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Table 1 Bond length, Mulliken charge, total energy(Ey), relative energy(Eyx) and
binding energy (Eg) of SiS; , SiS; , SiS; and SiS; isomers |
Struc. Symm. State Bond length/nm Mulliken charge Et/a.u. Er/eV Ep/eV
1  Dex 23, Si—S0.2065 Si —0.296 8,S —0.351 6 —~1085.9609 0.1088 10.1931
2  Cow 23, Si—S20.1962,51—S20.3117  Si —0.016 8,51 —0.7716  —1085.8858 2.1524  8.149 6
S2 —0.2115
3 Cpn B, Si—S0.2117 Si —0. 080 6,S —0.459 7 —1085.9649 0.0 10. 302 0
4 C, 2A' Si—S10.2093,51—S20.2111 Si —0. 2171,S1 —0.1783 —1085.9086 1.5320 8.7700
S2 —0. 604 6 |
5§ Dy %A, Si1—Sl0.2216,Si1—S30.2013 Si —0.2608,51 —0.0747 —2171.9483 0.8626 21.107 3
| S2 —0.164 5
6 C.a> %A Sil—S10.2052,5i11—S20.2168  Sil 0.158 5,Si2 0.179 9 —2171.976 3  0.1007  21.869 2
Si1—S4 0.199 1,S8i2—S2 0.220 7  Sil 0. 255 8,Si2 0. 451 6
Si2—S3 0. 201 8 S3 —0.185 6,54 —0. 445 4
7  Cwa 2B; Si—S10.2000,5i—S20. 2209  Si0.113 7,51 —0.430 9 —2171.9387 1.1238 20.846 1
Si—Si 0. 225 7,$2—S2 0. 214 3 S2 —0.182 9
8 Ci2 A" Sil—SI1 0.203 8,Si1—S20.2050  Sil 0.149 3,Si2 0.095 1 —2171.9510 0.7891 21.1808
Si2—S2 0. 265 1,5i2—S3 0.2000 S1 —0. 285 4,52 —0. 231 2
S3 —0. 442 4
9 Cwy 2B! Si1—S1 0.216 7,Si2—S1 0.223 0  Sil 0.167 0,Si2 —0. 222 8 —2171.980 0 .0 21.969 9
Si2—S2 0.207 5 S1 —0.159 7,82 —0.312 4
10 Dus 2Bs Sil—S1 0.227 6,Si2—S10.2107  Si —0. 158 2,Si2 0. 276 8, —3257.9389 1.2163 32.108 6
Si2—S2 0.198 3 S1 —0.135 4,S2 —0. 426 9
11 Crpay A Sil—Sl1 0.234 5,Si2—S1 0.209 9 Si 0. 076 2,Si2 0. 206 4 —3257.9638 0.5388 32.786 2
Si2—S2 0.198 0 S1 —0.178 0,S2 —0. 388 6
12  Cp@ 2By Si1—Sl1 0.200 8,Si1—S20.216 5  Sil —0.005 5,Si2 0.114 2 —3257.9227 1.6571 31.6678
Si2—S2 0. 209 9,Si2—S3 0.216 1  S1 —0.435 9,52 —0. 008 7
Si2—S4 0.198 3 S3 —0.027 5,54 ~0.371 1
13 D %A’ Sil—S1 0.223 0,Si2—S1 0.2109  Sil 0. 043 6,Si2 0.210 5 —3257.9699 0.3728 32. 9522
Si2—S2 0.198 2 S1 —0.179 1,52 —0.374 1
14  Cp 2A; Si1—S1 0.217 9,5i2—S1 0. 2193 Sil 0. 248 0,8i2 —0. 316 6 ~3257.9836 0.0 32. 405 2
Si2—S2 0. 211 5,8i3—S2 0.2251  Si3 —0.102 1,S1 —0. 093 1
Si3—S3 0. 206 8 82 —0.024 2,83 —0.297 3
15 Daqy 2By, Sil—S10.197 6,Si1—S20.210 6 Sil 0. 267 3,Si2 —0. 011 2 —4343.8907 2.1660 42.0541
Si2—S2 0. 228 7,Si2—S3 0.2190  S1 —0.405 2,52 —0.126 9
S3 —0.097 1
16 Dy 2B Sil—S1 0.199 2,Si1—S2 0.217 2 Sil 0. 225 7,Si2 —0.179 8 —4343.9509  0.527 9  43.692 2
Si2—S2 0. 215 4,5i2—S3 0. 216 7 S1 —0.417 7,52 —0.063 0 |
S3 —0.002 3
17  Cpay 2B, Si1—S1 0.197 8,Si1—S20.2106  Sil 0. 232 5,Si2 —0.172 6 —4343.8889 2.2150 42.005 2
Si2—S2 0. 228 5,Si2—83 0.228 4  Si3 0.194 6,51 —0. 403 6
Si3—S3 0. 208 1,513—S4 0.214 6 S2 —0.124 7,53 —0.091 8
Si3—S5 0.197 7 S4 0.028 2, S5 —0. 320 4
18  Cie 24, Sil—S1 0.196 4,5i1—S2 0.211.8  Sil 0. 368 8,Si2 —0. 619 2 —4343.9201 1.3660 42.854 1
Si2—S2 0. 221 0,Si2—S3 0.213 0 Si3 0. 033 3,S1 —0- 335 4
Si3—S3 0. 218 4,S5i3—84 0.211 8  S2 0.047 1,54 0. 039 4
Si3—S5 0.199 8 | S5 —0. 408 9
19 Cun@ 24, Sil—S1 0.218 6,Si2—S1 0.217 7 Sil 0. 301 4,Si2 —0. 444 9 —4 343.9703 0.0 44.220 1
‘Si2—S2 0.212 9,Si3—S2 0.221 0 Si3 —0.021 4,Si4.—0.315 1
Si3—S$3 0. 211 2,Si4—S3 0.226 4  S1 —0.071 0,S2 0.033 4
Si4—S4 0. 207 6 S3 —0.006 4,54 —0.216 0
20 Cy, 2B, Si1—Sl1 0.219 3,S5i2—S1 0.216 6  Sil 0. 336 2,Si2 —0. 385 2 —5 429. 982 2 55. 801 0
Si2—S2 0. 213 8,5i3—S2 0.219 0 Si3 —0.139 8,Si4 0. 048 0
Si3—S3 0. 212 6,Si4—S3 0.221 3 Si5 —0.260 7,51 —0. 054 2
Sid—S4 0. 210 9,Si5—S4 0. 2257  S2 0. 038 7,53 —0. 005 0
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1, FEEES—S @, Co yBldt, S—S @K K 0.311 7 nm, HAEFIBH, HEHWR. BHTLUMSH
W Coo. EIARESE. K@ R, NIRSIBRGTATR, Co WRIH B, FRERBERE.
MRS TRV R B D] D B P IRE BT, FTLL SiS; BRI EWEN CoX RS H. HERAEREY
Eib L, X BREEWEGE TR FERAT(LE 2), SiS; RBEWEBR TN B, HOMO o, 31
B, UERER N —1.114 3eV, TEARFEFH s, p, PUEFMBE TR p- PUEAM; LUMO 3% b, P18
BEEH—0.653 9eV, TEMBEFHN s £, p PUHAR. HITRIBRITE, BBHNMAIRIGE
51T % 3, BA CoL.XERHER SISy 3tF 3 Kikahikk, HHRFAIMENE, HiRGHIBEABT a1r 6o AH
KN, 536 cm™ R ISR SMELR F ik SR T4 20T I 2R T 170 B9 19 4 e 3.

Table 2 Molecular orbitals and orbital energies of the most stable isomer of (SiS;)y (n=1—5)

Molecular orbital Orbital energy/eV Energy Orbital component
Cluster Symmetry State -
HOMO LUMO HOMO LUMO gap/eV HOMO LUMO
SiSy Cao 2B, a by —1.114 3 —0.6539  0.4604  £:(S)5s5:5,(SD)  55pysp:(S)
(§iS;) 7 Coy 2B,y as b —2.380 4 —0.434 8 1.945 6 p,(SZ) pnp,(SZ)
(SiS2)3 Csy 2A, as bo —2.696 9 —0.615 0 2.081 9 2y(S13) p-(S11,%2,S1)
(SiS2) ¢ Cov ZA, b by —2.712 1 —0.715 9 1. 996 2 P P:(S4) p-(8i1,81)
(SiS;y)5 Con 2B, as by —2.940 9 —1.251 7 1. 689 2 py (S4) ;px(S5) px(S11,81)

Table 3 Normal-mode vibrational frequencies(cm™!) of the most stable isomer of (SiS,;), (n=1—5)"

—
Cluster Symmetry Vibrational frequencies, #/cm™!

SiSy Cro 185/1. 4(ay) ,418/14. 1(&;) ,535/55. 6(ay)
(SiS))5  Ca 75/0. 0(by),109/0. 0Caz) »138/3. 1(a;) ,179/0. 4(b;) ,203/0. 3(b,),252/6. 4(a;),353/2. 2(by)
379/21. 4(ay) »491/107. 7(a;) ,509/86. 2(b;) ,520/1. 3(b;),586/216. 0(ay)
(SiS2)¥  Ca 98/0. 1(by) ,66/0. 2(b;) »76/0. 0(az) »116/0. 0(az) »121/3. 4(a;) ,150/0. 5(b3) ,165/1. 4(&;)
186/6. 2(ay) »203/0. 4(bs) ,215/0. 0(b,) ,299/0. 5(a;),361/15. 2(b;),362/50. 5(a;) ,383/1. 8(b;)
406/37. 9Cay) ,482/164. 9(ay) »519/71. 4(b) ,530/0. 4(by) ,562/535. 3(a;) ,588/78. 1(51),600/4. 4(ay)
SiSir  Ca 16/0. 5(81) ,23/0. 3(by) ,56/0. 0(az),62/1. 9(51),104/0. 9(a;) ,105/0. 0(az) ,108/32. 9(b;)
128/0. 0(az) »134/1. 1(b) ,167/2. 9Ca;) ,178/3. 7(5,),180/1. 1(8,),211/0. 2(b;),212/2. 6(5;)
243/0. 4(ay) »322/12. 3(ay) ,256/11. 8(b3) ,260/35. 3(ay) ,388/5. 5(by) ,391/91. 4(a;),402/8. 4(by)
414/36. 5(ay) ,452/108. 2(b1) ,476/248. T(a1),519/484. 2(ay) ,527/61. 2(by) ,562/376. 3(a1) ,582. 9/77. 4(b2)
585. 6/72. 1(51)+599. 3/0. 9(a;)
(SiS;)5  Ca 16/0. 5(bs) 5 17. 5/0. 6(by) » 28/0. 1(b2) »45/0. 0(az),63/0. 1(b,),83/0. 0(az) ,89/2. 1(ay)
108/0. 0(az) ,113/0. 0az) ,127/1. 0(bs),130/0. 1(b,),142/8. 3(a;) ,162/0. 5(b,),172/1. 9(by)
194/0. 1(by),199/0. 1€ay) ,202/0. 1(5,),218/0. 2(8,) ,222/0. 3(8,) ,269/5. 9(a1) »330/5. 7(ay)
356/14. 2(b;) » 359/53. 8(ay) »389/6. 8(b2),390/45. 8(ay) ,401/6. 6(b) ,405/110. 0(a,) ,416/2. 1(by)
419/41. 7(ay) ,471/278. 4(a;) ,533/0. 5(b2) ,534/59. 5(b3),537/1 458. 4(a;),577/0. 9(a1) ,584/53. 7(by)
588/66. 2(b;) ,593/84. 7(by) ,597/33. 4(a;) ,608/0. 1(a;) |

* Frequency/IR intensity (symmetry), IR Intensity in km/mol.
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- MR EELL S S BT, HZEWE 9 o, SiS; 5 SiS, i Si—S 32 & M - i iy M o3

Wy, HXFFRYEARH Co» Si2 5 S1, S2 WM, Al LLHANTESS,); Wi EWRH, Siz 5S RA
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Fig.1 Geometrical structure of SiS; (1—4), (8iS,); (5—9), (8iS,); (10—14), (8iS,) (15—19)
and (SiS,)s (20) isomers
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EEA Co 5, HEARBNTE SISy # Co X FRHESE M ERE &g in—4 SiS; BT R
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AT 1200, ZRFITE 1, BE Cuu RN (SiS)s RREHE, HiRsREYREME. K
R —F IR T ABEGIS,) . £ KM IR M.
1FR2H N, (SiSy)s WEBRBREWBAR Co. XM, B-FER’B,, HOMO 7 a, #iiEH, BB A
—2.940 9 eV, FEH S4 5 p,, S5 8 p. BLHAR, LUMO Kb, ¥ii8, BEERI—1. 251 7eV, FEH
Sil, Si2, S1 By p. BLHAR. BE C.XHRENRBEMRA (SIS, HIR3NEEHF 39 Kikahigk
(R#E 3), Hep 35 KEFOHIFEE, HIRSERXB T ais 61> b FRTAFER, HP7E 537 em ™ 4 F Bk
WL IMNRIL, IRBIERRF o FRTAER, HIRIEERY Si [R 7150781498 I= 35.
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Quantum Chemical Study of Structures and Vibrational Spectra
on Silicon-sulfur Clusters(SiS,), (n= 1—5)

WANG Su-Fan, FENG Ji-Kang* , LIU Jian-Jun, SUN Chia-Chung
(State Key Laboratory of Theoretical and Com putational Chemistry, Institute of Theoretical Chemistry,
Jilin Untversity, Changchun 130023, China)
LIU Peng, GAO Zhen, KONG Fan-Ao
(State Key Laboratory of Molecular Reaction Dynamics, Institute of Chemistry,
Chinese Academy of Scielnces, Beijing 100080, China)

Abstract The initial geometrical structures and relative stability of silicon-sulfur clusters(SiS;); (n=1
5) are explored by means of density functional theory (DFT) quantum chemical calculations. The effects of
polarization functions, diffuse functions and electron correlation are included in those caiculations. The
electronic structures and vibrational spectra of the most stable geometrical structures of (SiS,), are
analyzed by the same method. As the result, the regularity of the (8iS,), clusters growing is obtained,
and the calculated results can be used to predict the formation mechanism of the (SiS,;), clusters.

Keywords Silicon-sulfur Clusters; Geometry; Electronic structure; Vibrational spectrum
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