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Abstract: Energetic materials are used as high-energy components for mixing explosives, propellants and pyrotechnics,
and are the energy sources for weapon launch, propulsion and damage. The wide application of energetic materials in the
military and civilian fields promotes its continuous development. In order to meet the increasing demand, total-nitrogen and
multi-nitrogen heterocyclic energetic compounds have become a research hotspot in recent decades, due to the high nitrogen
content and high formation heat. Modern energetic compounds are designed not only in pursuit of excellent detonation per-
formance but also for low sensitivity and good thermal stability. Total-nitrogen compounds have always been noted for their u-
nique molecular composition and structure,, and the successful synthesis of pentazole anion (cyclo-N5™) has promoted the de-
velopment of total-nitrogen energetic compounds. This article briefly describes the research progress and main problems of to-
tal-nitrogen energetic compounds from three aspects: poly nitrogen compounds, ionic total-nitrogen compounds, and polymer-
ic nitrogen. Among them, the focus is on the synthesis of pentazole anions, and reported metal and non-metal cyclo-N;~ deriva-
tives. Moreover, this article also summarizes the research progress of high-nitrogen compounds with nitrogen content higher
than 80%, including binary CN covalent compounds, binary CN anions and tetrazole energetic compounds. Finally, their fu-
ture research directions and application prospect of total-nitrogen and multi-nitrogen energetic materials are also analyzed.
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Fig. 1  Several typical poly-nitrogen compounds
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) 0B(CO,) p H(salt) D P
Materials = ~ 4

/%  /(grem™) /(kJ+g™') /(m-sT) /GPa
2-1 -36.36 1.487 3.06 7511 22.1
2-2 -38.83 1.585 4.17 8622 29.5
2-3 -15.38 1. 601 3.15 8779 31.5
TNT -73.9 1. 654 -0.30 6881 19.5
RDX -21.6 1. 806 0.36 8748 34.9
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(Ny) R, 7E(NaNg),(C,H,N, ) FE &9y Mg 2R
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s F
NH, NY
N3
K7 LR AL Z B
Fig. 7 Several typical multi-nitrogen compounds
3.1 ZrRBAXEMNULED CN, H 4 MSABEBAP B 4 ME R, BA K&

FEFTA S REBUREE A, B A (—N,) BA
A, SARNEES, WSAEE(AN,), &E L
BY(Pb(N,),) MERALH (NaN, ) #EA mag KerE, 178
Tk EAREIT RSO FERTR B AR BRI A
etk wrh, A —MALi ¢, N R oG R4 S i
B, B ZIei B G Y (18 8) . M T HAE M YRR ik
PERM B A B, SIR T AR H 2%, ot
WA AR HA K1) C—N A N—N g, i b
BRI E R (T0 KT -mol ), XBAAYIEREA
e BRI e A U, TR Sy R AR, TE RIS
TR R R ZET, TIuHk AL E Y £ LSS 1 TE
XEL, WZH(CN,) . WERAFHE(CN,,) %, Hi,

R (92.33%), WRIIAEARMZELGY A S
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BN EE Y. 2,4,6- =B EE-1,3,5-=
WE(C,N,,), B, XEALINERE S IS A HHE
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FELEY R EY, Bl B A% (C,N,). 4,4,6,
6'-MUB A MA-1,3,5-=H(CN,) . - BRAAMH
ESL-5-F A DU WE (C,N,, ) &% AT & A B WA
79. 54% ~89. 09% ,

T AADE C,N,, TE 1963 A [ Marcus 1 Remanick
T ARIE S (H R A LA R B R AE L 2004
4F, Huynh ZE/%F C,N,, BA BT 7RSS, IR is s
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Open-form binary CN compounds

N
N3 N 2NN
/ 3 Ns)\N T

N=—=N

N7 “Ng 5
CNy CN, CoNyy
N: 53.84% N:92.33% N: 89.09%
Heterocyclic binary CN compounds
N3 N N
N 3 3
NS PN hF(N—N N):N>_N N_<N:<N
N. N Ny / = \
PPN 34<N:N>_ : NN >N N
N3~ "N™ "Ny N; N3 N3
C3Npp CoNyg CoNyy CeNag
N: 82.35% N: 85.36% N: 89.09% N: 79.54%

Pl 8 JURPLR g — ek AL &)
Fig. 8 Several typical binary CN compounds
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Binary CN anions
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NN NN
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Fig. 9 Several typical binary CN anions
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