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Scheme 1 Synthesis of compound 4
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Scheme 2 Possible synthetic mechanism of compound 4
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Table 1 Crystal data and structure optimization parameters of compound 4
parameter 4 parameter 4
empirical formula C,HKN,O, w/mm’™ 0.576
formula weight 308.212 F(000) 617.4
temperature/K 150.00 (10) crystal size / mm’ 0.29%0.21x0.2
crystal system monoclinic radiation MoK (1=0.71073)
space group P2./c theta range for data collection / (°) 4.82t052.78
alA 6.4616(9) index ranges -6<h<8,-18<k<19,-12<i<12
b/A 15.609(2) reflections collected 7067
c/A 10.1426(13) independent reflections 2064[ R, =0.0941 ,Rbigmd=0.0936]
al(°) 90 data / restraints / parameters 2064 /0/181
B/ () 97.938(4) goodness-of-fit on F* 1.143
y /() 90 final R indexes[ />=20(1)] R,=0.0598, wR,=0.1188
volume / A® 1013.2 (2) final R indexes[ all data] R,=0.1143,wR,=0.1514
z 4 largest diff. peak / hole / e-A™ 0.76 / -0.82
Peuc/ grem™ 2.021 CCDC deposition number 2415131

R2 LAY AR e B R T A
Table 2 Selected bond lengths and dihedrals of compound 4

bond bond lengths / A dihedral Bondangles / (°)
C(1)—C(2) 1.386(6) O(1)—N(1)—C(2)—C(1) 1.6(5)
C(2)—C(3) 1.399(6) O(3)—N(4)—C(4)—N(3) -31.2(4)
C(4)—C(5) 1.430(6) N(1)—C(2)—C(3)—N(7) 178.7(5)
N(2)—N(3) 1.328(5) N(1)—C(2)—C(3)—N(2) -4.8(6)
N(5)—N(6) 1.361(5) N(2)—C(3)—N(7)—N(8) -174.0(4)
N(7)—N(8) 1.366(5) N(6)—C(5)—N(7)—N(8) -0.9(4)
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Molecular structure, coordination environment of ligand and K atom of compound 4
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a. the 3D MOF extended along the a-axis
B2 fe&¥4itafliy 3D MOF T afl iy 9L A

b. view along the a-axis

Fig.2 The 3D MOF extended along the a-axis and view along the a-axis of compound 4
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Fig.3 Hirshfeld surface diagram, two-dimensional fingerprinting and the proportion of interatomic interactions of compound 4
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Fig.4 DSC and TG curves of compound 4
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[Ag,(2-ntz),],(8970 m-s"',44.87 GPa)'**', M4h il
i BAM 1k 7% 4 128 56 F BAM JE #2356, 4 X 1k & 1
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R 25 R R SR, T S BUR R .

N
N N °
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!

=N

Isodesmic reaction for calculating the heats of formation of compound 4

Table 4 Physicochemical properties of compound 4 and other energetic materials

compound p/g-cm™ AH, /kJ-mol™ T,/°C D/m-s™! p/ GPa I1S/) FS/N
4 1.977/2.021(150 K) 286.6 203.4 8717 33.5 <3 168
HNS!2 1.75 78.2 318.0 7612 24.3 5 240
TNTHO 1.65 -67 295 6881 19.5 15 353
RDX"" 1.80 86.3 204 8878 34.9 7.5 120
MOF(Zn)-3!3 2.22 2.899° 308.2 6547 22.17 >40 >360
[Ag,(2-ntz),]'* 2.805 5.550° 301.8 8970 44.87 >40 >360

Note: p is the density at 298 K. AH, is the calculated heat of formation. T, is the thermal decomposition temperature determined by DSC exothermal peak at 5 °C-min™".

1

D is the calculated detonation velocity. p is the calculated detonation pressure. IS is the impact sensitivity. FS is the friction sensitivity.

3 %t

() BF 58 LA 5-20 FEmemk (1) Sk J5UkE, 28 5 A 1k 35
b CFR N R R R AR B A G 3, 8K 5 AR R A TR/
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P B it e vk B BRAR A BE R AT TR 40T

DB Wa N EHEN —%EEAE G R
(MOF) , K*5 & Z B4 28 5 58 Be 74 % 1 B0 W M 45 o
B T 1% 58 & i MOF & FI Y 3o 8 43 )& (i Cu?e
Co*) , K H.75 W & By It 47 2R 35 %, vl [A] i 5 8 A~ it fuz
JEES B R (2,021 g-em ™) H VS E (4 i IR
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£ 203.4 C)R B BREE K . SR, NI 1 =4k MOF 45
¥, A A3 46 & W 4 XE Bt A T i el ok R EE 452 (1S<3 ),
FS=168 N) g 7147 FrFEA% .

(3) LA 4 1) B e R RN K 53 5 A 8717 mes™
1 33.5 GPa, & T1& 48 ¥E 25 HNS A1 TNT DL J & fig
MOF ¥ £t MOF (Zn)-3, # i RDX Fl 3D EMOF #1 ¥}
[Ag,(2-ntz),],.
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Synthesis and Properties of a New Pyrazolo-triazine-based Energetic K-MOF

CHEN Zheng-guo', ZHANG Li', ZOU lJia', LI Hao-ran', ZHANG Xiao-tian*, XIE Hu-gen', SHI Hai-chuan', ZHOU
Qian-zai', HUANG Ming’, YANG Hai-jun'*"

(1. School of Materials and Chemistry, Southwest University of Science and Technology, Mianyang 621010, China; 2. Yibin North Chuanan Chemical
Industries Co., Ltd, Yibin 644219, China; 3. Institute of Chemical Materials China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: Energetic potassium 3, 8-dinitro (pyrazolo [5, 1-c] [1, 2, 4] triazin-4-yl) nitramide (4) with a 3-dimensional
metal-organic framework (3D EMOF) was synthesized via diazotization, cycloaddition and nitration by using 5-aminopyrazole
(1) as raw material. Compound 4 was characterized and analyzed by nuclear magnetic resonance (NMR), Fourier infrared spec-
troscopy (FT-IR) , mass spectrometry (MS) , single crystal X-ray diffraction (SC-XRD) , and differential scanning calorimetry
(DSC). The friction sensitivity and impact sensitivity of compound 4 were tested according to BAM standard. The detonation per-
formance of compound 4 was predicted by EXPLO 5 software based on isodesmic reaction. Results show that the crystal of com-
pound 4 belongs to monoclinic system, space groups Pn and P2,/c, exhibits a 3-dimensional metal-organic framework (MOF)
structure with a density of 2.021 g-cm™ at 150 K. Compound 4 has a thermal decomposition temperature of 203.4 °C, a theoreti-
cal detonation velocity of 8717 m-s™', a theoretical detonation pressure of 33.5 GPa, a friction sensitivity of 168 N, and an im-
pact sensitivity <3 J.
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D=8717 m's’
p=1977 g-cm®
T=2034 C

* 3D MOF structure
* High energy and density

Energetic potassium 3, 8-dinitro (pyrazolo[5,1-c][ 1,2, 4 Jtriazin-4-yl) nitramide with a 3-dimensional metal-organic framework

was synthesized via diazotization, cycloaddition and nitration by using 5-aminopyrazole as raw material. It has high density,

high thermal decomposition temperature and good detonation velocity.
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