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Table 1 Optimized geometrical parameters of V,S; (bond length: nm, bond angle:
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Fig. 1 Geometries of different V,S; isomers
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Table 2 Overlap populatmm Mulliken charge, total, relative and binding energy of V,S;

Overlap Mulliken Total Binding
Method Geometry Symmetry State AE* /eV
population charge energy/a. u energy/eV

UHF 1 Dy, 2Bog V—S 0.2853 S —0.3455 —160.706 6 6. 797 6 2.283 7
\'" 0. 845 5

2 Cw,y, 24 V—S 0.2603 S —0.0736 —160.6413 8.5735 0.507 8
V—V 0.2314 V 0.573 6

3 Caw,, 24 V—S 0.2916 S  —0.3945 -160.9564 0.0 9.081 3
\'% 0.894 5

4 Can 2A, Vi—S 0.1912 S —0.0531 —160.7524 5.5501  3.5312

V2—S 0.2101 V1 0.553 1
V1—V2 0.2674 V2 0.5531

B3LYP 1 Do 2B,, V—S 0.2882 S  —0.2157 ~—162.5443 2.7793 0.7038
v 0.715 7 |
2 C2oy, A, VS 0.2478 S  —0.0048 —162.5998 1.2687 2.2144
| V—V  0.2935 V 0.504 8
3 Cow,, 24, VS 0.2831 S  —0.2019 ~—162.6464 0.0 3.483 1
V—V  0.0710 V 0.701 9
4 Can 24, V1—S 0.2492 S  —0.0474 —162.6114 0.9531 2.5299

V2—S 0.2492 V1 0. 547 4
Vi—V2 0.2989 V2 0.547 4

* AE.: relative energy.

2.2 V.87 WLAMBENBFEN

F RHF 1 BSLYP Xt V.S§ &M e LRI #E1T 00t B3l 4 FEl
Wl 2 s, Hhii 1 8 DaxidrtE, V RF5 S REERPAN-FRAEZELRNIGH: #
B2 K Dyt BptE, V IEF5 S RFERMAN-FEA NI A3 Cou X iR, V RF
5S EFREM—T=/%; A 45 C R, HE TR V.S, BCE5WAELYV RFH

SEFHBEER VS, FRE—S KF. BAXRIUMERSET R 3 Mz 4.

Sl

(1) (2) (3) (4)
Fig. 2 Geometries of different V,S} isomers

3 3 MK 4 WA XBIETTR V.S Tl Co e RS, EHWEIPTRSS
BFS5V BEFZEMRBERBREERPH VS BYWERES, HARNWEBRTHREFEV
FFL, FTUEXRERTHANS EFRIEEMEEREN—1V MS BF30E 0B
ANITLHGEH, XSRS RBERT YIS, & RHF FES, BRERBFRN Co>Dou>
Dy >C,y 57 B3LYP FEF Coo>C>Dpu>Du I RA—3 TR, AL ESR
B PR, TR R BTN E LB BEEZRATERE .. C AR
FUEW Dw. DuBiR%, woBWAMEREXRBAER, ARE V.S AR 257
REK, MEERBBEN=Z44H. R Du. D%ﬁ#mﬂﬂ:ﬁﬁ f i 5 %ﬁﬁkﬁd\mfﬁﬂ
28,




1450 BEFRILFER Vol. 20

i
alki

Table 3 Optimized geometrical parameters of V,;S; (bond length: nm, bond angle:°)

Geometry 1 2 3 4
Symmetry Dyy Dy, Ca C;
RHF Vi—S 0.239 3 V1—S§ 0.2389 S1—V 0.241 7 V1—81 0.2357
V2—S 0.214 4 V2—S 0.214 5 S2—V 0.2258 V1—S82 0.229 4
S—V1—S 85.541 S—V1—S§S 85.740 V—S1—V 77.908 V1—83 0.2295
S—V2—S 98.439 S—V2—S 98.532 V—S2—V 84. 624 V2—S1 0.218 0
S1—V—V—82 147.854 V1—82—V1 86. 082
V1—83—V1 86. 012
S51—V2—S1 136. 486
V2—S81—S1--V1 113. 276
S2—V1—V1—S53 148. 802
B3LYP V1—S 0.233 6 V1—S 0.2336 S1—V 0.2309 V1351 | 0.2216
V2—S 0.217 6 V2—S 0.2176 S2—V 0.2199 V1—S82 0.2303
§S—V1—S 87.641 S—Vi—S 85.553 V—S1—V 62.959 V1—83 0.2191
S—V2—S 96.029 S—V2—S 93.622 V—S82—V 66.483 V2—8§i 0.217 3
S1—V—V-—-82 153.034 V1—S2—V1 78. 070
V1—83—V1 82. 893

S51—V2—51 121. 506
V2—S1—S1—V1 68. 345
S2—V1—V1—53 143. 583

Table 4 Overlap population, Mulliken charge, total, relative and binding energy of V,S{

Overlap Mulliken ﬁ
Method Geometry Symmetry  State AE* [eV
population charge energy/a. u energy/eV
RHF 1 D,y 14, V1—S0.2569 S —0.3622 —251.3916 0.8597 15.765 9
V2—S80.3555 VI 0. 702 3
V2 0. 873 3
2 Dy 14, V1—S0.2447 S —0.3261 —251.401 5 0.5903 16.0353
V2—S$0.3644 V1 0.605 9
V2 0.849 1
3 Cao 14, V—S10.2315 S1 —0.2781 —251.423 2 0.0 16. 625 6
V—S820.3074 S2 —0.3563
\" 0.782 3
4 C, 1A V1-—-810.226 2 S1 —0.6252 —251.2502 4.7079 11.9177

V1—S20.2306 S2 —0.3563
V1—S830.2227 S3 —0.1360
V2—S10.3698 Vi 0.625 2

V2 0.776 9 |
B3LYP 1 Dya 14, V1—S0.2242 S —0.0935 —254.1973 5.3832 3.8315
V2—S$0.3375 VI 0.337 4
V2  0.5184
2 Do 1A, V1—S0.1943 S  —0.0452 —253.9583 11.8848 10.3330
V2—S0.286 0 V1 0.172 2
V2  0.504 2
3 Civ 14, V—S10.1881 S1 —0.0751 —254.3951 0.0 15.716 3
V—S20.2827 S2 —0.0115
V.  0.3698
4 C, 14 V1—S10.2709 SI —0.0539 —254.3394 1.5153 14.2010

V1—520.216 7 S2 —0.074 8
V1—530.2938 S3 —0.092 3
V2—S1 0.267 6 V1 0.419 7

V2 0.435 4

* AE: relative energy.
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20 MIHA R, BER I —11.5501eV; LUMO #iik 11e $iE, IS JRF 20 $LEFAV EFH
3d HIBHR, EEH—8.478 9 eV, HOMO-LUMO #yfERR K 3. 071 2 eV.
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Geometry and Stability of Vanadium-sulfide Clusters V,S;” and V.S

WANG Su-Fan, FENG Ji-Kang*, CUI Meng, GE Mao-Fa, SUN Chia-Chung

(State Key Laboratory of Theoretical and Computational Chemistry,
Institute of Theoretical Chemistry, Jilin University, Changchun 130023, China)
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(State Key Laboratory of Molecular Reaction Dynamics,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080, China)

Abstract The possible geometrical structures of V,SF, VS clusters were optimized using
the methods of ab initio Molecular Orbital Unrestricted or Restricted Hartree-Fock (UHF,

RHF) and Density Function Theory (DFT). The corresponding stable geometries and elec-

tronic structures were obtained. The calculation may be used to explain the relative experi-

mental results.

Keywords Vanadium-Sulfide cluster, Geometry, Electronic structure
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