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Thermal Studies on the Phase Transition in the Two-component
Systems composed of Water and Surface Active Compounds

Michiko Kodama and Sytizd Seki

Thermal studies on the phase transitions of the binary systems of water and surface
active compounds such as (Cyg Hs7 ) N(CH; )3 X(X=Cl,Br), {C;gHzs; ), N(CH; ), X (X=Cl,Br) and
Cy7H35 COOK were performed and revealed that all the so-called T, curves go down stepwise
with an increase of the water content. At a temperature below the T, curve, new, two phase
transitions of T, (stable coagel-to-stable gel) and T (metastable gel-to-supercocled liquid
crystal/micellar solution) were discovered with detailed annealing treatments. In connection
with this, thermodynamic stability of the gel phases was discussed on the basis of the
schematic diagram of Gibbs energy vs. temperature. Furthermore, the “intermediate water”
named by the authors, which is newly incorporated between the polar-layers of the surface
active molecules at the elevated T, transition, was discovered, referring to the ice-melting
thermogram below 0°C, and the predominent role of the bulk free water coexisting with the
coagel phase for the appearance of the T, transition was stressed. In the extremely dilute
aqueous solution at the neighborhood of c.m.c., thermodynamical data obtained by the
adiabatic calorimeter provided new informations regarding the dissolution process of the
surface active compound in the “Krafft temperature region”, in the place of the so-called

“Krafft point”.
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Fig. 1 Representative phase diagram of ‘water-surface active compound’.
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Fig. 2 Phase diagram of the ‘water-1C 3 Cl’ system.
Phase separations are indicated by two
hatched lines; coagel phase+bulk free water
at about 17 g%, gel phase+bulk free water
at about 23 g%. T and T, curves repre-
sent the phase transitions from the stable
coagel to stable gel phases and, from the
stable gel to liquid crystalline phases {or
micellar solution), respectively.
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Fig. 3 Phase diagram of the ‘water-2C;3Cl’ system.
Phase separations are indicated by two
hatched lines; coagel phase+bulk free water
at about 11 g%, gel phase + bulk free water
at about 18 g%, respectively.
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Fig. 4 Phase diagram of ‘water-1C;gBr’ system.
T.* and T. curves represent the phase
transitions from the metastable gel to meta-
stable, supercooled liquid crystalline phases
{or micellar solution) and, from the stable
coagel to liquid crystalline phases (or
micellar solution}, respectively.

100 T T T T

2CiaBr-water
90 -

] 20 40 60 80 100
Wi /3%

Fig. 5 Phase diagram of the ‘water-2C,3Br’ system.
T. and T.* curves mean the two phase
transitions mentioned in Fig. 4.
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Fig. 6 Phase diagram of the ‘water-potassium
stearate’ system. T, curves obtained by
McBain et al are indicated by dotted lines.
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Fig. 7 Photographs of the coagel (a), gel (b) and

micellar solution (c) phases in the ‘water-
1C13Cl' system at the water content of
about 98 g%.
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Fig. 8 Comparison of the DSC curves of the nonannealed (A) and annealed
(B) samples: (a) ‘water-1C;3Cl’, (b) ‘water-2C;3Cl’ systems.
The nonannealed and annealed samples at the same water content
are compared in pairs. The endothermic peaks with dotted area
correspond to the phase transition from the stable coagel to stable
gel phases, the water content (Wy,o/g%) being indicated at the

right hand side of each curve.

Wiso /g %

Fig. 9 Detailed phase diagram of the ‘water-

potassium stearate’ system below 100°C.
The phase diagram by Skoulios et al'? is
indicated by dotted lines.
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Fig. 10 Comparison of the DSC curves of the
‘water-1C;3 Br’ {(above) and ‘water-1C,;4 CI’
{below) systems at the water content of

about 80 g%.
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Fig. 12 Comparison of the ice-melting peaks of

the nonannealed (A) and annealed (B)
samples of the ‘water-1C;gCl’ system at
various water contents (Wy,o/g%):
I, 19.9; II, 24.3; III, 33.0; 1V, 44.5.
Dotted line in Fig. 12(A) represents the
initial rise of the ice-melting curve given
in Fig. 12(B).
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Fig. 14 Variation of the DSC curves with increas-
ing the water content of the ‘water-
1CygCl’ system in the dilute aqueous
solution region (above 95g%): A, non-
annealed samples; B, annealed samples.
Water contents are indicated at the right
hand side of each curve in pairs.
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Fig. 15 Variation of the transition temperatures
(Tger, 7o) and the associated entropy
changes (A Sge1, AS;) with increasing the
water content of the ‘water-1CgCl” sys-
tem in the region of dilute aqueous
solution. In (b}, the observed points
surrounded with dotted circles are ob-
tained by the adiabatic calorimeter.
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Fig. 16 Heat capacity curves: A for the non-
annealed and B for the annealed samples
of the ‘water-1C 5 Cl’ system at the water
content of 99.71 g%.
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Fig. 17 Heat capacity curve for the annealed
sample of the ‘water-1C;3Cl’ system at
the water content of 99,89 g%. Dotted
line indicates the heat evolution effect.
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Fig. 18 Enthalpy-histogram explanation for the
different process of the phase transitions:
(a) 99.71 and (b) 99.89 g% water content
samples of the ‘water-1C;5Cl” system.
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Fig. 19 Behavior of the schematic G~T curves
with an increase of the water content of
the ‘water-1C5CI’ system. Ty represents
Krafft temperature region, where the Tger
and T, transition temperatures amalgam-
ate.
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