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Fig. 1. Stable structure of Ground state of BeH

molecule without external electric field.
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Table 1. Optimizing structures of the ground state of BeH molecule by different methods.

WIRE QCISD(T) CCSD(T) B3PW91/6-311G B3LYP/6-311G ey (14
Re/nm 0.13541 0.13533 0.13524 0.13454 0.13426
E/Hartree —15.19648 —15.19530 —15.24912 —15.26273

VE: 1 Hartree = 110.5 x 10721 J.
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Table 2. Bond length, energy and dipole moment of the ground state of BeH molecule under different applied electric field.

F/a.u. —0.020 —-0.015 —0.010 —0.005 0.0 0.005 0.10 0.015 0.020

Re/nm 0.13870 0.13733 0.13620 0.13529 0.13454 0.13405 0.13359 0.13328 0.13314
E/Hartree —15.2623181 —15.2625418 —15.2626627 —15.2627176 —15.2627316 —15.2627251 —15.262708 —15.2626907 —15.2626809

u/Debye 1.0099 0.7727 0.5355 0.2974 0.0577 —0.1844 —0.4300 —0.6804 —0.9372

#: 1 Debye = 3.33564 x 10730 C - m.
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Fig. 2. Variation of bond length of BeH molecule Fig. 4. Variation of dipole moment of BeH molecule
within external electric field. within external electric field.
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Table 3. Influence of external electric field on the charge distribution of BeH molecule.

F/a.u. —0.020 —0.015 -0.010 —0.005 0 0.005 0.10 0.015 0.020

Be 0.266325 0.237691 0.208457 0.178730 0.148639 0.118328 0.087969 0.057754 0.027902

H —0.266325 —0.237691 —0.208457 —0.178730 —0.148639 —0.118328 —0.087969 —0.057754 —0.027902
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Fig. 5. Variation of energy level distribution of BeH
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Fig. 6. Variation of the energy gap of BeH molecule
within the applied electric field.
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Table 5. Vibration frequency and IR intensity of BeH molecule under different external applied field.

F/a.u. —0.020 —0.015 —0.01 —0.005 0.0 0.005 0.01 0.015 0.020
f/em™1 1854.1101 1912.5526 1961.2181 2001.6276 2034.7424 2057.3117 2077.7302 2091.3370 2097.7830
IR/arb. units 146.3781  143.5698 141.1775 139.1584 137.4853 136.3371 135.2938 134.5965 134.2656
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I (10 0 52 A1 i /M0 e 37 PR 384 KT k.
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Fig. 7. The variation of the vibration frequency and in-

frared intensity of BeH molecule within different elec-
tric field.

4

% W

AL THE M Be r T A E MY, 2 SL LAY F

%K B3LYP/6-311G J7 iR AL i+ 5 £ A A
SMINEE T BeH 70 FI0AR @ M 8L, B4R
xW), & H—Be J7 [ AN LI I, 70 TR IR
- HL A A AR R DA B 41 A ik B B ;1T R B R R
Y. B A (H—Be) 3N, &8
BT, MBEHE KA 17 (Be—H) B8 I BE
BROKIE T 5.

SE

(1]

Zhu Z H, Yu H G 1997 Molecular Structure and Molecu-
lar Potential Function (Beijing: Science Press) (in Chi-
nese) [ARIERI, GTHEMR 1997 7 T45# 57> T aes % (b
HC B HURAL)]

[10]

[11]

12]

163102-5

38 % R Acta Phys. Sin. Vol. 65, No. 16 (2016) 163102
148 —0.020 [2] Zhu Z H 1996 Atomic and Molecular Reaction Statics
146 (Beijing: Science Press) (in Chinese) [/&IEFI 1996 J&T
al —0.015 TN 1% (b5t R IR)
.ig [3] Yan Y Z, Hu L B 2010 Chin. Phys. B 19 047203
= la2r —0.010 [4] Xu G L, Liu X F, Xie H X, Zhang X Z, Liu Y F 2010
g 140 0.005 Chin. Phys. B 19 113101
& 138 | 0 [5] Luo Y P, Tien L G, Tsai C H, Li M H, Li F Y 2011
0.005 Chin. Phys. B 20 017302
1361 00015 [6] WaY G, Li S X, Hao J X, Xu M, Sun G Y, Linghu R
1341 |F‘°2 F 2015 Acta Phys. Sin. 64 153102 (in Chinese) [5/H,
1850 1900 1950 2000 2050 2100 A, RHEK, 4005, 76T, ST 2015 PR 64
F/om-1 153102]

LiS X, WuY G, Linghu R F, Sun G Y, Zhang Z P, Qin
S J 2015 Acta Phys. Sin. 64 043101 (in Chinese) [Z=1H:
M, RN, SR, LT, FKIEF, KA 2015 PBL
4% 64 043101]

Xu H P, Yin Y H 2016 Journal of Atomic And Molecu-
lar Physics 33 2 (in Chinese) [#R4L3%, FHKE 2016 JFF
54T 33 2]

Shayesteh A, Tereszchuk K, Bernath P F 2003 J. Chem.
Phys. 118 3622

Bai G 2002 Laser and Development of Photoelectronis
39 26 (in Chinese) 1% 2002 ¥t 5 F# 3 & 39
26]

Jiang W S, Wu K Y 2005 Sichuan Nom. Univ. (Natural
Science) 28 469 (in Chinese) [JL3CHH, ZFFBE 2005 P4)1|
MG R 244R 28 469)

WuDL, WuAJ, Tan B, Wen Y F, Wan H J, R uan W,
Xie A D 2016 Journal of Atomic And Molecular Physics
33 27 (in Chinese) [fi%2%, %4, Wk, HEW,
B, B4R 2016 J5 T 5 T AR 33 27)

Xu M, Wang Y K, Linghu R F, Yang X D 2007 Acta
Phys. Sin. 56 0769 (in Chinese) [{##F, YL, LI,
B 2007 YIE R 56 0769]

Huber K P, Herzberg G 1979 Molecular Spectrum
and Molecular Structure (IV) Constants of Diatomic
Molecules (New York: Van Nostrand Reinhold Com-

pany)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1088/1674-1056/19/4/047203
http://dx.doi.org/10.1088/1674-1056/19/11/113101
http://dx.doi.org/10.1088/1674-1056/19/11/113101
http://dx.doi.org/10.1088/1674-1056/20/1/017302
http://dx.doi.org/10.1088/1674-1056/20/1/017302
http://wulixb.iphy.ac.cn/CN/abstract/abstract64985.shtml
http://dx.doi.org/10.7498/aps.64.043101
http://dx.doi.org/10.1063/1.1539850
http://dx.doi.org/10.1063/1.1539850
http://wulixb.iphy.ac.cn/CN/abstract/abstract12626.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract12626.shtml

) I8 % 4 Acta Phys. Sin. Vol. 65, No. 16 (2016) 163102

Properties of free radical BeH in external electric field”

Xu Mei?  Linghu Rong-Feng"??  Zhi Qi-Jun? Yang Xiang-Dong® Wu Wei-Wei?

1) (School of Physics and Electronic Science, Guizhou Normal University, Guiyang 550001, China)
2) (School of Physics and Electronic Science, Guizhou Normal College, Guiyang 550018, China)
3) (Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, China)

4) (School of Physics and Electronic Engineering, Kaili University, Kaili 556011, China)

( Received 7 April 2016; revised manuscript received 8 June 2016 )

Abstract

In this paper, the QCISD(T), CCSD(T), B3PW91 and B3LYP methods and the basis sets of aug-cc-pVTZ, 6-311G
are used to calculate the structure of the ground state of free radical BeH molecule. The equilibrium distance and the
energy of the molecule are optimized. The calculated results are compared with the experimental data, and the B3LYP
method with the basis sets 6-311G is found to be able to provide the results that are the closest to the experimental
values. So, in this paper the density function B3LYP method and the basis sets 6-311G are chosen and used to optimize
the geometric structures of the ground state of free radical molecule of BeH in electric fields ranging from —0.02 to
0.02 a.u. The effects of external electric field on bond distance, system energy, charge distribution, energy levels, dipole
moment, HOMO-LUMO gap, and infrared spectrum are studied. The results show that the molecular bond distance, the
total atomic charge, the dipole moment, and the IR intensity decrease gradually with the increase of the external electric
field along the molecular axis H—Be. At the same time, the total energy, the HOMO-LUMO gap, and the frequencies

increase. The total energy increases sharply while the reverse electric field Be—H increases.

Keywords: BeH free radical, external electric field, electronic structure, physical properties

PACS: 31.15.ac, 31.15.es, 33.15.—¢ DOI: 10.7498/aps.65.163102
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