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D I F F E R E N T I A L E N  T H A L P Y A N D  E TIT R O P Y EFFECTS O F 
DISSOLUTION O F  P H A S E S  F O R  A N O N I O N I C  S U R F A C T A N T -  
WATER SYSTEM 

GALINA CHERNIK 
L e n i n g r a d  S t a t e  U n i v e r s i t y ,  D e p a r t m e n t  of C h e m i s t r y ,  
U n i v e r s i t y  pr.2,  P e t r o d v o r e t s ,  L e n i n g r a d  198904,USSR 

A b s t r a c t  H e a t  c a p a c i t y  j u m p s  ( A C  at the  transi- 
t i o n s  of a s y s t e m  f r o m  a o n e - p h a f e  t o  a t w o - p h a s e  
s t a t e  a n d  t r a n s i t i o n  e n t h a l p i e s  ( A H )  a r e  mea- 
s u r e d  f o r  t h e  l y o t r o p i c  l i q u i d  c r y s t a l  d i m e t h y l d o -  
d e c y l p h o s p h i n e  o x i d e - w a t e r  s y s t e m  b y  means of DSC. 
D i f f e r e n t i a l  e n t h a l p y  a n d  e n t r o p y  e f f e c t s  of d i s -  
s o l u t i o n  of one p h a s e  i n  a n o t h e r  a r e  c a l c u l a t e d  f o r  
t h e  h e x a g o n a l  ( H e x ) / l i q u i d  ( I ) ,  l a m e l l a r  (Lam)/I ,  
c r y s t a l s  ( C ) / L a m  a n d  C:I p h a s e  t r a n s i t i o n s .  

The d i f f e r e n t i a l  e n t h a l p y  a n d  e n t r o p y  e f f e c t s  of d i s s o l u t i o n  

o f  a p h a s e  J i n  a p h a s e  1, Q(i(j) a n d  s(llj), Q(iI j )=TS(i l j ) ,  
make the rmodynamic  c h a r a c t e r i s t i c s  of a t r a n s i t i o n  a t  a con-  
s t a n t  t e m p e r a t u r e ,  while  t h e  t r a n s i t i o n  e n t h a l p i e s  c h a r a c t e -  

r i z e  it a t  a c o n s t a n t  g r o s s  c o n c e n t r a t i o n .  A c c o r d i n g  t o  t h e  

p r o c e d u r e  d e s c r i b e d  elsewhereiS2, t h e  d i f f e r e n t i a l  e f f e c t s  
c a n  be f o u n d  u s i n g  A C  d a t a  f o r  n o n - i s o t h e r m a l  p h a s e  t r a n -  

s i t i o n ~ ~  a n d  u s i n g  A H  d a t a  f o r  i s o t h e r m a l  p h a s e  p r o c e s s e s .  

T h e  m e a s u r e m e n t s  of ACp,AH a n d  t e m p e r a t u r e s  of phase 

t r a n s i t i o n s  w e r e  p e r f o r m e d  w i t h  t h e  h e l p  of a S e t a r a m  D S C  

Ill i n s t r u m e n t .  A f r a g m e n t  of t h e  p h a s e  d i a g r a m  of t h e  d i -  

m e t h y l d o d e c y l p h o s p h i n e  o x i d e  ( a b b r e v i a t e d  Ci2PO) - w a t e r  

s y s t e m  is p r e s e n t e d  i n  Fig.  1. I n  Fig.  2 a n  example  of t h e  

h e a t  c a p a c i t y  d a t a  is g i v e n .  T h e  v a l u e s  of A C p  s t r o n g l y  
depend  upon t h e  t e m p e r a t u r e ,  c o n c e n t r a t i o n  a n d  t h e  n a t u r e  
of p h a s e s  t a k i n g  p a r t  i n  t h e  t r a n s i t i o n .  When compared  a t  
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94/[8741 G.G. CHERNIK 

FIGURE 1 A f r a g m e n t  of  t h e  phase  d i ag ram o f  Ci2PO- 
w a t e r  sys t em.  C - c r y s t a l s ,  L a m  - l i qu id  c r y s t a l l i n e  la- 
mel lar  phase ,  I - i s o t r o p i c  l iqu id .  
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FIGURE 2 The t e m p e r a t u r e  dependence of t h e  h e a t  
c a p a c i t y  o f  C12PO-water s y s t e m  a t  x-0.352. Scanning  r a t e  
i K / m i n .  b C P  - h e a t  c a p a c i t y  jump a t  t h e  Lam+I*I t r a n s i t i o n .  
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D I F F E R E N T I A L  ENTHALPY EFFECTS FOR LYOTROPICS [8751/95 

c o n s t a n t  t e m p e r a t u r e ,  t h e  heat  c a p a c i t y  jumps a t  t h e  lyomeso- 

p h a s e / l i q u i d  p h a s e  t r a n s i t i o n  a r e  i n  t h e  m a j o r i t y  of c a s e s  

l o w e r  t h a n  t h o s e  of t h e  t r a n s f o r m a t i o n s  of c r y s t a l s  i n t o  
i s o t r o p i c  l i q u i d  o r  l a m e l l a r  phase:  

ACp(Lam+I+I)<ACp(LamtC+Lam)<ACp(I+C-I) 
The v a l u e s  of A C p  f o r  t h e  L a m / I  t r a n s i t i o n  a t  low s u r f a c t a n t  
c o n t e n t  a r e  by t h e  o r d e r  of m a g n i t u d e  l o w e r  t h a n  t h o s e  a t  
h i g h  s u r f a c t a n t  c o n t e n t .  

Accord ing  t o  t h e r m o d y n a m i c  e q u a t i o n s  l ,  t h e  h e a t  c a p a -  
c i t y  j u m p  i n  a b i n a r y  s y s t e m  t e n d s  t o  i n f i n i t y  as x-zl a n d  

when t h e  p o i n t  of t h e  e x t r e m u m  of a t r a n s i t i o n  t e m p e r a t u r e  
is a p p r o a c h e d ;  a t  t h e  e u t e c t i c  p o i n t  A C p  is d i s c o n t i n u o u s  

b e c a u s e  of  t h e  i n t e r s e c t i o n  of t w o  d i f f e r e n t  l i q u i d  
c u r v e s .  The  v a l u e s  of A C p  f o r  t h e  s y s t e m  c o n s i d e r e d  a r e  
i n  a g r e em e n t w i t h  t h e  t h e o r e t i c a l  r e  q u 1 r e  m e n t s: A C ( I + C+I)  

g r o w s  as  x+l,  ACp(Lam+I-tI) i n c r e a s e s  as  t h e  i n v a r i a n t  
p o i n t  ( x i n v . )  of t h e  L a m / I  t r a n s i t i o n  is  a p p r o a c h e d ,  a n d  

A . C p ( I t C  +I) a n d  ACp(LamtI-I)  t e n d  t o  d i f f e r e n t  l i m i t i n g  

v a l u e s  as t h e  e u t e c t i c  p o i n t  (x,) is a p p r o a c h e d  (Fig.  3). 
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F I G U R E  3 C o n c e n t r a t i o n  dependence of t h e  h e a t  capa-  
c i t y  jumps  i n  t h e  C12PO-water s y s t e m  a t  t h e  t r a n s i -  
t i o n s  Lam+I+I  ( c u r v e s  1 a n d  2)  a n d  C+I+I ( c u r v e  3). 
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TABLE I D i f f e r e n t i a l  e n t h a l p y  (Q(i1j)) a n d  e n t r o p y  
(S(i  J))  e f f e c t s  o f  d i s s o l u t i o n  of  p h a s e  J i n  p h a s e  1, 
i,j= I ,Lam,C, i n  C12PO-wate r  s y s t e m .  x - C12PO c o n t e n t .  
Q(i1j) i n  K J  p e r  mole of  m i x t u r e .  

x, T r a n s i t i o n  Q [ ~ ( J ) ,  S(llJ), 
m o l . f r a c t .  KJ /mole  J / m o l e  K 

0.059 -0.007 -0.02 20.01 
0.061 -0.016 -0.06 20.02 

0.073 -0.02 -0.06 20.02 

0.059 0.009 0.03 20.02 

0.061 0.013 0.04 20.02 

0.075 H e x 1 1  A H ( H e x / I )  0.027 A S ( H e x / I )  0 . 0 9 0 + 0 . 0 0 3  

0.148 L a m 1 1  A H ( L a m / I )  0.15 A S ( L a m / I )  0 . 4 0  20.01 

I + He x+He x Q (Hex111 S( Hex1 I)  

H e x + I t I  Q(1JHex) S( I lHex)  

0.162 -0.19 -0.5 20.2 
0.224 -0.54 -1.5 20.2 

0.260 -0.62 -1.8 20.2 
I + L a  m -Lam Q ( L a m I I )  S(Laml1) 

0.276 -0.65 -1.9 20.2 
0.352 -0.64 -1.9 20.2 

0.192 0.35 1.0 20.2 
0.225 0.30 1.1 k0.2 

0.240 0.43 1.2 20.2 
Lam+I-tI  Q(1ILam) S(1JLam)  

0.290 0.61 1.7 20.2 

0.410 Q ( I JLam)  0.65 S (IILam) 2.0 +0.3 

0.231 18 60 510 
CtLam-Lam Q(Lam1C) S( Lam)C) 

0.280 21 70 210 

e e - 

0.410 Q ( I l C )  29 s (IIC) 90 +10 
e e - 

0.468 29 90 220 
C+I+I Q(I1C) S(I]C) 

0.590 23 70 220 
0.795 2 4  70 220 

1.0 AH (0 ,i I )  5 0  A S ( C / I )  1 4 0  2 1 0  
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DIFFERENTIAL ENTHALPY EFFECTS FOR LYOTROPICS [8771/97 

T h e  d i f f e r e n t i a l  e f f e c t s  of d i s s o l u t i o n  of a lyomeso- 

p h a s e  i n  a l i q u i d  p h a s e  a r e  by t w o  o r  t h r e e  o r d e r s  of mag- 

n i t u d e  l o w e r  t h a n  t h o s e  e f f e c t s  f o r  t h e  c r y s t a l + l i q u i d  -+ 
l i q u i d  p h a s e  t r a n s i t i o n :  

Q(IILam)<<Q(IIC) 

The  b e h a v i o u r  of t h e  h e a t  c a p a c i t y  jumps  a n d  of t h e  

d i f f e r e n t i a l  e f f e c t s  i n  t h e  C12PO-water s y s t e m  h a s  much i n  

common w i t h  t h e  tendencies  observed  f o r  t h e s e  v a l u e s  in  t h e  

a q e o u s  s o l u t i o n  of d i m e t h y l d e c y l p h o s p h i n e  oxide.  H e r e  some 

new r e s u l t s  w e r e  o b t a i n e d :  A C p  f o r  t h e  h e x a g o n a l / l i q u i d  

p h a s e  t r a n s i t i o n ,  which  made it poss ib le  t o  c a l c u l a t e  

Q(1IHex) a n d  Q(Hex)I).  A s  c a n  be s e e n ,  t h e s e  v a l u e s  a r e  

u s u a l l y  l o w e r  t h a n  t h e  d i f f e r e n t i a l  e f f e c t s  of t h e  Lam/I  

t r a n s i t i o n :  

1 

Q(IIHex)tU(IILam). 

The  e n t h a l p y  of i n v a r i a n t  t r a n s i t i o n s  c a n  be m e a s u r e d  

w i t h  g r e a t  a c c u r a c y .  A t  t h e  p o i n t  of t h e  e x t r e m u m  of t h e  

p h a s e  t r a n s i t i o n  t e m p e r a t u r e  Q(i1 j ) = A H ( j / i ) .  D i f f e r e n t i a l  

e f f e c t s  o b t a i n e d  f r o m  A C p  d a t a  (which  a r e  l e s s  a c c u r a t e )  

c a n  be compared  t o  t h e  e f f e c t s  f o r  t h e  i n v a r i a n t  t r a n s i -  

t i o n s  in a da ta  c o n s i s t e n c y  t e s t  2, AS c a n  be s e e n  f r o m  

Table  I, Q(1IHex) f o r  m o n o v a r i a n t  t r a n s i t i o n s  is  n o t  incon-  

s i s t e n t  w i t h  t h e  v a l u e  of AH(HexlI), a n d  t h e  v a l u e s  of 

Q(1ILam) o b t a i n e d  f r o m  A C  d a t a  a r e  i n  a g r e e m e n t  w i t h  t h e  

m a g n i t u d e  of AH(Lam/I), on one h a n d ,  a n d  of Q (IILam), 

on t h e  o t h e r  h a n d .  

P 

e 

REFERENCES 

1. V.  K. Fi l ippov,  V e s t n .  L e n i n g r .  Un iv . ,  22, 6 4  (1980). 
2. G. G. C h e r n i k ,  Z h .  Fiz.  K h i m . ,  61, 1771 (1987). 
3. V. K. F i l ippov a n d  G. G. CherniK,  Thermochim.  a c t a ,  101, 

65 (1986). 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:
32

 1
9 

Fe
br

ua
ry

 2
01

3 




