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We review our calorimetric and thermal-analysis studies on the water and the hydroxylamine (HA) aqueous
solutions confined within mesoporous silica MCM-41. Confined water revealed a small heat-capacity maximum at
around 230 K, at which the temperature under ambient pressure crosses a Widom line. With doping a small amount of
HA into the confined water, the maximum became a clear liquid-liquid phase transition (LLPT). We argue to conclude
that the HA-doping into water brings chemically a negative-pressurization effect with making a low-temperature phase
stable through enhancement of hydrogen-bond-network formation. As the pressure applied to the xy, = 0.03 aqueous
solution increased, the anomalous heat-capacity peak due to the transition became small and moved toward low
temperatures. The transition behaviors under high pressure are inconsistent with those predicted previously in LLPT
models for bulk pure water. Based on analogy of the behavior of the HA-doped water to pure water, we present a new
LLPT scenario for bulk pure water: It predicts that both the first-order LLPT line and its bicritical point exist in a
negative pressure region on p-T surface.
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Fig.1 Heat capacities of emulsified water in the supercooled
liquid state, represented by open circles.” Solid lines stand for
equilibrium heat-capacity curves for bulk water/ice and fusion
peak.ﬁs’ %) Dotted and dashed lines represent the 7, and Ty,
respectively, described in text.>®
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Fig.2 Schematic illustrations of three scenarios proposed in
relation with a liquid-liquid phase transition LLPT: (a),
singularity free SF; (b), second critical point 2CP; (c),
critical-point free CPF model. Filled circle, solid line, and
dashed line represent critical point, coexistence line, and Widom
line, respectively. The lines and circle on the p-T surface in each
panel are arbitrarily depicted in their locations.
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Fig.3 Heat capacities of the ordinary water (a) and heavy
water (b) confined within mesoporous silica MCM-41: filled
circles, 1.7 nm-pore diameter; filled squares, 2.0 nm; open
circles, 2.1 nm; open squares, 2.3 nm; open diamonds, 2.4 nm;*?
asterisks, emulsified water.” Solid lines represent heat capacities
of bulk water/ice.®>*®)
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Fig.4 Inverse pore-diameter &' dependence of C,-maximum
temperature 7y, and fusion temperature Ty, of confined
ordinary and heavy water:3? open circles, Ty of ordinary water;
filled circles, T§,s of heavy water; open squares, T}, of confined
ordinary water; filled squares, 7., of confined heavy water.
Solid, dashed, and dotted lines are guides for eyes.
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Fig.5 Second-component mole-fraction  (Xsecond  component)
dependence of T, for aqueous solutions confined within
mesoporous sica-gel with pore diameter of 1.1 nm: open square,
pure water; filled circles, ME aqueous solutions;*® *? open
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Fig.7 Heat capacities of HA aqueous solutions, with various
xua values, confined within MCM-41 pores with a diameter of
1.9 nm:%? open circles, x4 = 0; open triangles, x4 = 0.01; open
squares, xya = 0.03; filled circles, xya = 0.06; filled triangles,
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Fig.8 xys dependence of Ty, or T, (a) and inverse
pore-diameter d "' dependence of T, and Ty (or Thay) (b) in the
HA aqueous solutions confined within MCM-41 pores.®” In
panel (a), open circles, diamond, and square represent the results
for 1.9 nm, 2.2 nm, and 2.7 nm-diameter pores, respectively. In
panel (b), open circles, open squares, and open diamonds
represent the results for xy, = 0, 0.06, and 0.12 aqueous
solutions, respectively, and filled circles represent 7§, values for
pure water. Solid and dotted lines are guides for eyes. Error bars
are attached to the Ti; or Ty, values on considering broadness
of the heat-capacity anomaly.
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Fig.9 DTA curves, at different pressures, of HA aqueous
solutions (xya = 0.03) confined within 2.0 nm-diameter pores.
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Fig.10 Expected schematic illustrations of LLPT behavior for
the confined x5 = 0.03 aqueous solution (a) and pure water (b):
filled circle, bicritical point; solid line, coexistence line; dashed
lines, Widom line. The lines and circle on the p-T surface in each
panel are arbitrarily depicted in their locations.
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