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Table 1 Barriers for Sy2 reactions calculated by using various methods(kJ/mol )
AE? F Cl Br I AE? F Cl Br 1
MP2 48.28 63.97 48.95 43.39 VBSCF 105. 65 88.91 72. 68 67.15
CCSD(T) 47.03 56.99 43. 47 38.58 VBCI 55. 86 59.58 51.25 48.74
G2(+ ) 48.53 55.23 45.19 40. 17 Expt. 55.23% 8.37 46. 86¢

a. [Ref. 1]; b. [ref.8]; c. [ref.9].
Table 2 Weights of VB structures for the transition state

VB structure

Molecule Method 1 2 3 4 5 6
FCH3F VBSCF 0.193 0.003 0.577 0.193 0.003 0. 030
VBCI 0.215 - 0.002 0. 545 0.215 - 0.002 0. 029
CICHACI VBSCF 0.232 0. 007 0.482 0.232 0. 007 0. 039
VBCI 0. 256 - 0.004 0. 466 0. 255 - 0.004 0. 030
BrCH;3Br VBSCF 0. 258 0. 000 0. 455 0.258 0. 000 0. 029
VBCI 0.283 - 0.008 0. 404 0.283 - 0.008 0. 045
ICH;I VBSCF 0.294 0. 002 0.372 0.294 0. 002 0. 037
VBCI 0.311 - 0.006 0.333 0.311 - 0.006 0. 058
1 6( 2 X C—X 4 . )
13 ) Lewis Xi  (H3:C—Xy) . Xr CH—X:,
Ton—dipole Xi  CH—X- VBSCD 6. 4 6
C—X ( Charge-transfer state) "' X’ (CH3<X) o,
oqC—X)) o (C—X)
R Lewis Lewis ,
3.
Table 3 VB quantities for Sy2 reactions with calcul ated by using various methods(kJ/ mol)
Method F Cl Br 1 Method F Cl Br I
G, VBSCF 1092.53  930.31 812.45 652.45 || B VBSCF 77.99 73.43 80. 04 78.87
VBCI 1080.89  898.35 765. 34 608. 69 VBCI 123. 64 89.79 89.33 83.05
ACS  VBSCF 183.68  162.34 152.72 146.02 |[f VBSCF 0. 168 0.174 0. 188 0.224
VBCI 179.49  149.37 140. 58 131. 80 VBCI 0. 166 0. 166 0.184 0.217
/f (Curvation factor) Ge Lewis ,
(Intrinsic barrier) . Shaik "  f , ,
, f , . F(4.0)> CI(3.0)> Br(2. 8> 1
(2.5, I' (CHST)™ > Br (CHSBr)™ > CI' (CHSCl)™ > F (CHEF)~,
(kJ/ mol) : Cl(364.1)> F(348.2)> Br(341.9)> 1(313.9)""",
. 1 (CHSD) ™ > B (CHSBr) > F (CHSF) "> ¢ (cH Q)™
S>> fa=fr. (2) , X CH: X > f
, , . F> CI> Br> 1,
FF CHi F >, CI CH} CI'>Br CH3 Br >I" CHi T,
S fu>fa>fr. ( 3
, B( Avoided crossing interaction) ,
(QMRE) (X CHs X)” C—X el C—X (kJ/
mol) : Dc—r(488.2) > Dc—i(338.2) > De—n(275.9) > De—i(237.8)""7, , Br> Bai>

Be:> Bi. 3 , VB>CF , . VBCisD
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A Valence Bond Method Study for Sx2 Reaction
Xi + CH:X: - XiCHs+ Xr (Xi= Xe= F, (, Br, I

CHEN Yan-¥en, SONG Ling-Chun, WU Wei , ZHANG Qian-Er
( Department of Chemistry, Center of Theoretical Chemistry, State K ey Laboratory for Physical Chemistry of
Solid Surf aces, Xiamen University, X iamen 361005, China)

Abstract Barriers and VB quantities for Sx2 reaction Xi + CHsX: - XiCHs+ X: (Xi= Xo= F, Cl, Br, I)
are calculated by valence bond configuration interaction( VBCI) method. T he computational results show
that the VB results obtained by using CI method are in good agreement with those obtained by using the
molecular orbital based coupled cluster CCSD method. T he reaction parameters for the SN2 identity reac—
tion, including promotion gap G, height of crossing point, resonance energy B, and curvature factor [,
are discussed. They show the same trend as that predicted by semiempirical VB theory, and provide quan—
titative data for understanding the reaction mechanism.

Keywords  Sx2 reaction; Ab imtio; Valence bond theory; Valence bond state correlation diagram
(VBSCD)
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