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Reaction Initiation Mechanism of Caged Energetic Crystals under Shock Compression from ab initio
Molecular Dynamics

SONG Qing-guan'’’, ZHANG Lei*’, MO Ze-yao®"’
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. CAEP Software Center for High Performance
Numerical Simulation , Beijing 100088, China; 3. Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: Energetic molecules with cage-like backbones, owning additional strain energy and stability, are potential candidates
for optimizing the long-known contradiction between high energy density and low sensitivity of energetic materials. However,
the reaction mechanism of caged energetic materials under shock compression is still unclear. Here, a series of ab initio molecu-
lar dynamics calculations were conducted to simulate the early decay of typical caged energetic compounds when compressed
by shock waves of 8 to 11 km-s™, and the studied compounds included octanitrocubane (ONC), hexanitrohexaazaisowoode-
thane (CL-20), 4,10-dinitro-2,6,8,12-tetraoxa-4, 10-diazatetracyclododecane (TEX), and the reference plane system triamino-
trinitrobenzene (TATB). The shock sensitivity of the four studied systems was calculated as ONC > CL-20 > TEX > TATB, which
is in good agreement with reference experimental shock/impact sensitivity tests. The reaction initiation mechanism was revealed
(i) the presence of electron-rich oxygen/nitrogen elements increases electron delocalization over the cage and the proper degree
of freedom of the covalent bonds confers them additional elastic deformation capacity upon shock stimulus, both enhance the
structural stability of hetero-cage, (ii) the dissociation of the nitro groups takes precedence over the collapse of the hetero-cage,
which can delay the reaction process and reduce the shock sensitivity, and (iii) intermolecular hydrogen bonds (HB) is highly
plastic deformable and enriched HB can delay the onset of reactions by buffering shocks. The current study proposed that the
hetero-cage backbone with enhanced electron delocalization effect and proper degree of freedom, and the enriched intermolecu-
lar hydrogen bonding interactions could reduce the shock wave sensitivity, thereby providing theoretical guidance for the ratio-
nal design of novel insensitive energetic materials.
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