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Scheme 1 Synthetic route of N-(2-fluoro-2, 2-dinitroeth-
yD)-1,5-diaminotetrazole-1H (3)
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DMSO-d,)8:154.43, 123.60, 120.71, 51.44, 51.27,
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Table 1
compound 3

Crystal data and structure refinement details for

N-(2-fluoro-2, 2-dinitroethyl)-

parameter 1,5-diaminotetrazole-1H
formula C,H;FN,O,

molecular mass / g-mol™ 236.15

T/K 173

crystal size / mm? 0.19%0.15%0.11

crystal system Orthorhombic

space group Pca2,

alA 11.597(3)
b/A 14.454(4)
c/A 10.571(3)
v/A 1771.9(8)
V4 8

XA 0.71073
D./g-cm™ 1.770

w/ mm™! 0.170

F (000) 960

6/(°) 2.818-50.994
reflections collected 5085 /2949
index ranges -11<h<14, -17<k<15, -12<1<11
R 0.0639

int

data / restraints / parameters 2949 /427 / 290

final R index [/ > 20(1)] R,=0.0586, wR,=0.1437
final R index [all data] R,=0.0964, wR,=0.1636
GOF on F? 0.981

CCDC 1824489

Note: D, is the crystal density of N-(2-fluoro-2, 2-dinitroethyl)-1, 5-diamino-
tetrazole-1H at 173 K.
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a. crystal structure

b. 3D crystal packing
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L 3D i Mt 3 AR A
Fig.1 Crystal structure and 3D crystal packing of N-(2-fluo-

ro-2,2-dinitroethyl)-1, 5-diaminotetrazole-1H

TG 3 b AR 11 08 S A 5 A 080 43 0N 37 T 3R 2
M3, HE2UEFEN G 3T IHMIA [ C—NH,

CHINESE JOURNAL OF ENERGETIC MATERIALS

i) C—N K (1.315 A) Fb N—NH, iy N—N # K
(1.381 AV h, It C—NH, %5 & , A5 55 il
He LR 2 e A BRI N . A A L Herh C—F
B B F 8K (1,329 A) W] HE C—NO, i 2 5 K
(1.521 A) B4, B C—F 8 B Fa € H F 1951 Al & A
WREHA N, S HARL & W AR AR . Ak AR 3
FTLLE B R A R B A N(7)—C(3)—F00(2)
(107.7°) N(7)—C(3)—N(8)(105.8°) FIN(8)—C(3)
—F F00(2)(106.2°)fR 423 , i A8 M N(7)—C(3)
—C(2)(111.5°) ,C(2)—C(3)—F00(2)(112.8°) fl
C(2)—C(3)—N(8)(112.5°) AR $3r , A otk AT Loy
B SE B AE LL C(3) g b 1 Y 1o iR B 22 18] B SOA7 A
WHIE EMHSFRET O RTFIE T N &, )
R B R E AR i~ LG 31
JRBE

®2 faWImEK
Table 2 Bond length for compound 3

bond length /A bond length /A
FOO(1)—C(4) 1.320(7) N(9)—C(4) 1.548(7)
FOO(2)—C(3) 1.329(6) N(10)—C(4) 1.532(8)
N(12)—N(11) 1.395(6) N(7)—C(3) 1.522(8)
N(5)—N(6) 1.381(6) N(8)—C(3) 1.521(7)
N(5)—C(1) 1.356(7) C(4)—C(5) 1.501(8)
N(16)—C(6) 1.339(7) C(2)—C(3) 1.516(8)
®3 LB Y 3RS

Table 3 Bond angles for compound 3

bond angle/(°) |[bond angle/(°)
N(13)—N(12)—N(11)  124.5(4) || C(5)—C(4)—N(9) 109.9(4)
C(6)—N(12)—N(11) 126.7(4) | C(5)—C(4)—N(10) 113.0(5)
C(6)—N(12)—N(13) 108.8(4) | N(1)—C(1)—N(5) 123.2(5)
N(4)—N(5)—N(6) 124.3(4) | F(002)—C(3)—N(7)  107.7(4)
C(1)—N(5)—N(6) 127.1(4) | F(002)—C(3)—N(8)  106.2(4)
C(1)—N(5)—N(4) 108.5(4) | F(002)—C(3)—C(2) 112.8(5)
F(001)—C(4)—N(9) 107.9(5) | N(8)—C(3)—N(7) 105.8(4)
F(00T)—C(4)—N(10)  106.2(4) | C(2)—C(3)—N(7) 111.5(5)
F(001)—C(4)—C(5) 114.7(5) || C(2)—C(3)—N(8) 112.5(5)
N(10)—C(4)—N(9) 104.4(4) | N(15)—C(6)—N(16) 128.4(5)
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b. full distribution of the referenced molecular crystal

2 Hirshfeld 2 1fi 7 #r
Fig.2 Hirshfeld surface analysis
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Fig.3 TG-DSC curves of compound 3 at 5 °C-min™'
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Fig.4 DSC curves of compound 3 at different heating rates
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A, C=Ig[ AE/RG(a) 1-2.315, G(a) A L FE o8 K 1Y
By

S In(B/T,2)-1/T,x10° Fil 1gB-1/Tx10° fE £
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—
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Table 4 Kinetic parameters obtained by Kissinger and Oza-

wa methods

8 Kissinger method Ozawa method
/K
/Kemin™ P E/K)-mol™ In(A/s™) r E,/kl-mol™ r
5 451.50
10 458.30
213.228 4.327 0.95 209.984 0.95
15 460.76
20 461.82

Note: E is the activation energy obtained by Kissinger methods. E_ is the ac-

tivation energy obtained by Ozawa methods.
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Fig.5 The microstructure of N-(2-fluoro-2, 2-dinitroethyl)-

1,5-diaminotetrazole-1H
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Crystal Structure and Thermal Stability of the Novel Low-Sensitive Energetic Material N-( 2-fluoro-2,
2-dinitroethyl )-1 , 5-diaminotetrazole-1H

Ll Jie'?, ZHANG Guo-jie', MA Qing', TANG Shui-hua’, FAN Gui-juan’
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. School of Materials Science and Engineering ,
Southwest Petroleum University , Chengdu 610500, China)

Abstract: N-(2-fluoro-2, 2-dinitroethyl)-1, 5-diaminotetrazole-1H was synthesized by a one-step Mannich reaction under mild
conditions using 1, 5-diaminotetrazole-1H and 2, 2-fluorodinitroethanol as starting materials. Its molecular structure was deter-
mined by X-ray single crystal diffraction analysis. It crystallizes in orthorhombic system, space group Pca2,, with a crystal densi-
ty of 1.77 g-cm™ at 173 K . The different interactions in crystal were analyzed by Hirshfeld surface. In the analysis, the dominant
intermolecular interactions in the crystal and their distributions were (R is a proportional abbreviation) : Ro...m...0=27.0%,
Ry n=21.5%, Re...o/0m i/t tiptemeime.ir-..n=15.9%, mainly hydrogen bonding and halogen bonding interactions. The thermal

' there

stability was studied by thermogravimetry and differential scanning calorimetry (TG-DSC). At a heating rate of 5 C-min~
was only one sharp decomposition peak with the temperature at 177.32 °C, and the mass loss was 92.53% demonstrating a near-
ly complete decomposition at such temperature. Its activation energy were calculated by using Kissinger method and Ozawa
method as 213.228 kJ-mol™, 209.984 kJ-mol™ respectively, which were shown. A spatial reticulated porous structure were ob-
served according to the field emission-scanning electron microscopy (FE-SEM) analyses.

Key words: N-(2-fluoro-2,2-dinitroethyl)-1, 5-diaminotetrazole-1H; crystal structure; thermal stability ; hirshfeld surface analysis;
micromorphology
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