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Binary mixtures of water and an or-
ganic solvent have been intensively inves-
tigated to clarify the universal features of
critical phenomena and phase separation
dynamics. The effect of salt in the bi-
nary mixtures have been widely studied
in terms of the phase behavior, in which
changes of the critical temperature and/or
the closed-loop type miscibilty gap were
observed. The binary mixture of D2O
and 3-methylpyridine (3MP) is one of well-
known systems to show critical phenom-
ena with various types of salt effect. This
binary mixture is completely miscible at
room temperature and becomes immisci-
ble with increasing temperature, and fi-
nally separates into two phases above the
critical temperature associated with critical
phenomena. The critical point of the mix-
ture, D2O and 3MP, lies at φ3MP = 0.3 and
T = 310.3 K, where φ3MP and T are the vol-
ume fraction of 3MP and temperature, re-
spectively. The small-angle X-ray scatter-
ing (SAXS) result by Jacob et al. was in-
terpreted as the nano-sized micro-clusters
exist in one-phase region (J.Jacob, et al.,
Chem Phys Lett., 304, 180 (1999)). The in-
vestigations of the critical phenomenon by
means of dynamic light scattering (DLS)
showed the crossover behavior from 3-
dimensional Ising to mean-field universal-
ity, and were concluded that an additional
length scale exists competing with the cor-
relation length of the concentration fluctu-
ations.

Recently, we have confirmed that the
self-assembling structures at an off-critical
concentration of the binary mixture with
an antagonistic salt, which is composed
of hydrophilic and hydrophobic ion pair
(K. Sadakane, et al., Phys. Rev. Lett.,
103 167803, (2009)) . The system was
the mixture of D2O, 3MP and sodium

tetraphenylborate (NaBPh4). Optical mi-
croscope images of the system showed
the characteristic feature of multi-lamellar
vesicles, whose size was about 10 µm. In-
side the multi-lamellar vesicles, a periodic
structure having a mean repeat distance
of about 100 Å was discovered by means
of SANS. The result clearly indicated a
microphase separation between water and
3MP domains, which is induced by the
presence of the salt. These phenomena
are comparable with the self-assembly in
ternary mixtures of water, oil and surfac-
tant, i.e., microemulsion.

In the system of microemulsion, pres-
sure induced disorder/lamellar phase tran-
sition is known (Y. Kawabata, et al., Phys.
Rev. Lett., 92 056103 (2004)), and it is ex-
pected that similar phenomena is observed
in the mixture of D2O/3MP/NaBPh4.
Threfore, we perforemed SANS measure-
ments by using pressure cell at SANS-
U. D2O and 3MP was mixed at φ3MP =
0.09, where φ3MP is the volume fraction
of 3MP against the whole mixture of D2O
and 3MP, and 85 mM of NaBPh4 were dis-
solved. Temperature was fixed at 321 K.
As a result, disorder/lamellar phase tran-
sition was observed; disordered-structure
changes to lamellar-structure above 100
MPa. We consider that the phenomenon
should be explained in terms of the change
of intermembrane interactions. Also, the
interaction between water and organic sol-
vent (in this case, 3MP) should play the im-
portant role for the phase transition.

Based on this idea, we examined
the pressure dependence of concen-
tration fluctuation in the mixture of
D2O/acetonitrile(AN). In this system,
the phase separation temperature is not
affected by the deuteration (so, contrast
variation experiments will be done in the
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mixture of water/AN/salt in the future).
D2O and AN was mixed at critical concen-
tration: the volume fraction of AN, φAN, is
0.69. Temperature was fixed at 298 K. As a
result, concentration fluctuation increased
with increasing pressure above 150 MPa.
The similar tendency was also observed
in the mixture of D2O/3MP. Therefore,
it is considered that the solubility of
organic solvent for the water decreases
with increasing pressure. Anyway, further
experiments should be performed for the
mixture of water and organic solvent.


