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I SRR ) = R A A ELAE FH 5 R G A B 20 6-311G (2df) T 5519 3 (1 45 0 S 40 BRI L 2 Rk 2
WA SRR A O TSR, A5 B 2 AR SR 1R T SiFe B T RS BE R BUT 2 1 AR e
K. SiFo H H B4 IR A e i 3 Re - oR: 78 SIF+F — SiFo RNVIBIE FA s I, FE-7 75 2
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2005 4E, Knizikevicius [ {5 5 T SiFy i B Bt i 16
BE. A VFE X SiFy H HEE M OGISRE AR BIAR
T AW BE AR 2 R A AT e 17— 180 i e e A Sk B
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CCOSD(T)) F e 4 AN [ [ 36 4% SiF, [ p 3 f) 3
AHATEE AR R 5. T4, SiFy B Cov
CENRRAE HE A AKX A, AR A K Ryp

1 ZFSIF AR HA (o A e 2 456 w1+ 25
PRBNIE wa s SO FRIMPAFIRBN IR w5), HARL
FIFRL.

F1 ARFEIEREN SiF2 (X A1) H L4 B IR
FHeH Rsip/nm ZFSiF/(°) w1 /cm™1 wa/cm™1 ws/cm™1
QCISD/6-311G(df) 0.15944 100.44 358.95 902.67 922.68
QCISD/6-311++G(2df) 0.16023 100.64 349.86 855.33 870.82
QCISD/6-311G(2df) 0.15954 100.90 356.73 879.89 905.16
QCISD/6-3114+G(3df) 0.16055 100.77 339.79 846.23 861.68
QCISD/6-311G(3df) 0.16016 100.90 343.88 861.64 882.36
QCISD/6-311G(3d2f) 0.15952 100.64 343.15 874.12 892.87
QCISD/cc-PVQZ 0.15967 100.48 351.45 875.06 889.76
QCISD(T)/6-311+G(2df) 0.1606 100.84 344.24 845.39 863.05
QCISD(T) /6-3114+G(3df) 0.161 100.95 334.01 835.00 852.18
QCISD(T) /6-311++G(3d2f) 0.16016 100.86 336.21 852.36 869.94
QCISD(T)/cc-PVQZ 0.16011 100.68 344.89 863.55 880.44
QCISD(T)/cc-PVTZ 0.16089 100.73 342.15 859.63 878.55
QCISD(T)/cc-PV5Z 0.15969 100.7 344.69 863.20 880.02
CCSD/6-311G(3d2f) 0.15933 100.62 345.45 880.50 898.40
CCSD/cc-PVQZ 0.15949 100.46 353.65 881.08 895.01
CCSD(T)/cc-PV5Z 0.15963 100.76 345.42 865.34 881.99
CCSD(T)/cc-PVTZ 0.16081 100.71 343.21 862.45 880.87
S H 0.1591 [f] 100.9 8] — 870.4115] -
SCHiR [14] 2551 0.1601 100.7 — — —

PR LR o BB, 1% F QCISD/6-311G
(2df) J7iETHEAR B K R = 0.15954 nm,
il ZFSiF = 100.9°, #EIRMAE wy = 879.89 cm ™,
Hri (g BN A S Ry, ARSI E
53 P # K Ryip = 0.1601 nm, # f /FSiF =
100.7° HHEE LI AH. Hth, AR A QCISD/6-
311G(2df) J7iE%F SiFy H H I 778 #i 11F —
B HE, 33 fi1 = foo = 0.34352 au., fio =
0.01762 a.u., fi3 = 0.02402 a.u., fs3 = 0.27480
a.u.. PLEAS B PE R E AL HE S SiF, H A
BE R H5 i AT 3 AN AT D R

2.2 SiF, F, 5> FRIGEH) GERINER B4t
LEBEY

N TR SIFy H LI 2 AR 508 g

BRI AL, XU 43 SiF, Fo ML R A IEFLTT
FELLK H A AN Murrell-Sorbie (M-S) ¥ f8 5 2%
2 16),

V = — Do(1+a1p+ azp® + asp®)
(1)
X, p=R— Re, i, RN+ KLl R,
R, %EF@THIEEE Deﬁ%ﬁﬁﬁa ai, as, as j'\jTU\ﬁ
ZH, KSHYNTE?2.

*2 SiF, Fo BEENHGERBSH . ERIE

X exp(_alp)7

Re De a1l az as We

/nm /eV  /nm™! /um™2 /nm~3 Jem™!
SiF 0.16011 5.623 30.08 180.7 1605  856.9481
Fz 0.14119 1.708 63.44 1153.5 10389 916.4260
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3 BRE5T®
3.1 SiF, BHEEMENHTE

SiFy H H 28 T X FRE R (Coy ), FAH TR
BAXAL, WRIER T FRBHC R, SiF, [ 3
FRAS A E R i =S A

1) SiF2(X'A;) =Si('Dy) + FR(X'SH),

2) SiF5(X A1) »F(2Py) + SiF(X2II),

3) SiFy(X 'A;) —Si('D,) + F(3Py)

+E(*Py). (2)

1M A A e B 0 72 2 2 MR R /0N 1Y 2) E E.
Al Ik, SiFy H H 5 B8 i B8 7] K 7R 4 De(SiF2) =
E(SiF) 4 E.(F) — E.(SiFy), HZ5 8N D (SiF,) =
6.4794 eV, SCHR [17] 418 SiF-—F 52 B9 fif Re 1) sk
348 De = 152.7 keal-mol =t (#H24T 6.625 V). 1fij
xR 2 A 3RGE 1 B MR REME N D = 13.8 &V, X5
SEISE AR 22 LT . AR SCAS B B AR Re 1S S IR
72 0.1456 eV. W] 0L, A ST 45 5 Rl LS Hb s
SiFy K.

3.2 SiF, BEREZFRANBERUNES
TEAPIT AR SEAE T, SiFo H AL 2 R T
AT A BE R E IR IE N
V(R17 R27 RB)
= Vi + V2 + v+ VR (R) + ViR (Re)

+ Vi (Ry) + V) (R, R, Ry), (3)
2, o bk AR VD v Vi) S
T XRG4 LR Pk
I SiF(X?ID), FR(X'SH) )% 8 i % VD (Ry),
VS,(121~“)(R2)7 VF(%)(R:&) " Ry = Rgr, R2 = R,
Rs = Rpp, 73 NSiEF, Si5F, F5FJR
T R A BE, =R I SiF,(XTAL) B RS BB B
Ve (Ri, Ro, Rs) B 5 )9~ AN LA P AR
PRELT frafefs, B

Vi (R, Ro, Rs) = PT. (4)
TSR A AL bR S, M H £ T
P =C1 4+ Cy51 + CgS% + CyS3 + C5S§
+ C65153 + C7S%7 (5)

MHAELE R EL A1, A MG EE R E
T =[1 — tanh (A S1/2)][1 — tanh(A385/2)].  (6)

it o K5 B a2k B BIE 7R H AR 3 AR AR
(I 20K A ARAR p; B DAL PN AR FR S

11
— 0
S1 V2 V2 p1
11
S| =L _-Lollpl, @
Tve v |
53 P3
0 0 1

KA p = R — RY (i = 1,2,3). SaX Ry, R
A 4S8 IR FRIN, {H Ry 1 Ry A2 3 5 43 - /2 #H
FH, ATHEX—EZEN S Ragd M
T, HUSiFo H H 3 B A 147 B KN 2 8 4
R} = RS = 0.15954 nm, R} = 0.24603 nm.

B LA b3 BT el gn, = A& T0 SiF o 1) %5 e Bk AT
e B+ (5) R A& R %0 —Cr) A
(6) NI JELRIE R EL (A1, Ag). BACH%
PEREREE LA R, TN FEZIE RE N, As
AR R AL s . B AT 1S 3] 00 8 (1
SR SR B R RE AN T R, 15 A P e R 2
(4) KIS HUE 78 C, = 4.8368, Cy = 2.1853,
Cs = 0.04532, C; = 2.10877, C5 = 6.023557,
Cs = —6.889543, C7 = 6.035713, \; = 0.8,
A3 = 1.0.

N T R e BB W Hh 43 B SiF. B OB 2R 4
L, AL T SiF, 1A 4 IR B R JiE B
e 18201 B g e 11— 4 Bow.

%, [ A LFSIF = 100.9°, PLSiJH TN
JR AL RIS Si—F S0 T8E X MY Sh B E
AR R, il Si—F S AR AL, 15 21E 11
Hhedh sk, BB 1A 1) SiFy H i3 B AT 6K
1) Coy Z5FIHFAE; 2) 7E (0.15954 nm, 0.15954 nm)
oA — B, ZF PR BN 6.4794 €V, 1
FaE 1) SiFy B HIEE AN TE K, X5 MK H A5 2
f4E B Reip = 0.15954 nm, D, = 6.4794 eV 5&—
B, 3) X FREI F+SiF — SiFy e bl 18 b A7
T (0.169 nm, 0.312 nm), (0.312 nm, 0.169 nm) &b
gy I — 8 N, FLRE RN 2.1 eV, W F 5T
M\ Si—F S i Si 0 [T T Si—F 8 I 20 v ik K 4
4.38 eV M RE 22 A4 REAT Hita € (1) SiFo H H3E; 4) 72
£5(0.32 nm, 0.32 nm) ALAAAE—Fo0E f, HAeEE
90.34 eV, Ui WIS N R A I P AN S A 1 8
TE R 35 22 7 AT HEAT I B REATE 1 IR A s Bz 1181
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%A € RUIE R A, BRI A s ) AME 7 )
T NE Bl I S5 REAR 22 A ek /), 1034 BE 1D B X A
R o€ m (PR ) AT AR TR S, BT AAR SCAM
RO o R 1 = 4R I, R 2 R
RETH M7 1) 5 Bk 34 22 T IR NEE, I I R,
£ (0.32 nm, 0.32 nm) &AF1E— WK &, BT LLiZR
J82 A B g A SN (A AT

0.7

0.6

0.5 i\

0.4} §

Y/nm

03l |

02| &~

0.1

0.1 OI<2 0.3 0.4 0.;5 0I.6 l 0.7
X/nm

BI1 SiFo(XYA1) F I HE AR 45 R 30 i S48 35 HE ) (54

1RG5 0.5 eV)

B2 SiFo(XTAy) H BBEMRGRIRENN = 505 e

Hox, CLF—Si R mUN R A O F—Si B[]
SEAE X FE ST E A ARSI R, 1L F RS F—Si
BHEEARSMEARES. F3EmER, ¥F R
F4bF (0.15666 nm, 0.10977 nm) {7 & i T il fe &
) SiFo H HEE, Mt 8BS R 5 M E 4R A B 14
Roea—3L

Bk, LF R 78 5, K F—F 8 [ @ £ X
Gh LR B AR RRER R, iESI R T FF 8 hei
BEEEAREA. 4B R T SiF, H
H2E I Cov G MHFAE, JEHATLAE Y, B F R 1

(0.123 nm, 0.10158 nm) &b B A —HA B, 751
AR E 1) SiFs [ B, T4 5 5 Sk a8 R %
P LRIE 3 45—k

0.6

0.5 |

0.4 F

Y/nm

0.3 |

0.2

0.1

—04 —-0.3 —0.2 —0.1 0 0.1 0.2 0.3 0.4
X/nm

K3 F%Si—F (Rgip = 0.15954 nm) Jig 5% (128 i fk

(BHHZM R FEH 0.5 eV)

Y/nm

—0.1 0 0.1 0.2 0.3
X /nm

4 Si%RF—F (Rpp = 0.24603 nm) Jieks i3 hE
(FEHZMRIRG 0.5 eV)
T = SR B RE B AN [F A T S T SiF
H B A4 A, I3 3 SiF, [ H1 3 F+SiF — SiFy
f S BEATLER, D9BIETE SiF o 2 ) S S Bl g 2tk
AL T I EIR AR

4 % #

A X R O QCISD/6-311G(2df) 77 ¥ Xf
SiFo (X' A1) B B 3E HEAT M Sk B 8 1k it 5, 8
B 5815 G S IO AE 11 25 4 IS BRI, R (R
(A7 RS B R I ) Rl T — R R B, 453
(M FH T SiFo Hae R B HE S R R 77 78
o S EHE S HH 1D 5 A B PR HE B B 78 T SiF H EH R
(S H RS S L B R, 12 M8 T i S5 E HL
BIE T SCHRME. JER A U508 3 R 8, i 24k
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The ab initio and potential energy curve of SiFa(*A;)*

Han Xiao-Qin'

(Department of Physics, Shangqiu Normal College, Shangqiu 476000, China)

( Received 6 May 2014; revised manuscript received 10 July 2014 )

Abstract

The ab initio configuration interaction method and coupled-cluster theory have been used to optimize the possible
ground-state structures of SiF2. The method QCISD/6-311G(2df) is most suitable for the calculation of SiFy by com-
paring the experimental value and the calculated value; and the calculated equilibrium structure, harmonic frequency,
dissociation energy, force-constant are in good agreement with the experimental data. The potential energy functions
of SiF2 have been derived from the many-body expansion theory. In the symmetry of stretching vibration and rotation
potential energy diagram of SiFs, there is a saddle point in the reaction kinetics SiF+F — SiF,. A stable SiFy molecule
could be formed when F atom with an energy surpassing 4.38 eV. These are completely reported so far as we know for
the first time. In addition, it is found that a stable SiF2 molecule could be formed through two equivalent channels of

SiF+F — SiF2. And the reaction is endothermic with a threshold energy.
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