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Fig. 1 Model of the cage hydration clusters 5,
56 and 4°5°6°
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Fig.2 The four types of water molecule pairs in
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cage-type hydration clusters
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Table I Comparison of structure and energy before and after optimization of cage hydration clusters 5%, 526 and 4°5°6°

- A (5") At (51%6%) HE (4°5%6%)
Ak sk ss AL At s Ak etk s
(o™ /pm 96. 6 9.6 96. 6
Foom " /pm 99.0 101.0 99.0 101.0 99.0 99.5
o " /pm 98.2 98.1 97.9
F(omap)/Pm 181.0 177.6 181.0 176. 0 181.0 180. 1
Floo)/pm 280.0 274.3 280.0 276.3 280.0 276. 4
LH—0—H/(°) 105. 4 106. 8 105.4 106.7 105. 4 106.7
LH—0--H/(°) 180.0 176. 3 180. 0 175.5 180.0 169.2
Epg/ (KJ+mol =) -837.53 -905. 80 -995. 48 ~1076. 46 -805.51 - 866. 42
AEy;,./ (kJ-mol 71) -68.27 -80.98 -60.91
AE,/(kJ-mol ') -2.28 -2.25 -2.03
a—12 TS B S0 B s b—12 RYTH P SR H 6 5 c—21 RYTH Y A SR
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Table 3 The number of randomly generated cage hydration clusters 5%, 56> and 4°5°6°

n(12

21)
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Fig.3 Distribution of total energy of hydrogen bonds in three kinds of cage clusters when the values of n(1221) are different
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Table 4 The average energies of single hydrogen bond in cage
hydration clusters 5, 526> and 4°5°6° when the val-
ues of n(1221) are the same

n(1221) B/ (K -mol )

528 512h)  512g2a)  51262h) 435663 a) 435663 D)
0 -21.93 -23.70 -21.68 -23.35 -21.99 -23.75
1 -22.95 -24.74 -23.34 -25.05 -22.62 -24.40
2 -23.98 -25.80 -24.12 -25.84 -23.64 -25.43
3 -24.73 -26.58 -24.94 -26.69 -24.53 -26.34
4 -25.31 -27.18 -25.54 -27.30 -25.14 -26.95
5 -25.92 -27.80 -26.19 -27.97 -25.76 -27.59
6 -26.49 -28.40 -26.82 -28.61 -26.55 -28.41
7 -27.05 -28.97 -27.00 -28.79 -26.85 -28.72
8 -27.65 -29.44
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The relationship between water molecule pairs and hydrogen
bond energy in cage hydration clusters

YU YuTian HU XiaoMin LEI Ming YANG ZuoYin "

(Faculty of Science, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract; A series of cage hydration clusters 521 5", 592 526 and 501 4°5°6° were randomly generated. The en-
ergy of hydrogen bonding is the difference between the energy of these cages and the loose cage. Their energies
were calculated using the DFT/B97D/6-311 + +g(2d, 2p) method and the DFT/M052X/6-311 + +g(2d, 2p)
method in the Gaussian09 package. The relationships between the distribution of different water molecule pairs, the
energy of hydrogen bonds and the stability of the cage hydration clusters in the three cage hydration clusters are dis-
cussed. The results show that in the three cage hydration clusters, if we only considered the influence of the neigh-
boring water molecules in the central water molecule pair, there are only four hydrogen bond types in each cage
structure. When the number of one of the hydrogen bond types is fixed, the numbers of the others will also be
fixed. The average energy of hydrogen bonds and single hydrogen bonds in the three cage-type hydrated clusters in-
crease with increasing value n(1221). However for the same value of n(1221), the average energy of single hy-
drogen bonds is almost equal in the three different cages. When the values of n(1221) are different, the energies
of the hydrogen bond network overlap for different cage hydration clusters, so there is no strict correspondence be-
tween the stability of the cage hydration clusters and the distribution of four types of hydrogen bonds.

Key words: hydration cluster isomer; distribution of hydrated clusters; hydrogen bond network type; hydrogen

bond network energy; cage stability
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