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Abstract: Four different density functional theory (DFT) methods (B3LYP, B3P86, BLYP, and BP86) have been
employed to predict the molecular structures and adiabatic electron affinities of the Si,H/Si,H™ (n=3~8) species.
The basis set used in this study is of double-{ plus polarization quality with additional s- and p-type diffuse func-
tions, labeled as DZP++. The ground states of Si;H/Si;H-, Si,H/Si,H~, SisH/SisH~, SigH/SigH™, Si;H/Si;H~, and SigH/
SigH™ are C,,(*B,)/C,,(*A,) H-bridged structures, C,('A")/C(1A"), C,,(*B,)/Cy,(*A)), C(°B, or *B)/C,(‘A)), Cs,(*A))/Cs,
(*A)), and C(*A")/C;('A,), respectively. Compared with the experimental values, the B3LYP in all of these schemes
is the best in respect of predicting electron affinities. The electron affinities corrected by zero-point vibrational

energies for Si;H, Si;H, SisH, SigH, Si;H, and SigH are 2.56, 2.59, 2.84, 2.86, 3.19, and 3.14 eV, respectively.
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Geometries of ground states of neutral Si,H (n=3~
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8) and their anion

Only silicon atoms are numbered. Bond lengths are in nanometer and bond angles are in degree.
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PER) C AR T PR Cy o FRATIRAS 1 % SigH 3
A5 A [H F A NTBMD,CPMD Al GAs 7 32 fr 3k
151 SigH A ZE AT 33 67 3 v iy 31 A5 1) 45 1)
FERE B AN SR ARAY B W 7E B3LYP,B3P86,BLYP
F1 BP86 7K F I ,CPMD J7 ik Tl i 454 (S =%
SCHRS, AR SCA ] ) 7E BE B b G AR SRR AT 1) 45 44 43
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GAs J7 RS I S5 A FE BB B I AR SCIRAS 1 S5 4 B
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IEM A L TR A RE . Hih SisH i i TR S e
C,(By) < C,('A)), FIA PR Y 5256 4 b 4%, B3LYP,
B3P86,BLYP il BP86 (1) °F- ¥ i 2 43 4l & 0.04,
0.58,0.18 1 0.11 eV, fz Ki%2=4 51K 0.09,0.63,
0.29 1 0.21 eV, W HLE UL B3LYP Jr ik & e 4 11,
BP86 X2, Tl B3P86 fie 2= . fH A5 42 # Y j& B3LYP Xf
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Table 1 Adiabatic electron affinities of the neutral
Si,H (n=1~8) clusters in eV

Adiabatic electron affinities

Species  B3LYP  B3P86  BLYP  BP86  Experimental
SiH"! 1.30 1.90 1.17 1.49 1.277+0.009"
Si,H!"™ 2.31 2.87 2.13 238  2.31x0.01¢
Si;H 2.56 3.16 2.37 2.67  2.53x0.01"
Si,H 2.59 3.18 2.39 2.68  2.68+0.01"

SisH 2.84 3.47 2.59 2.92
SigH 2.86 3.46 2.63 2.93

Si-H 3.19 3.74 2.99 3.24
SigH 3.14 3.78 2.89 3.22
‘
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3 4 it

TE I U AR [ % % B2 2 oA B S 7 5 (B3LYP,
B3P86,BLYP,BP86), £ 4xHL By & hntk £k hn g
B pR B 3k 4 (DZP++) F , X Si,H/Si,H-(n=3~8) 1k %
AT TR RGEMTE, A5 T eSS Mg
TIEA e, W Si;H/SL,H-,Si,H/SL,H-, SisH/SisH-,
SigH/SigH~, Si;H/Si;H-H1 SigH/SigH -1 %& 25 45 ¥4 43 51
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1 Co B Co (‘A ARSI, CLANVC('A"),Co(®By)/ C,,
('A), Co,(B, B 2B))/ C,('A}), Cs,CA)/Cs,(‘A)Fl C.CA"Y/
Cs(‘Ay), Horb b SigH, SigH AT SigH ) 35 25 25 F AN [+]
F LA 5 69 ) NTBMD, CPMD F1 GAs J5 ¥ I 3k
S5 e B M\ SisH 3 SigH-, H i Bt A W
il . FESS S HOT I 2% B BRI T A (BLYP
1 BP86) Tl (14 5t < 38 5 K T 44 Ak %% B 32 ok B IR T
P A, FEH TR BB T, B3LYP Jr ik il
WY HL R A Be e i nT SE Y, B0 SisH, SiH,SisH,
SigH ,Si;H F1 SigH % HL 2% 45 g 43 4 4 2.56,2.59,
2.84,2.86,3.19 f13.14 eV,
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