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Fig.1 Optimized configuration diagrams of the Mo,S, cluster
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Table 1 Energy parameters for the optimized configurations

of the Mo, S, cluster

Epp(M0,S,)/  G(Mo,S,)/ Epy(Mo,S,)/ AG(Mo,S,)/
Al

(kJemol™")  (kJ-mol™') (kJ-mol™') (kJ-mol~')
1) —461232. 142 -461332.901 2564.533  —108002. 542
100 —461176.311 —461272.541 2508.702 —107942. 182
2D _461109.004 -461206.922 2441.395 —107876.562
30 _460991.623 -461087.937 2324.014 —107757.577
4 _460977.545 -461077.290 2309.936  —107746.931
23 -460971. 110 -461071.635 2303.501 -107741.276
33) _460946.947 -461049.644 2279.338 -107719.284
43 _460837.477 -460941.636 2169.868 —107611.277
53)  _460752. 167 -460854.222 2084.558 —107523.863
50 —460750.069 -460847.304 2082.460 —107516.945
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Fig.2 HOMO diagrams of the Mo, S, cluster and LUMO diagram of the H,O molecule
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Fig.3 M-H_, structure diagrams of the optimized configurations
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T LUMO P& (%) £ B s s B 47 T 308, R it )k
HIE BE2E I AR B S AT T AT, B T Y
SIHTAT N BB R0 22 1) # B2 43 A B8 2 2 UL
Wy M-H_, /) HOMO 57K /731 i) LUMO ffig4
22 AE, MNE3 PR mE3I A, (59)-H,, 57K

#3 M-H,, 15 H,0 R RTEHE e 2=
Table 3 Frontier orbital energy level differences for the

M-H,, reaction with H,0

Hym Eyono (M=H, )™/ Eppyo(H,0)/ AE /
(kJemol ™) (kJemol™")  (kJ-mol~")
(19) -H,, —641 66 707
(1) —H,, —642 66 708
(2) -H,, - 604 66 670
(3M) -H,, -575 66 641
(41) - H,,, -581 66 647
(2%7) -H,, -568 66 634
(3%) -H,, -558 66 624
(4%) -H,, - 641 66 707
(5%) -H,, -540 66 606
(5) -H,, - 566 66 632

a—M-H,, [} HOMO il it ; b—AE = E, o (H,0) = Ejyoyo
(M-H,40)

Iy B RE 9 2% e /N (606 kJ/mol ) | e HESE — 4 J i
ey KA B A 2.2, 2 RS A, R R Y A
7 Mo, S, W i & i 1 S L (55 —20 RO ) W i oy &
A WO R S S5 5 e A AAR K S BT R
2.3.2 (Mo,S,)-H #1444

TE M-H, 5KaFit— VAR M 5 H, /Y
AR Y M-H,, B E5 G RB /N BV 8 ]
M-H,, ARE PERES I , SR S s MO A
A5, MR (3) I M-H S B 455 fig
Ey(M-H,,) , 4R57ER 4 h

Ey(M=H, ) =2E,. (Mo) +4E,. (S) - E
(M-H,,) (3)
K E (M=H,, ) i M-H, W& Sk shfg, HAL
P4, a4, (59) -H, BRI LEE BE
/N RIS = H, Ho T A A5 2 1) R M e 55, AT
SRR 20 IO ey AT, M-H,, #5010
RUHL B 45 4 BB 10 A S R/NHER . (59Y) - H, <
(5'") - H, <(3") -H, <(29) -H, <
(3%) -H, < (47) - H, < (1%) -H, <
(4%) -H,, <(2") -H, <(1") -H, ., HFE3
AL, (59) = H,, PR 5 K 4 7 10 BE K 25 i
/N(606 kJ/mol) , (5%) — H,, i IS Fid 5 04T
XSG RETTNIe S R —3, HAh, &2 AT,
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FRE S Ak Ry (59)) - H,, H [l AR 7 Y BE 9 2
He/IN(580 kJ/mol ) , UEAHF Y 5 [RIAF BE g i I i
AR, LR RFR I 5D IR R
SRV SEAESS 20 RN IR S 54T, IRl 3]
L AT 4D BAE R (4 ) — H, HP AR R A E L
ZH K (676 k]/mol) ,#H1 4 fYLh G RES (4V) -
H,,, H B AR 7R fige g A ol U 45 B e SB EK, U
A TE AR ALK i BT S0 g 2o A v A 3 40 [ 5 — 2
F S5 o RN R MESEA T, WO A 410 Ak
IK AT G PR 2
F4 PR Mo, S, WM SUR T-I5 B0 15 1% S B R 2 4 ik

Table 4 Zero-point vibrational energies and binding energies of

the Mo, S, cluster after adsorbing a hydrogen atom

_— Epe(M-H,, )/ Ey(M-H,) /

(kJ-mol ~1) (kJ-mol 1)
(1) = H,, - 462426.070 3758. 460
(1) —H,,, ~462449. 435 3781.825
21y —H,, ~462433.208 3765. 598
(3" —H,,, -462114.382 3446.772
(40 —H,, -462213.745 3546. 135
(2%) —H,, -462128.192 3460. 582
(3%) —H,, -462133.723 3466. 113
(4%) - H,, - 462426. 083 3758.473
(5@7) —H,q, -461977. 380 3309. 770
(5V) -H,,, -462019. 745 3352.135

3 4k

AT AT Mo, S, AT SBT3
G UE | AR BTk B IE P T TR A 10 FhERE
P RS HEA TR AT S B 6 PR T3 0 A, AR 2
T PEAI AT LB IE RESL A £ BE 73 M T AT Mo, S, 19
ALK AT 20 AR, FETTA S 1 BT 06 P B Y
7% Mo, S, Y, £ RN, B 50 B A 4R ) 22 88
SETER T = HASM R, = H S R A ALK T S
RE AR T B o A A U B (5 (R 35 Ay Y 5 ) 7 i
ST RS R T R R AR R B T R R
IR TR Y 40 TE K gk A UL BE A P A B
T2 . LA EZIBTT LA Mo, S, #FRHH T AL
IR AT VSN B4 75 LS R — T A BRI AR A
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Calculation and analysis of the catalytic hydrogen evolution
activity of the Mo, S, cluster

WANG Qian FANG ZhiGang™ LV MengNa XU You MAO ZhilLong

(School of Chemical Engineering, University of Science and Technology Liaoning, Anshan 114051, China)

Abstract; The Gaussian 09 program has been used to optimize the full parameters of the Mo,S, cluster. According
to frontier molecular orbital theory, the catalytic hydrogen evolution reaction activities of the 10 stable configurations
were studied. From the frontier orbital diagrams and the frontier orbital energy differences between the Mo,S, clus-
ter and water molecules, the activity of the Mo, S, cluster in catalytic hydrogen evolution from water was explored,
and a theoretical model of the best catalytic activity for hydrogen evolution with an Mo, S, cluster was determined.
The results show that the stability of the Mo,S, singlet configuration is better than that of triplet configuration. The
activity of the triplet configuration in the catalytic hydrogen evolution reaction is higher than that of the singlet con-
figuration. The triplet configuration 5 has good activity in terms of adsorbing and desorbing hydrogen atoms,
whilst the singlet configuration 4" has the lowest activity.

Key words: Mo,S, cluster; thermodynamic stability; hydrogen evolution reaction; catalytic activity; frontier mo-

lecular orbital theory
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