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Fig.1 Bonding interaction between 3d-orbitals of capping sulfur and the
valent orbitals of Co
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Table 1 Effect of introducing 3d-orbitals of sulfur atoms on the

total energy and frontier orbital level

Energy () o (I (M) o (IV})
eV A b c @ b C a b 8 b

-Evprar,  1978.00 1984.80 1991.19 1913.19 1919.19 1930.49 2461.99 2467.24 2687.04 2693.02

-Esnuma 10,131 10.698  11.049 9.956 10.B38 11.031 100469 10603 9457 9.56T

-Eruma 11.019  11.511 11.B2% 11.090 11426  11.843 10469 10603 5.974 10.069

-Enomo 11.183 1L.Y77 12071 11.216 11.826 12,172 10886 11.301 11.422 11.719

-Esiiomo 12.228 12447 12513 11.939 11.958 12220 11,778 11.494 11.621 12.304

AE 0.164 0.266 0.246 0.126 01.400 0.329 0.417 0.698 1.448 1.650
a The 3d-orbitals are not introduced in all sulfur atoms. b The 3d-orbitals are introduced in

capping sulfur only. ¢ The 3d-orbitals are intzoduced in all sulfur atoms.(in the same way in
Tables 2 and 3)
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Enomo) *8 Xk, SRR FH sl 3d ik éh ) a8 8§ 4 MO #E4L TFF, X £k
BT 3d ik 6-F3 T akiZ T S.. &4 S, &9 3d ik I ik &b F TR 2.5-3.0eV,
Aty A S 6 3d S FI Atk g LA F FIEAE 1.0eV 24, ShEHTw A
BFeh 3d i e £ 57 Au4H, HALFL.
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Table 2 Effect of introducing 3d-orbitals of sulfur atoms on the
charge distribution

Atom i1} (1) {1} EW]'

a b C a [ C i b a b
M -1.226 -0.987 -0.662 -1.026 -0.TE6 -0.36% -0.282 -0.032 -(LG66E -0.359
5. 0.502 -0.137 -0.129 0.438 -0.235 0.119 -0.009 -0.TE3 0.231 -0.558
#2-)[" 0.210 0,258 0.069 0.114 0,158 -0.077T 0.112 0.144

t-L*° 0.547 0.540 0.588 -0.420 -0.410 -0.537 D287 0.424 0.248 0.283
d pz-X denotes group =5H connecting with two metal atoms, or bridg-
ing CO, e t-L represents terminal groups -PHs, -SHCp, or CO.
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Table 3 Effect of introducing dd-orbitals of capping sulfur atom on

the Mulliken bond order P

I ey _ooam vy

i@ b C a b C & b a b
Pru_w 178 0.156 0,126 O0.177 0.154 0.131 0.096 0.081 0.003 0.008 0.002 0.007
R,{}_M 2,816 2.828 ' 2.438 2.60 2.48
Fu_s  0.455 (.588 0,537 0.447 0.580 0.530 0.371 0.521 0.295 0.424
Apm_s  2.491 2,501 2,229 2.26
Py_x  0.441 0420 0501 0.439 0,429 0.496 0,278 0.365
Aumox  2.624 2618 1.943
Py_L 0651 D.614 0.593 0.552 0.555 0.601 0.544 0.540 0,690 . 0,654
Rnon 2.706 2.502 2.105 1.801

1} R is the corresponding bond lengths (A).

S. # 3d Bk FINE, £&4 (D-(IV) + M-S, 44 Mulliken & 4R % T 18-44%,
Lo XA RTF 3d ik @48 5 M-(+-5Ph) o M-(p,-SPh) & 65 Mulliken 4 142 & 9-14%,
BLEA 5. 49 3d R M-S, SR eG M A A A K Ak, HuH AR T 6 T as.
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Ysa(bag) « Yar(aig) #2 Yio1(bie) B A s, 0 g1 (ban) A oa(by,) A RSEG. FoT,
B2 ARERY, Wik 3d AR S54RIk M-S REAEIHNE T M-M 48 244,
SEMAMEMZuAMRmEARARNALERP L L.
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Table 4 Overlap integrals between 3d-orbitals of capping sulfur
atoms and valent orbitals of metal Co

5 co

i Pe Py Ps daa_y “{53 dey  dzs  day
do2_ 2 0.005 0,010 0.0149 0.014
dyz -.001 -0.001 0.004 0.011 0.019 0.001
dry 0.009 0.013 0018
des - 0.001 0.003 -0.004 0.005 0.003 0006
dyz (1008 0.003

%5 ERESRFEFOHNMEHRE
Table 5 Orbital populations of capping sulfur annd metal atoms

S.  3s(1.661) 3p(4.370) 3d(0.752) 3d.:_,2(0.256) 3d,2(0.200) 3d.y(0.168) 3d..(0.064) 3d,.(0.064
Co  4s(0.324) 4p(0.414) 3d(8.295) 3d,s_,2(1.920) 3d,:(1.777) 3d.,(1.314) 3d..(1.642) 3d,,(1.642)

¥ 6 ¥R 3d Pl RRANLAER MO REE5ES
Table 6§ MO coefficients and components of bonding orbitals having
larger 3d-orbital components in capping sulfur atoms

Energy MO coefficients and components

(eV) ~— MO Co iE

-11.301 gy (bay)* 0.296(dl,-d2,-d3_+d3.) -0.213(dls_a-d2:_»)

-11.949 4fga(ba,) -0.175(d}, +d7, +d3, +d2,) +0.134(d%,+d2 )

-12.653 yur(aiy) -0.225(dls_o-dls_a+d3s_ o-dia_n)  +0.111(s'+5%)-0.416(p;-p2)
+0.278(d!, +d%, +d% +d%) +0.149(d2, +d?%,)

-13.111 oa(biy) 0.419(d’,-d? +d?,-d%,) +0.149(dk_ o +d2:_2)

-13.522 $101(b1u) 0.357(d}, +d2,-d3,-d?,) +0.112(d2,-d2)

*  Asterisk denotes HOMO
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EHMO Studies on the Participation of 3d Orbital of the Quad-bridging Sulfur Atom
in the Bonding Formation of Cluster [M452]
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Abstract The electronic structures of eluster compounds [M45:](M=Co,Nb) were calcu-
lated by using EIMO method. According to the comparision of total energies, orbital lev-
els, charge distributions and Mulliken bond orders before and after including 3d orbitals of
sulfur, it was found that 3d orbitals of the quad-bridging sulfer atom in the cluster [M;52]
play an important role in the formation of stable structural unit.
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