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A NEW MULTICRITICAL POINT IN A SINGLE COMPONENT LIQUID 
CRYSTAL: HIGH PRESSURE STUDY OF DOBBCA 

R.SHASHIDHAR, A.N.KALKURA and S.CHANDRASEKHAR 
Raman Research Institute, Bangalore 560080, India 

(Submitted for Publication September 17, 1982) 

We report here the results of our high pressure 
optical and DTA studies on the compound 4(4-n- 
decyloxybenzoyloxy ) -benzylidene-4 ' -cyanoaniline . 
The P-T diagram shows a new kind of multicritical 
point, viz., a reentrant nematic-smectic C- 
smectic A point at 0.52 t 0.02 kbar, 86.2 t 0.2OC. 

INTRODUCTION 

The first observation of the nematic-smectic A-smectic 
C (NAC) point was reported by Johnson et all in the tempe- 

rature-concentration diagram of binary mixtures of 4-n-pentyl- 
phenylthiol-4'-heptyloxybenzoate ('iS5) and 4-n-pentyl-phenyl- 
thiol-4'-octyloxybenzoate (&is). 
a binary liquid crystal system which exhibits the NAC point 
with a slightly different topology. 

Lubensky3 had predicted that the NAC point should be a Lif- 
shitz point, the subsequent high resolution Xray studies of 

4 5 Safinya et a1 and AC calorimetric studies of de Hoff et a1 
indicated that the NAC point is not a Lifshitz point 
a multicritical point. 
a number of compounds with a view to observing such a point 
in the P-T diagram of a single component liquid crystal 
system. 

Sigaud et a12 also found 

Although Chen and 

but 
We undertook pressure studies on 

In an earlier paper6 we reported our results on 
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N-(4-n-pentyloxybenzylidene)-4'-n-hexylaniline (or 50.6) 
but the NAC point proved to be elusive. 
results of our pressure studies on 4(4-n-decyloxybenzoyloxy)- 

R. SHASHIDHAR, A. N. KALKURA and S. CHANDRASEKHAR 

We now present the 

benzylidene-4'-cyanoaniline (hereafter abbreviated as DOBBCA) 7 

which have led to the first observation of a multicritical 
point in a single component system. 

EXPERIMENTAL 

The compound (kindly provided to us by Dr. D.Demus) 
has the structural formula 

c,,,H~,o-@- coo -+--cH=N+cN 

and exhibits the nematic, smectic A, smectic C and reentrant 
nematic (RN) phases, in that order, on cooling from the 

isotropic phase. The temperatures of the various transitions 

as measured by optical microscopy are given in Table 1. 

Table 1 

of DOBBCA 
Transition temperatures (at atmospheric pressure) 

Transition Temperature (OC) 
Reentrant nematic-smectic C (RN-C) 65.1 

smectic C - smectic A ( C-A) 76.2 
smectic A - nematic (A-N) 231.8 

nematic - isotropic (N-1) 242.3 

The high pressure experiments were conducted using two types 
of cells, a sapphire optical cell which makes use of the 
light transmission technique for the detection of the phase 
transitions, and a DTA cell. Details of these cells are 
given elsewhere8" and will not be repeated here. 
racies of pressure and temperature measurements are +15 bar 
and 20.05°C. 

The accu- 
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RESULTS AND DISCUSSION 

Since the  nematic- isotropic  t r a n s i t i o n  temperature i s  

r a t h e r  high (242.3OC) even a t  atmospheric pressure ,  

t r a n s i t i o n  could not  be s tud ied  as a func t ion  of pressure .  

This is  e s s e n t i a l l y  because the  seals used i n  t h e  pressure  

ce l l  become s o f t  and unusable a t  these  temperatures. For 

the  same reason t h e  A-N t r a n s i t i o n  has  been followed only up 

t o  about 100 ba r s .  On t h e  o t h e r  hand the  mel t ing  t r a n s i t i o n  

as w e l l  as the  C-A, and RN-C t r a n s i t i o n s  a l l  occur  a t  rela- 

t i v e l y  low temperatures and could the re fo re  be followed e a s i l y .  

Figure 1 shows t h e  P-T diagram of DOBBCA determined up t o  

24OoC, while  Figure 2 g ives  the  da t a  f o r  t h e  RN, C and A 

phases up t o  800 ba r s  only on an enlarged scale. 

r e s t i n g  r e s u l t  emerges t h a t  t h e  range of t h e  smectic C phase 

which is 11.1 C a t  1 ba r  decreases  r ap id ly  wi th  inc rease  of 

t h i s  

The in t e -  

0 

FIGURE 1 

P-T diagram of 

DOBBCA de ter -  

mined up t o  

about 24OoC. 
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FIGURE 2: P-T diagram of DOBBCA (on an enlarged s c a l e )  
showing the  da t a  f o r  t he  r e e n t r a n t  nematic, 
smectic C and smectic A phases up t o  800 ba r s .  

p ressure  and i s  u l t ima te ly  bounded. The RN-C-A poin t  

occurs a t  0.52 5 0.02 kbar ,  86.2 ?; 0.2 C.  Experi- 

ments have a l s o  been conducted using the  DTA cel l  t o  de te r -  

mine t h e  na tu re  of t h e  t r a n s i t i o n s  c l o s e  t o  t h e  RN-C-A po in t .  

It w a s  observed t h a t  t h e  RN-C and C-A t r a n s i t i o n s  which a r e  

second-order-like 

the  RN-A t r a n s i t i o n ,  which e x i s t s  only beyond 0.52 kbar ,  is  

always f i r s t  order .  I n  o t h e r  words, i t  appears t h a t  t he  two 

0 

7 remain so  even a t  high pressures  whi le  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

2:
05

 2
1 

Fe
br

ua
ry

 2
01

3 



A NEW MULTICRITICAL POINT 315 

second order  phase boundaries (RN-C and C-A) culminate and 

cont inue as a f i r s t  o rder  (RN-A) phase boundary i n  t h e  P-T 

plane.  We have thus obtained a new kind of m u l t i c r i t i c a l  

p o i n t .  

A s  regards  t h e  topology of t h e  P-T diagram, t h e  f o l l o -  

wing r e s u l t s  may be seen from t h e  enlarged s e c t i o n  of t he  

diagram (Figure 2 ) .  

is  c o l l i n e a r  with t h e  RN-A l i n e  through t h e  RN-C-A po in t ,  

( i i )  the  C-A boundary is s t r a i g h t  t ill  very c l o s e  t o  t h e  

RN-C-A po in t  and e x h i b i t s  a curva ture  near  i t ,  and 

(iii) t h e  RN-A phase boundary, p a r t i c u l a r l y  beyond 1.7 kbar ,  

starts curving towards the  temperature a x i s  as is indeed 

expected, s i n c e  the  AN phase boundary has  genera l ly  an 

e l l i p t i c  shape. 

topology a lone  w e  are unable t o  make any d e f i n i t i v e  conclu- 

s ions  regarding t h e  na tu re  of t h e  RN-C-A point .  Experiments 

l i k e  measurements of e las t ic  cons tan ts ,  high r e so lu t ion  Xray 

s t u d i e s  are requi red  t o  be  conducted a t  high p res su res  i n  

o rde r  t o  provide more information concerning t h e  na tu re  of 

t h i s  po in t .  

( i )  Nei ther  t h e  RN-C nor  t h e  C-A l i n e  

It must be  mentioned t h a t  on t h e  b a s i s  of 
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