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Cay. XM B3P86/GEN (O J& 71 FH 6-311++G*
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F/a.u. R(1,2)/nm R(1,3)/nm A2-1-3/(°) E/a.u. K% /Debye
0 0.176 0.176 108.16 —198.017 7.848
0.005 0.178 0.175 108.18 —198.018 7.897
0.01 0.179 0.174 108.28 —198.021 8.045
0.015 0.180 0.173 108.44 —198.025 8.291
0.02 0.182 0.172 108.72 —198.031 8.634
0.025 0.184 0.171 109.00 —198.04 9.096
*2  ARSMEG T ZrOg 43 T HFS A AT G 4010
F/a.u. 0.000 0.005 0.010 0.015 0.020 0.025
Zr 0.340 0.340 0.343 0.345 0.349 0.352
20 —0.170 —0.225 —0.281 —0.336 —0.393 —0.449
30 —0.170 —0.115 —0.062 —0.009 0.044 0.097
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F/au n=1 n=2 n=3 n=4 n=>5 n==6
Eex/eV 2.6691 3.3571 3.7673 3.7986 3.8591 4.2075

0 A/nm 464.52 369.32 329.11 326.39 321.28 294.67

f 0.0043 0.0082 0.0000 0.0098 0.0015 0.0000

Eex/eV 2.6594 3.3426 3.7603 3.7701 3.8489 4.2251

0005 A/nm 466.21 370.92 329.72 328.86 322.13 293.45
f 0.0043 0.0086 0.0009 0.0077 0.0016 0.0013

Eex/eV 2.6288 3.2994 3.6916 3.7421 3.8132 4.2641

001 A/nm 471.64 375.78 335.86 331.32 325.15 290.76

f 0.0046 0.0099 0.0065 0.0000 0.0021 0.0041

Eex/eV 2.5644 3.2173 3.2259 3.5747 3.7071 3.793

0015 A/nm 483.48 385.37 384.34 346.84 334.45 326.87
f 0.0053 0.0035 0.009 0.0043 0.0003 0.0019

Eex/eV 1.8789 2.5282 2.6042 2.968 3.1684 3.4778

002 A/nm 659.88 490.41 476.1 417.73 391.32 356.5

f 0.0021 0.0043 0.0011 0.0001 0.0143 0.0025

Eex/eV 0.2457 1.0641 1.4099 2.3836 2.4366 2.5167

0025 A/nm 5045.78 1165.2 879.36 520.16 508.84 492.65
f 0.0043 0.0007 0.0000 0.0059 0.0002 0.0049
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Molecular structure and properties of zirconiumdioxide
under the external electric field”

Ling Zhi-Gang Tang Yan-Lin' Li Tao Li Yu-Peng Wei Xiao-Nan

(Department of Physics, Guizhou University, Guiyang 550025, China)

( Received 24 September 2013; revised manuscript received 20 October 2013 )

Abstract

In order to study the influence of external electric field on ZrOgz, molecular structure of ZrOs ground state is
optimized by density functional theory (B3P86) method with 6-311++G* basis sets for O atom and aug-cc-pVTZ-PP
for Zr atom. The effects of electric field ranging from 0 to 0.025 a.u. are investigated on bond length, total energy,
charge distribution, dipole moment, HOMO (the highest occupied molecular orbital) energy level, LUMO (the lowest
unoccupied molecular orbital) energy level and energy gap. The excitation energies, transition wavelengths and oscillator
strengths under the same intense external electric fields are calculated by the time dependent density functional theory
(TD-B3P86) method. The result shows that the bond length of Zr-20 and total energy increase with external field
increasing, but the bond lengths of Zr-30, LUMOs and energy gaps decrease, and HOMOs almost keep the same.
The excitation energies decrease and the transition wavelengths of the six excited states are red shifted toward longer
wavelength as the applied electric field increases. Therefore the spectral region of zirconiumdioxide molecule can be

expanded in visible-infrared region by the use of external electric fields.

Keywords: ZrO-, electric field, ground states, excited properties
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