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PHASE DIAGRAMS OF LYWROPICS 

GALINA CH32NIK, lXATERII?A SOKOLOVA and 
ALEXEI MORACHEVSKX 
Department of Chemistry, Leningrad S t a t e  
University, Leningrad 199004, U .S.S.R. 

Abstract Pr inciples  o f  t h e  in t e rp re t a t ion  
of DSC a' ata f o r  binary systems a r e  c o n s i d e r  
ed. The phase diagrahs obtained must satis- 
f y  the requirements of the phase rule .  
curves and the  phase diagram f o r  t h e  dim- 
etbylo ctylphosphine oxide - water system 
a r e  given. The e f fec t  o f  the alkyl chain 
length upon t h e  enthalpies o f  t h e  hexagonal- 
- isotropic  and lamellar-isotropic t rans i -  
t i ons  is discussed. 

DSC 

Phase make t h e  b a s i s  for the  physico- 
-chemical invest igat ion o f  lyotropic  l i qu id  crys- 
tals.  However, f o r  some systems it is  only the 
fact  o f  t h e  mesophase formation t h a t  is estab- 
l i shed;  f o r  o ther  systems mesophases are ident i -  
f i e d ,  but the i r  boundaries a re  not determined; 
heterogeneous regions a re  usually not studied, 
etc. The profoundity o f  o u r  knowledge concern- 
ing t h e  phase equ i l ib r i a  i n  117 binary systems 

p l e t e  lyotropic  diagrams o f  s t a t e  a re  known. 
Precise  locat ion o f  phase boundaries and ex- 

t e n t  o f  heterogeneous regions can be determined 
by means o f  DSC o r  MIA, t he  phases being ident i -  

is discussed i n  a recent review 5 . Only f e w  com- 
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144 G .  CHERNIK, E SOKOLOVA AND A. MORACHEVSKY 

f i e d  by other  techniques. In in te rpre t ing  ther- 
mal analysis data  an account should be taken o f  
t he  spec i f ic  fea tures  o f  t h e  phase t r ans i t i ons  
occuring in binary and multicouponent systems. 

(isothermal) and monovariant (nonisothermal) 
phase t r a n s i t i o n s  can take place i n  a binary 
system. An invar iant  process i n  t h i s  system is 
possible , besides t r ans  it ions i n  pure components, 
e i t h e r  i n  t h e  case o f  t h e  t r a n s i t i o n  temperature 
extremum or in the  case o f  a three-phase equi- 
l i b r i u m  (eu tec t ic ,  p e r i t e c t i c  o r  incongruent 
mel t ing) .  All the  other  phase processes i n  the 
system a re  monuvariant. It may be d i f f i c u l t  t G  

de tec t  t he  type o f  the process from a s ingle  DSC 
curve. One siiould compare DSC data f o r  a number 
of  compositions and evaluate t h e  concentration 
dependence of t n e  t r a n s i t i o n  temperature. 

The difference between these types of tran- 
s i t i o n s  is often not appreciated. For exaaple, a 
heterogeneous region between a mesomorphic phase 
(Z) and an i so t ropic  solut ion (I) is  o f t e n  re= 
presented i n  the  way shown i n  Figure l a .  
Thermodynamics requires  m a x i m u m  t r a n s i t i o n  tem- 
perature  t o  be an invariant  point. I n  the C O U T S ~  

o f  t h e  invariant  process the Z phase transforms 
in to  the  I phase o f  t h e  same composition X 8  a t  a 
single, precisely defined temperature (!Pa , Pi- 
g u e  lb )  . 
lipid-water system is  show.  It is  usually ex- 
plained i n  terms o f  t h e  g e l  (L ) phase existence 

According t o  t he  phase r ~ l . 8 ' ~  invariant  

I n  Pigure 2a a phase diagram for a 
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PHASE DIAGRAMS OF LYOTROPICS 145 

I T 

FIGURE 1. Maximum phase t rans i t ion  temperature 

PIGURX 2. 

a t  I‘ < Tc, the lamellar (LA ) phase being present 
a t  T) Tc. 
a t  T> Te the  Lp and LA phases must be separat- 
ed by a heterogeneous region. AS t he  !Ic curve 
becomes paral le l  to t he  ;X axis, some three-phase 

However, according t o  the phase ru l e  
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146 G CHERNIK, E SOKOLOVA AND A MORACHEVSKY 

equilibrium is t o  be observed a t  fc=!Te. A pos- 
s ib l e  version o f  a complete phase diagram is 
given i n  Figure 2b. A t  .le<xH t h e  Lp -L4 
t i o n  is monovariant. A t  T a l e  t h e  eu tec t ic  reac- 
t i o n  L p  +H20 3 Ld 

More complex phase equ i l ib r i a  can be disco- 
vered i n  lipid-water systems, whereas prelimina- 
ry invest igat ion gives schematic diagrams of  the 
kind shown i n  Pigure 2a. A p e r i t e c t i c  reac t ion  
and two eu tec t ic  react ions were found i n  dipal- 
mitoylphosphatidylcholine-water system. A comp- 
lete phase diagram was obtained dus t o  t h e  appli- 
ca t ion  o f  a sensible  DSC instrument and t h e  use 
o f  sniall scanning rates (V = 0.1 K/min) 

9 hermodynamic r e l a t ions  for the heat capa- 
c i t y  (B ) o f  heterogeneous systems making the 
b d s i s o f  t h e  in te rpre ta t ion  o f  DSC and IlrA data  
for binary and nulticomponent systems were pre- 
viously considered, 
and DS6 c u v e s  for t h e  phase diagrams o f  differ- 
ent types were given. 

octplphosphine oxide (CgPO)  - water S y s t e m  are 
presented . Liquid c rys t a l l i ne  hexagoha1 (H1) and 
lamellar (Ld ) phases were found’’ i n  this sys- 
t e m  w i t h  the  help of polarizing microscope. 
Other homologues o f  t h e  phosphine oxide series 
were previously studied: phase diagrams and con- 
centrat ion dependence o f  the  enthalpies o f  the 
lyomesophase-isotropic t r ans i t i ons  were obtained 

transi- 

takes place. 

8 

P 

Theoretical C values P 

In this work DSC r e su l t s  for the dimethyl- 

9 or the  Clp-wat  er and C 1 p - w a t  er systems 5 =,13 
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PHASE DIAGRAMS OF LYOTROPICS 147 

heat capacity o f  the  L,, 
C1;po-"yat e r  system was determined. 

and I phases i n  the  
14 

Measurements were carried out w i t h  the help of  a 
Setaram DSC-111 instrument. Twice-distilled 
water and purified by sublimation C 8 p o  were 
used. Samples were prepared by weight and sealed 
i n  s t e e l  cel ls .  DSC t races  were recorded from -5 
t o  70°C (V = 1 K/min) for 26 mixtures, t h e  com- 
posit ion o f  the  samples ranging from X = 0.4 t o  
x 3 1 (X- - weight f rac t ion  o f  CSQ) . Phase tran- 
s i t i ons  were studied with scanning r a t e s  o f  0.5, 
0.25 and 0.1 K/min. "Jhe temperature intervals  of 
t he  t ransi t ions were found by extrapolation o f  
t he  peak width t o  zero heating ra te .  

RE;SUU'S AM, DISCUSbION 

Typical DSC curves and the  phase diagram f o r  the 
C8gO-water system are  given i n  G'igures 3 and 4 
(3a: V = 0.1 urnin; 3b: V = 0.5 K/mdn). Composi- 
t ions  o f  t he  mixtures i n  Figure 4 a re  marked 
w i t h  the same numbers as the DSC: curves i n  Bi-  
gure 3. The peaks i n  curves 1-3 correspond t o  
t he  Hl-I t ransi t ion;  i n  curve 4 the peak o f  the 
Ld -I t rans i t ion  is  observed. Well-defined nar- 
row peaks at Te = 3.9% ( x = 0.793 i 0.975) in- 
dicate the  eutectic reaction L, & Z 1 (C - cry- 
b ta l s ) .  Curve 5 i s  a B86 t race  f o r  the  mixture 
o f  the  eutectic couposition Z e  = 0.796. A t  

3 > R  the  two-phase regions become apparent in e 
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148 G. CHERNIK, E. SOKOLOVA AND A.  MORACHEVSKY 

at 
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FIGURE 3 .  DSC curves for the C8PO-H20 system 
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150 G CHERNIK, E SOKOLOVA AND A MORACHEVSKY 

i n  curves 6 and 7: a t  9’ 4 T e  the phases Lo, and C 
a r e  in equilibrium, while at  I’ > T e  the phases I 
and C coexist .  F i n i t e  jumps o f  t h e  heat capacity 
o f  the  system 9910 at t h e  t r a n s i t i o n  f r o m  the he- 
terogoneous region I + C  t o  t h e  one-phase region I 
can be c l ea r ly  seen i n  t h i s  Curves. 

Comparison of  DSC data  f o r  a number o f  com- 
posi t ions allows the  types of  the  phase proces- 
ses t o  be determined. The t r a n s i t i o n  tempera- 
t u re s  a re  m a x i m u m  a t  Z = 0.58 f o r  t h e  HI-I tran- 
s i t i o n  (T=16.!jDC, curve 2) and a t  Z =0.773 for 
t h e  L, -I t r a n s i t i o n  (T=4.2*C9 curve 4) ; w i t h  a 
sufLicient accuracy these processes can be con- 
sidered invariant.  E5Ecept t h e  t r ans i t i ons  men- 
tioned and t h e  eu tec t ic  reac t ion  a l l  the o t h e r  
phase processes i n  t h e  concentration and tempe- 
r a tu re  range studied a re  monovariant. The peaks 
o f  invariant  and monovariant t r ans i t i ons  i n  the 
DSC t races  obtained w i t h  the same heating r a t e  
d i f f e r  i n  shape and width. With su f f i c i en t ly  
small scanning r a t e s  (V = 0.1 K/min) nwrow 
sharp well-defined peaks correspond t o  t h e  inva- 
r i a n t  phase processes, t h e  peak width tending t o  
zero as V 3 0 (e.g. curves 2, 4 and 5-7). Wide 
peaks appear i n  t he  DSC t r aces  for the monovari- 
an t  processes; non-zero values of t h e  t r a n s i t i o n  
temperature in te rva ls  are obtained as V 3 0 (e .g .  
curves 1 and 3) .  

The temperature range o f  t he  mesophase sta- 
b i l i t y  is m a x i m u m  a t  t he  compositions correspond- 
ing t o  t he  invariant  po in ts  (molar r a t i o  H 2 0 t C p  

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

3:
14

 1
9 

Fe
br

ua
ry

 2
01

3 



PHASE DIAGRAMS OF LYOTROPICS 151 

is  8 for the  H1 phase and 3 for the  L, phase) . 
The heterogeneous regions H1+l and L, +I ( in  coll- 
t r a s t  t o  the  regions LA 4 and 14) are  v e q  n- 
row: the temperature interval i s  l e s s  than 2% 
and the node width does not exceed 0.015. 

The area i n  the phase diagram occupied by 
the  lyomesophases is much l e s s  i n  t h i s  system 
than i n  those containing Cl$O and C1$Oe 
The area o f  the H1 phase is greater than tha t  of  
the  L, phase for a shost-chain surfactant and 
vice versa f o r  the Glp-water and CIZBQ-water 
systems 

r i an t  transitions were measured, which allowed 
us t o  compare the enthalpies and the entropies 
o f  the  invariant processes i n  the  phosphine 
oxide ser ies  system: 

12-14 

The enthalpies of the H1-I and I,& -I inva- 

H1-I t ransi t ion L, -I t rans i t ion  

C p + H 2 0  73 0 a 2 5  95 0 . 3  
C10P&I+H20 43 0.34 129 0.39 
C1$Q*H*O 27 0.09 148 0 -40 

* Mole of mixture 
~ ~~~ -~ 

T’he values o f  the  enthalpies of the  t ransi t ions 
f r o m  lyomesophases t o  isotropic solution are by 
2-3 orders less  than enthalpies o f  solid-liquid 
transit ions.  As the  a l e 1  chain grows the  enthal- 
py o f  the Hl-I t ransi t ion increases and that  of  
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152 G .  CHERNIK, E. SOKOLOVA AND A .  MORACHEVSKY 

t h e  L$ -I decreases, The entropy of  t h e  transi- 
t i o n s  changes i n  the  same w a y .  

The experimental data  obtained are useful 
for t h e  comparison of thermodynamic proper t ies  
o f  hexagonal and lamellar phases i n  systems con- 
t aining surf ac t  ant s of d i f f e ren t  chain 1 ength . 

1. Po Ekwall, 
2. R. G. Laugh n, 1 %  
3. R. G. Laughlin, ib id . ,  
4. G. J. T. Tiddy, Phgs. ReE., 22, 1 (1980). 
5. A. G. Morachevsky, T. G. Chuxpsova, E. P.  

Sokolova and G. G .  Chernik, i n  @ e m i s t r y  and 
Thermodynamics o f  Solutions,  edited by A. G. 
Korachevslry and XI. S. L i l i c h  (Leningrad U n i -  
vers i ty ,  Leningrad, 1986) 5 ,  pp. 121-167 
( i n  Russian). 

6 .  v b  Anosov, M. Ozerova and Y. Fialkov, F o u -  
dations of P4~sico-chemical Analysis ( m a ,  
Uoscow, 1 9 7 7  

7. J. E. Ricci,  The Phase R u l e  and Heterogene- 
ous Eauilibrium (D. Van Nostrand, Toronto, 
1951) 

8. C. Grabielle-Madelmont and R. Perron, J. 
Colloid Interface Sci., 

9. G. G. Chernik and V. K. P i l ippov,  Vestn. Le- 
nin r Univ., l.8, 50 (1980). 

10. *pov and G. G. Chernik, Thermo- 
chin. ac ta ,  101, 65 (1986). 

11. E. W Hermann, J. G. Brusimiller and W. L. 
Courchene, J. P S. Chem., 70, 2909 (1966) 

12. G. G. Chern&oloE and A. G. Mo- 
rachevslsy, Vestn. Leningr. uniV.9 ser.1, 
iss .4, 50 (1986). 

13. G. G. Chernik, i n  Liauid Crystals  and Their 
P rac t i ca l  Amlicat'ion Abstr . 5 All-Union 
conf. (Ivanovo, 1 9 8 g  2, p.216. 

14. G. G.  Chernik and A. mb; Starodubtzev, dep. 
O H I D A  R b i m  (Cherkassy , 1984) N716XP -DW. 
6 pp, (in Russian). 

, 471 (1983); 

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

3:
14

 1
9 

Fe
br

ua
ry

 2
01

3 


