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Synthesis, Crystal Structure and Properties of 1-Dinitromethyl-
3,4-dinitro-1H-pyrazole Based Energetic Ionic Salts

CUI Yang-rui, CHENG Jian-shuo, LI Xiao-dong, XU Ze. XU Yuan-gang. LU Ming
(School of Chemistry and Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract: Aiming at the defect of poor thermal stability of 1-trinitromethyl-3 ,4-dinitropyrazole (3,4-DNPNF) . which limits its
application in the field of energetic materials, a series of nitrogen-rich high-energy ionic salts of 1-dinitromethyl-3,4-dinitropy-
razole (2, 3a—3h) were synthesized through metathesis reactions. The structures were characterized by NMR, IR spectrosco-
py. and elemental analyses. The crystal structures of compounds 3a and 3e were determined by single-crystal X-ray diffraction.
The thermal decomposition behavior was tested by DSC. The mechanical sensitivities were tested by BAM standard method,
and the detonation performances were predicted by EXPLO5 program. Results show that potassium salt (2) and ammonium salt
(3b) of 1-dinitromethyl-3, 4-dinitro-1H-pyrazole exhibit better thermal stability with initial decomposition temperatures of
218.9°C and 198.1°C . respectively. Its hydroxylammonium salt (3d) shows superior detonation performances (theoretical
detonation velocity of 8571m/s, and detonation pressure of 34.43 GPa) and favorable safety properties (impact sensitivity of
10J, fraction sensitivity of T60N) . showing that it's a new type of energetic material with high thermal stability and good det-
onation performance.
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HE D R A A AR E Tk TR A RO Y A ROK
W ARSI IR S LS RE R B TS A
T3l B A A8 N RE B R ORI BR
B o AR P S 10 RE A a7 N TR A g o 3
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1.2.1
/E,\)&[lﬂ

0C T2 32mL ¥ R A1 16 mL & K filf iR
) 250mL = R 43I A 1-(3 . 4-hil 3-TH-
M- 1-35) PN R (7 g 32.7 mmol) , ¢ 18 T i 2 %5 il »
SRIG AR Z 60 C [l N 6h, 2 45 oI5 22 1 {51
A 300mL KK, AR 2 FE 6 hy i 8 KR BT S
BN AR 4.2, 7730 42% .

"H NMR (500 MHz,DMSO-d,25C) §: 9. 11;
BCNMR (125MHz, DMSO-d,) §: 117.8, 130.5,
135.3, 150.5; IR (ATR), v(cm™'): 3149, 1638,
1619, 1576, 1567, 1538, 1361, 1327, 1280,
1244, 1183, 856, 836, 797, 741; JC % 4 #r
(CHN Oy » %) : 31518 . C 15.64, H0.33, N31.93;
SEMAE . C 15.61, H0.26, N 31.84,

1.2.2 1-Z A ¥ &3, 4-— s Awbvk 47 3 (2) 8
AR

ZEWT LA (1.66g, 10mmoD) % F 30mL
HEE AL & ¥ 1(3.07g, 10mmob) , % i [z
N 6h J5 it ug . QR 1 30 A K 1. 68,77
%H 56% ,

"HNMR (500 MHz, DMSO-d,, 25C) §8: 9.51;
BCNMR (125MHz, DMSO-d,) §: 152.6, 133.8,
128.7, 115.9; IR (ATR), v(cm '): 3136, 2157,
2017, 1540, 1514, 1493, 1450, 1417, 1399,
1373, 1336, 1210, 1190, 1146, 1117, 1053,
945, 861, 814, 763, 747, 669, 630; JC Z 4> #r
(CHNOsK. %) - 1T {H . C 16.01.H 0. 33,N 28.03;
Szi{E, C 15.98, H0.31, N 28.01,

1.2.3  1-Z @8 P -3, 4- 4 ombed 3 69 A%,

HIET A 2(3.0g, 10mmoD & F 30mL
KL BEJE N A RS ER R (1.7g, 10mmoD) . FE T
WG RE R N She T uE KBTS 3 1.37g
08, 1- 6 5 B RE-3, 4- Y Ak ek 4R AR B
0.37g MY 1-hH B -3, 4- fl SE ke SRR T
30mL K H L A T mmol @Ak Hn /S Ak g /R TR DE/
iR 2 e / 4k 1R I/ 2, 56 I 3 1R 3k / — 2 S5 3k iR 4/
AR RR AR . FE R T R OGHRE 5hy it U8 UE R
ZBR A28 5 3a~3h,

3a: R w00 AR AR AR, 77 3 62% . 'H NMR
(500 MHz, DMSO-d,, 25C) &: 9.52; PC NMR
(125MHz, DMSO-d,) &: 154.5, 134.6, 130. 2,
117.15; R (ATR), y(cm '): 3130, 1656, 1537,
1511, 1448, 1366, 1333, 1186, 1140, 1114,
1043, 944, 854, 820, 810, 746, 732; JTLE 4

1-= 7 & W

e

B, 4-Z F A wb e (1) 8

(CGHN,O3Rb, %) 3155 (. C 13.85, H 0.29, N 24.24;
SElfE . C 13.81, H0.27, N 24.23,

3b. {4 [E A, 2 % 59% ,"H NMR (500 MHz,
DMSO-d, » 25°C) 6: 9.52, 7.37; "CNMR (125MHz,
DMSO-d,) &: 169.5, 132.6, 131.5; IR (ATR),
y(cm ') : 3138, 1649, 1528, 1512, 1453, 1376,
1344, 1193, 1138, 1102, 1045, 941, 847, 823,
756, 7405 TCE/HT(CHN Oy, %) : 8K, C 17.21,
H1.81, N 35.13; szl {4, C17.23, H 1. 82,
N 35.09,

3o bE A [ AR, 77K 67% ,'"H NMR (500 MHz,
DMSO-d, » 25°C) 6: 9.50, 7.23; "CNMR (125MHz,
DMSO-d,) &: 168.5, 132.5, 131.6; IR (ATR),
y(cm™'): 3142, 1653, 1531, 1510, 1455, 1382,
1345, 1189, 1141, 1106, 1052, 946, 844, 828,
749, 7385 JC & 0 M1 (CiHNsOy» %)« 3 5 {H
C 16.33, H2.06, N 38.10; SZif&, C 16.26, H 2.08,
N 38.09,

3d: A AL 72 65% . "H NMR (500 MHzZ,
DMSO-d;» 25°C) §: 8.60, 7.14; PCNMR (125MHz,
DMSO-d,) &: 168.9.7, 131.5, 130.9; IR (ATR),
y(cm ') ; 3145, 1658, 1537, 1504, 1449, 1385,
1348, 1197, 1140, 1104, 1058, 953, 842, 829,
757.748; JC & 4 B (CHsN, Oy %) . i 5 1H.
C16.28, H 1.71, N 33.22; Sil{ti. C 16. 26,
H1.73, N 33.19,

3e: TR B A PR A KL 7 E 70% ."H O NMR
(500 MHz, DMSO-d, » 25°C) §: 10.25, 9.50, 7.26;
BCNMR (125MHz, DMSO-d,) &: 169.4, 158.2,
132.2, 131.1; IR (ATR), v(cm '): 3136, 1657,
1539, 1514, 1449, 1373, 1335, 1211, 1190,
1144, 1080, 944, 860, 813, 746, 733; TTCE/4HT
(GHNOy 5 %) : T1HHH.C 18.69, H2.18, N 39. 25;
SEfE . C 18.67, H2.21, N 39.28,

L ERAGEAR. ”F 61%,"HNMR (500 MHz,
DMSO-d,» 25C) 6:9.52, 8.71, 7.23, 4.61; “C
NMR (125MHz, DMSO-d,) &: 169.5, 158.0, 132.6,
131.5; R (ATR), v (am '): 3142, 1658, 1541,
1524, 1445, 1367, 1328, 1217, 1180, 1149, 1073,
948, 858, 814, 753, 723; JTLRE M (CGHN Oy » %) -
B, C 17. 86, H 2. 40, N 41.67; 52 {5,
C17.87, H2.38, N41.68,

3g. [ @ [# K, 2% 74% ,'"H NMR (500 MHz,
DMSO-d,» 25C) §: 9.53, 8.60, 4.50; "C NMR
(125MHz, DMSO-d,) ¢&: 169.7, 158.3, 132.5,
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131.7; IR (ATR), y(cm '): 3148, 1654, 1547,
1526, 1438, 1369, 1326, 1217, 1173, 1148, 1077,
940, 858, 816, 750, 723; JTLRE T (GHN:1 Og 5 %) -
B, C 17. 10, H 2. 58, N 43.87; 5C {4,
C17.07, H2.56, N 43.88,

3h: ¥ kR A, 2% 70% .,"H NMR (500 MHz,
DMSO-d,, 25C) 8: 9.52, 7.30, 6.26; “C NMR
(125MHz, DMSO-d;) ¢&: 169.6, 158.5, 132. 2,
131.6; IR (ATR), y(cm '): 3148, 1654, 1555,
1536, 1434, 1376, 1321, 1211, 1177, 1149,
1070, 946, 857, 822, 754, 724; JCZE 4rHr (CHy,
N,Og, %) : T1E(H,C 16.40, H2.75, N 45.90; 5¢
ML, C16.47, H2.76, N 45.88,
1.3 gk

x2 KEW3aM3eMEEERKSH
Table 2 Selected bond lengths of compounds 3a and 3e
bond length/A bond length/A
compound 3a compound 3e
Rb(1)—0O(3) 3.600(5) C(DH—NCD 1.342(2)
C(DH—N2) 1.333(6) C(2)—N(5) 1.430(2)
C(DH—N(6) 1.445(6) C(3)—N(2) 1.305(2)
C(2)—N(5) 1.448(6) C(3)—N(6) 1.458(2)
C(3)—N(1D) 1.349(6) C(4)—N4) 1.373(2)
C(4)—N(3) 1.375(6) C(4)—N(3) 1.371(2)
C(4)—NM4) 1.392(6) C4—N(D 1.395(2)
C4)—N(D) 1.396(6) C(2)—N(5) 1.430(2)
NC(1)—N(2) 1.363(6) NCD—N(2)  1.3617(19)
C(2)—C(3) 1.328(7) C(H—C(2) 1.359(2)
C(H—C(2) 1.391(7) C(2)—C(3) 1.397(3)

AW 3a (1 S AR SS Y ANHERE AN 1 R %

K 2578 F 3 B P (DSO) X 46 45 4 2 il 3a~
3h AT AT TR, HERT PRI 0. 2mg Y A
i TE AR (W 60 mL/min) T, LA 5°C /min 1 7+
R R M 30 CREFFHRE 350 C ,ic 5 H DSC {2k,

Z: I BAM i o Jak B 5 B8 45 J B N s A 7E 36
Bl 25 £ 5°C HMXIBEAR KT 80% F, 05 T
fE& W) 2 Fn 3a-3h (1 7 5 RS 458 SRR

2 FRMWE

2.1 BELEHRSH
65 3a F1 3e 1Y FRL & G 9218 44 K HLAR R K
VS UWRAS 3 8 B XS AT SR T PG
TR R S8 R 1, FEB K SO 2.
1 HLAW3aFIe B REESH

Table 1T  Selected crystal parameters of compounds 3a and 3e
parameters compound 3a compound 3e
formula C4HN; O4Rb CsH, Ny Oy
CCDC number 2265715 2280264
M. 346.58 321.20
crystal system monoclinic triclinic
space group P2,/n P1
a/A 11.3310(8) 7.6396(5)
b/A 4.8063(3) 8.8537(5)
c/A 19.0501(12) 10.0027(7)
a/ 90 77.793(2)
B/ 98.169(2) 84.005(2)
/() 90 69.822(2)
7 4 2
0(296K)/(g+cm™3)  2.242 1.720
F(000) 672.0 328.0

mRJE TR R P2 /n SR BE. B SR
A 4 MUY T A S E K 296 K I b 1A%
Bih 2.242g/cm’, BB 1R, T A4S 1-Zfig 3L H
He-3,4- TR et B R LS 7 S RbT HES
Wiz, fe K Rb—O 4K 3. 600A, 4> F C—C,
C—N I N—N S 7 B 5K 43 51K 1.360A,1.363 A
T 1.398 A, il 55 itk e 4 4 R 1 C— N2 K
1,378 AL A F BRI C—N B (1. 47 A) FlIC=NRL
BT 25 A) 22 ], 2 WAl 56 5 He s R 22 (1) 77 £ 0 4k
N L B IO R R TR S R e . REFE
FEALHEAE T AL A 9 3a A SEHLE f Wom 4y 7 OF R
58 A LT S aX — ZE A REAE AR T4 T 1 S A% v sg B
SR B 10 HERREI BT LA . AH SR BA 2 il
it Rb™ PHE 3% 4%, IR B C(3)—H(3) - O(5) 43+
B SV T B T 4 28 2544

(b) crystal packing diagram
B1 H&EYammikagiammEREgl
Fig. 1

Crystal structure and crystal packing diagram of 3a
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65 3e 1 SR S5 AL R HERL I AN 1A 2 B &
BRI 3. ZMIRE T AR R P14 B,
HAS SN B 2 AN H TGS FK 296 K B A
N 1.720g/an’ . H B 2Ca) AL B /NS X FR
JCH— A 1- TRy 3 -3, 4- T 3 At e 1 B T 0
JICRH 85 74 1. 52 il 3 3L 245 ) 57 BEL 1) 52 i 5 3%
5 P 55 i i A ST T AE TE B KL B AR AN g LTI
PEAk AN 2 (@) s BB 13l 5 4 F N m%ﬁ% 5K
FHES 7B B A /E F (N(8)—H(8A) - O (1),
N(9)—H(IB) - O(2)) . 45 Nk e B He [v] 38 1o & 5 %
TEH SR HE W 48 250 (1] 2b) N H---O Ak Y BE
BSTE 2.955~3.324A Z (], AR T L& 3e
An R G5 H ) B M SRR e k.

(a) crystal structure
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(b) crystal packing dlagram

B2 LEY3erRESHIRMEREN
Fig.2 Crystal structure and crystal packing diagram of 3e

R3 UEWIehHRE
Table 3 Hydrogen bonds of compound 3e

bond length//c\ /(D—H=+A)/
D—H-A i
D—H H--A D---A o)
N(7)—H(7A)---O(2) 0.86 2.47 3.134(2) 135.1
N(7)—H(7A)---O(3) 0.86 2.27 3.042(2) 148.6
N(7)—H(7B)---O(3) 0.86 2.29 2.955(2) 134.5
N(8)—H(8B)+---O(4) 0.86 2.30 3.093(2) 152.5
N(8)—H(8A)+--O(1) 0.86 2.50 3.324(3) 161.5
N(8)—H(8A)---O(6) 0.86 2.50 3.002(2) 117.8
N(9)—H(9B)---O(2) 0.86 2.28 2.986(2) 140. 1
N(9)—H(9B)---O(4) 0.86 2.48 3.113(2) 131.2
N(9)—H(9A)---O(2) 0.86 2.37 3.037(2) 134.2
N(9)—H(9A)+--O(5) 0.86 2.33 3.004(3) 135.4

2.2 SFEMERN

HEARTEA G Y 3a F1 3e (1943 F 6] AH G AF
FH . 5 F Crystal Explorer 2 /7 Xt X B A~ 46 & 9 3 47
T Hirshfeld % 1@ 43 #r » 28 48 T 40 W 19 Hirshfeld 3% i
P 2D F5 8 DL S 45 T 7 22 T AH AR ) B

LEHLULIE 3 FE 4, Hirshfeld 2 1 b i 21 €5 X 38 3
H X I T A A A i ) A LA T € X R 2
SRR - HE AL SRS M /E . aniEl 3 (b) FHEl 4
(b) iR - 46E Y 3a 1 3e 1% Hirshfeld 32 i 7 i1 4 X
BRI B A0 HAE Y 3e (LT X 8 H
WA R W I R A AR 5 T 3a. AR 3() Ml
Pl 4Ca) m] UL, 1 5 18 SR 22T f 3 AR A — X B 2 1Y
Y2V, FEORIEFL58 Hi He-- O&O-+-H A H.AE .
1AL A9 3a i ,Rbe+-O,O+++O N-++O Fl H-+-O #] 1.
R 5 H 4 3R 29. 0%, 28. 2% . 18. 9% Fl
10.0% . MAEAG P 3e H1, O---H M EAE 5 1%
B 51.1% 4y OO N-+-H Fl C---O # H.{E [
SN 14.1% .8.6% M 7.4% ., FREE R KM, 1k
B 3e A HIE L T LA N—H--O A R AR
SRR L X — 45 FRAE A B F R R 4y T 7E A AR
HIES A s i 3 e He A e 1k

di
06 10 1418 22 2.6

b
-\

others

j153.8) H:+-O
ran

B 3 & 3afy 2D 3ELE (a) Fn Hirshfeld & & (b)
Fig.3 2D fingerprint plots (a) and Hirshfeld surface (b) for

compound 3a
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B4 L&Y 3ely 2D 384 E (a) FA Hirshfeld & & (b)
Fig.4 2D fingerprint plots (a) and Hirshfeld surface (b) for
compound 3e
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3h (Y FRAT AT T DSC I, 25 2R LK 5. fb 51 2
1 3a~3h (PSR BE 42 5 218.9.175.1,198. 1,
160.2.148.2.,172.6,147.4.176.4,143.8°C ., Lk
FTEA I AT R AL S 1. X e B TR Y
PO fife i A B ) R A 4 R . Ul B A S
S TR PR E TR P = AR T R W k. 9
AE TR B R () 5 B Eh (3b) i AR E PR B AT
LU 73 fff UL JBE 23 91 ik 3] 218.9 C FI 198.1°C LI v
F 3,5-DNPNF(143.0°C) #l TNPNF(160.0C), iX—
ZEREW L HE TR B T - AR P -3, 4-
R L e R TR B TR A R SE N AR
Cikii

i R SRR LA R LR 4, HEW 1.3,
5-DNPNF F1 TNPNF A Fb » B 46 J8 £ 19 8432 (2 i 3a)
W AR AR 4 8 B T EE (3b~3h) Ay ol B S
BRJE AL, 5 ROX A AR BT 5 b Ak 4 8 b i
BUBREE 3 2 B I, L AP IR (3e) (10 3 A 1K 43 i Je
BER 14 ) BEHRIRE Ry 200N,
2.5 BEiEae
WSRO - EEERS S
3a Fl 3e 1Y %% BF fy B X-SRP R AT O B ARG HoAR
fb& Y s B 8 AE 25°C Nl it % AL AR . BT
2 5 3a~3h BB EELE 1.690~2.242g/cm’ Z |H] ,
Horbdk 4 8 h 0 % B AR T = 6 L T OBR A AR T
(1.94g/cm’) . R PEAk H S5 g, #I FH Gaussian 09

e e Fi P L8 16 02 66 B 7 6 BBLYP/6-311+ G JE4i
751 % T ;z KV EXFE Y 2 5 3a~3h #1471 4r A LA

160.2C 3c TR 55, 9 3 F Born-Haber 71§ 35315315 21 4= 1

148.2 °1C72'60C 3 e B o AR AR SRS RN BE L SR T EXPLOS v6. 5.04

EIER - ¥ ff%f?i)ﬁ?ﬂﬂTE%%ﬁﬁ%%%%ﬂTﬁﬁeﬁﬁwﬂ%ﬁsﬂn%

1438 C - 4R, BERFWAEY 2 5 3a~3h ARG

50 100 150 200 250 MIEAE, 4 5 A 32.7.38.0,175.2,282.7.,268. 6,

temperature/C

B S5 AEULEWE DSC ik
Fig.5 DSC curves of different compounds
2.4 MM RRE
R BAM A5 i J7 A I #5346 & ) 2 A1 3a~3h (Y

173.6,198.9.,228.8.263. 1k]/mol, ¥ Jlzh (3d) 1y
AE 1k g o e, LA R 8 B IR 8571m/s, 8 R Gk
34.43GCPa, H TIZ AL 3 (3a~3h) LLHT
1T — ANl B T RE R 2 HE
T B B TN SR PR BB A R R b A

R4 LEW 1 ~3h.3,5-DNPNF.TNPNF #0 RDX B ER 4k 14 R A0 IR | 1 6
Table 4  Physiochemical properties and detonation properties of 1-3h, 3,5-DNPNF, TNPNF, and RDX

compounds w (N)/ % £/(g+cm ) AiH/ (k) » mol™") Te/C P/GPa  D/(m-e+s ") 1S/] FS/N
10 31.9 1.940 244.0 142.0 35.51 8663 8 130
3, 5-DNPNF-7 31.9 1.937 206.0 143.0 36.64 8733 9 145
TNPNFC'®] 31.8 1.964 190.2 160.0 33.30 8761 7 120
2 28.0 2.039° 32.7 218.9 29.35 8209 4 80
3a 24.3 2.242 38.0 175.1 28.77 8132 4 80
3b 35.1 1.766° 175.2 198. 1 31.42 8390 10 150
3c 38.1 1.740 282.7 160. 2 32.25 8401 10 160
3d 33.2 1.798" 268.6 148.2 34.43 8571 10 160
3e 39.2 1.720° 173.6 172.6 28.09 8028 14 200
3f 41.7 1.704° 198.9 147. 4 28.73 8068 10 160
3g 37.5 1.698° 228.8 176. 4 30.23 8190 10 140
3h 39.4 1.690° 263.1 143.8 31.27 8312 12 140
RDX 2] 37.8 1.800 86.3 205.0 34.90 8878 7.5 120

Note: w (N), nitrogen content; o , density; (a) measured density using a gas pycnometer at 25 C ; (b) crystal density at 296K; A;H, calculated heat
of formation; T, decomposition temperature (onset) ; P, calculated detonation pressure; D, calculated detonation velocity; IS, impact sensitivity; FS,

friction sensitivity
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