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2 [(SiS;),SiS] T HEEHR

2.1 [(siS,)sis]?

£ SIS*EFHAGHnER L, Ui#n—1 SiS, 2 FHFR M IL(SS,)siS]*
RJLARR(mE 1), EPRELS), SETFZERRFEEARERME hEE. B JLm

Si(1

s(1) '

Si(2) s{2)

B 1 [{sis;)si8]" L3

HEGEENRTFEL HEANBEESTAE W 4, 5, 6 LM RSDGETEH R
®1 [(SIS,;)SiS]* 9984 Moulliken H75 2R (E,). 38 (E.) ABASE (E,)

§(1)

Si

$(2)

5{1)

NE HEg {Ew r/nm Mullike H1 7% E./a.n. E,/eV E,/eV
Si(1)—8(1) 0.1992 Si{(1) 0.3058
Si(1)—Si(2) 0.2516 Si(2) 0.3939

1 Cz, - } . .

T oGi(2)—Ss(2) 0.1915 S(1) 0.1015 1773.2670  1.7333 14.663 8
S(2) 0.097
S—S(1) 0.2158 Si  (.4822

2 Cr S—S(2) 0.1934 S(1) -0.0743 ~1773.2798 1.409S 14,987 6
S(2) 0.0549
S—S 0.2549 S 0.4159

3 C, S5—S(1) 0.2116 S(1) ~0.0091 -1773.2588 1.956 4 14.440 7
S(1)—s(2) 0.2102 S(2) 0.1863
Si(1)—S(1) 0.2291 Si(1) 0.608 5
Si(2)—S(1) 0.2062 Si(2) 0.4292

4 Cs, — .330 7 ] X

B G@2)—S(@) 02072 S(1) 0.z 1773307 0.0000 - 16.3572
S5(2) 0.1847
S$—5S(1) 0.2165 S 0.5726

5 Cz, 5—5(2) 0.2151 S(1) 0.0100 -1773.3114 0.5252 15.720 0
S(1)—S(1) 0.2095 S(2) —0.1651
S—S(1) 0.2192 S 0.4478

& Cs, S—-S(2) 0.2193 S(1) 0.0344 -1773.3075 0.6313 15.765 9.
S(2) 0.0356
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ERBEBREATMEXARFNSEFZRFERRER. MR 6P, SIRFRHNS 3
MSRFRE, HhSIETS5 SREFHNRRIERAFATE2MR. & &R0 &5 27F 0 A
HWRIRR A S, SRTREIARBRAOILNBIER.
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RASIEFEHSHETFREERBERLU2 S EFHHNEREW,HH Si,SFEFHER
WG m B EEE.

%2 [(SiS;).8iS]* f9MH€ . Mulliken B, S R(E,) JETE(E, )RS EM(E,)

L0E S OF X 3 ¥ r/nm Mullike th # E./a.u. E /eV E,/eV
S(1)—Ss(1) 0.2252 Si(1) 0.5332 -2 859.334 0 0.000 0 32.364 4
S(2)-S(1) 0.2097 S«2) 0.1624
1 Cay Si(2)—S(2) 0.2245 Si(3) 0.4574
Si(3)—S(2) 0.2063 S(1) -0.1350
Si(3)—S(3) 0.2066 S(2) -0.017 4
S(3) 0.1517
Si{1)—8(1) 0.2234 Si(l) 0.5469 -—-2859.2691 1.766 Q 30.598 4
Si(2)—S(1) 0.2150 Si(2) 0.5459
2 Cye S(2)—S(2) 0.2343 Si(3) 0.4254
Si{(3)—S(2) 0.2056 S(1) —0.2277
Si(3)—S(3) 0.1979 S(2) -0.104 1
S(3) 0.1452
Si(1)—S(1) 0.2096 Si(1) 0.6223 -2859.1650 4.598 6 27.765 8
Si{1)=S(2) 0.2361 Si(2) 0.5577
3 Ce  Si(2)—S(2) 0.2100 S(1) 0.0352
Si(2)—S(3) 0.2165 S(2) -0.303 1
S(3) —-0.202 1
Si{1)—S8(1) 0.2038 Si{(1) 0.1546 —2859.2144 3.254 4 29.110 0
Si(1)—S(2) 0.2314 Si(2) 0.5326
4 Cs, Si(2)—5(2) 0.2052 S(1) 0.0554
Si(2)—S(3) 0.2159 S(2) -0.098
S(3) —-0.134 9
Si{1)—S(1) 0.2178 S({1} 0.4637 —2859.2327 2.756 4 29.607 9
Si{1)~—S{(2) 0.2392 Si(2) 0.168 4
5 Cie  S(2)—S(2) 0.2215 S(1) —-0.1122
Si(2)—5(3) 0.2081 S(2) -0.1096
5(3) 0.1178
Si(1)—s(1) 0.2210 Si(1) 0.5497 -2859.1547 4.878 9 27.485 5
S{1)—5(2) 0.2592 Si(2) 0.5461
6 Ci. Si(2)—S(2) 0.2278 S(1) -0.1812
Si{(2)—S(3) 0.2007 S(2) —0.2835
(3} 0.0514
Si(1)—S(1}  0.2233  Si(1) 0.6079 -2859.284 3 1.352 4 31.101 2
Si(2)—s(1)  0.2095 Si(2) 0.3932
7 Cs,  Si(2)—S(2) 0.2142 S(1) -0.2071
Si(2)—5(3) 0.1994 S(2) ~0.0080
5(3) 0.0499
Si(1)—5(1) 0.1943 Si(1) 0.3466 —2859.2965 1.020 4 31.344 0
Si{(1)—S(2) 0.2187 Si(2) 0.3557
8 Czp  Si(2)—S(2) 0.2135 S(1) —0.002 8
Si(2)—S(3) 0.2155 S(2) -0.0431
S(3) 0.0154
S—S(1) 0.2283 S  0.3701 -2859.1872 3.994 5 28.369 9
g Dy, Si—S(2)  0.2267 S{(1) -0.078 3
S(2) 0.0623
S(1)~S(1) 0.2284 S 0.3704 -2859.1872 3.994 3 28.369 9
10 Ci S—S(2) 0.226 7 S(1) -0.0787
S—S(3) 0.2266 S(2) 0.0623
S(3) 0.0625
Si{1)—S(1) 0.2160 Si{1} 0.3220 —2859.2139 3.268 0 29.096 4
11 Ci,  S(1)—S(2) 0.2151 Si(2) 0.498 5
Si{2)—S(2) 0.2493 S{1) —0.0400
. §5(2) -0.025 6
T Y S e 2 T T 7T T
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B3 [(SiS,);SiS] N ART
23 [(8iS;)58iS] A& Mulliken BT ERER(E,) HAXMRE{E ) INAESE(E,)

R NEE xe

r/nm

Mullike 5 5f

E,/a. u.

E. /eV

Eyp/eV

Si(1)—s(1)
Si(2)—s(1)
Si(2)—S(2)
Si(3)—S(2)
Si(3)—S(3)
Si(4)—S(3)
Si(4)—S(4)

Si(1)—s(1)
Si(2)—5(1)
Si(2)—5(2)
Si(3)—5(2)
Si(3)—S(3)
Si(3)—S(4)

Si(1)—3(1)
Si(1)—S(2)
Si(2)—5(2)
5i(2)—S(3)
Si(3)—S(3)
Si(3)—5(4)

0.225 %
0.212 1
0.216 5
0.216 8
0.213 6
0.217 4
0.193 4

0.224 5
0.210 7
0.221 6
0.208 0
0.213 9
0.199 4

0.213 5
0.2113
0.2232
0.213 6
0.216 3
0.1938

Si(1) 0.5449
Si(2) 0.1797
Si(3) 0.1989
Si{4) 0.3501
5(1) -0.096 9
S(2) 0.0223
5(3) -0.026 4
S(4) ~0.0717
Si(1) 0.518 8
Si(2) 0.1474
Si(3) 0.3878
8(1) ~0.1318
S(2) —-0.0759
S(3) ~0.080 4
S(4) 0.0270
Si(1) 0.3550
Si(2) 0.1724
Si(3) 0.3532
S(1) 0.0147
5(2) ~0.0521
S(3) ~0.038 7
S(4) ~0.083 3

—3945.323 3

—3945.282 3

—3945.292 6

0.000 0

1.115 6

0.835 4

47.950 7

46.835 1

47.1153

3 Wit

BRI (SIS,),SiS] LA MBR LB SRR ERNNERARY S,SETFXH
ERERHEEEENNTHEREDN, HHENAEDRR TR THNHFBHRBEHNRY
HERENO LR, - BEERBENERSE S TAZERNIE AR AE
SIS FHAMSEHEM LU S—SBATEEATR, USS, hEEXZFHHAT, BR

Ry T
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Si, SEFXERBBNTHE. ESS"EFHD, S—S KKK 0.190 4 nm, T
SiS; MAEA, ZE((Si$)SiS] 4, AE#ETRN SEFS SIET2EA®K X 0.207 2
nm, FERME[(SS,),SiS] P » PR ATMERE/hHE, EEIHES&EN S—S S
B, Si(D—S(HEKRE, TURNEAEE -S4 THONERENME Si(1)5 S»Q1)
ZREE, EKEXE S BF, MEAGEEITF[(SS,).S]T MR, #E SiS” P iH
HA R R Si T 0.809 6 AR IEEEA, SIEF#W0.190 4 T RAMPEHE, Si, S22
EN A BRABERIER. BTEAERENBTHHELEE » BN, TR SKEF
el 0.184 7R -0.071 7, ME5HXHEEMS KETFHRHFHERTHEL, H
0.429 235 0.350 1. M SI(L)MHEBRGEER CRHPEM, HETTLUE L, MREEAEED
K, BITHENEREFINMSENFRBE, TUHMNAXENEEEZNRES.
MEASEREHBOaMESERAT(INE4), B S—S EIHBENEE N 704 eom ™!,
H Si, SRTEZEMGERS. EHK[(SS;),SiIS]" PFEFRIBEED, —MULTF
400~430 cm ™, Si(1) R FEHI M F @ AR ERs), 53— AT 570~790 am ™, H

Si(n)RFHEEIRE.
¥4 [(585,),85]" (n =13} RMERTFYIENWTSMEIMER T I E

Zif OE MNE PR /om ™ ALK (R ) /(km/mol )

18.780.26(8,);  113.4940.98(5,); 218.86/6.04(5,);

[{$5)88]” 1-4 Cz 241.37/4.49(a,);  317.52/25.95(8,); 401,54132.67(a;);
440.36/2.33(a,); 628.09/59.32(5;); 672.28/111.41(a;)
32.960.07(5;);  50.03/1.16(5,); 99.63/0.0(a3);
101.64/2.49(5,)3  157.16/1.47(d,);5 166.8871,36(a, )

[(Si8;).Si8])* 2-1 Cs, 203.65/0.48(5,); 213.56/3.56(by); 292.249.55(ay);
344.44/19.31(8,)s  373.49/6.42(5,); 375.82/51.62{a,);
425.98/180.06(a,); 447.47/3.71(ay); 572.257243.00(a, );
596.31/36.92(b,); 645.01/72.80(5,); 675.07/18.64(2ay)
23.52/0.00(6;);  24.7940.00(b,); 47.17/0.0(a3);
58.94/1.57(6y);  121.63/0.0(a;); 122.73/0.00(a,);
128.64/3.92(42);  152.790.27(6,); 158.410.87(5,);
196.04/3.73(8,);  198.79/1.52(4;3); 217.1172.38( );

[ (5iS;),SiS]* 3-1 Cs. 227.88/13,47(a,); 303.51/1.66(a1); 326.48/6.83(52);

355.88147.56(a,);
424.71/197.67(a,);
497.56/1.69(5,);
562.10/9.89(a,);

398.514.95(a;);
430.45/87.96(a);
511.70/2.14(a,);
608.66/81.89(b,);

411.12/6.32(53);

435.07/0.01(&);

540.91/5.92(42);
91.01/442,76(a,);
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Quantum chemical studs' of silicon — sulfur binary clusters
[(SiS,),SiS]" (n=1~3)

WANG Su-fan!'?, FENG Ji-kang', SUN Jia-zhong',

LIU Peng?, GAQO Zhen?, KONG Fan-ac?
(1.State Key Laboratory of Theoretical and Compurational Chemistry, Institute of
Theoretical Chemistry, Jilin University, Changchun 130023, China;
2. State Key Laboratory of Molecular Reaction Dynamic, Institute of Chernistry,
Chinese Academy of Science, Beijing 100080, China)

Abstract;: The possible geometrical structures and relative stability of silicon — sulfur clusters
[(SiS;),SiS]* (n =1~3) are explored by the means of density functional theory (DFT)
quanturn chemical calculations(B3LYP/6 —31G” ). The effects of polarization functions and
electron correlation are included in these calculations. The electronic structures and vibra-
tional spectra of the most stable geometrical structures of [ (SiS;),SiS]" are analyzed by the

same method. As the result, the regularity of the [ (SiS;),SiS]™ cluster growing is ob-
tained, and the calculation may predict the mechanism of the [(SiS,),SiS]" cluster form-

ing. .
Keywords : silicon — sulfur clusters; geometry; electronic structure; vibrational spectrum
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