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ABSTRACT: The work aims to study the stability degradation mechanism of PETN explosives under the action of ultraviolet
light. Based on the TDDFT (time-dependent density functional) theory, 50 excited states of PETN molecules at the
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pbelpbe/6-311G** level were calculated and the ultraviolet absorption spectrum was drawn according to the calculation results,
and the excitation characteristics of the three excited states of the maximum absorption peak (the total contribution rate of the
three excited states of S, S;o, and S;; to the maximum absorption peak was 97.31%) were analyzed by the hole-electron method.
These three excited states were set as the research objects to study the Mayer and Laplace bond orders of PETN molecules' weak
bond after absorbing specific ultraviolet light. Finally, the electron transfer of PETN molecules excited to the excited states were
described based on the IFCT (Interfragment Charge Transfer) method. The maximum absorption peak position of the PETN ul-
traviolet absorption spectrum calculated in this work was 186.6 nm, which was less than 8.4 nm of the absorption peak measured
in experiment. Among the three excited states that contributed the most to this absorption peak, the Sy state had the highest con-
tribution of 48.27%, and the other two excited states Sj, and S;; were degenerate states with the same contribution of 24.52%.
According to the results of the hole-electron analysis, all the three excited states had the characteristics of overall excitation and
partial charge transfer. When the PETN molecules absorbed ultraviolet light of a specific wavelength (187.00 nm and 186.92
nm) and then was excited to the corresponding excited state, the Mayer and Laplace bond orders at O—NO, bonds decreased.

The IFCT analysis shows that the change of Mayer bond order is guided by the change from n—Pi* on O—NO,. This effect
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may reduce the stability of PETN molecules.

KEY WORDS: PETN; ultraviolet; TDDFT; absorption spectrum; molecular stability; excited state
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Tab.2 Indexes of D, S, H, t, Ecoul, HDI and EDI from the ground state to excited states &9, S, and S10

D/nm S H/nm t/(A) Ecou/eV HDI EDI
S—S 0.056 0.66 0.289 —0.051 5.01 12.43 13.64
S—S 0.116 0.54 0.298 —0.045 4.56 11.68 13.20
S—Su 0.116 0.54 0.298 —0.045 4.56 11.68 13.19
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Fig.3 Hole (dark color) and electron (light color) distribution for transitions from the ground state § to excited states:
S, Si1, Sjo with an isovalue of 0.002 (a.u.)
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h2z S Sio Sy
Mayer §#2% Laplace &2 Mayer ##4% Laplace §#4% Mayer §#2% Laplace 2%
10(0)—8(N) 0.784 0.270 0.723 0.259 0.854 0.282
11(0)—9(N) 0.784 0.270 0.854 0.281 0.723 0.259
20(0)—24(N) 0.784 0.270 0.723 0.259 0.854 0.282

23(0)—25(N) 0.784 0.270 0.854 0.281 0.723 0.259
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