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x0 Catleman PEM0U 1992 Aé -¢TO Met-Cars 00A”, OE%IESCT -CLIEOXE3EPATp02TA @, %00y ESEEAC

xThii, TOACAOOAYR1AEQE” CAd»1°TTT, -¢TOAE Pb,S, ©I Pb,S,, AéxOTA GuAOEEx-&, OnA+AECIAOTA
“pA 200, 2¢CO»1-¢TOCIAOOYAExOTA @ -43ETO0» T pAL1RAE, % 0+02xé-04EOA Ph, .S, TTERA" +1E%. 1
1yYa131a%aEpNepAphtaal pAeT2aTr, 1290, AAATA" @%a11oTPOOE pAND Y% TALOAEEPNEOAYY .

+%TA00 Pb,S, TA"@T2Ay, 710£4%Aa11°TDOOEkeDD%e0»2%uAATAUNDY, , T-E+TOEUNETOTO%eDD -0To Ol +E
wl, %ar0+iA+, 0%YATAOVEEREUT£2apA Ph.S, TA“0pAka11oTp00EOeEuNerataTa0»0A.
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1.1 PbS; TA"@11pipA110i

171990 Pb.S; TpO2TA G EAURALLPA -OTOOT D%, , TOACERUEAE 7 00011114, (1) %R0P C, 103£D0,
EA0D0» 6 Pb 0-x00%%Y 0» .6 C, 042¢A-%0 4 ,6pET-pAAd0-x0, ATTa 4 |6 Pb 0-x00UA00-x0004%abT 3E
S—Pb—SCA; (1 )A-%0-%EROE( 1 )Tal-, u«T2EpAekatt, w00 D, 703£D0; (1) OEO»  6ClAdTavapAA¢
% T18%A11 Ta%00» ,6Cl 0-xODT3E (,,ha1t; (IV)0E%ALL (1 ) TAEE, p«Ta%0 Pb 0-x03y0eAk 6 S 0-x0TaA-
1a, »1080» 6 Pb 0-x0TaA-, CO Pb1—S6 %apA%ifrea, 00,6-0x0%R0D C, 103£D0; (V )H%UROD C, T03£DOYA
U¥»- %411, EA0D0» 6 S 0-x00&x»- 1apA0» 6 Pb 0-x0TaA-~; (V)08%art( Vv HTaEE, p«ia®d Pbh 0-x0EGO&»-
AUPAO» 6 Pb 0-x0TaA-, DT3EpARALL0a%R0D C, 103£D0; (VI (E¢ x+A% 60E Pb, S 0-x0Tav%apAEyAadueT
2¢xé3EPAUROD C,, T03£POPAKALL, 11DT( T )— (VI)EGIY 1 EVEY.
1.2 VEEA-%-T

0U Origin 200 -pTAE+ETOA Gaussian 94 3TDOOPPAAUYE -©° (B3LYP) -%-", NjOf LANL2DZ E« ¢ »U
xé, 2¢UACY«» © By, 10 Pb.S; TA"@,+00¢EAU 20UpA11DT%aDDAEYEES.
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TO00ETEYAPA 7 0001 11 TAPAL1DT%ePDE«OA» ", EUpAL1DTECTY: 1 EUEY%, £4TA0!uA HOMO-LUMO AU
19, Avbicd@oTTa0AUA Ec£T 1 EUEY%. OE£T 1 ¢E%b, %R0D C, 103£DOpALLDT ( N ) XTT2TEY ", EC Pb.S, 1A"@
»U 1T EAU " @OUpPADTES. o121DT (11 )°T (VI )pAAUA;, “TO®, 02,EAUTET "@0U, 11BI (1l ), (N)HCT(VI)Ta

EO,&EOKU. 1999-01-11.
»UBSTTA, ; L0YOXOE» (ENE»U%S (AUX%OA , 29573104, 29890210)xE00.
ARTUEEYO%E . -a%l ¢ (1938 AB3BEW), AD, HIEU, 20E;EUpiiEY, “OEAA; x0» N§NDY%.
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Fig. 1 The possible structures of PbsS;
I. Cups; T. Dys M. Couy No Cys V. Cyz VI Cyy VIL Co.

O pA%u3a, 0gup2%¥%0, Mulliken pgPECTx0PYAUTEADOULT 2.
Table 1 The HOMO-LUMO gap, dipole and relative energy of possible isomers of PbsS; clusters

No. Symm.  State AELumo-HOMO/eV 10302/ (C + m) Er/eV |No. Symm. State AELumo-Homo/eV 1034/ (C « m) Er/eV
I Cho ZA, 1. 095 17. 895 0. 795 N C zA” 1.621 7.552 1. 957
I Dy 2Bl 1. 097 0.0 1. 925 VI Cy ZA’ 1.537 20.761 3.43
I Coy 2B, 1. 796 4.970 0.473 || VI Co 2B, 1. 076 16. 051 0.632
I\ Cs ZA/ 1. 567 6. 878 0.0

Table 2 The bond length, overlap population and Mulliken charge of the structure IV, Il and VI of PbsS; clusters

Bond length/ Overlap Mulliken Spin Bond length/ Overlap Mulliken Spin

No- nm population charge density o nm population charge density
N Pbl—Pb7 0.3245 0.058 Pbl 0.637 0. 447 I Pbl—S2 0.2852 0. 069 Pbl 0.792 0.032
Pb1—S2 0.2625 0.116 S2 —0.693 0.017 Pbl1—S8 0.270 5 0. 081 S22 —0.773 0. 007
Pb1—S8 0.2823 0. 064 Pb3  0.845 0. 007 S2—Pb6  0.292 6 0. 051 S5 —0.687 0. 056
S2—Pb3  0.273 8 0. 084 S4 —0.691 —0.003 S2—Pb9  0.285 4 0.052 Pb6 0. 885 0. 000
S2—Pb9  0.2759 0. 080 S8 —0.769 0.011 Pb6—S8 0.271 1 0. 089 Pb9 0.565 0. 808
Pb3—S4 0.268 0 0.101 Pb9 0.883 0. 050 I Pbl—S4 0.2739 0. 068 Pb1l 0. 900 0. 000
Pb3—S8 0.2921 0. 055 S2—Pb6  0.261 3 0.122 S2  —0.678 0.010
S4—Pb9  0.276 4 0. 080 S5—Pb7 0.263 2 0.092 S4  —0.758 —0.046

Ph6 0.743 0.268

OE+1 2 ¢E¥%l, Pb1 °I Pb7 0-xOETpAxODYAUTEOUT? 0. 447, +TA+0UTA @ Pb.S, 0P Pb1 ©I Ph7 ¢E00x+
T2x00E»u -~ 0! uA»TDOOPPA. Pb OIS 0-x0-0+8" g0D%I TapAdyucCECT ,OugE, 00 E(E -0+8x+TaCxugCICx°E
-0 uA»TDOODPA. "0 Phl ©f Ph7 pAki3col0g0up2%%0A” o~ , Pbl—Pb7 ONODA+TOPASEYl. Y%EEEEQPApA
Pb.S, TA"@xTTET 11DTpApucx0%a11DATET2 . xTTEY pAOT 12 T4%R0D C, 103£D0°T2A’ pex01-, Ea0%%Y -0x0
1 pAT? 144’ + 84", HOMO TTpAT? 144’ . OE S 0-x0pA 3p TipA°l Pb 0-xOpA 656 LipAxé3E, AUA;T2
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—8.843 ¢V; LUMO ipAT2 154" OE S 0-xOpA 3p LipA°l Pb 0-xOpA 656p TipAxé3E, AUA T2 —7. 276
eV. HOMO-LUMO AUTIT2 1. 567 V. OE"E¢EY%0, Pb.S; TA"@pA LUMO AUA;°Uul (—7.276 eV), ETE4
EYOx At e x0+aT20DDO TA“@ Pb.S,. 0a0»%aA00& Saito''AGOAO-x0A %OEE PbS. 20EGpAODPOTA @ 20U
Pb,S, MAEuNERA100»0A.

g 0» 2hEQPA Pb.S, TA 0%a1a1a%a-¢ 10, Ph,S, Ox+»1a%a, £a0+021a%al pAT® Pb.S, —Pb.S; +
(Ph.S,), F&"TEC Pb.S, —>Pbs + (Pb,S,). EuA+ Pb.S, TA"0.EA8%a36 Ph,S, ©I Pb; Eéf-. “OE&PApA
Pb;S, pAXTTET 11D1%ebD -0T62»AN - ¢ TOAE LATAA” pAEE£-0U , ATA”@OPECA-0UO0» £ PA, 00 EOEYa1a1a%AaEl
T1410pAAUA; cEOOELEAABYA. (EOOETTREUNEOD - ¢ TOUA Ph.S, TA“@°oU¢EAU%RODTOAC T£2apAKkatL.

“ETa. »1YEEENDY¢ AE Pb.S, %01a1a%apA0+021 YA Pb.S; —Pb,S, +Pb,S, pA» " N§-"O'EE. YEEANA
whpATA“@ Pb.S7 (C,) . Pb,Sy (Cy)°l Pb,S, (C,,) pAxUAUA; -0+8T2—57. 988 171 7, —30. 587 842 6 °I
—27.316 169 8 a. u. , %EEAOAO»1a%A-" 0'puA» N§-"OVEET2 220. 75 kJ/mol. ¢EY%0 Ata%a-"0'ECTUEE -~
0!, COEUPeAUA; %I R, EuA+TA"@ Pb.S/ (V )ECTEYT WA.

Pb.S; TA“@3yAEOOETARO00+021a%al "pATa, »1 200 Pb.S, —>Pb,S; + (Pb,S)°I Pb.S, —>Pb " +
(Pb,S,)1a%al " pA. “011pI (I HOoT (Vi) pA%ar-0To0p2»AN; " 26, 100U21DT (I H)pATakd Ph 0-x00x001a%a
OPESEY, o11D1 (VI)ODPYA Pb,S p¥02020x001a%a0DESEY. OE E¢E%G, “011DI( 1 )OI (VI )pAka113§-¢, ¢E
00°0°Ap@HAETO0ETAKO01a%AT "PA, 00 E¢EETT2, 11DT( 11 )OT (VI )02EC,EAU @O0UpA, T0+8EC Y%AC LY 1A
%Y EAE+20EGUATA @+%ETECNCTET-pACE 6. p«OOETpAAROO1A%A T PATA%ADSAET T, 00 EL11DI (M HOT (V)
2¢2»EC Ph,S; TA"@uAxT0+02pA" 20UDTE.
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Theoretical Studies of Lead-sulfur Binary Pb;S; Clusters

CUI Meng, FENG Ji-Kang*, WANG Su-Fan., SUN Chia-Chung
(State Key Laboratory of Theoretical and Computational Chemistry . Institute of Theoretical Chemistry .,
Jilin University, Changchun 130023, China)
LIU Jian-Bo, GAO Zhen, KONG Fan-Ao
(State Key Laboratory of Molecular Reaction Dynamics, Institute of Chemistry,
Chinese Academy of Sciencess Beijing 100080, China)

Abstract The possible structures and properties of Pb;S; clusters were studied by using Density
Functional Theory (B3LYP) method. The result shows that the most stable isomers is Pb:;S] (C,)
which has a cage structure. Our forecast to the properties of the clusters is agreement with experimen-
tal results.
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