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Fig.1 Geometric structure of the T cage
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Fig.2 Geometric structures of ethane, ethylene and ethyne

when occupying the hydrate T cage
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Table 1  Characteristic parameters of the T cage body after

occupation by guest molecules
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Table 2 Average C—H distance and average C—C distance

before and after the guest molecule occupies the

T cage
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Table 3  Interaction energies between the host and the guest

before and after adding a dispersion correction
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Table 4  Electrostatic, dispersion, and induction interaction en-
ergy after decomposition of the energy of interaction

between host and guest
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Table 5 Frequency and variation of stretching vibration of C—

C bond before and after the guest molecule occupies

the T cage
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Characteristic study of the host-guest interactions in ethane,
ethylene and acetylene hydrates based on quantum
chemical calculation

WU XiaoMin' JIA Li’

(1. School of Civil Affairs and Social Governance; 2. School of Intelligent Engineering,

Chongging City Management College, Chongqing 401331, China)

Abstract; Natural gas hydrates are cage-like compounds that can be formed with a variety of guest molecules. In
order to analyze the characteristics of the interactions between the host and guest in hydrocarbon hydrates, the
structure, interaction energies and C—C bond stretching vibration frequencies of ethane, ethylene and acetylene
occupying the T cage of a type I hydrate have been studied by quantum chemical calculations. The arrangement of
guest molecules in the water cages is discussed, and the interactions between the host and guest are identified. The
results show that, compared with before occupation, after the guest molecules occupy the T cage, it undergoes a
slight expansion or contraction, and the atomic spacing of the guest molecules decreases. Through the energy analy-
sis, it is found that the order of the interaction energy between the host and guest (AE,,...) is: AE <
AE <AE

tween the host and guest. The energy decomposition results show that the hybridization mode of the C atoms has a

T cage-ethylene

T cage-cthane T cage-acerylenc - 1N€ addition of dispersion correction increases the calculated interaction energy be-

major influence on the interaction between the host and guest in the hydrate. As the hybridization mode of the C at-
om in the guest molecule changes from sp’—sp’—sp, the electrostatic interaction between the guest molecule and
the water cage initially became slightly weaker and then increased, whilst the dispersion effect gradually became
weaker. The C—C bond stretching vibration frequency increased by 6.79 ¢cm ™' after ethane occupied the T cage,
whilst the C—C bond stretching vibration frequencies decreased by 5. 86 cm ™" and 15. 87 cm ™', respectively, after
ethylene and acetylene occupied the T cage.

Key words: gas hydrate; interaction; energy decomposition; molecular vibration frequency; quantum chemical

calculation
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