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Polyamorphism in Water and the Second Critical Point Hypothesis

Osamu Mishima

(Received October 16, 2003; Accepted January 6, 2004)

Liquid water shows the eccentric properties at low temperatures such as the maximum
density at 40. The amorphous solid form of water also shows a peculiar phenomenon known
as polyamorphism. Poole et al. has proposed the second-critical-point hypothesis of water and
explained these properties. The experimental and theoretical studies support the hypothesis, but

further proofs are required.
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Fig.1 The bottom layer of aglass of iced water remains
40.
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Fig.2 Schematic phase relation between liquid water,
low-density liquid water (LDL), high-density
liquid water (HDL), low-density amorphous ice
(LDA) and high-density amorphous ice (HDA).
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Fig.3 The photos of high-density amorphous ice (HDA)

and the low-density amorphous ice (LDA) at 1 bar.
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Fig.4

The quick transition from HDA to LDA near 120
K during warming at 1 bar. The HDA ice (center
of the left photo) transforms explosively to the
LDA ice which flies into pieces due to the sudden
volume expansion (right).
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Fig.5 The proposed phase diagram of liquid and glassy
water. c.p.: the hypothesized second critical point.
Tw: the homogeneous nucleation temperature. Tx:
the crystallization temperature. Crystallization
occurs easily in the "no-man's land".
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Fig.6 Melting lines of D,O ice phases (I, V, IV,
XI1I1). Left: experimental results. Right: schematic
representation of the hypothesized first-order
LDL/HDL transition and the second critical point
(c.p.). The c.p. is thought to exist in the hatched
area.
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Fig.7 The P-V-T relation on the basis of experiment
and the interpretation according to the second-
critical point hypothesis.

goooooooOoLwLbLOoHDLOOOOOODOOODOO
gooobo0oo0b0m@rige0 0000000000000
goobOoooboOoooobooooboooooOoooLbL
oHDLOOOOOOODOOOOOODOOODbObOOOooOon
gooobooooooooooboobooobooonsoMpPad
20KO0O0O0OODOOOOO0O0OooooOOoOooooooD
gooooobooooooboobooooooboobooo
gooooooboooooooboooooooooooo
gooooooooobooobooooooooo
goooobobooooooobobooooooooooo
gooooooooooooooobooboooooooooo
goooooboooooobooboboOooooooooboooo
gooooooooooooooobooooooooono
gooooooboooooooocooooonLbAn
HDAODOOOOOOOODOOO0O0O0O00MmMFig.70

7. 0goooooobooon

goooooboooooooooboboooooobooobooog
goodze0o1100 KOOOOO3GPaO OO OOOOONO
go0ooo0O000000000rg.7000000mDO0O0
goooooobooooooooobobooooooooono
O00o0oooo00o0ooO0dno-man'sland00C0O0O0O
goo000eoMPad221 KOOOOOOOOOOOOOOO
gooooooooooooooobbooooooooono
gooooooboooooooobooooooooooo
goooobooboooooooooOoobOooooooooooo
gooooooooooooboooodbDACOOOOOn

Netsu Sokutei 300402003

@ 01

(b) u(r) 4

e O

Fig.8 A pair interaction potential with a single attractive
well (a) and a potential with two sub-wells (b).
c: two interaction clusters of water molecules
corresponding to the sub-wells of b. Solid and
broken lines represent the hydrogen bonding
between water molecules.
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