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Characteristic wavelength analysis for laser-induced
initiation in energetic material

LIU Jian, XIONG Ying, JIANG Xiao-hua, JIANG Ming
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China )

Abstract: In order to reduce the laser initiation energy and understand effect of laser wavelength on initiation
sensitivity of explosives, the weak chemical bond and sensitive laser wavelength of PETN, RDX, HMX and HNS explosives
were analyzed through spectrum, thermal decomposition mechanism and quantum mechanics calculation. Results show that
the weakest chemical bond of PETN, RDX, HMX and HNS are nitryl whose correspondent resonant coupling laser
wavelength is around 6300nm, and the laser wavelength inducing electronic transition of PETN, RDX, HMX and HNS
explosives is among 190nm ~250nm. Under the action of laser at these characteristic wavelengths, laser initiation energy of
explosives can be decreased.
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Fig. 1 Chemical structure of elementary explosives
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Fig.2 Infrared spectra of elementary explosives
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Table 1 Ranking tab of bond energy/ (kJ - mol =!)
bond name C=C C—H 0—NO Cc—0 C—C 0—NO, C—NO, N—NO,
bond energy 615.2 413.5 360 351.5 347.8 305.1 291.7 160.7
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Fig.3 Ultraviolet spectra of elementary explosives
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Table 2 Transition wavelengths of explosive molecules

explosives wavelength/jum
HNS 190 ~325
PETN 190 ~220
RDX 190 ~280
HMX 190 ~280
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Fig.4 HOMO and LUMO orbital graph
Table 3 HOMO and LUMO orbital energy

LUMO

orbit energy/ hartree
HOMO -3 -0.32954
HOMO -2 -0.32791
HOMO -1 -0.31391
HOMO -0.31344
LUMO —-0.09869
LUMO +1 -0.09071
LUMO +2 -0.07840
LUMO +3 -0.07733
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