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Computational Chemistry Modeling of the Oxygen Stor-
age in Clathrate Hydrates
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Abstract :[Objective]Storage of oxygen molecules (O,) in clathrate hydrate at ambirent condi-
tion has many potential applications,such as clean energy,environment and ecology protection,
shuttle, space rocket,submarine and so on. [Methods] The clathrate hydrate of oxygen mole-
cules is studied by using quantum chemical methods Hartree-Fock,BSLYP and MP2. [Results]
When 1 or 2 oxygen molecules are included in the 5" hydrate cell with side length 2. 82A., the
stable energy is atractive. When 3 oxygen molecules are trapped in the 5" cell,the stable energy
turns to repulsive. [Conclusion] When the side length is 2. 82A . at most 2 oxygen molecules can
be stored in a 5'% hydrate cell. The escaping energy barrier of oxygen molecule is 200 kJ/mol,
which is much higher than the escaping energy barrier 74 kJ/mol of hydrogen molecules.

Key words:oxygen-hydrate clathrate,clean energy,quantum chemistry,escaping barrier, storing
density
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Fig. 1  The structures of four types of hydrate cages
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Table 1 The energies of oxygen molecule and the energy of hy-

drate 5'* cell

HF/6—3114+G(d,p) B3LYP/6—311+G(d,p)

AT . .
Energy(a.u.) Bond(A) Energy(a.u.) Bond(A)

O, (FAZEFE)  —149.579234  1.1540  —150.308956  1.2054
O, (ZLEE) —149.6641408  1.1584  —150.3704172 1.2236

512 g A% —1521.19272 2.82% —1529. 452784  2.82¢

a: KW 51 dh AR B9 TS A 4B K 23 T R ST )R BE O (Roo =
2.82),

a:Distance between two oxygen atoms 5'2 hydrate cage(Roo=2. 82).
TEH K Roo=2. 82A 19 5" 5k (B 2a) 14 43 ik
B 1~3 M85 T0,,20,,30,) 0 HF/6—311+G
(d.p) F1 B3LYP/6—311+G(d, p) ifh 5 i 3.
K4, 5 TR E R (AE.aw. ) B A 68 & 10
(AE.iiae MIAE.) » @515 FFR 2. HALE AT
(05220, .30 TEK G W 5 Fh g i 7 B R Z5 1
WL 2(b~d),
K2 EHFH%(0,,20,,30,)EXKAY S RBERHTETERE

MEERED
Table 2 The interaction energies of oxygen molecule clusters

(0,,20,,30,) in 5" hydrate cell

HF/6—311+G(d,p) B3LYP/6—311+G(d,p)

Hor T

AE cell-clst AE st AEsuble  AEcell-clst AE st AEsuble
O, @512 —6.923 —— —6.923  —7.757 —— —7.757
20, @52 —9.243  +15.235 +5.992 —10.546 +6.814 —3.732

30, @512 —11.472  +22.725 +11.253 —13.472 +19.725 +6.253
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Fig. 2 The oxygen molecular clusters in the 5 hydrate
cages
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