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4M 4M 2M
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c b
Qx 10 28.9b + 94.05a + 0.239A , H, o, 28.9b + 94.05(; - 1) + 0.239A, H, g4, 57.8¢c + 0.239A,H 45,
M M
M
Note: N is the number of moles of gas generated by detonation per gram of explosive, (mol-g™), M Is the average molar mass of the gas product (g-mol™), Qis
the detonation chemical energy per gram of explosive (J:g™'), p, is the molecular density (g-cm™), D is the detonation velocity (km+s™), P is the detona-

tion velocity (GPa).
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Table 2 Properties of the candidates for energetic molecules

Mol p p v BDE H.,
/g-cm™’ /GPa /m-s™"  /kJemol™" /cm
1 1.948 37.9 9282 273.6 9.05
2 1.936 33.8 9257 270.8 15.45
3 1.838 30.6 8895 287.9 32.84
4 1.872 30.5 8826 2441 18.97
5 1.822 29.6 8772 269.1 52.77
6 1.846 29.7 8760 258.2 23.00
RDX!°% 1.806°" 34.5 8757 167.5 11.18
TNTH! 1.654°" 21.4 7040 241.6 70.50
TATB!®'? 1.9380" 29.7 7848 318.7 236.41

Note: p is the density, p is the detonation pressure, V is the detonation ve-
locity, BDE is the bond dissociation energy, H, is the impact sensitivi-

ty, and mol is the molecular number in Figure 11.
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Exploring Novel Fused-Ring Energetic Compounds via High-throughput Computing and Deep Learning

WANG Run-wen', YANG Chun-ming', LIU Jian’
(1. School of Computer Science and Technology ; Southwest University of Science & Technology , Mianyang 621010, China; 2. Institute of Chemical Materials,
China Academy of Engineering Physics C(CAEP) , Mianyang 621999, China)

Abstract: The design efficiency of energetic compounds depends on many factors, such as the proportion of potential high per-
formance samples in the screening space and the accurate prediction method of key properties. In this study, we proposed a
scheme to improve the overall performance of virtual screening space by pre-screening molecular skeletons, and a method com-
bining high-throughput computing and deep learning is applied to the design of energetic compounds. It was found that there is a
moderate positive correlation between crystal density molecular skeleton density of energetic molecules, and the overall density
of virtual screening space can be effectively improved by pre-screening high-density molecular skeletons. Based on the density
data-set of energetic crystals collected from the crystallography database CCDC, a new density prediction model of energetic
crystals was obtained via deep learning, with reliable accuracy and generalization. We took fused-ring energetic molecules as
the research object, obtained high-density fused-ring skeletons through skeleton pre-screening, and then the virtual screening
space composed of potential high-density molecules was constructed through fragment docking. The formation enthalpy, detona-
tion performance and chemical stability were predicted by quantum chemical calculation and the equation of state of detonation
products. Finally, 6 novel energetic molecules with energy level better than RDX and stability better than TNT were selected by
performance ranking. This study shows that the overall performance of virtual screening space can be effectively improved by
pre-screening molecular skeletons, and on this basis, high-throughput computing and deep learning can be used to achieve effi-
cient design of energetic molecules.
Key words: energetic molecules; molecular design;deep learning;high throughput calculation;virtual screening;fused-ring
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