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Fig. 1. The molecule structure of SO2 without exter-

nal electric field.
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Table 1. Optimize the molecular structure of SO2 by the different method.

ik HF B3LYP LSDA B3P86 b3pw9 SCHR LI
R(1,2)/nm 0.1396 0.1441 0.1442 0.1435 0.1437 0.1437 [22] 0.1431 [20]
R(1,3)/nm 0.1396 0.1441 0.1442 0.1435 0.1437 0.1437[22] 0.1431 (20]
A2-1-3/(°) 119.14 119.45 119.48 119.35 119.33 119.2[22] 119.220]

1t/Debye 1.8744 1.6838 1.5482 1.6336 1.6246 1.6267 [23] 1.6341 [21]
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Table 2. The bond lengths, the angles, the total energy and the dipole moment of SO5 in different

external electric field.

F/a.u. R(1, 2)/nm R(1, 3)/nm A2-1-3/(°) E/a.u. 1/Debye
—0.04 0.1464 0.1412 123.37 —549.2953 3.2788
—0.03 0.1455 0.1416 122.25 —549.2866 2.4964
—0.02 0.1448 0.1421 121.22 —549.2814 1.8706
—0.01 0.1441 0.1428 120.29 —549.2796 1.5272
0 0.1435 0.1435 119.35 —549.2812 1.6336
0.01 0.1430 0.1445 118.54 —549.2861 2.1183
0.02 0.1426 0.1456 117.77 —549.2944 2.8104
0.03 0.1421 0.1470 117.05 —549.3063 3.6217
0.04 0.1418 0.1486 116.39 —549.3218 4.5326

*£3 AEHEIZT SO 7 FHIHf 47
Table 3. The charge distribution of SO2 in different external electric field.

F/a.u.

—0.04 —0.03 —0.02 —0.01 0.00 0.01 0.02 0.03 0.04

S 0.8796 0.9011 0.9209 0.9409 0.9621 0.9851 1.0095 1.0350 1.0607
20 —-0.3322 —-0.3635 —0.3982 —0.4374 —0.4810 —0.5293 —0.5817 —0.6375 —0.6958

30 —-0.5474 —0.5376 —0.5227 —0.5035 —0.4810 —0.4557 —0.4278 —0.3975 —0.3649
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Fig. 2. The bond lengths of SOz in different external Fig. 3. The charge distribution of SOg in different
electric field. external electric field.
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Fig. 4. The total energy of SO2 in different external

electric field.
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Fig. 5. The dipole moment of SO in different external
electric field.

3.2 5hER1E B XSO, 4 F 68 R A B2 8
KB

TEARACAT B SO 43 T H A Fa e 4 B ¥ L At [,
KIS T 50Tk R B B 4 Pl (HOMO)
BEH Py, &L HIE (LUMO) BE & Ey, AEERR By,
SERT| TR A

HOMO R R R B 7 TAR R LWL FRESI M)
955, HOMO REZUlk iy, 70 TR R A 7k £ W
F. LUMO B M HUE KNS 70 7 B 7 25 A
FAH 2, LUMO BRI, 7 14 RBE 515 31
HLT. BERR B, 1K/ B HOMO R 4% 1 LUMO
e L E PR, HOR/N BT L N R BUE )
TRIE R A BRIT IR Sy, fE— B R LR T 4y
TR &S5RI Bl R4 HE 67T
LA, B —0.04 a.u. 30.04 a.u. I, By 256
B G AR P 3 760.04 au B, By A & /ME
—0.1834 a.u.; By RFFIGES, /£ —0.04 a.u. I, By
H i KME —0.3596 a.u.. 7E—0.04 a.u. #0.04 a.u.

I, By 5 B (2B SFERER E, 256185
AR SS, BIBES IE A Hsg BN, o 98 08 1

R A S ek 208, B RAER, 46153 S0, 70

TA GO Tk A 37 BN, SOo 75 5 #
Wox.

#4 AFHEST HOMO fE Ex, LUMO f¢ Er, 5RER Eg
Table 4. The HOMO energy levels, LUMO energy
levels and the energy gaps of SO2 in different external
electric field.

F/a.u. Eg/a.u. Er,/a.u. Eg/a.u.
—0.04 —0.3596 —0.1577 0.2019
—0.03 —0.3599 —0.1559 0.2040
—0.02 —0.3614 —0.1556 0.2057
—0.01 —0.3640 —0.1567 0.2073
0 —0.3676 —0.1592 0.2085
0.01 —0.3723 —0.1629 0.2094
0.02 —0.3780 —0.1680 0.2099
0.03 —0.3849 —0.1748 0.2102
0.04 —0.3934 —0.1834 0.2100
—0.15
MW—\H\.\.\.
—0.20
—0.25
- —&— HOMO
& _0.30 L ®— LUMO
S|
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—0.40 [ T B B
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Fig. 6. (a) The HOMO and LUMO energy levels of
SO2 in different external electric field; (b) the energy
gaps of SO in different external electric field.
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#£5 AMEIGX SO 7 FRURAS MR
Table 5. The excited states of SO2 in different external electric field.

F/a.u. AR
1 2 3 4 5 6 7 8 9
—0.04 State LAY LAY LA/ LA/ LAY LAY 1A/ LAY LA/
Eox/au. 01473  0.1747 0.2055 0.2374 0.2446 0.2546  0.2817 0.2974  0.3175
A/nm 309.4  260.77 221.69 191.89 186.25 178.93 161.74 153.22 143.51
f 0.0051  0.0004 0.0183 0.0283 0.0809 0.0056 0.0826  0.0003  0.0075
—0.03 State LAY LAY 1A LAY LAY LA LA LAY LA
Eox/au. 01500 0.1737  0.2338  0.2486  0.2783  0.2904  0.2946  0.3014  0.3166
A/nm 303.77 26227 194.85 183.27 163.69 156.92 154.68 151.17  143.9
f 0.0052  0.0003 0.0213  0.0589 0.0476  0.006  0.074  0.0009  0.0054
—0.02 State NG 1A” LA 1A 1A LA LA 1A LA
Eex/au. 0.1524 0.1726  0.2379  0.2812  0.3033  0.3048 0.3116  0.3150  0.3241
A/nm 299 264.04  191.5  162.05 150.21 149.47 146.21 144.67  140.6
f 0.0053  0.0002 0.0492  0.0305 0.0595  0.001  0.0579  0.0014  0.0095
—0.01 State LAY LAY LA/ LAY LAY 1A/ Y LA/ LAY
Eox/au. 01545 0.1715 0.2390 0.3071  0.3077 0.3141  0.3162 0.3362  0.3410
A/nm 295 265.64 190.65 148.35 148.07 145.05 144.09 13551 133.61
f 0.0054 0.0001 0.0555  0.024  0.0022  0.001  0.0541 0.0363 0.0163
0 State 1By 1Ay 1By 1By 1Ay 1Ag 1B, 1A, 1A,
Eex/au. 01560 0.1704 0.2393  0.3085 0.3113  0.3143  0.3346  0.3428  0.3443
A/nm 292.03 267.34  190.4  147.69 146.34 144.99 136.15 132.91 132.34
f 0.0053 0 0.0582  0.0031  0.0376 0 0 0.0398 0
0.01 State NG NG LA 1A” 1A LAY LAY LA 1A
Eex/au. 01569 0.1698 0.2393  0.3071  0.3097 0.3160 0.3311  0.3423  0.3448
A/nm 290.39  268.27  190.4  148.36 147.13 1442  137.62 1331  132.15
f 0.0051  0.0001  0.0592  0.0024 0.0396 0.0005  0.005  0.0013  0.0139
0.02 State LAY LAY 1A LAY LAY LA/ LA LAY X
Eox/au. 01570  0.1697 0.2389  0.2992  0.3047 0.3177 0.3211  0.3328  0.3400
A/nm 290.24  268.49 190.75  152.3  149.53  143.4  141.88 136.92  133.99
f 0.0045 0.0005 0.0581  0.048  0.0017  0.001  0.0263 0.0066  0.0739
0.03 State LAY LAY 1A LAY LAY LA LA LA 1A
Eex/au. 01563 0.1700 0.2377 0.2783  0.3000 0.3017 0.3125 0.3195  0.3359
A/nm 291.55 267.97 191.65 163.72 151.9  151.02 1458 1426  135.66
f 0.0037  0.0009 0.0521  0.063  0.0632 0.0008 0.0092 0.0049  0.0634
0.04 State NG NG LA 1A 1A LA LA LAY 1A
Eex/au. 01549  0.1706  0.2346  0.2508 0.2709  0.2843  0.2983  0.3199  0.3342
A/nm 204.11  267.13 194.21  181.67 168.22 160.24 15277 142.44  136.34
f 0.003  0.0013 0.0261 0.0878 0.0861 0.0124 0.0017  0.004  0.0597
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Abstract

SOz is not only an important resource but also a notorious air pollutant, so it has attracted increasing attention
nowadays. This paper focuses on the influence of external electric field on SOs. In order to obtain more reliable results,
the density functional theory B3P86 method is chosen to calculate the values mentioned below. The ground states
of SO2 molecule under different strong electric fields ranging from —0.04 a.u. to 0.04 a.u. are optimized by density
functional theory B3P86 method with 6-3114++g(3d, p) basis sets. The geometric parameters, charge distributions, total
energies, dipole moments, the highest occupied molecular orbital (HOMO) energies, the lowest unoccupied molecular
orbital (LUMO) energies, energy gaps of SO under different external electric fields are obtained, respectively. On the
basis of optimized configuration, the excitation energy, transition wavelength and oscillator strength in the same intense
external electric field are calculated by the time dependent density functional theory (TD-B3P86) method.

The calculated values for geometric parameters of SOz without external electric field agree well with the available
experimental data and other theoretical results. The geometric parameters and charge distribution of SOz strongly
depend on the intensity and direction of external electric field. The total energy of SO> in the considered range of
external electric field first increases and then decreases. On the contrary, the dipole moments of SOz in different external
electric fields ranging from —0.04 a.u. to 0.04 a.u. first decrease and then increase. When the external electric field is
—0.04 a.u., the total energy and symmetry of SO2 both reach the maximum values. With the change of external electric
field, the LUMO energy first increases and then decreases. The HOMO energy is found to decrease through the variation
of the external field. The energy gaps of SOz are proved to first increase, and then decrease with the variation of external
electric field. Through studying the energy gaps of SOg, it is found that the external electric field can affect the chemical
reactivity of SO2. The excitation energies, transition wavelengths and oscillator strengths are very complicated with the
change of the external electric field. The excitation properties of SO molecule are seriously affected by the external

electric field.

Keywords: SOs, external electric field, ground state, excited states
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