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fiff BR AR A oy M 2l o Ak R R A IR A Al
[Na(H,O)(N,) ]-2H,0(1),3,5- "2 F-4 fi Fenkmk (2) 42
W Sck[9, 1914 W .

{XA% : DSC-25 A1 22 /R A4 i #VL , TGA/SDTAB51E
P ST , Micromeritic 4 A 3 54K B e vk B %
i ACCUPYC 1l 1345,2000 Bruker-AXS X-5t £k 2
75742 , Bruker Avance T 500 MHz & 1 #% g 9% Ik
W54 , Vario MICRO cube Elementar Analyser Jt % 47
B1 1% , Thermo Nicolet AVATAR 370 4T 4 )t % 4% ,
FSKM 10 BAM BE )%, BFH 12 BAMJ&#E i /B,
2.2 KIgFE

A L FE U Scheme 1 iR . F4bA 4 1(0.29 g,
2.0 mmoD) I A5 mL /K v i FE 3 % J5 L n ACHE IR 4R
(0.34 g, 2.0 mmol) i /K (5 mL) ¥ W , % I #f #&
10 min, il 3§, uE DR & B K BRI 15 380 6 A
B LR E AR 20 mLK £ T R R, n
AMEEY 2 KRR (0.31 g,1.7 mmol) , K 30 min
Je L UE UEOF K PR D8R 2R AR B 2K, T JE K Y
B E 031 g B A E K, IE R 87%. 'H NMR
(500 MHz, DMSO-d,, 25 °C)é: 8.05(s, 4H), 8.38
(s,2H);"”C NMR(125 MHz,DMSO-d,,25 °C)5:148.3,
107.3; IR(KBr, »/cm™) : 3398(—NH,) , 3299, 3226,
3118,1658,1545(—NO,), 1405,1341,1221(N,7);
Anal. Calcd. For C,H,N,,0,(%): C 16.82, H 2.80,

N 65.42;Found:C 16.78,H 2.83,N 65.37,

NO.
NaHONI2H0 N0 agn, ;

1 HN AN NH, N N
NO =\
’ NO, HN — NH N=H
HZN \\ /NHz *
1 Ho PN N, 3
N —NH——» \
CI HN—NH
2 -

Scheme 1 Synthetic route of compound 3
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00 AR R 25 25 (30+1) mg, VR EET & 2 kg,
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i B EE R AR R
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CHINESE JOURNAL OF ENERGETIC MATERIALS

MR (3) FC il AR AW, T E =R T E e R 1 d
J& AR BRI AR 0 S AL S REUE S TRk
HW 3 AR BEE N 1.077 g-em™, B IRSE BE RAK , X 2
1 T b A R Y S AR A R I 7R
K& B2 b FH SQUEEZE 34 LB TR Ay sk . 1k
AW 38 TIEA A&, Pme2, 23 [ B, B S A LA
K& 385 T (Z=5), iS5 ha=12.680 A,
b=9.526A, c=13.674 A, a =B =y =90°, fEfb&
1 3 1 cyclo-N; H ,N(10)—N(6) ,N(6)—N(7),
N(7)—N(8),N(8)—N(9),N(9)—N(10) # 8K 7
Wk 1.296 A,1.353 A,1.303 A,1.315 AFI11.345 A,
N—N B 25 K 1.322 AL L6 T4 0 1w h rh 4%
5, =MW cyclo-N, XA R R4 5E .

R LB 30 IRSEE B RS 1B 251
Table 1

compound 3

Crystal data and structure refinement details for

item parameter
empirical formula C,H,N,,0,
formula mass 214.18
temperature / K 170(2)
wavelength / A 1.54178

crystal system orthorhombic

space group Pmc2,
a/A 12.680(5)
b/A 9.526(3)
c/A 13.674(4)
al (°) 90

Bl (°) 90

v/ (°) 90
volume / A? 1651.8(10)
z 5
D/g-cm™ 1.077
F(000) 550

theta range for data collection/(°)  4.642to 71.324

index ranges -15<h<8,-9<k<11,-16<I<13
reflections collected 6810
2918 [R, =0.0577]

2918 /1211 /333
goodness-of-fit on F2 1.083

independent reflections

data / restraints / parameters
final R indices [ I>2sigma([l) | R,=0.1680, wR,=0.3768
R,=0.1812, wR,=0.3855
1.407 /=1.320

R indices (all data)

largest diff. peak and hole/e-A™

&Y 3 A I 5 JLF-AE [/ —F T, cyclo-N,~
5T 5 FH 8 5 B e~ T 9 2k £ o 3.08°(& 1b) .
Bd B, A AR B & R 5 5T i 1 S
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(N—H---N) , ¥4 Jili °F- T 78 ) — e S0 5 I 46 Sk B 454
A e P 5 A B - HERUE FH 2 0B R 3.201 A)
(FE 1c), Je B Y — b 55 %5 1 ME B Z5 4, 3 b M A7 =X
AT IR (324 G W PR M 0 28 i 2 v SRR B AR
J A G Y 3 1 3 R AR ELAE ] ), 38 5 Crys-
tal Explorer 17.5 B {44118, 15 246 & % 3 1) Hirshfeld
R oA B (& 2a) . &%) 3 19 Hirshfeld 3 T 5 2
SRR B AR EAE L E A TR L S . TE
G 3 M et gcE v (K 2b) ,O—H & H—O Al
N—H & H—NAEAEH 5 LR 51.9% LR E X b

W3R ENA EELMIER. A, N—NHEAE
5 12.9% , 3785 F R A7 42 55 40 BAE o
3.2 MBEEM
K HAAE (TG) F 22 78 FH 4l i AL (DSC) xH k&
W3 0 PR R HEAT T 2 (7E 50~400 °C il B i
lﬁﬂﬁﬁ%ﬁ%ﬁ5m15%mmﬁmormmi
N, AR, FHREE S 5 °C-min™ IR 45 5 0 1K 3 B
R B3R AW 3 AEAT — A W AR R = A
ORI | 55— A Tl AU ) U8 TR B2 Ry 1301 °C, W
M BB R A R A — A MR A0 Y 0 (E TR RE
269.3 °C, XF N 3, 5- & 3 -4 JL ik e 25 1 1 15 AL

(b)
3.08°

OQC}O

B fhEw3Ma) kL, (b) 07 FmE; (o) =4eEfE,; (d) 425 M2 &
Fig.1 (a) Crystal structure of 3; (b) Molecular planarity of 3, (¢) 3D supramolecular structure of 3, (d) 2D hydrogen bond

network in 3

(a) (b)

)

B2 L& 3n9(a)Hirshfeld % (b) “ZEHES0E ; (o) 5T B A6 L AE F % LE 4]
Fig.2 (a) Hirshfeld surfaces of compound 3, (b) 2D fingerprint plot in crystal stacking of compound 3, (c) Pie graph for indi-

vidual atomic contact percentage of compound 3
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55 AN FIER = TR A 1 0 VR EE 43 53 D 287.9 °C RN
347.8 °C, %I 3, 5- 2 H-4-fiff FE nit e 55 1 43 £ .
MTG M e M2 — B it Btk 88 — B e 93 ~
138 °C, 12k 29 49 32% , I 4 T Tk BH 85 1 JF 3
O3 55 B RS BT A8k 4 Ol & AR AE 254 ~
309 CH1309 ~ 392 °C, X #f /& F 3, 5- & Fk-4-f
B b S 1 0 L SRR A3 R 17 % F 21%. fH

TSR LA 3 A4 1M FE 5 119.5 C —fCmn
Tk 2K T 4 B 25 L (0K T BG'N, (124.8 °C) 0 Cmin'e i

20 C-min™") 445 DSC i 2 (18 4) , | A0 A8 IR FE 7,58
it Kissinger F Ozawa W 7 J5 ¥ 15 X 16 & ) 3 19 44

G0 3 H) 24 B R AT

2t Kissinger #ll Ozawa

PIFR T 3 BORIHE B Y 3 B S B09) T3k 2, Horp 2
7 5 SR AR 1 2 WL AL RE (E,, E) AR PR A 56 2 8 (e,

ro) & — Y

4 8 o ]
—5C-min

exo
»
1

2OFI NDATP*N, (120.0 °C)"2", = -
Ay 3o - A1) —] S -
T BT AW 3 BB i B ) o BRAE S R T <
©
E O K (5 °C -min™', 10 °C -min™', 15 °C -min~" Al 2
5
g o T kiR BIC  pac 100 8 . . . . . .
n 50 100 150 200 250 300 350 400
- 1301 °c}‘ 268.3 5 80 temperature / °C
< T 60 = B4 fb&W 3 DsCillik
% H ~. 3288 T £ Fig.4 DSC curves of 3 under N, at different heating rates
= l40 @
w0 ~— =
2 Lo 3.3 IREIERE
-3 i - e (e o\ 3l 4 ;
) 203 ¢ KR HEAARE (20,25 COMBLA Y 3= iR

T T T T T T 0
50 100 150 200 250 300 350 400
temperature / °C

B3 a3 1 TG-DSC L (N, <4 ,5 C-min™")
Fig.3 TG-DSC curves of compound 3 under N, at a heating

rate of 5 °C-min”'

®2 LG Y 3TEAIFTHEE R T BRI 3 1= S8

W71 grem™) R T B ARGHE B9 K 2 B

Ak Jm R A #E X A

T B AP RS

Fie WA SRk 23 B ALY 3 694 kS 503.3 k)-mol ™,
HR 40 S0 %) % B RN T 5A I A5 Y AR kS, 8 it EXPLOS

Table 2 Kinetic parameters of thermal decomposition of compound 3 at different heating rates ()

B Tp” Kissinger’s method Ozawa'’s method E®
/K+min™' /K E.”/k)-mol™ A Y /min”! r” E,®/k)-mol”! r,” /k)+mol™
5 403.15
10 410.15
127.51 1.568x10'° 0.9972 127.73 0.9975 127.62
15 415.15
20 417.15
Note: 1) Different heating rates 2) Initial peak temperature. 3) Apparent activation energy calculated by Kissinger’s method. 4) Pre-exponential constant of Kissing-

er's method. 5) Linear correlation coefficients of Kissinger’s method. 6) Apparent activation energy calculated by Ozawa’s method. 7) Linear correlation co-

efficients of Ozawa’s method. 8) Average apparent activation energy.

F3 LAY 3 IR T R M

Table 3 Physiochemical properties and detonation performances of compound 3

Compound p"lg-cm™ T,2/°C AH [ k)-mol™ vt /mes™! p”’/GPa 1S°/) FS”/N
3 1.71 119.5 503.3 8483 26.4 10.0 216
GU*N, ™ 1.57 110.0 203.4 7948 21.0 14.0 160
AG*N, 2 1.44 99.4 392.1 8350 22.5 >40.0 >360
TNTEY 1.65 295.0 -67.0 6881 19.5 15.0 /
RDX 1.82 210.0 80.0 8748 34.9 7.4 120

Note: 1) Density measured by a gas pycnometer at room temperature. 2) Decomposition temperature (onset temperature from TG at heating rate of 5 °C -min™).
3) Heat of formation calculated in the solid state. 4) Detonation velocity calculated using Explo5 V6.05.02. 5) Detonation pressure calculated using Explo5

V6.05.02. 6) Impact sensitivity. 7) Friction sensitivity.
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4 % i

(1) LA o w6 F01 3, 5- 8 H-4-fiFg 5L nk mk oy i
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(2) 38 3o 35 700 48 % VR A B B L R R R T IE S
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Synthesis and Properties of a Novel Energetic Salt 3,5-diamino-4-nitro-1H-pyrazol-2-ium Pentazolate

YU Ru-jing, LIU Yu-ji, ZENG Zhi-wei, HUANG Wei, TANG Yong-xing
(School of Chemistry and Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: A novel energetic non-metallic pentazolate salt, 3, 5-diamino-4-nitro-1H-pyrazol-2-ium pentazolate (3), was synthe-
sized by a metathesis reaction of 3, 5-diamino-4-nitropyrazole hydrochloride with sodium pentazolate. The structure of 3 was
characterized by nuclear magnetic resonance (NMR), single crystal X-ray diffraction analysis (SC-XRD) , Fourier infrared spec-
troscopy (IR) and elemental analysis (EA). The study on thermal behavior of 3 by using differential scanning calorimetry (DSC)
and thermogravimetry (TG) show that its onset decomposition temperature is 119.5 °C, which is higher than most non-metallic
pentazolate salts. The apparent activation energies were calculated based on DSC curves at different heating rates. Based on the
measured density at room temperature (1.71 g-cm™) and calculated enthalpy of formation (503.3 kJ-mol™), the detonation per-
formances of 3 (D=8483 m-s™', p=26.4 GPa) were calculated by Explo5 V6.05.02 software. The impact sensitivity and friction
sensitivity of 3 are 10 J and 216 N, respectively.

Key words: 3,5-diamino-4-nitro-1H-pyrazole;pentazole;energetic ionic salt;crystal structure; performance
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