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Abstract: The channel geometries, vibration frequencies and energy of all stagnations zinc reduction reaction for SiCly
were calculated through the MP2/6-311G(d, p) method. According to density functional theory, the effects of adsorption,
dissociation and zinc reduction of stagnation in the Si(100) surface were studied using the generalized gradient
approximation density and total energy plane wave pseudo-potential method combined with periodic slab model. The
results show that silicon substrate can participate in zinc reduction reaction of SiCly, SiCl, can be absorbed in top sites
easily and dissociate into freed radical —SiCl; and —CIl. When there is —Cl radical adsorbed on the surface of silicon,
atom Zn or free radical —ZnCl, which is absorbed on the base silicon, tends to combine with —CI rather silicon
chloride (—SiCl,, n=1-3).
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FONAR R T ERUE &SI DAV 2 kaE, (HX)
R AL, JCH SRR b SiClL SEHER e E
FSCA () S A B S ATL BRI 5 G R WARIE o A SR R H
B Moller-Plesset J7 1LF1% FE iz R BR T 155 1% )
B OB REAT T BRI, DU S ) B as
1, SR T AR 0A B IR A s

1 REWEIRTERE

1.1 it E&EE

RNV AL — M oy Ry FEASERORIP TR, st
TR SRR T A TE . R 28k LA & Fermi B2
HEATHEA . AR SCHRZERE,  Si(100) & 1) HH L) L85
K, BAT @ MARE N, fEk, BEHL 3X 3 Si(100)
JEUSI I P P AROSE R R T SRE R TH | SiCly HEE(E
I8 J AR R I R S N ALEE . il /& DFT -5 T 2
SKICFRIIEL T4, T SRR 2L s S A,
BRI o % RS2 4% SN S5 AR THT AW BY , B B
JAIEREA 1 nm, PLHERJZFZ RIAH EAE . Si(100)
SR E AR RN E 1 TR

Fig. 1 Optimized geometries of Si (100) surface: (a) 3-D
geometry of Si(100) surface; (b) Vertical view of Si(100)

surface
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KH Gaussian 03 KA1 MP2/6-311G(d, p)J7ik
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2.1 SiClL(n=1~4)BI &S

N T HAE SiCL B R S VAl TE b IR E 5 A1
X} SiCl,(n=1~4)FIFHAE MP2/6-311G(d, p) FiE4T )L
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F 1 SiCL(n=1~4) N E LM RNIRBNINH K fie 5
Table 1
structures of SiCl,(n=1-4)

Energy and vibration frequency of ground state

n Structure viem™! E/eV

1 H 528.4402(534)  —20361.92
214.900 8(202)

2 ‘/‘\ 517.141 1(502) 32 868.48
‘ J 526.756 4(514)
180.458 6(171)

. ‘/*\J 2556436053
J 490.997 4(470)
603.000 4(582)

160.014 1(149)

235.425 4(220)
4 ~57 876.16

‘ 435.159 3(425)

638.382 6(620)

e, R IR B S 5 E 1
SiCly 45 ARBN AT T8 THE 4 AR
SiCl, " Si—C1 84K 4 0.201 98 nm, Cl—Si—Cl
fioh 109471 2°, $RF)HTE S 51 160.014 1.
235.425 4, 435.159 3 1 638.382 6 cm ™', FHig{I5MH
BN S SiCl TS B IR S N
528.440 2 cm ', AR SCHRAR I 1 S0 2 E 534 em !
FEAR—H Y PTIERE M VTV R R ISR R T
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(10 25 K6 8 Ay S e THD b PRI RS 2 B A

2.2 SiCl, 7 Si(100){E B9 ki
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JE AR I St R E AT G, DRI, SRS SiCL
A il T PR W PR AR 0 STCL, £E Si(100) 4 1T b = 2T
4 FOURBHALE, Fod, A KN, B AREML, C
REIAL 1, D REISUL 20 SiCly 77 FKH Bk
MP2/6-311G(d, p)ttHEAF2NP)JLFAHRAL, Si(100))Z b
B S AT RAL IS, F520 00 4 B it i 2R g A e
PR WP e S BB DLREAT T BRI UM . THEAS 2
W B S e R B 1] 2 BT
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145 SiCL L 1A CLJE-F7 Add 4, Al SiCLy FX .
) Si—Cl B RIBEK: HEEAS IS 0.201 98 nm 20
7 0.413 559, 0.486 75 0.375 754 F10.434 805 nm.
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2 SiCly 43 F1E Si(100)2 [HIAS 7] BAT 1 f L

Fig. 2 Top views of SiCly molecule after adsorption on Si(100)
surface at different sites: (a) Top; (b) Bridge; (c) Hole 1; (d)
Hole 2
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TRAX:
Eqs = ESiCL, +ESi(100) _ESiCL,/Si(lOO) (1)
EVGRE ESiCL,/Si(lOO) v Esio0) A ESiCL, 71 R SiCly/Si
(100)44& % ¥ Si(100)[H A1 [ 1 SiCL 2> FiofER, It
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SiCly 73 1] Mulliken Hifaf A7 4051 56 2

MR 2 TR SR, 4 SiCl £ Si(100) b ‘E
TR IR B, W RS R, MR RS E .
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FETAT 1 Si I SN S, W T R AT RN

SiCly+sites— —SiCl;+—Cl 2)

TS 3RAT 1 W B WL BE 5 BTS2 6 BIF 9 48—
, NALWAPYFI SZABO 512218 R FH O 7 S 3l
BERNRR e T AR S SiCLy 0 R 1 4 IR B Ay
fiff S

2.3 SiCl, i R & b7 iR 1E

HA IR 545 B, SiCly £F Si(100)f b % AE T
PR B I R e A, FLIR BRI 2 A S Y, R
YW HAE Si(100) 1 F1J—SiCl; #1—C1 H 2.
I SiCLy B34 S S Y. FT A7 7 W B A B SN, 2 5L i
(IR S S S b A —SiClyo i A H SR AR iR Bl 40
HATFA, —SiCly. —SiCl, f1—SiCl A HFEIEsL &
BRI ERRRE IE A, MEARTE S, BRI R RN
¥ SiCly— —SiCly— —SiCl,— —SiCl—Si /i
JPiEAT o SiCl BREJR R WIE e 8 RN LA
PR RN B 1 LI 4.

SIHTE 4 & R NIEARRITE AR 22, (E Zn B R
WA, Zn JEFIEJE—SiCl,(n=1~3)I, 1% & Vil
FRME AL RE R SO B T IR AR RTE b RE 22, DAL, %)
N F S S ] 1 TR RS, B SiCL, 28 R R A 4
HZ MK, *—ZnCl H HIEEJR—SiCl,(n=1~3)i,
SN R R A RE 22 BRI T IR R AL e 22,
PEI—SiCl, BeHEAE ekt . k4h, BT Zn/~ZnCl 5
—SiCl, Ei—Cl NI Sk E—Cl Bl
RN HEE SRR, il UeEERIA—Cl A
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F 2 SiCly £ Si(100) W I 1) LAIF RS 5, R BH EFD Mulliken FA

Table 2 Optimized geometrical parameter, adsorption energies and Mulliken charges of SiCl, adsorption on Si(100) surface

_ Ch
Mode E.4s/(kJ-mol l) Bond Rgi—c/nm Population arge
Element Value
Cl1 -0.37
SiCl; Si 1—ClI 1 0.206 710 0.50 Cl2 -0.36
Si1—Cl2 0.204 993 0.51 Cl3 -0.38
A 456.169 07 1
Si1—Cl 3 0.207 506 0.49 Cl4 -0.37
Base Si2—Cl 4 0.413 559 0.44 Sil 1.08
Si2 0.39
Cl1 -0.37
SiCl; Si 1—ClI 1 0.206 339 0.50 Cl2 -0.38
Si1—Cl2 0.206 834 0.48 Cl3 -0.37
B 75.339 77 .
Si1—Cl 3 0.206 830 0.49 Cl4 -0.35
Base Si2—Cl 4 0.486 748 0.36 Sil 1.05
Si2 0.35
Cl1 -0.36
SiCl; Si 1—ClI 1 0.208 893 0.47 Cl2 -0.36
Si1—Cl2 0.208 758 0.48 Cl3 -0.36
C 350.821 23 )
Si1—Cl 3 0.206 848 0.49 Cl4 -0.37
Base Si2—Cl 4 0.375 754 0.42 Sil 1.01
Si2 0.33
Cl1 -0.34
SiCl; Si 1—ClI 1 0.211 481 0.45 Cl2 -0.35
Si1—Cl2 0.207 224 0.47 Cl3 -0.37
D 347.385 57 .
Si1—Cl 3 0.207 860 0.48 Cl4 -0.37
Base Si2—Cl 4 0.434 805 0.44 Sil 1.01
Si2 0.40

3 SiCly £ Si(100) IR 1 g 2 2 23 AR R 22 5 gy 385 188 50 A1

Fig. 3 Distribution of electron density and electron density difference of SiCly adsorption on Si(100) surface: (a), (c), (e), (g)
Distribution of electron density for SiCl, adsorption on top, bridge, hole 1 and hole 2, respectively; (b), (d), (f), (h) Electron density
difference for SiCl, adsorption on top bridge, hole 1 and hole 2, respectively
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Fig. 4 Geometric configurations of reactants, transition states and products and reaction path ways and energy barriers during zinc
reduction of SiCly: (a) SiCl,s-SiCly; (b) SiCly-SiCls; (c) SiCls-SiCly; (d) SiCl,-SiCl
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i DA RS SS IR, SICL BRI SRR R fE R WV 3847
IR A

SiCly+sites— —SiCl;+ —Cl1 3)
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FRHE U B)(S) T %0, K SiClLy BFIE JRIEAE = 2
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I3k e DA AR R T A 2 1) Zn SR TR R
—SiCl, H H¥E(n=1~3), HNALEA R ZnCly R
TEELR MNP, LAl Dadi le N 2k, I b

SR TR I—CL [ RIS, b SiCly HIR B,
6385 4
3 Zig

1) SiCl. SiCly SiCls Al SiCly (1)) LAAT 45 43 51 Ky
HEAL VIE. MBI IRSIRIGALF
FEREML, VLI SICL(n=1~4) S5 K8 kB RE T _E A Fa
SEHE A

2) SiCly 7F Si(100)[H & A& A= filg B b, WA
TR B A4 3R e s e A HLAT ORI Bt g, R B e 18k

SiCl+sites——SiCl,+ —Cl.

3) SiCly BFIE JR i fefd S B IRAR TR
SiCl+sites——SiCl,+ —Cl1
—SiCl,+ —Zn——-SiCl,+ —ZnCl

—ZnCl+ —Cl==ZnC(Cl,
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