2012 % 5 A Wl X FFROE RAF MR May. 2012
%49 % % 3B Journal of Sichuan University (Natural Science Edition) Vol. 49 No. 3

doi:103969/j. issn. 0490-6756. 2012, 03. 031

B, 43 F 3 BE oR B X LE #F 32

KEA, ROHY, BHAE, 2XE, REF!
(L. W5 2% B 9 0 5 o - f 2B, BRI 430205
2. ot ERLE BRI S HOEBF LI, R 430205)

i E:ARNFEZRHKEL BLYP 5,9 5#% A D5 .3-21+G.6-31G* ,6-31+G~
6-311" .6-311+G" \cc-PVDZ,cc-PVTZ R85} B, R &5 FRHATE MK, RB A AR L A
B3LYP/cc-PVTZ 44544 & , 4 % 5 Morse & # . Rydberg & # . JE & A % % . Murrell-Sor-
bie % # | Lennard Jones & # , Hulbret-Hirschfelder & # # /5 %, $ B, o> F 8 h F &
Cfosfssfi )R i FH (w. B raoswy. ). 5% & : A Hulbret-Hirschfelder & &3+ - 1 %)
fosfswe B, #oa, Wil F it A # Murrell-Sorbie 23 # 2 T BB XA 50 TFEMAFE S
% 7T J Hulbret-Hirschfelder & % iE #% % iX.

XBiIR: BESIHRIFE; WEFHT

FESES: 0561 SCERFRIRAD : A TEHE : 0490-6756(2012)03-0644-05

Contrastive studiesof potential energy functions for B,

ZHANG Yue-Jie', DAI Wei''?, DONG Run-Xiong',
LI Zhi-Hao', YUAN Shu-Fang'
(1. School of Physics and Electronic Information, Hubei University of Education, Wuhan 430205, China;
2. Wuhan Institute of Physics and Mathematics, Chinese Academy of Sciences, Wuhan 430205, China)

Abstract: The structural optimization for ground state of B, molecule was calculated by the density func-
tional theory (DFT) B3LYP method with the basis sets D95* ,3-21+ G,6-31G* .6-31+G* ,6-311"
6-311+G* ,cc-PVDZ and cc-PVTZ . The molecular structure and potential energy function were investi-
gated by BSLYP / cc-PVTZ . Then using the potential energy functions of Rydberg,Morse, Pseudogaus-
sian potential, Murrell-Sorbie, Lennard-Jones and Hulbret-Hirschfelder to get f;, f5,f: and w.,B.,a.»
wey.» fromthose data, you will find the potential energy function of Hulbret-HirSchfelder is good in
agreement with the experimental results such as f;, f3 yw. » B. and a, than Murrell-Sorbie. So the potential
energy function of B, can be expressed by the Hulbret-Hirschfelder.
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I JF % B bR %07 ¥ DFT-B3LYPU>'*) 43 il %
F D95* . 3-21+ G,6-31G* ,6-31 +G*,6-311" |
6-311+G"* .cc-PVDZ.cc-PVTZ 3 41 %} B, # 24
FHTT R AHE, &5k H&REHEA BSLYP/
ce-PVTZ WIRALEE 3R . 43 A3 XT Morse pR %, Ryd-
berg PR % . & 5 7 5K % . Murrell-Sorbie pR%{ . Len-
nard Jones PR %(. Hulbret-Hirschfelder R % # 47
BNZREMAEBET BATFARBEERES
BB AEEC Lo fon LOFREFEE o,
Boraoswy. ) R — R IG5 R 5 S ED -
FIRTLE.
2 HigHHE

B 1920 4 A. Krater £ 5 T A. Krater # )
K, WRF 43 F W H BB R BRI 1R A T ATHER
M &, #5F Morse iK%, Rydberg B8 %, i &
PR %1 . Murrell-Sorbie 8 %%. Lennard Jones PR %%.
Hulbret-Hirschfelder pR%, #H4kHEAE , {H /23X 25 R
B, 78 R BRSUR F 4 F B9 M T B, e R Do
A SCHER S5 BT T3 B 6 Bk AT BRI
Hg BT Q&3 &N BHE#HT . .=
Br gk S, AR SR QRE A THERE N
R, B9 J3 % B Rk 5, 40 : Hulbert-Hir-
schfelder # .
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3.1 BEXSFHEHRREL

FIH Gaussian 03 F2 JF, ¥ % B2 R H0W
B3LYP J5 ¥, 45 5 ¥ I 2 40 D95” , 3-21 + G,
6-31G* . 6-31 + G*, 6-311*, 6-311 + G* . cc-
PVDZ.cc-PVTZ X} B, &4 Fi#47 THRALITTHE,
M 1A LE Wk A CC-PPVTZ Ry XN (E 5
SEHE R B 3, DL A e 1 ok B i
H4 B3LYP/cc-PVTZ #47.
3.2 BAKAHBE B THAMBREY

F By FHESFEREEE 0. 1~0.8 nm Z 7] H
T 70 AR FRBME , B S R 4 B8 TS
A S ph BT R/ IRk LA 18 B & e
S ERHHE, AR A N ERILE 2,
S E AT AL, TR B T S ) B HRE BR
¥, &% Hulbert-Hirschfelder B —r 5=
B 1 % B 35 SE 860 {8, T Murrell-Sorbie PR %X



646 Wl XFFROERHA 2K

% 49 A

V9 B 3 R I S (T

®1 FTEEZEARUBESH THEM

Tab.1 The optimizedstructural parameters for B, ground state with different basis sets
D95 * 3-21+G 6-31G* 6-31+G* 6-311* 6-311+G* cc-PVDZ  cc-PVTZ =5zig{g25.26]
R/nm 0.16607 0.16555 0.16407 0.16452 0.16399 0.16411 0.16525 0.16364 0. 15900
E/a.u —49,3809 —49.1008 —49.3733 —49.381 —49.386 —49.364 —49,382 —49.39
F2 AEFHEX B.HAEH
Tab.2 The Force Constants of different functions for B,
H—H L—]J Morse M—S Rydberg TR S 16 i [25,26)
fo (aJ]/nm?) 321.66 169. 02 280.73 282.09 299. 54 315. 34 358.55
f3 (a]/nm*) —19247.71 —9352.36 —12751.83 —13198.00 —13129.09 —12685.30 —18064. 40
f1 (aJ/nm*) 11. 89 453476.03 438330.66 441430.03 419912.28 370416.34 463412.00

3.3 B, TFHREEH

MFE 1 F 8] L F 3 Hulbert-Hirschfelder R
Bm Z B 0 = 0 B B R S5 (B, Murrell-
Sorbie BF ¥ 141U B 7 8 %5 e H2 0 S 90 {H L 18 FH B

I SZ B B B2 5 B0 ) 28 80 Hulbert-Hirschfelder Fi
Murrell-Sorbie, f]H & 1 F ) & B F XL F (7)
(8) (&) Q)BT EA B H B WK 2.

®3 B.OTHEREEH
Tab. 3 The spectroscopic data of B,

Hulbert-Hirschfelder Murrell-Sorbie LI

we /(em™1) 941. 05 1004. 88 1051. 3

a /(em™1) 0.0134 0. 015064 0.014
We)e /(em™1) 8.12 29.91953 9.4

B, /(em™) 1.1644 1.1644 1.212
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T AN % 3 I 7 3 B L8 {H. T Murrell-
Sorbie bR 1 AE IR 3 06 1% R L AR R S E
B AOXF AT, X 5 M E B S LR ERER
KR IEL T LRSI & T v ML E T
J RFRiC, WS L aE B AR 3 T IER AR (v
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WA 3 B, »a. 235 9 WIPESE 3l P 5 F0 3R W 4R 3h
F,XFH H—H(ecm ) w. =1004. 88 B AR
M—S(cm ™) w, =941. 05 E T LK E 1051. 3
i H—H (em ™) B wy. =29. 92 AW M—S
(em™ ) H wey. =8. 12, B HJELKAE 9. 4 Bz, (2
EHMADRXFH, H—H HH w. — oy BIRK
T M—s # o, —w.y. BE, BEH w.y. HIEH 0.
V3R /NERD wey. <<w. W HEEKE (v, ]) BHAK.
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Fig.1 Thepotential energy curve for B; ground state
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