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Synthesis, Crystal Structure and Thermal Analysis of Two New
Energetic Compounds (AIM)NO3; and (AIM)(HTNR)*H,O

Tang, Zhan Yang, Li* Qiao, Xiaojing Zhang, Tonglai
Zhang, Jianguo Liang, Yanhui
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081)

Abstract Two new energetic compounds (AIM)NO; and (AIM)(HTNR)*H,O have been prepared directly
by reacting 2-azidoimidazolium with HNO; and 2,4,6-trinitroresorcinol (TNR). Single crystals suitable for
X-ray measurement were obtained. The compounds were characterized by elemental analysis, fourier trans-
form infrared (FTIR) spectra, single crystal X-ray diffraction, differential scanning calorimetry (DSC), and
thermogravimetry-differential thermogravimetry (TG-DTG) analysis. (AIM)NO; belongs to a monoclinic
system with P2,/c space group and cell parameters of a=17.034(3) A, b=6.5214(13) A, c=13.095(3) A,
B=111.78(3)°, ¥=1350.8(5) nm’; D,=1.693 g/cm’. The compound is formed by AIM~ and NO; , and
belongs to an ionic compound. There are a lot of intramolecular and intermolecular hydrogen bonds existing
in the compound, which makes the compound more stable. (AIM)(HTNR)*H,O belongs to a triclinic system
with P1 space group and cell parameters of a=6.4900(13) A, h=7.4286(15) A, c=15.401(3) A, a=
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101.57(3)°, f=98.56(3)°, y=99.89(3)°, ¥'=703.6(2) A*; D.=1.757 g/em’. The compound is formed by
AIM" and HTNR, and belongs to an ionic compound. Under nitrogen atmosphere with a heating rate of

10 ‘C/min, the thermal decomposition of the title compounds show that there is only one exothermic proc-

ess with released gas, respectively. Sensitivities of the title compounds have been studied and the result show

that (AIM)NO; has good flame sensitivity.
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Table 1 Crystallographic data and structure determination de-
tails for (AIM)NO; and (AIM)(HTNR)*H,0“

thEY (AIM)NO, (AIM)(HTNR)+H,O
TR 172.12 372.22
TR L (K) 113(2) 113(2)
S AR R =RHER
25 ) P2,/c Pl
g 7R LS /mm 0.12X0.10X0.08 0.12X0.10X0.04
alA 17.034(3) 6.4900 (13)
b/A 6.5214(13) 7.4286 (15)
c/A 13.095(3) 15.401 (3)
al(°) 101.57 (3)
BI(°) 111.78(3) 98.56(3)
7(°) 99.89 (3)
VI(A%) 1350.8(5) 703.6 (2)
z 8 2
PR B /(geem ™) 1.693 1.757
MA 0.71073 0.71073
F(000) 704 380
WA A 12917 4358

FSEATH PO/ (Ri) 2376 (0.0537) 2476 (0.0289)

Ry, wR, [I>20(1)] 0.0466,0.1299  0.0381, 0.945
R, wR; (all data) 0.0560, 0.1359  0.0510,0.1012
SPrmaxs Opumin (€/A%) 0.345, —0.214 0275, —0.254

“w=1/[c*(Fo?)+(0.0528p)"], Hith p=(Fo*+2F2)/3.
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Figure 1 Molecular unit and labeling scheme for (AIM)NO;
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Figure 2
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Figure 3 Packing diagram of (AIM)NO;

B4 (AIM)(HTNR)-H,O 41 i g 3 #1
Figure 4 Packing diagram of (AIM)(HTNR)*H,O

1.356 A. N—C—N # MmN MAN 130.8(2)°
[N(2)—C(3)—N@3)], F/MHEE A 108.8(2)° [N(2)—C(3)
—N(1)], P8 N 117.7°. C—N—C 8 i KA
108.7(2)° [C(3)—N(2)—C(2)], &/NHES 107.8(2)°
[C(6)—N(6)—C(5)], 2- ZIKMIR IV B f 20 T
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Table 2 Selected bond lengths for (AIM)NO;

e /A iR /A
O(1)—N(11) 1.254(3)  N(3)—C(3) 1.377(3)
O(2)—N(11) 1.255(3)  N(4)—N() 1.122(3)
O(B)—N(11) 1.238(3)  N(6)—C(6) 1.330(3)
O(4)—N(12) 1.243(3)  N(6)—C(5) 1.377(3)
O(5)—N(12) 1.251(3)  N(7)—C(6) 1.324(3)
O(6)—N(12) 1.257(3)  N(7)—C4) 1.372(3)
N(1)—C(@3) 1.3293)  N(8)—N(9) 1.263(3)
N(1H)—C(1) 1.380(3)  N(8)—C(6) 1.378(3)
N(22)—C(3) 1.321(3)  N(9)—N(10) 1.115(3)
NQ2)—C(Q2) 1.376(3)  C(1)—C(2) 1.343(4)
N(3)—N(4) 1.258(3) CMH4)—C() 1.338(4)
R3  (AIMNO; 15 G £
Table 3 Selected bond angles for (AIM)NO;
ezt M) s A
C(3)—N(1)—C() 108.1(2) O(4)—N(12)—0(5) 120.4(2)
C(3)—N(2)—C(2) 108.7(2) O(4)—N(12)—0(6) 119.7(2)
N@)—N@B)—C3)  116.3(2) O(5)—N(12)—0(6) 119.9(2)
N(G)—N@)—N@B) 170.4(2) C(2)—C(1)—N(1) 107.3(2)
C(6)—N(6)—C(5) 107.8(2) C(1)—C(2)—N(2) 107.0(2)
C(6)—N(7)—C(4) 108.7(2) N(2—C(3)—N(1)  108.8(2)
N@O)—N@®)—C(6) 117.1(2) N(2)—C(3)—N(3)  120.3(2)
N(10)—N(9)—N(8) 170.0(2) N(1)—C(3)—N(3)  130.8(2)
OB)—NUID)—O(1) 120.5(2) C(5)—C(4)—N(7) 107.0(2)
OB)—NUI1D)—0(2) 119.7(2) N(7)—C(6)—N(6)  108.8(2)
O()—N1D)—0(2) 119.8(2) N(7)—C(6)—N(8)  119.7(2)

£ 4 (AIM)(HTNR)*H,O (35458 K
Table 4 Selected bond lengths for (AIM)(HTNR)*H,O

35 BERK/A b BK/A
O(1)—N(1) 1.2202)  N(5)—H() 0.896(10)
0(2)—N(1) 1221(2)  N(6)—N(7) 1.261(2)
03)—C(Q) 12592)  N(5)—C(7) 1.322(3)
0(4)—N(2) 12202)  N(@#)—C(9) 1.387(2)
0(5)—N(2) 1225(2)  N(7)—N() 1.116(2)
0(6)—N(3) 1.2202)  C(1)—C(6) 1.375(3)
O(7—N(3) 12472)  C(1)—C(2) 1.436(2)
0(8)—C(6) 1.3342)  C()—C(@3) 1.447(2)
O(8)—H(8A)  0.8200  C(3)—C(4) 1.372(3)
N(1)—C(1) 1.465(2)  C(4)—C(5) 1.382(3)
NQ)—C@3) 1.448(2)  C(4)y—H@#A)  0.9300
C(5)—C(6) 1.420(2)
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Table 5 Selected bond angles for (AIM)(HTNR)*H,0

6 (AIM)NO; S BB I A B i
Table 6 Hydrogen bond lengths and bond angles for (AIM)NO;

A BEA/C) et B/ D H A D—HA H-~AA D-A/A D—H-A/()
C(6)—O(8)—H(8A) 1095  C(6)—C(1)—N(1) 117.2(2) N(DH(1A)0(2)0.91(2)  2.11(2)  2.971(3) 157(2)
O()—N(1)—0(2)  123.5(2) C(2)—C(1)—N(1) 115.8(2) N(DH(1A)0(3)0.91(2)  2.17(2)  2.936(3) 141(2)
O()—N()—C(1)  118.6(2) OB3)—C(2)—C(1) 120.7(2) N(2)H(2A)0(4)0.902)  2.42(2)  3.111(3) 133(2)
0Q2)—N()—C(1)  117.9(1) 0B3)—C(2)—C(3) 127.1(2) N(2)H(2A)0(5)0.902)  1.94(2)  2.812(3) 163(2)

04 —N@2)—0(5)  122.02) C(1)—C(2)—C@3) 112.2(2) N(6)H(6A)0(4)0.90(2)  2.54(3)  3.280(3) 140(3)
O(4)—N@2)—C@3)  119.92) C4)—C3)—C2) 122.4(2) N(6)H(6A)0(6)0.90(2)  1.88(2)  2.743(3) 160(3)
O(5—N(@2)—C(3)  118.1(2) C(4)—C3)—N(@2) 116.7(2) N(7)H(7A)0(1)0.903)  1.88(3)  2.766(3) 170(4)
0(6)—N@3)—0(7)  121.92) C(2—C(3)—N(@2) 120.8(2) N(7)H(7A)0(2)0.903)  2.54(3)  3.217(3) 133(3)
0(6)—N@3)—C(5)  120.1(2) N(5)—C(7)—N@4) 109.3(2) C(H(1) N(3)0.930 2590  3.484(3) 162.00
O(7)y—N@3)—C(5)  117.9(1) N(G)—C(7)—N(6) 121.2(2) C(5)H(5) N(8)0.930  2.590  3.465(4) 157.00
C(7—N@#)—C(©9)  108.02) N@)—C(7)—N(6) 129.5(2)

C(I)—N@)—H®@)  124.0(1) C(9—CB)—N() 107.3(2) H()Z [ [4: T A, I C()—H(1)-N@3), C(5)—
CO—N@)—H®@)  127.8(1) C(9—C(8)—H(®) 1264 H(5)-N(8); (2) 2-8 UK M 1F 35 TP N JE T S5
C(1—N@GE)—C@8)  108.3(2) N(5)—C(8)—H(8) 1264 AR A4 TR, W N(D)—H(1A)-0(2), N(2)
N(—N@O)—C(7)  11532) CE)—CO)—N# 107.12) — H(Q2A) --- 0(4), N(2) — H(2A) -+ O(4) % . 1&
NE)—N7?)—N®)  170.02) C)—CO)—H©) 1264 (AIM)(HTNR)*H,O {59, Sl 2 AR E Ay
C(6—C()—C@2)  126.9(2) N(4)—C(9)—H(9) 1264 (1) HTNR $1 8 T-rh iy st rh (1A 2- 3 0k |40
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MW TR E b, C—N BRI KT 2-B %K
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—N@)—C(9)], 2-B FUIKMEER 1) 7 B Ay B RZIT T 108°.
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SR TR AR, AR IE 6 A1 T P, W
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Table 7  Hydrogen bond lengths and bond angles for

(AIM)(HTNR)*H,0

D H A  D—HA H+A/A D+A/A D—H"*A(°)
O(8)H(8A) N(3) 0.820  2.520  2.935(2) 1127
O(8)H(BA) O(7) 0.820  1.900  2.589(2) 141.2

O(8) H(8A) O(9)#1 0.820  2.360  2.969(2) 131.8

0(9) H(9B) O(2)#2 0.858(10) 2.29(2)
0(9) H(9B) O(1)#2 0.858(10) 2.60(1)
N@)H@4) O(9)#2 0.887(10) 1.95(1)
N@) H@) O(7)#3 0.887(10) 2.51(2)
NS HG) O34 0.90(1)  1.84(1)
NS HG) O@)#40.90(1)  2.26(2)
0(9) H(9A) O(3)#5 0.87(1)  2.04(1)

3.016(2) 143(2)
3.434(2) 164(2)
2.788(2) 158(2)
2.999(2) 115(2)
2.697(2) 159(2)
2.806(2) 119(2)
2.848(2) 156(2)

2.2 (AIM)NO; 5(AIM)(HTNR)H,O BI#4F %

N T W (AIM)NOs #4047 A, BT T
DSC 1 TG-DTG #llif. (AIM)NO; 7£ 10 °C/min £k THIR
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Figure 5 DSC curve of (AIM)NO; under N, atmosphere with a
heating rate of 10 ‘C/min
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Figure 6 TG-DTG curves of (AIM)NO; under N, atmosphere
with a heating rate of 10 ‘C/min
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R B I 125.0 C. Bt GH(E 450 C L
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JUF-A 53 il b SR 4.

(AIM)(HTNR)*H,O 1E4 — Rl /K &R ZE 545 5 2k
K, BT AL 267K ER (AIM)(HTNR) BEAT T #4917 16 F
5¥. (AIM)(HTNR)ZE 10 °C/min £k THE# A N s
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Figure 7 DSC curve of (AIM)(HTNR) under N, atmosphere
with a heating rate of 10 ‘C/min
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T BURRERE, W LL 50% K K i R RAL; BB
TR IE 5 BEABEOT — 58 45 A1 R BE A FH IR AU R JE,
DA 5 S0 TR A5 AR R . (1) K 93 BRAIE ;. KA
TR 5 BE MRS — & 418 1 (R A F K I A FH i)
BBURRRRE R, Lh 50% K K EOR KA. DAL, %P Foad 7
& G A DA SR BT T BRI L FE TR L KA
R B 5 7 T ) R R & R o b, ) T B STk Oy
SRt i Wil e

HUBE T I BE MR 4 1 CGY-1 UM U 7 I BE AN,
Zialy 20 mg, JEZGIREEA 39.2 MPa, iRKEE 20+
5) C, MXHEEE N 50%~65%. {EHLSLE4tE T, MR
FERIA R K.

IR LM S MGY-1 420 B A, 2t
20 mg, EEEFREN 1.5 kg, FREIEE (0£5) C,
X A 50%~65%. £ 90°4% /. 1.96 MPa /& &
70454, 1.23 MPa KRG, WM IIAK
.

KGR MRS HGY-1 B KIFIR AL, 2N
20 mg, JEZJEaN 39.2 MPa, JHFRVERE (R E N
0.13 )ik, WEQR0ES) C, HXRE 50%~65%. il
i FE i (AIMNO; 1) 50% & K 5 £ b 28.05 cm,
(AIM)(HTNR)*H,0 A~ % K.

bk JE s I 45 R R W, (AIMNO; M
(AIM)(HTNR)*H,O %] #b 5 4iii i 4 F A0 B 52 HH Bl K,
BA— @ M RIEIKIE, &R s 261

3 4t

I 2-78 UK Ml b A A 1 R 0T 3 S5 1 S N A 3 T
PRI A BEAG B 2-8 UK MRS IR SR AT 2- 8 Ik
WA R IR K, XTI PR 0 1) 5 R A
17T RAE. SRS B TIR R A E W) 7r 1 & 7r il A
172.12 F1 372.22, 53 Fh C3NgOsHy il CoHgNgOy, 45
Fy X h (AIM)NO; FI(AIM)(HTNR)*H,0. (AIM)NO; # i
AIM " FI NO 5 456 i) B 7 A, (AIM)(HTNR)-H,O
JEH AIMT, HTNR FUKSEE B8 1K E9, Wy
T EH KBS, (AIMNO, G REFE, MR
REHIEF] 99.8%, HA 0.2%4 47 1 [E 1A H# ) 44,
FERIH G o Ak, JEKIAIKIE N hsy=28.05 cm, *I
TR B e AT, WA e AP SRR K 2555
T3 THIAT — 58 BN AT 5.
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