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Dissociation properties and spectra of dibromochloromethane
under external electric field
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Abstract: The Semi-empirical method was used to study the spectral and dissociation characteristics of
dibromochloromethane molecules under the action of external electric field (0-0.040 arb. units) on the
AMI basis set, the influences of external electric field on bond length, dipole moment, total energy,
energy level distribution and infrared spectrum were calculated, and the dissociation potential energy
curve was obtained. The results show that, when the external electric field increases from O arb. units to

0.040 arb. units along the y-axis direction, the bond length of dibromochloromethane molecule is
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obviously elongated, the molecular dipole moment increases, and the total energy first increases and then
decreases. At the same time, with the increase of external electric field, the energy gap decreases, and the
infrared spectrum appears red shift or blue shift. In addition, with the increase of applied electric field,
the potential barrier decreases and the energy required for dissociation gradually decreases. When the
external electric field reaches 0.040 arb. units, the molecule will dissociate. It is shown in this work that
the 1C-3Cl bond of is dibromochloromethane molecule is easily broken under the external electric field,

which provides a theoretical basis for the degradation of dibromochloromethane.
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Fig. 1  Stable ground configuration of CHCIBr, molecule without external electric field
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Table 1 The calculated parameters of the optimized structure of CHCIBr, molecules at different level

Method Basis set 1C-3CI 1C-4Br 1C-5Br 1C-2H
Hartree-Fock 3-21G 1.85766 1.96143 1.96140 1.06825
Semi-empirical PDDG 1.76000 1.91000 1.91000 1.07000
Semi-empirical PM3 1.66919 1.90385 1.90385 1.10393
Semi-empirical AMI1 1.73441 1.91992 1.91992 1.11359
Semi-empirical PM3MM 1.66919 1.90385 1.90385 1.10393
DFT-B3LYP 3-21G 1.88631 1.97330 1.97330 1.08178
DFT-B3LYP 6-311G 1.86285 1.97655 1.97655 1.07711
DFT-BPV86 6-311 1.87002 1.98346 1.98346 1.08698
MP2 3-21 1.89739 1.98405 1.98409 1.08194

Reference[23] - 1.749 1.930 1.930 1.115
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Fig.2  The Bond length of CHCIBr, molecules versus external electric fields
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Fig. 3 The electric dipole moment of CHCIBr, molecules Fig. 4 The total energy of CHCIBr, molecules versus

versus external electric fields external electric fields
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Fig. 6 The lowest empty orbital energy, highest occupied orbital energy of CHCIBr, molecules under external electric fields
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Fig. 7  The energy gap of CHCIBr, molecules under external electric fields
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Table 2 Vibration of CHCIBr, molecules under external electric fields

Vibration

Frequency / cm™

C-Cl rocking vibration

CI-C-Br bending vibration
C-Br stretching vibration

C-Cl stretching vibration

C-H rocking vibration

C-H stretching vibration

210.65

309.66

738.81

863.60

1105.75

3014.45
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Fig. 8 The IR spectra of CHCIBr, molecules under external electric fields
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Fig. 9  The IR spectra for C-Cl rock vibration and CI-C-Br bend vibration of CHCIBr, molecules under external electric fields
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Fig. 11  The dissociation potential energy surfaces along C-Cl bond of CHCIBr, molecules under external electric fields
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