a r t s  increasing 
beyond 118.2'~. 
138. O°C a f t e r  which d again becomes independent of tempera- 
t u re .  The d vs.  temperature curve f o r  X = 0.8 (Fig. 4b) 
a lso shows exactly similar features .  From these curves we 

31.5 c 

I 1 I 
110 130 150 

T ("0 

a.41 

: 30.2t *-=;=-- 

30.0 
100 120 140 

T ("C) 

Figure 4.  Temperature va r i a t ion  of t h e  smectic A layer  
spacing (d) f o r  (a) X = 0 . 7  and (b) X = 0.8.  
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110 R. SHASHIDHAR, B. R. RATNA and S. KRISHNA PRASAD 

can therefore  iden t i fy  th ree  kinds of A phases - ( i )  the A1 
phase (d 
pendent layer  spacing, ( i i )  t he  A phase with a temperature- 
dependent layer  spacing, and ( i i i f  another Ad phase at  
higher temperatures which i s  characterised by a temperature- 
independent layer  spacing (d s: 1.04R). Thus we have seen the  
A1-Ad and &-Ad t r a n s i t i o n s , t h e  l a t t e r  being observed f o r  the 
first time. I t  must a l so  be remarked t h a t  t h i s  appears t o  be 
the  only instance of an A-A t r a n s i t i o n  being observed i n  b i -  
nary systems wherein both the compounds have t h e i r  b ~ i d g i n g  
dipoles or iented addi t ive with respect  t o  the po la r  end group. 

1 . O R  ) at low temperatures with a temperature-inde- 

Similar Xray s tud ie s  f o r  several  o the r  concentriitions 
have allowed us t o  obtain the  A1-Ad and Ad-& t r a n s i t i o n  temp- 
eratures  as functions of concentration a t  atmospheric pre- 
ssure.  
both t h e  A1-Ad and Ad-Ad phase boundaries i n  the  

The r e su l t i ng  p l o t  i s  shown i n  Figure 5 which gives 

Isotrop~c 

120 

80 

40 
00 02 04 0 6  08 

T-X diagram. 

> 

60NFBB X 9 OBCAB 

Figure 5. T-X diagram showing the  A1-Ad and Ad-Ad phase 
boundaries. 
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A NEW KIND OF A-A TRANSITION 11 1 

We are presently conducting high pressure Xray studies 
We are also to monitor these transitions in the P-T plane. 

conducting dielectric studies to see if these transitions 
manifest in the dielectric properties. 
investigations will be published elsewhere. 

The results of these 
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