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PHASE DIAGRAMS OF LYOTROPICS

GALINA CHERNIK, EKATERINA SOEKOLOVA and
ALEXET MORACHEVSKY

Department of Chemistry, Leningrad State
University, Leningrad 199004, U.S.S.R.

Abstract Principles of the interpretation
of DSC data for binary systems are consider=-
ed. The phase diagrams obtained must satis-
fy the requirements of the phase rule. DSC
curves and the phase diagram for the dim~
ethyloectylphosphine oxide - water system

are given. The effect of the alkyl chain
length upon the enthalpies of the hexagonal-
-isotropic and lamellar-isotropic transi-
tions is discussed.

Phase diagramsl"4 make the basis for the physico=-

~chenical investigation of lyotropic liquid crys-
tals. However, for some systems it is only the
fact of the mesophase formation that is estab-
lished; for other systems mesophases are identi-
fied, but their boundaries are not determined;
heterogeneous regions are usually not studied,
etc. The profoundity of our knowledge concern-—
ing the phase equilibria in 117 binary systems
is discussed in s recent review”. Only few com—
plete lyotropic diagrams of state are known.
Precise location of phase boundaries and ex-
tent of heterogeneous regions can be determined
by means of DSC or Di'A, the phases being identi-

143



Downloaded by [Tomsk State University of Control Systems and Radio] at 13:14 19 February 2013

144 G. CHERNIK, E. SOKOLOVA AND A. MORACHEVSKY

fied by other techniques. In interpreting ther-
mal analysis data an account should be taken of
the specific features of the phase transitions
occuring in binary and multicomponent systems.

According to the phase rule6’7 invariant
(isothermal) and monovariant (nonisothermal)
phase transitions can take place in a binary
systeme. An invariant process in this system is
possible, besides transitions in pure components,
eilther in the case of the transition temperature
extremum or in the case of a three-phase equi-
librium (eutectic, peritectic or incongruent
melting). All the other phase processes in the
systen are monuvariant. It may be difficult +to
detect the type of the process from a single DSC
curve. One should compare DSC data for a number
of compasitions and evaluate the concentration
dependence of the transition temperature.

The difference between these types of tran-
sitions is often not appreciated. For example, a
heterogeneous region between a mesomorphic phase
(Z) and an isotropic solution (I) is often re-
presented in the way shown in Figure la.
Thermodynamics requires maximum transition tem-
perature to be an invariant point. In the course
of the invariant procegs the Z phase transforms
into the I phase of the same composition Xgat a
single, precisely defined temperature (1, , Fi-
gure 1b). In Figure 2a a phase diagram for a
lipid-water system is shovn. It is usually ex-
plained in terms of the gel (L ) phase existence

P
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FIGURE 2.

at T<T,, the lamellar (L, ) phase being present
at T, Tc’ However, according to the phase rule
at T> '_Fe the L £ and L, phases must be separat-
ed by a heterogeneous regicne. A$ the Tc curve

becomes parallel to the X axis, some three-phase
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equilibrium is to be observed at T =T e« A pos-
sible version of a complete phase diagram is
given in Figure 2b. At X<Xy the L, -1, transi-
tion is monovariant. At T=T¢ the eutectic reac—
tion L/j +H20 < 1L, takes place.

More complex phase equilibria can be disco-
vered in lipid-water systems, whereas prelimina-~
ry investigation gives schematic diagrams of the
kind ghown in Figure 2a. A peritectic reaction
and two eutectic reactions were found8 in dipal-
mitoylphosphatidylcholine~water system. A comp-
lete phase diagram was obtained dus to the appli-
cation of a sensible DSC instrument and the use
of small scanning rates (V = O.1l K/min).

Thermodynamic relations for the heat capa~-
city (GP) of heterogeneous systems making the
busig of the interpretation of DSC and DTA data
for binary and multicomponent systems were pre-
viously considered.9’1o Theoretical C_ values
and DSC curves for the phase diagrams of differ-
ent types were givene.

In this work DSC results for the dimethyl-
octylphosphine oxide (CSPO) - water $ystem are
presented. Liquid crystalline hexagoual (Hl) and
lamellar (L, ) phases were foundtl in this sys—
tem with the help of polarizing microscope.
Other homologues of the phosphine oxide series
were previcusly studieds phase diagrams and con—
centration dependence of the enthalpies of the
lyomesophase~isotropic transitions were obtained
for the 010P0~water and ClEPO—water systems;lg’l3
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heat capacity of the L, and I phases in the
ClzPO-Water system was determined.l4

EXPER IMENT AL

lMeasurements were carried out with the help of g
Setaram DSC=111l instrument. Twice-distilled
water and purified by sublimation 08P0 were
used. Samples were prepared by weight and sealed
in steel cells. DPSC traces were recorded from ~5
to 70°C (V = 1 K/min) for 26 mixtures, the com~
position of the samples ranging from X = O.4 to
%=1 (x - weight fraction of 08P0). Phase tran-
sitions were studied with scanning rates of 0.5,
0«25 and 0.1 X/min. The temperature intervals of
the transitions were found by extrapolation of
the peak width to zerc heating rate.

RESULLS AND DISCUSSION

Typical DSC curves and the phase diagram for the
CSPO-water system are given in Figures 3% and 4
(3a: V= 0.1 K/minj 3bs V = 0.5 K/min). Composi=-
tions of the mixtures in Figure 4 are marked
with the same numbers as the NSC curves in Fi-
gure 3. The peaks in curves l-3 correspond to
the Hl-I transition; in curve 4 the peak of the
L, -I transition is observed. Well-defined nar-
row pesks at Ty = 3.93°C (x = 0,793 + 0.975) in-
dicate the eutectic reaction L, +C Z I (C - cry-
stals). Curve 5 is a DSC trace for the mixture
of the eutectic couposition lie = 0.796. At

x >x%the two-phase regions become apparent in
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FIGURE 3. DSC curves for the 08P0~H20 system
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in curves 6 and 7: at T-(Te the phases L, and C
are in equilibrium, while at T> T, the phases I
and C coexist. Finite jumps of the heat capacity
of the system9’lo at the transition from the he-
terogeneous region I+C to the one-phase region I
can be clearly seen in this curves.

Comparison of DSC data for a number of com—
positions allows the types of the phase proces-
ses to be determined. The transition tempera-
tures are maximum at X = 0.58 for the Hl-I tran=-
sition (T=16.5°C, curve 2) and at X =0.773 for
the L, =I transition (T=4.2°C, curve 4); with a
suflicient accuracy these processes can be con—
gsidered invariant. Except the transitions men-
tioned and the eutectic reaction all the other
phase processes in the concentration and tempe~
rature range studied are monovariant. The peaks
of invariant ard monovariant transitions in the
DSC traces obtained with the same heating rate
differ in shape and width. With sufficiently
small scanning rates (V = O.1 K/min) narrow
sharp well-defined peaks correspond to the inva-
riant phase processes, the peak width tending to
zero as V> 0 (e.g. curves 2, 4 and 5=7). Wide
peaks appear in the DSC traces for the monovari-
ant processes; non-zero values of the transition
temperature intervals are obtained as V- 0 (e.g.
curves 1 and 3).,

The temperature range of the mesophase sta=-
bility 1s maximum at the compositions correspond-
ing to the invariant points (molar ratio H,0:0gF0
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is 8 for the H, phase and 3 for the L, phase) .
The heterogeneous regions Hl+I and L, +I (in con-
trast to the regions L, +C and I+C) are very nar-
row: the temperature interval is less than 2°C
and the node width does not exceed 0.015.

The area in the phasge diagram occupied by
the lyomesophases is much less in this systen
than in those containing C,,PO and 012P0.12-14
The area of the Hl phase is greater than that of
the L, phase for a short-chain surfactant and
vice verse for the GloPO-water and ClgPO-water
systems.

The enthalpies of the H;-I and L, -I inva-
riant transitions were measured, which allowed
us to compare the enthalpies and the entropies
of the invariant processes in the phogphine
oxide geries system:

Hl-I transition L, ~I transition
“ o H a S aH 43
Systen j/moie* j/(mole: X) j/moie* j/(mole: X)
CgPO+H0 71 0425 95 0434
CloPO+H20 43 0,14 129 0.39
012P0+H20 27 0.09 148 0.40

* Mole of mixture

The values of the enthalpies of the transitions
from lyomesophases to isotropic solution are by
2-% orders less than enthalpies of solid-liquid
transitions. As the alkyl chain grows the enthal-
py of the H,~-I transition increases and that of
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the L, =I decreases. The entropy of the transi-
tions changes in the same way.

for

The experimental data obtained are useful
the comparison of thermodynamic properties

of hexagonal and lamellar phases in systems con-
taining surfactants of different chain length.
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