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Table 1 Bond Energy( D) of F, molecule
Method D/(kJ: mol™ 1) Method D/ (k] mol™ ) Method D/ (k] mol™ 1)
HF - 172.216 VB-DFT/BOV B* 93.214 VB/BOVBP 166. 622
B3LYP 146. 300 VB/ VBSCF 42. 636 VB-MP2/BOVB* 147.972
VB-DFT/VBSCF 64.790 VB/BOVB* 71. 060 Experimental® 159. 676

a. Six O electrons are included m BOVB calculations; b.

see reference [ 6], no valence orbitals are frozen; c. see reference [ 16].
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Table 2 Bond energies| D/(kJ- mol ')] of Traditional VB and VB-MP2 Method
Molecule Basis set AEE™ D(VB) D(VB-MP2) D™ (Ex periment)
HF 631G** 80. 256 465. 652 545.908 562.210
1) DO5SV* * 77.330 70. 642 147.972 159.676
Cl, 631G** 97.812 122. 056 219. 868 240.350
Bra 631G** 89.034 84.018 173. 052 189.772
HOOH 631G" " 45.562 161. 348 206.910 213.180
HSSH 631G~ 14. 630 158. 004 172. 634 234.080
HSeSeH 631G" " 31.350 155. 496 186. 846 —_—
CH3CH3 631G™ " 17.556 354. 464 372.020 374.946
SiH3SiH3 631G™ " 40. 964 262. 086 303. 050 308.484
GeH3GeHs LANL2DZ 40. 128 225.72 265. 848 —
CH3Li 631G™ " 6.270 119. 548 125. 818 —
CH3F 631G™ " 63. 954 379. 126 443. 080 469.832

* All experimental values are from reference [ 16].
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Table 3 Bond energies| D/(kJ- mol ') | with various methods
Molecule Basis D(Expt.) D(M P2) D(CCSD) D(VB) D(VB-MP2)
HF 631G" " 562.210 548.416 532.532 465. 652 545.908
F2 D95V™ " 159. 676 144. 628 108. 680 70. 642 147.972
Cl 631G" " 240. 35 171. 798 157. 168 122. 056 219. 868
Br, 631G™ " 189.772 178. 904 162. 602 84.018 173. 052
HOOH 631G™ " 213. 180 26. 138 183. 084 161. 348 206.910
HSSH 631G™ " 234. 080 203. 566 188. 100 158. 004 172. 634
HSeSeH 631G™ " — 193. 116 175.978 155. 496 186. 846
CH3CH;3 631G™ " 374. 946 414. 238 393.756 354. 464 372.020
SiH3SiH3 631G™ " 308. 484 303. 468 301. 796 262. 086 303. 050
GeH3GeHs LANL2DZ — 271. 282 267.520 225.720 265. 848
CHsL i 631G™ " — 167. 618 160. 930 119. 548 125.818
CH3F 631G™ " 469. 832 466. 070 434.302 379. 126 443.080
" VB-M P2 , VB-MP2 VB
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Table 4 AE®™(kJ- mol™ ') with different basis sets
Molecule Basis AEpre Molecule Basis AEwre
F, D95V** 77.330 HOOH CC-PVTZ 49.742
> CCPVTZ 75.240 HSSH 6-31G** 14.630
HOOH 6-31G** 45.562 HSSH CC-PVTZ 21.736
’ VB ’ - ’
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’ VB_
MP2 VB
. , VB-MP2
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VB-MP2: A Hybrid Method Combining Valence Bond Theory and
Many-body Perturbation Theory

SONG Ling-Chun, LU Lan-Yuan, WU Wei , CAO ZeXing, ZHANG Qian—¥r

(Department of Chemistry, Institute of P hysics Chemistry, State Key Laboratory for Physical Chemistry
o Solid Surf aces, Xiamen University, Xiamen 361005, China)

Abstract A practical valence bond method, called VB-M P2, is presented. The method combines valence
bond method and many-body perturbation theory by using M P2 method to get the electronic correlation of

inactive electrons. The bond energies of some molecules, such as F2, Ck, Br2, CHsLietc., are computed
by using the VB-M P2 method. Testing calculations show that VB-M P2 method has the qualities of a VB

method along with a quantitative advantage over VB-only method in comparison with traditional core-va—

lence separation.
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2001 ISI
(1S1) , 2001 1959 , 2000 538
0.904, 2000 0.314. 2001 ISI
2001 ISI

ACTA BIOCH BIOPH SIN( , ) 217 0.399 0.000 128 2.9
ACTA BOT SIN( , 516 0.284 0.075 227 5.4
ACTA CHIM SINICA( , ) 990 0.530 0.115 393 5.7
ACTA GEOL SIN-ENGL( , ) 234 0.271 0. 148 54 7.1
ACTA MATH SIN( , ) 275 0.324 0. 044 68 8.0
ACTA MECH SINICA( ) 242 0.734 0. 088 34 6.0
ACTA MECH SOLIDA SIN( , ) 70 0. 191 0.022 46
ACTA PHARMACOL SIN( , ) 958 0. 631 0. 082 207 5.3
ACTA PHYS SIN-CH ED( , ) 1227 0. 657 0. 188 467 2.8
ACTA PHYS SIN-OV ED( - ) ) 176 0.369 0 3.4
ACTA PHYS-CHIM SIN( , ) 283 0.269 0.071 238 3.3
ACTA POLYM SIN( , ) 314 0.377 0. 045 179 3.5
ADV ATMOS SCI( ) 146 0.327 0. 084 95 4.7
ALGEBR COLLOQ( , ) 84 0. 188 0. 024 41
APPL MATH MECH-ENGL( , ) 267 0. 155 0. 053 152 7.0
BIOMED ENVIRON SC I , ) 332 0.437 0. 000 44 5.9
CELL RES( , ) 244 2.102 0.279 43 2.8
CHEM J CHINESE U( , ) 1959 0.904 0.133 498 3.4
CHEM RES CHINESE U( , ) 106 0.223 0.013 79 4.8
CHIN J STRUCT CHEM ( , ) 168 0. 184 0.018 114 6.3
CHINA OCEAN ENG( , ) 46 0. 206 0.019 54
CHINESE ASTRON ASTR 47 0. 144 0.015 65
CHINESE CHEM LETT( , ) 603 0.289 0. 066 364 .1
CHINESE J ANAL CHEM( , ) 992 0.288 0.018 457 5.0
CHINESE ] ASTRON AST 1 0. 000 66
CHINESE J CHEM ( , ) 369 0. 663 0. 140 235 2.8
CHINESE ] CHEM ENG( , ) 101 0.223 0. 085 82 3.8
CHINESE J] GEOPHY S-CH( , ) 34 0.155 0. 000 112
CHINESE J INORG CHEM ( , ) 141 0. 301 0.070 157 2.1
CHINESE ] ORG CHE M( , ) 271 0.294 0. 065 184 4.6
CHINESE M ED JPEKING( , ) 807 0.108 0. 007 288 8.7




