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Analysis of Cluster Co, MoS Isomerization Conversion
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Abstract; In order to further develop the theoretical research of cluster Co;MoS and to investigate the
mechanism of isomerization transformation of cluster Co,MoS. Optimization calculation of the clusters was based on
density functional theory and transition state theory, using quantum chemistry software and B3LYP/Lanl2dz levels
as initial conditions. And the clusters was analyzed by applying thermodynamic and chemical kinetic methods. The
results show that each isomerization reaction of cluster Co;MoS is mainly in the forward reaction direction, and
TS3® 1™ isomerization reaction is the easiest to be transformed, TS2“’ —1‘® reaction is the most difficult to be
transformed, and the configurations 1@, 1@ 2@ 2@ 3@ 33 can be steadily existed; the 3 W
isomerization reaction is the most radically transformed, which limit is the largest than the other isomerization
processes, the 2 —1 reaction consumes the most activation energy in the process of transformation, which is
the least radical transformation; we find a link between equilibrium constants and thermodynamic stability of
reactants and products; the isomerization reaction of the cluster Co,MoS can be predicted by the functional equation
of energy difference and equilibrium constant, the integral form of the vant Hoff equation, and the Gibbs function.
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Fig.1 The optimized configurations and energy

diagram of cluster Co;MoS
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Co;MoS after isomerization conversion
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Tab.1 Thermodynamic parameters of optimized

configurations of cluster Co,MoS kJ/mol

i E, AU AH AG

14 9.200 -1281.124 -1291.029 -1167.854
1@ 8.633 -1274.170 -1284.075 -1158.725
24 9.412 -1265.670 -1275.576  —1153.253
2 9.520 -1256.825 -1266.730 —1141.680
3@ 8.798 -1256.395 -1266.300 —1143.915
3 8.392 —1250.671 —1260.576 -1 140. 347
4 8.567 -1238.030 -1247.935 -1124.674
4@ 8. 714 -1209.466 -1219.371  —1093.589
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Tab.2 Energy and activation energy of cluster Co,MoS isomerization process kJ/mol
SRR AR SCF fig Fihe JENich s ik hg
Ry 3 —1345291.018  8.392 — 1345 282. 626
E=27.022
3,1 @ SHES(TS) —1345263.928  8.323 — 1345 255. 604
E ; =56. 833
A 1@ —-1345321.637  9.200 —1345312. 437
SR 1® —1345314.345  8.633 — 1345 305.712
E,; =58.950
1 1@ SR (TS) —1345256.950  10. 189 — 1345 246.762
E =65.675
1@ —~1345321.637  9.200 —1345312.437
Ry 3 -1345291.018  8.392 — 1345 282. 626
E ; =44.989
32,34 A (TS) —1345246.110  8.473 —1345237.637
E 5 =50.265
He i 34 —-1345296.700  8.798 —1345287.902
Ry 3 -1345291.018  8.392 —1345282. 626
E p =56.044
3@ ,1@ A (TS) —1345234.990  8.407 — 1345 226.582 £ 79,13
aB = /7.
A 1) —-1345314.345  8.633 —1345305. 712
J2 R4 34 -1345296.700  8.798 —1345287.902
E ;. =66. 486
33 @ A (TS) —1345229.373  7.956 —1345221. 416
E 5 =75.430
AR 2@ —1345306.259  9.412 — 1345 296. 847
iy 44 -1345278.215  8.567 — 1345 269. 647
E =63.448
44 32 SEPER(TS) —1345214.948  8.748 — 1345 206. 200
E =76.427
AR 3 -1345291.018  8.392 — 1345 282. 626
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Tab.3 The forward and reverse reaction rates

and equilibrium constants of the transition
state of cluster Co,MoS

WS k,/s7! k_/s7! K
33 1@ 2.535 x 107 1. 508 x 10? 1. 681 x 10°
151 2.694 x 10% 1.785 x 10" 1.509 x 10"
3 3@ 2.870 x 10* 3.412 x 10° 8.411 x10°
33 1@ 6.890 x 10" 6.187 x10 73 1. 114 x 10*
34 @ 7.968 x10°  2.156 x10 ! 3.697 x 10!
4% 3@ 5.902 x10°  3.133 x10 2 1. 884 x 102
44 3@ 4.211x107" 2,657 x10°* 1.585 x10°
20 1@ 2.516 x1077  1.996 x10~1° 1.260 x 10°
48 1@ 2.378 x10™*  7.507 x 10" 3.167 x 10’
28 51 5.369x107" 1,499 x10°'° 3.582 x 10"

M 3 4G AR TR R S A A A,
T A U RS A S ) e i R 1 1 A RO
RIVZR BH SO [w) £B J8) 7 9] R AT B A S O, A
Ky s (1.681 x10°) > Ky, 10 (1. 114 x 10%) >
Ky 3a) (8411 x 10°) , K,y sy (3.167 x 107) >
Kyay 3 (1.585 x 10%) > K,y 50, (1. 884 x 10%) ;
XoF AR AR ] SR ) A ) 0 S A Ak 72 R )
T P B 2 Y A 8 B T R 156 5 B 1] i T £
B R, B Ky (3.167 x 107) >
Ky5) sy (1.681 x 105) > K () ;04 (1.509 x 10" ),
Ky s (1.585 x10°) > Ky 54 (8.411 x 10°)
Ky oy (1114 x10*) > K, (5 15 (1.260 x 10°) >
Kyay 2y (3.582 x10")
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Fig. 3 The relationship between AE and InK of the

cluster Co,MoS isomerization process
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Tab.4 The average change and prediction

of the thermodynamic function of cluster

Co;MoS isomerization reaction

St AH/ AG/ AS/
TR (kJ - mol ~H)(kJ + mol 1) (J + K™+ mol 1)

InK

T -17.585 -16.853 -2.455  InK=2.115/T-0.295
251 @ 115,453 - 14.601 -2.858 5. 890
351 224,729 -23.939 -2.650 9.658
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