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Binary mixtures of water and an organic
solvent have been intensively studied so
far in the phase separation and associated
critical phenomena. The effect of adding
salt, such as NaCl, NaBr, etc, on the phase
separation has been investigated experi-
mentally because of the drastic expansion
of the two phase region. These effects are
explained in terms of the cluster formation
in one phase region due to the solvation ef-
fect of ions. A mixture of heavy water and
3-methylpyridine (3MP) is a typical system
to investigate the effect of salt on the phase
separation. It is miscible at room temper-
ature, separates into two phases with in-
creasing temperature, and LCST type crit-
ical behavior is observed. The coexisting
curve is a closedloop type, i.e., the system
becomes one phase by further increase of
temperature [1]. By adding a hydrophilic
salt, the two phase region expands and the
critical temperature decreases. Anisimov
et al. investigated the critical phenomena
by means of dynamic light scattering, and
observed the crossover behavior from 3D-
Ising to mean-field universality class [2].
From this result, they suggested that an ad-
ditional length scale exists competing with
the correlation length of the concentration
fluctuations.

In this study, we investigated the ef-
fect of an antagonistic salt, NaBPh4 (Na+

is hydrophilic and BPh4
− is hydrophobic),

on the critical behavior of D2O / 3MP
by means of SANS. As has shown in our
paper [3], the SANS profile from D2O /
3MP without salt is explained by Ornstein-
Zernike equation, as

IOZ(Q) =
I0

1 + ξ2Q2 , (1)

where where I0 is the forward scatter-
ing proportional to osmotic compressibility

and ξ the correlation length. The tempera-
ture dependence of I0 and ξ near the critical
temperature, T = Tc should be
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where Ibare and ξbare are the bare forward
scattering and the bare correlation length,
respectively, and γ and ν are critical ex-
ponents. In the case of the binary mix-
ture without additives, the critical expo-
nents are the values of 3D-Ising critical be-
havior, γ = 1.24 and ν = 0.63 [3].

On the other hand, we found that the
SANS profiles from D2O / 3MP with
NaBPh4 are not explained by eq. (1). Figure
1(a) shows the SANS profile from the mix-
ture of D2O / 3MP with 6 mM of NaBPh4.
The dashed line indicates the fit results
with eq. (1). A little discrepancies can be
seen at high-Q region. Instead, the profiles
are well explained by the model function,
which indicates the existence of charge-
density-wave (CDW) structure, proposed
by Onuki and Kitamura [4] as

IOK(Q) =
I0

1 +
[
1 − γp2/

(
1 + λD

2Q2
)]

ξ2Q2
,

(4)
where I0 and ξ are the same parameters
used in eq. (1), and λD is a Debye screen-
ing length, and γp is a dimensionless pa-
rameter concerning the difference of solu-
bilities between cation and anion for po-
lar solvent, i.e., water. Temperature de-
pendence of I0 and ξ near the critical point
are shown in Fig. 1(b). All the values fol-
low the power-law against reduced tem-
perature as expected for critical phenom-
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ena (Eq. (2) and (3)). The critical expo-
nents for the ternary mixtures with salt are
different from those of the binary mixture;
the critical exponents γ and ν change from
the values of 3D-Ising to those of 2D-Ising,
γ = 1.75 and ν = 1.00. Therefore, the re-
sults indicate that the critical universality
changes from 3D-Ising to 2D-Ising due to
the effect of an antagonistic salt, NaBP4 [5].
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Fig. 1. (a) SANS profile of D2O / 3MP with 6 mM
of NaBPh4. The dashed lines are the fit results to eq.
(1) and the solid lines are the results to eq. (2). (b)
Temperature dependence of I0 and ξ.


