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ABSTRACT. We investigated the structures and electronic properties of CunSiOp+; clusters with m = 0 - 7. For these clus-
ters, we replaced a Cu atom in the copper oxide clusters with a Si atom. The B3LYP functional and LANL2DZ basis set were
used for optimization of the molecular structures of all neutral and charged clusters. The bond distances, bond angles, and
Mulliken charges were calculated to study the structural properties. In addition, in order to understand the electronic proper-
ties, we examined the ionization energies, electronic affinities, and second differences in energies.
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Figure 1. The optimized CupSiOy,. 1 clusters (m = 0 - 7) Coppor?
Silicon'Oxygen atoms are colored vellow/blucired.
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Tuble 1. The bond lengths (Cu-0. Si-0, and 0-0) of CuySiOy,.| clusters m =0 - 7)

Clusters Distance (A)
SiO d1.=1.56

CuSiO- di-=1.74 da=1.74 d-=1.91 =191

CU:SiO; a’l_1=l 86 d[._<=1 R1 d3.1=1 66 d_‘..{.=1 66 d5.5=1 81 G’_:..{.=1 86

Cu:SiOy di.s=1.74 =174 =190 =194 =190 di2=1.94
dis=2.13 =213 d-g=140

CuwSiOs d\.-=193 d16=1.94 d-.=191 =189 dix=1.74 dis=1.65
c1=1.90 =190 di.=1.84 :.0=1.86 don=1.41

CusSiOg d1.7=1.96 di1=1.95 dg=1.95 .1=1.96 dis=1.95 d39=1.96
i.1p=1.95 di.2=1.96 des=1.73 ds0=1.73 ds=2.04 de=2.04
do11=2.04 ch.10=2.04 - 1=1.55 cdo>=1.55

CugSiOs dis=1.71 dii=1.74 tho=1.93 2 3=1.90 ds4=1.91 d514=1.90
dis=1.88 . 1=1.87 s 2=1.86 ds3=1.82 dg=2.01 dg4=1.95
3=1.90 d.a=1.89 o =1.52 di=141

CuzSiOg dii=1.92 cho=1.91 h.1=1.92 =191 =197 d52=1.92
d2=1.91 ;=187 ds3=1.62 ds4=1.62 dg=1.91 dg15=1.92
tho=1.91 dn=1.87 da2=1.91 de5=1.92 dio.1=1.40 s:=1.40

Si-0 Z3k7e)7} 1.56 AR CuD 2| A H(1.80 A)2r} Fe.
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o] Cu:Si0s S AH L) Cu-0 H# Zoj= 1.84 A 28]
Si-0 HWF 23} Zoj= 1.66 Aojth, CusSiOZ & 2 Bl of A
HE2o 2 JHF2E 43T glie] 0-0 Zgo] vrefwith

Cw,Si0s 28 £ B = 6 membered ring@ 7 membered ring-&

Table 2. The Mulliken charges of CunSiOnm 1 clusters withm =0 - 7

7HA 2 Givk. B3t 3742 0-0 B 7HAI 2 9k, CusSiO;
A8 E Y 728 7HA T oy thae YR 40l et
ZE3 7] 42E 7HA 2 9ek CuSior SR LH & 74
Y7 F7ERE sk Cw:0: S8 H7E 2 72 RS G
th(Fig. 1).

Table 29= A 4% Mulliken A 3+S BojFEch F47}
ZZE o] 912 %2 Cu0p S B 2B (Tuble S2)94 7 27}
LHE QnSiOp ZEHAE Q) W8S B TFHE CaSiOm
Fe &l g F4a9 3t 22 HHl de F2l¢
AShE T oF F i 3T} CunSiOn- 23 2E S H ¢ 4
YAbel Hat AdHs +0.950]2 T 929 2] YA
B Ashe +0480]tt CuO; S 2HE HL Fej(Y

Clusters Charges (atom number)
Sio 0.69(1) -0.69(2)

CuSiO; 0.90(1) 0.53(2) -0.71(3 -0.71(4)

Cu:Sios 0.61(1) 1.04(2) 0.61(3) -0.32(h -0.62(5) -0.82(6)

CusSiOy 0.95(1) 0.39(2) 0.39(3) -0.31(5 -0.81(6) -0.24(7)
0.36(4) -0.24(8)

CusSiOs 0.51(1) 0.52(2) 0.98(3) -0.88(6) -0.71( -0.84(8)
0.45(4) 0.49(5) -0.26(9) -0.26(10)

CusSiOs 0.40(1) 0.4002) 0.40(3) -0.37(7) -0.85(8) -0.37(9)
0.40(4) 0.97(5) 0.61(6) -0.85(10) -0.37(11) -0.37(12)

CueSiO 0.94(1) 0.51(2) 0.48(3) -0.94(8) -041(9) -0.48(10)
0.49(4) 0.63(5) 0.40(6) -0.28(11) -027(12) -0.76(13)
0.36(7) -0.66(14)

CusSiOy, 0.39(1) 0.39(2) 0.49(3) -0.79(9) -0.23(10) -0.23(11)
0.47(4) 1.16(5) 0.39(6) -0.79(12) -0.81(13) -0.81(14)
0.47(7) 0.39(8) -0.23(15) -0.23(16)
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Table 3. The bond angles of CuwSiOw .1 clusters withm =0 -7
Clsuters Average angle Angle
SiO
CuSi0)- 96 2 1.30=90 / 1-1=906
Cu:Si0; 123 2o 129 Zsa 110 Z ez 130
CusSity 102 2 ea=119 Zaa=119 =83 7 354=85
CwSi0s 109 =17 1e=03 A aa=88 7125793 < g=135
2 zrs=114 < 3a=123
CusSi0y, 103 126796 A =82 A a0s=120 /g =82 7 g5=120
S 64=96 S saa=120 s 6=90 7 s=120 s -0=90
CueSi0; 103 2 w=124 2 a=125 £ =2 2123 2 =84
/=102 7 14482 ¢ 0.8 S saa=118 7 a1 7=91
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Figure 4. Calculated ionization cnergics of CunSiOn .1 clusters
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Figure 5. Calculated clectron affinitics of Cu, O, clusters with
n=1-8.
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Figure 6. Calculated electron affinities of CunSiOn+1 clusters
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