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Fig. 1. Equilibrium structure of CFC-11 molecule.
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# 1 AREHE THAREE CFC-11 70 T2
(1 hartree = 110.5 x 102! J)
Table 1.  Calculated parameters of CFC-11 mole-

cule under different external electric field.

F/au. R(C—F)/A R(C—Cl)/nm E/hartree f4/Debye

-0.04 1.2764 1.8118 —1518.7025 5.0491
-0.03 1.2898 1.8010 —1518.6855 3.6168
0.02 1.3043 1.7916 1518.6740 2.2462
-0.01 1.3199 1.7830 —1518.6678  0.9145
0.00 1.3385 1.7757 1518.6668 0.4044
0.01 1.3582 1.7692 -1518.6710 1.7191
0.02 1.3825 1.7628 1518.6803  3.0657
0.03 1.4135 1.7563 —1518.6952  4.4805
0.04 1.4587 1.7486 —1518.7158  6.0486
1.80f ——o— o
— o — o .
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Fig. 2. Bond length variation with external electric field.
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Fig. 3. Dipole moment variation with external electric field.
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Fig. 4. Total energy variation with external electric field.
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Fig. 5. The HOMO and LUMO energy level variation with

external electric field.
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Fig. 6. Energy gap variation with external electric field.
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Table 2. Experiment data and calculated data of
infrared spectrum for CFC-11 molecule without ex-

ternal electric field.

Frequency ES'S IR RY S ERY SR ER
fi/em! 1071.2887 1085 1085 1085
fo/em! 526.5703 535 — 535
fz/cmt 347.5578 350 — 351
fo/em 802.3721, 802.4017 847 846 847
fi/em? 3949112, 394.9163 394 — 395
fo/em' ' 2429898, 242.9928 241 243
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Fig. 7. Variation of the infrared intensities with external
electric field: (a) -0.04 a.u.; (b) —0.03 a.u.; (¢) -0.02 a.u.;
(d)-0.01 a.u; (e) Oa.u.; (f) 0.01 a.u.; (h) 0.02 a.u.; (g) 0.03 a.u.;
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Fig. 8. Variation of infrared spectrum of 242.99 cm ! with external electric field: (a) Negative electric field; (b) positive electric field.
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Fig. 9. Variation of infrared spectrum of 802.40 cm ' with external electric field: (a) Negative electric field; (b) positive electric field.
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Fig. 10. Variation of Raman spectrum with external electric
field: (a)-0.04 a.u.; (b)-0.03 a.u.; (¢)-0.02 a.u.; (d) -0.01 a.u.;
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Abstract

The ozone layer in the stratosphere of the earth’s atmosphere, which can be destroyed by CFC-11
molecule, plays a crucial role in human survival because it can absorb most of the harmful radiation from the
sun and effectively protect the earth’s biology. Therefore, it is of evident significance to investigate the
properties of CFC-11 molecule. By Motivated by this and the adoption of BSLYP complex function at a level of
6-311+-+g(3df, 3pd) basis set, we carry out a series of theoretical studies of the Freon material CFC-11 (CFCI3)
molecules, including the studies of the equilibrium structure, electric dipole moment, total energy, the highest
occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) level, energy gap,
infrared and Raman spectrum, C—F dissociation characteristics of CFC-11 molecule, and the effect of the
applied electric field on CFC-11 molecule as well. The results show that the maximum error between the
theoretical calculation value and the experimental value is less than 2% for an optimized ground state structure;
the C—F bond length and C—Cl bond length extend with the increase of electric field intensity, but the degree
of change of C—F bond length is much stronger than that of C—Cl; the HOMO energy level and total energy
go up and then come down as the external field rises, while the LUMO energy level goes up as the field
increases. The energy gap FE, first increases and then decreases with the variation of Ey and Ej. The dipole
moment without electric field is a minimum value, and the external electric field leads the molecular polarity to
increase and the molecular activity to strengthen. The electric field influences the absorption intensity of
infrared and Raman spectrum. The infrared and Raman spectrum move toward the long wave under the action
of positive electric field, while they move toward the short wave under the action of negative electric field. The
red- or blue-shift of infrared and Raman spectrum occur with the change of electric field. The electric field can
be adopted as an auxiliary means to separate the overlapping or quasi-overlapping spectral lines. The potential
well depth decreases with the increase of the reverse electric field until it vanishes, which causes the bound state
ability of C—F bond of CFC-11 molecule to gradually degrade. This paper is expected to provide a feasible and

effective tunable means for the final dissociation and degradation of CFC-11 molecules.

Keywords: radiation field, fluoro trichloro methane molecule, spectral properties, degradation
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