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PHASE BOUNDARIES OF TWO COMPONENT SYSTEMS 
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Centre de Recherche Paul Pasca l ,  
Universi t6  de Bordeaux I ,  Domaine U n i v e r s i t a i r e ,  
33405 Talence Cgdex, France 

(Received for Puhlication October 22.  1984) 

The entropy and volume changes a t  t h e  N-I  t r a n s i t i o n  
have been determined i n  two b ina ry  systems (80CB-60CB 
and 80CB-CBOOA). We give evidence f o r  an anomaly of 
A V N I  as a func t ion  of t h e  concentrat ion d i r e c t l y  rela- 

t e d  t o  [g) a t  P = 1 atm. This r e s u l t  might be due t o  

the  in f luence  of a c r i t i c a l  smectic-l ike compacity. 
N I  

INTRODUCTION 

Some experimental  s t u d i e s  concerning (x,T) phase dia-  
grams of two component systems suggest t h a t  t he  smectic la- 
y e r i n g  o r d e r  has  an  e f f e c t  upon the  thermodynamic behaviour 
of t he  isotropic-nematic  phase t r a n s i t i o n .  

For example a d i s c o n t i n u i t y  of t he  entropy change ASNI was 
revealed a t  t he  concentrat ion f o r  which a N A C  m u l t i c r i t i -  
cal po in t  e x i s t s  a t  low temperaturel .  

More r e c e n t l y  Shashidhar e t  a1.2-4 gave evidence f o r  an ano- 

maly of pNI at  P = latm i n  two diagrams with a r e e n t r a n t  

nematic 80CB-60CB and 80CB-CBOOA). Such anomaly occurs a t  
t he  concentrat ion where t h e  temperature range of t h e  smectic 
A phase i s  maximum. Studying these  l a t t e r  cases w e  have 
found a modif icat ion of t h e  d i f f e rence  o f  t he  volume between 
t h e  i s o t r o p i c  and nematic phases AVNI i n s t e a d  of a d i scon t i -  
n u i t y  of t h e  entropy of t r a n s i t i o n  ASNI. 

EXPERIMENTAL RESULTS 

Indeed, f o r  both systems 80CB-60CB and 80CB-CBOOA no 
s i g n i f i c a n t  s i n g u l a r i t y  of ASNI versus concentrat ion i s  de- 
t e c t e d  from accura t e  and systematic  Dupont 990-DSC measure- 
ments (Fig.  1 and 2 )  i n  the regions corresponding t o  the  
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irregular variations of [%lNI2-4 - 
AS" ( c d  / K  . mole ) I 

OS} 

Figure 1 : 80CB-60CB system : variation of the nematic- 
is0 t ropic transition entropy versus the molar 
fraction of 60CB 
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80CB -;-A C W A  
Figure 2 : 80CB-CBOOA system : variation of the nematic- 

isotropic transition entropy versus the molar 
fraction of CBOOA 
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THERMODYNAMIC ANOMALIES 327 

Furthermore, the densi ty  as a funct ion of temperature and 
c l o s e  t o  the N - I  t r a n s i t i o n  i s  measured by means of a P . A . A . R .  
Decsity Meter ( s e n s i t i v i t y  g . c r 3 ) .  For a given mixture 
t h i s  experiment i s  depicted i n  f igu re  3 .  

Figure 3 : Example of a thermal v a r i a t i o n  of the dens i ty .  

Considering Klement and Cohen’s equat ions5 used t o  desc r ibe  
the  molar volume nea r  a f i r s t  order  N I  t r a n s i t i o n  f o r  a not  
pure l i q u i d  c r y s t a l ,  we can e x t r a p o l a t e  AVN1 a t  the  t r a n s i -  
t i o n  (Fig.  4 ) .  

Specific volume \ (cm319) - 

Figure 4 : V? - VN e x t r a p o l a t i o n  using the following equa- 
t i o n s  : 

V = VN + ~ N C T  - TN1) - CN(TNI - T)1’2 i f  T < TNI 

V = VI + a I ( T  - TIN) + CI(T - TIN) 1/2 i f  T > TIN 
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In  the case of t h e  80CB-60CB system we observe a s t e e p  va- 

(F ig .  >) , t h a t  i s  t o  say i n  t h e  region where t h e  evo lu t ion  

r i a t i o n  of AVNI = f(xBOCB) Located around X60C~ = 0.20 

of [gJNI i s  i r r e g u l a r .  

Figure 5 : 80CB-60CB system : volume changes a t  
i s o t r o p i c  t r a n s i t i o n  

5 

t he  nernatic- 

I n  t h e  second system, t h e  p a r t  of t h e  diagram corresponding 
t o  0.4 < XCBOOA < 0.9 has  been excluded from our  a n a l y s i s  

because the  two-phase ( N + I )  r eg ion  i s  too  large., Neverthe- 

less f o r  xCBOOA < 0.4 w e  confirm t h a t  as f o r  

d i s c o n t i n u i t y  of AVNL appears (Fig.  6 ) .  
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AV,,, , lo2 ctn3 mole-' 1 
4 

Figure 6 : 80CB-CBOOA system : volume changes a t  t h e  nematic- 
is0 t r o p  i c t r a n s i t i o n  

DISCUSSION 

The Clausius-Clapeyron's equat ion may be app l i ed  at the 

4.2.10-' cm3. mole-' and we deduce : 
c r i t i c a l  concentrat ion.  Referr ing t o  the  80CB-60CB system 
A(AVN1) max 

= 2.4 * 0.2  K(Kbar)-' 
A [ [%Jmax 

This c a l c u l a t e d  value c l o s e l y  agree with t h e  
one obtained by Shashidhar e t  a1.2-4 : 2.1 K(Kbar)-'. 

experiment a1 

It i s  somewhat s u r p r i s i n g  t o  note  t h a t  AVN, p lays  a bigger  
r o l e  than ASNI i n  t h i s  molecular e f f e c t .  Nevertheless ASNI 
i n t e g r a t e  a l a r g e  p a r t  of t h e  excess heat-capacity which 
could mask some very weak pe r tu rba t ion  of the  l a t e n t  h e a t .  

A t  l a s t ,  i f  t he  anomalies of AVNI a c t u a l l y  a r e  r e l a t e d  t o  a 
maximum of t he  smect ic  temperature range, t he  ex i s t ence  of 
a c r i t i c a l  smectic-l ike compacity i s  r a i s e d  as w e l l  as i t s  
inf luence on t h e  I - N  phase t r a n s i t i o n 6 .  D
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