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Fig. 1. Structure diagrams of (a) nitromethane (NM); (b) cyclotrimethylenetrinitramine (RDX); (c) triaminotrinitrobenzene
(TATB) at ground state. Blue ball is N atom, red ball is O atom, brown ball is C atom, and white ball is H atom.
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Table 1.  Bond lengths of energetic molecules at ground state.
NM C—N C—H, C—H, C—H;, N—O, N—O,
This work 1.547 1.096 1.099 1.099 1.148 1.157
Length/A
Exp. 140 1.481 1.093 1.092 1.092 1.223 1.224
RDX C—N N;—N, N3;—N, N;—Ng C—H, C—H,
This work 1.443 1.443 1.471 1.472 1.182 1.183
Length/A
Exp. !4 1.464 1.351 1.352 1.398 1.085 1.087
TATB c—C CiNnitro CiNa.minu N—O N—H O--H
This work 1.425 1.436 1.318 1.216 1.021 1.646
Length/A
Exp.[* 1.441 1.442 1.316 1.243 0.925 1.780
@) 4t ® 41 (c)
— 2k
) —
0 @@3 0 of
> > > =2
o ot o [ L 3t <L
& =" LUMO % & -4t
E g 5
i 3.06 eV g -6 5 —6f
—6 F ) £
=\é¥/, N
—8F —9r
L _10 -
—10} HOMO
100 _12l

B2 =R B i A HUE BR G HE A Moam 5 B ASHUE (HOMO) 5 RIE di i S HUE (LUMO) B B B (a) fi§
FEHBE (NM); (b) 25 = H 3 =Tl (RDX); (¢) =43 = fif 378 (TATB)
Fig. 2. The ground state molecular orbital (MO) energy levels and charge density of the highest occupied state orbitals and the low-

triaminotrinitrobenzene

~

est unoccupied state orbitals of (a) nitromethane (NM), (b) cyclotrimethylenetrinitramine (RDX), (c
(TATB).
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FHAEAR S . X5 Nelson 25 PO L3 A 3 FH e At
fif Bt A — 2, BV AR T B SR — 1
AR TAT B R 2. 1K 4(b) 451 T RDX 4

F 2 300K 50K~ RDX #l TATB A% 1L
Table 2.  Bond angles of RDX and TATB under 300 K and compared with 0 K.

RDX Angle/(°) TATR Angle/(°)
0K 300 K Change 0K 300 K Change
aq 113.7 112.1 -1.6 0 118.6 119.2 +0.6
ay 114.8 109.8 -5.0 " 179.9 173.3 6.6
1 140.6 135.1 5.5 Y2 179.1 174.4 —4.7
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3 (a) AHEEHLE (NM); (b) 3 =37 H 5 =i (RDX); (c) =4k =M (TATB) 7£ 300 K W SEBOHUK 5 731 2548 B i ]

LR B

Fig. 3. Time evolution of molecular structure at 300 K for (a) nitromethane (NM); (b) cyclotrimethylenetrinitramine (RDX); (¢) tri-

aminotrinitrobenzene (TATB).
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Time/fs

Time/fs

(b) B =3 B =% (RDX); (¢) =& B =M 5% (TATB)

Fig. 4. Time evolution of bond lengths: (a) Nitromethane (NM); (b) cyclotrimethylenetrinitramine (RDX); (c) triaminotrinitroben-

zene (TATB).
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Fig. 5. Time evolution of excited energy level: (a) HOMO and LUMO of Nitromethane (NM); (b), (¢) HOMO, LUMO and nearby
orbitals of cyclotrimethylenetrinitramine (RDX); (d) HOMO and LUMO of Triaminotrinitrobenzene (TATB). Green solid line de-

notes the highest occupied molecular orbit corresponding to the excited hole, red solid line denotes the lowest unoccupied molecular

orbit corresponding to the excited electron, gray solid lines denote other molecular orbit.
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Abstract

Nitro explosive is a main type of energetic material which can release a large amount of energy when
detonated under extreme conditions. Further study of the excited state dynamics of photo-induced nitro
explosive can provide an effective method to understand the complex process of ultrafast detonation physics. In
this paper, the initial step of photodissociation at the first excited electron state of some typical nitro explosives
including nitromethane (NM), cyclotrimethylenetrinitramine (RDX) and triaminotrinitrobenzene (TATB) is
studied using the time-dependent density functional theory and the molecular dynamic method. The transient
structures of energetic molecules and time evolutions of excited energy levels are observed. It is found that the
structural relaxation of energetic molecules occurs immediately after the electronic excitation, and the entire
photoexcitation process comes into being within a range of 200 fs. At the same time, the positions of molecular
energy levels change to various degrees with the oscillations of different frequencies, such as the overlap between
HOMO and LUMO, which is related to the obvious change of molecular configuration, indicating that the
energy of excited carriers transfers to atoms in the form of heat through electron-phonon coupling, and the
energy is redistributed through vibration relaxation in the initial stage of photodissociation which causes the
chemical bonds of C—H, N—N and N—N to rupture, and the hydrogen atoms dissociated from methyl,
methylene or amino groups, and the nearest nitro group to form some new intermediate states. In this process,
the energy levels near the excited electron and hole energy also change significantly with time, suggesting that
the coupling between electron and electron also plays a role in the dissociation process. Comparing with NM
and RDX, the evolution of the excited energy level of TATB has obvious lower-frequency (phonon frequency)
oscillations, showing that the coupling between electronic state and phonon of TATB is weak and thus makes it
more difficult to dissociate. Our study can deepen the understanding of the structural relaxation of excited
states and the time evolution of excitation energy levels in energetic materials, and provide a new understanding

of the photoinduced reaction and the initial steps of laser ignition in energetic materials.
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