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Scheme 1 Synthetic route of NTO, I, and I
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CCD MM M fir A b & A S aiy ey
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o ol % N AR R 4 R I AL 5 K
2.2 NTO-@3,5-DATn &S FEH( I )F NTOAMZ
SHRER(IMHE

NTO-(3,5-DATr) 2B FENH &

FRSGAT JAE 25 mLA BB A 0.13 g
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'"H NMR (400 MHZ, DMSO-d,) 8: 7.69 (br,
s, 7H) .

“C NMR (100MHZ,
156.12, 162.12,

IR (KBr, »/cm™) : 3461, 3418, 1706, 1637,
1605, 1494, 1360, 1306, 778, 741,

Anal. caled for C,H,N,O,(% ) : Calcd: C 20.96,
H 3.05,N 54.98;found:C 20.72,H 3.18,N 55.14,
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93] 5 OB IR NTO/IMZ & EZE S (D) A B 5

'H NMR (400 MHZ, DMSO-d,) 8§: 7.44 (d,
1H), 7.84(br, s,3H), 8.57(t, 2H).

“C NMR (100 MHZ, DMSO-d,) §: 120.66,
135.10, 156.34, 161.73,

IR (KBr, v/cm™) : 3106, 1636, 1591, 1532,
1466, 1396, 1313, 770, 745,

Anal. calcd for C;H,N,O, (%) :Calcd:C 28.98,
H 3.38,N 40.55;found C 28.86,H 3.49,N 40.35,
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&

LA T A A AR 22 B 1 I 28 1, B B A L
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Table 1 Crystal data and structure refinement parameters for 1 and 1l

items I I

empirical formula C,H,N,O, C;H,NO,
formula mass 229.19 207.17
temperature/K 163.15 298(2)
crystal system monoclinic orthorhombic
space group P2,/c Pbcn

a/A 3.5687(7) 16.9398(16)
b/A 17.245(3) 5.6802(5)
c/A 14.655(3) 17.9111(19)
B/(°) 93.79(3) 90
volume/A3 899.9(3) 1723.4(3)
V4 4 8

D, /g-cm™ 1.692 1.597
w/mm™! 0.144 0.136
F(000) 472 856

crystal size/mm?

radiation

26 range for data collection/(°)

index ranges

reflections collected
independent reflections
goodness-of-fit on F?

final R indexes [I>=20(1]) ]

final R indexes [ all data]

0.16 X 0.03 X 0.02
MoK, (1=0.71073)

5.572 to 49.986
-4<h<4,-20<k<20,-17<1<17
9074

1581 [R,, =0.0551, R, =0.0361]
1.083

R, =0.062, wR, = 0.1403

R, = 0.0660, wR, = 0.1429

0.45 X 0.40 X 0.33

MoK, (1=0.71073)

5.14 to 50.04

-20<h<19, -6<k<6, -16<[<2]1
7841

1519 [R,, =0.0313, R, = 0.0228]
1.098

R, = 0.0435, wR, = 0.1144

R, =0.0539, wR, = 0.1209

largest diff. peak/hole / e+ A= 0.19/-0.29 0.5/-0.54
CCDC 2067937 2068609
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Table 2 Bond lengths for T and T

bond length / A bond length / A bond length / A
I
N(4)—C(1) 1.341(3) C(1)—N(1) 1.437(4) O(2)—N(1) 1.235(3)
N(4)—C(2) 1.366(4) N(5)—C(3) 1.324(4) O(1)—C(2) 1.258(3)
O(3)—N(1) 1.231(3) N(7)—C(3) 1.355(4) N(2)—C(1) 1.313(3)
N(3)—N(2) 1.365(3) N(7)—C(4) 1.375(4) N(9)—N(8) 1.407(3)
N(3)—C(2) 1.372(3) N(9)—C(4) 1.308(4) C(3)—NI(8) 1.319(4)
N(6)—C(4) 1.346(4)
I
N(1)—N(2) 1.367(2) N(4)—C(2) 1.449(3) N(4)—0(3) 1.223(2)
N(1)—C(1) 1.367(3) N(5)—C(3) 1.319(3) N(4)—0(2) 1.226(2)
N(2)—C(2) 1.308(3) N(5)—C(5) 1.363(3) o(1)—C(1) 1.259(3)
N(3)—C(2) 1.327(3) N(6)—C(3) 1.320(3) C(4)—C(5) 1.339(3)
N(3)—C(1) 1.353(3) N(6)—C(4) 1.368(3)
#3100 A R
Table 3 Bond angles for I and II
bond angle / (°) bond angle / (°) bond angle / (°)
I
C(1)—N(4)—C(2) 102.0(2) O(1)—C(2)—NI(3) 124.9(3) O(3)—N(1)—0(2) 123.6(2)
N(2)—N(3)—C(2) 111.5(2) C(3)—N(7)—C(4) 106.9(2) O(3)—N(1)—C(1) 118.5(2)
C(1)—N(2)—N(3) 100.3(2) C(4)—N(9)—NI(8) 103.0(2) O(2)—N(1)—C(1) 118.0(2)
N(4)—C(1)—N(1) 121.7(2) N(5)—C(3)—N(7) 125.3(3) N(4)—C(2)—N(3) 107.5(2)
N(2)—C(1)—N(4) 118.7(2) N(8)—C(3)—N(5) 128.4(3) O(1)—C(2)—N(4) 127.6(2)
N(2)—C(1)—N(1) 119.6(2) N(8)—C(3)—N(7) 106.4(2) N(9)—C(4)—N(7) 111.9(2)
N(9)—C(4)—N(6) 126.6(3) N(6)—C(4)—N(7) 121.3(2) C(3)—N(8)—N(9) 111.8(2)
I
N(2)—N(1)—C(1) 111.10(16) O(1)—C(1)—N(1) 124.88(18) C(3)—N(5)—C(5) 108.76(19)
C(2)—N(2)—N(1) 100.74(16) N(3)—C(1)—N(1) 107.06(18) C(3)—N(6)—C(4) 108.09(19)
C(2)—N(3)—C(1) 103.34(17) N(2)—C(2)—NI(3) 117.76(19) O(1)—C(1)—C(3) 128.06(19)
O(3)—N(4)—0(2) 124.79(19) N(2)—C(2)—N(4) 118.89(18) C(5)—C(4)—N(6) 107.50(2)
O(3)—N(4)—C(2) 117.32(18) N(3)—C(2)—N(4) 123.35(18) C(4)—C(5)—N(5) 106.90(2)
0(2)—N(4)—C(2) 117.89(17) N(5)—C(3)—N(6) 108.8(2)
1 - HERUM A (3.40 A) AR 217 R IIZh M) 0.5, BRFIA NTO/IMZ & fig 36 i 4 F 4L H— 4~ H,0 43

e . AR R R WA AR AR R — 2
Z [E] 3 o 0 SUHEVE T ) o XY 2 AR 5 4 UM
G )2 5 2 Z B T 2L mw-m HERE P,
FIRTE T LA YA By 0 IR R RN SRR E
NTO/IMZ & Re 3L & i i I &8 T 1E 28 dh &, 25 0] B
J Pbcn, 298 KB % %} 1.597 g-cm™, | & 2am[ LS
F i TE D2y 7  NTO 43 F 407 By &1 IF R 5%
. Hﬂ%zﬂuﬁ&i,%LC—N%@E‘J%@KﬁJ/J\ﬂ:C—N
PAGEGER 1,46 A BB ER EAF AR ILRALN . A A
W5y F X B 2b vl g1, T — A4~ H,0 ﬁ%ﬁtbﬁ
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(3)—H(3A)--O(4) P Fh & 5, KA SR H--- AR
I3 0 2.06 AF12.35 A, X8 Tom A . XEE R A
FE TG (1 26 BLED S HoK 43 F 14 2% B ok 8 & 2B A
135.67~166.17 CZ i), i & T /K7 F ik . M
oA, TR HERU 00 1E 2d, 7T LLA H 3R 200k
() A G548 J2 45 2 2 RN A7 78 EUEVE X FE Y 25
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Fig.1 (a) Crystal structure of I (b) Plane structure of I (c) Intermolecular hydrogen bonding of I (d) Molecular packing dia-
gram of 1

2 () I AZEIE (b) TP H,0 T di e (o) D7 AR (d) A5 RUA
Fig.2 (a) Crystal structure of I (b) Percentage of H,0O molecules in I (c¢) Intermolecular hydrogen bonding of I (d) Molec-
ular packing diagram of 1I

CHINESE JOURNAL OF ENERGETIC MATERIALS 2 A

e
o

M 2022 % H#30% H24 (111-120)



116

BN S9N PN S

Fa LI #EE

Table 4 Hydrogen bonds presentin T and I

D—H--A d(D—H) /A d(H-A) /A d(D--A) /A £(D-H--A) /(°)  symmetry A
I
N(3)—H(3)---O(1) 0.8500 1.9200 2.740(3) 163.00 T-x, 1-y, 1-z
N(5)—H(5A)--O0(1) 0.8500 1.9400 2.791(3) 179.00 X, Y, z
N(5)—H(5B)--0(2) 0.8500 2.2700 3.089(3) 163.00 -x, -0.5+y, 1.5-z
N(5)—H(5B)---O(3) 0.8500 2.5700 3.264(3) 140.00 -x, -0.5+y, 1.5-z
N(6)—H(6A)---N(2) 0.8500 2.3600 3.160(3) 156.00 -1+x, 1.5-y, 0.5+z
N(6)—H(6B)---O(2) 0.8500 2.5300 3.253(3) 143.00 X, y, Z
N(7)—H(7)---N(4) 0.8500 1.9300 2.758(3) 165.00 X, y, Z
N(8)—H(8)---O(3) 0.8500 2.4800 3.094(3) 130.00 -x, -0.5+y, 1.5-z
N(8)—H(8)---N(9) 0.8500 2.1300 2.877(3) 147.00 -1-x, 1-y, 2-z
I
N(1)—H(1)--0(1) 0.8600 1.8900 2.747(2) 176.00 1-x, 2-y, 1-z
N(3)—H(3)--N(6) 0.8600 1.8900 2.753(2) 178.00 X, 1-y, 0.5+z
O(4)—H(4)--0(1) 0.8500 2.0600 2.8907(18) 164.00 X, -1+y, z
N(5)—H(5)--N(2) 0.8600 1.9800 2.830(2) 167.00 X, y, z
C(3)—H(3A)--0O(4) 0.9300 2.3500 3.232(3) 157.00 1-x, 1-y, 1-7
C(4)—H(4A)--0(3) 0.9300 2.5700 3.327(3) 139.00 X, -y, -0.5+z
3.2 NTO-(3,5-DATN&REE T # ( I )3 NTOAMZ —
aeett R (1) B9 PXRD Bl % ——3,5DATr
. ——NTO-(3,5-DATr)
NTO- (3,5-DATr) Ffg &+ ( 1 )M NTO/IMZ 5 —_ Caloulate PXRD
eI CI0 ) B JLAR B B4 43 (0 493 A A7 59 P 33 4 7 3 z
JIE R, T ep e g R ORI Y 25 S O R 2k 2 i i foa
brit b
H1 1 3a 7T LU - NTO- (3, 5-DATr)  fig B T2k - 4‘”
(1 )BT NTO I 3. 5-DATr 1 B o 7 4 181 8 75 26 T
F/NF 15008 BT = A H B s B AT 5 0 L 7E 20 A a.  NTO,3,5-DATrand its salt
S 16.34°H1 22.50°0F (5, J5E 3, 5-DATr P A~ 858 19 —o
T AE T o R B IE] , H NTO TE 27.14°0} fe i 1) o ‘ -
Rigtuese T il 2k . i ad Mercury 4.1.0 28 % i 4 S i — Calculate PXRD
[ 9 PXRD [ 347 0 , 458 45 21 1 00 25 42 o ] o = Lo
G 2 BT 45 920 PXRD 5550 5 155 7 725 1 i 32t R U{L |
A7 HCH L R BRS04 R 5 1 03 4 R AR — B, i) an e - 1 5 T
2010 7.92°.10.29° 11.94°H1 13.14°0} 525 5¢ 4 el i
0 M 2 3 ~ 4 %

G AE AL B W) G B XA R T
T 1.

& 3b AT LLAE H, A T NTO FIBK ik, NTO/
IMZ & g3t i CID) BB AR AT 5 (&1 3% vh P A4S 2 e
A TR RES  miE 20 17018 T | T —
AN A S 0 R REAE 260 £f S 42.76°F , DR W b Y
— A S O A S A AT S RS O OR B X R 22 R R
Wl —FB AR A, MESE = F IR G . #ad
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20/ (°)
b. NTO, IMZ and its co-crystal
B3 KA AR R AT O B (a)NTO 3, 5-DATr e HidL , (b)
NTO Pk me Je JH 3 gt
Fig.3 The PXRD patterns of samples: (a) NTO, 3,5-DATr,
and its salt; (b) NTO, IMZ, and its co-crystal
Mercury 4.1.0 #A4%F ff A& T #9 PXRD B #7470l ,
A B ) B 4 S ] e g il R BT R S 56 0 3k
N Rk
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NTO - (3, 5-DATr) % G & F 5 7 NTO/IMZ %

PXRD 253 5 il i) PXRD #E47 e, & Bl — & 10— 5L
PE ¢, B an 7E 26 f R 9.87° L 17.18° . 26.70° Fll
310100 58 4 8 &, U H WA F 14 & 26.70° F
311100 A AR = A — S0, oAb A BB YA B A XA
Mgs R TS E Y T IE .

XFF NTO i 7, JC e Je £k i & 36 5 i B B, 7
PXRD & 3 rf 7= By A0 X T J5 b A7 55 e 35 25 R B i 22
S RV FRATT ME DA 1 PXRD S W7 7= 4 2 6 2 3t
b, (HRFRATUERE AT LA T A1 1 A9 PXRD H & 3| — 2
X T AT 55 WA X T NTO .3, 5-DATr T W47 B ol
A5 B S s AR A T JEORE NTO Rk ms | I A4 3= 22 £ 5 14 437
B AL A B, AR I R AE NTO/TZTN 2L ik & 9
CERCATINY U -] R
3.3 NTO-@3,5-DATnN& B FEH( I ) NTOAMZ

SHRER(IMNASBESEERASBRNFRE

110 °C-min B FHR & T ,NTO- (3,5-DATr)
FHEE FH (1 )R DSCHITG-DTG £ 4n &l 4 fr s .
ME 4DSC i Ze v LLE H, T BAF e — SR80 ik
PR 2 B — A PR ) 43 e i A R TR £
i 251.98 °C, 1t B HAE THil b 72 v 7 42 i 4 o0 it
TR AL 72 . XFERY LA R BE T L TG-DTG
i 2 WL 3], H HUAEAE — S BH I 9 o et 483 2K B B L X —
J O B B2 T 233.67~316.50 °C,{E 256.17 °CHif
T B KR TR, X — i BBk N 45.5%, )5
SN S8 1) 2k G AR, 500 °CHF AR BB O B Y
28.8% , Ut W 3 i il B 6 4 o ZR45 DSC R TG 45
ST, T 5 401 2k By BE 5 DSC A fif aod A2 LA
AR IR, 19 BH T I AR R [ i 1 A 0 it ot e

fE10 °C-min” W THE T, IMZ NTO & NTO/
IMZ % fig 3 5 (1) /9 DSC Ml TG-DTG fh £k 40 &l 5 fr
o ME 5 DSC I nT LLE H , IMZ 7% 89.78 °CHf
e — NI, Z S5 401 T — AR08 B 4 g 72 ifi
NTO {¥ #£ 280.08 “CHI 7 78 — 1~ 22 8 1) i 44 53 fif e
FmF, TE RIS, Z 5 KA —
AN PR B AR R TR I Y D4R Dl 229.92 °C L
Tk R— AR A R R . N TG-DTG i &
A LLE W AR TE 3 A R W B, AR — B BT
135.67~166.17 °C, ittt i1 K Ky 4.2% , 45 & H SR 45
FrR K4y TR 3 L (4.3% ), Ul B 45 — [ B R 2k 545
mK B AR . BEE R E N TS A BT
211.17~266.33 °C, £ 235.67 °C I 3¢ B i % R %,
ik 50.5%. BHERIHTHE =AM . AT
266.33~317.50 °C, 7£ 284.83 °C I} 3¢ Y ) % R %,
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BN S9N PN S

JE R R 13.3% . JNEE] 500 °CH H: 7 5% B R A
BTt 1Y 17.4% , B0 W] 3 g 3k 58 42 o 255 DSC Ml
TGHRFH NTO/MZ Figdb i (MR HTRE
DSC W it 4 ask A8 AR X By, 5 — 4> 2k F B B ol LR &
g K R I RE BB TURIER A i BRa R Y hy HL A 43

Nt —2E gy T A IR #4850 ik I o, #2765,
10,15,20 °C-min™" PUFPAS [ Ze 14 T+ i 3 KR, 7E 40~
500 °Cu I X T A1 I 247 DSC ML, 45 2 A [\ T+l
R DSC 4 b 1y 5 — B o3 i W R s L AR 5
FIE7R o

x5 1A A6 [R] T3 140R 09 55 — A 40 ik
Table 5

at different heating rates

First exothermic decomposition peaks of I and II

T,/°C

sample
5°C-min™"  10°C-+min™" 15°C-min™" 20 °C-min™'
247.86 251.98 254.49 257.31

I 223.58 229.92 236.45 239.96

R4 Kissinger 32 (20 (1))l Flynn-Wall-Ozawa
22 (3 (2)) P F 53 H Ry fif B 07 36 AR E, AR 1T
T A:
In(8/T7) = In(AR/E,) - E,/(RT,) (1)
Ig8 = Ig[ AE,/RG (a)] - 2.315 - 0.4567E,/(RT,) (2)
O, T, 00 55— il AR O3 i U U L L °C 5 RO UM R,
8.314 J:mol™-°C™"; B N L FH I #H 2 ,°C -min™"; G(a)
by B AL EE eREY 5 E, DR SO AR RE L k) mol s A K 45 Hif
K, s™o NIRRT RS B AR S IR S 122
BIIT K6,

®o6 1A AAESRE SN T2 240

Table 6 Nonisothermal kinetic parameters of I and 1I

Kissinger method Flynn-Wall-Ozawa method

sample 2 2
E/K) ~mol™ In(A/s™") Rg Eo/k)-mol™! RS

I 334.0 72.74 0.989 325.9 0.990

I 166.2 35.30 0.985 166.0 0.986

1 2% 6 ] 12K H Kissinger % #il Flynn-Wall-Ozawa
PR AR B T O TR AL RE 45 R — Bt
U, ¥% Kissinger 5 A SR 45 T A0 1 43 i 3 B2 69 Arrhenius
i B3R

I:Ink=72.74-334.0x10°/(RT)

IL: Ink=35.30-166.2X10°/(RT)
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3.4 NTO-(3,5-DATnEREEFH (I ) NTOAMZ
SHER(INERFTREMEERE pHNE
NTO- (3,5-DATr) FREE T ( I ) HINTO/IMZ
ae It s (D) B 4 B4 (AH,=88.54 kJ-mol™,
AH,,=—281.74 kJ-mol™) i Gaussian 09 %k {4 i1 % 15
F,H5P NTO BB 7 NTOFIFH B 1 3, 5-DATr R
Az UK A G4 J7 TSRS L HLO R e 1 A= B RS
£ F ONIST Bl , fir A 45 14 ¥ 78 B3LYP-D3 (B))/
6-311G** T HEAT LAk, I 38 2k 43 22 53 A 6 DA oy T g At
I 7N R 51
S50 T T AT B AR RS BN RN A A B A R
EXPLO 5 B A4t W b 5 RE AL G 1 1) % 4R s iR 47 1 O
flic NTO-(3,5-DATr) & REES T4 ( T ) (48 3 R &
73 7662.3 m-sT F121.0 GPa;NTO/IMZ & fig 3k i
CI0 ) Fr) 43 8RR 43531 28 6490.2 m-s™' Fl1 14.6 GPa,
NTO-(3,5-DATr) & & T4 ( 1 ) I NTO/IMZ
o RE A A CT ) A 4 o J85%6 8 RITJE 468 JE% B K 41 BAM I 3
PR AT 0 e B BFH 10 % BAM fi
b JEORE TR A A ) ek T A I R A7 04k, A 5 5 R 20~
25 mg, & HEJT & 5 kg, B S 7E VR HE S B2 80 cm
S EEE M 6 Ik, B TC I R KRG 5 B R
JH FSKM 10 % BAM JE8 482 8% 55 I A% 43 ) i T A0 T0 gk
FFIE B 5 R 20~25 mg, BN RE S 10 BE 8 1 i
J360 NBFEZ MK 6k, ~HHLHE EKNE,
SR RN, T A I 4 5 R R T 40 ), BEHRE R T
360 N, R BIILXTAh AALA SR I . T AT
5155 KE25 TNT X RDX i PEREXT L 25 R W3 7,
F7a s, T APERESR: TNT M i, ELJRCRE o ik, T
FIPERE I TNT A — /& 2215

®7 T SHEEHEZL TNT X RDXHITEREXS
Table 7 Comparison of performances of I and II with con-

ventional iexplosives TNT and RDX

AH; D P

compound l(/)g-cm’g Ji-mol /mes /Gpa IS/) FS/N
I 1.692 88.5 7662 21.0 >40 >360
I 1.597 -281.7 6490 14.6 >40 >360
TNT32 1.65 -67.0 6881  19.5 15 353
RDX!32] 1.80 92.6 8795  34.9 7 120

pH {i J& i & b A 1 R Bk M 1 — A3 20T ik
NTO.3,5-DATr.IMZ .NTO- (3,5-DATr) & g & 175k
( I)AMNTO/IMZ & Redt i () % Tk b, BE ik
0.01 mol- L™ W AR HEVS W , 78 = il 254 T FH pH oF Ul

Sttt
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NTO - (3,5-DATr) & GE 2 T £h FI NTO/IMZ & e 3t &b 19 ) % o 1A 45 4 & 1 fig 119

FEH pH A, SCE IS NTO . 3,5-DATr IMZ T AT T Y
pH {43 % 4 2.92(22.8 °C),7.81(22.9 °C), 8.63
(22.8 °C),4.10(22.7 °C) ,4.98(22.8 °C) . /¥t
NTO. I A1 1L &9 pH {8 7T %0, NTO 76 6 i £h a8 3 & 1k
AW G RS E] T A E

4 4

(1) FIFHK #3210 45 7 NTO- (3, 5-DATr) & fig &
TR () I 72 & 15 570 85 745 2 JL 50 & F1) P i 390 4 R 1k
fil % 7 NTO/IMZ & gt i (D) I 15 55 45 3 H i i
FI R X- 4R B0 G AT A 8 T =8 fh k2 S 8. 45
RERY, T8 TR R, SMBER P2 /c, %N
1.692 g-cm™; T JE T 1E 3 it &, &S A FF N Pben, Ho %
BN 1.597 g-cm™,

(2)DSC-TG &SRR, T A —AB 8 19 A
W, Ay eIl 251.98 °C, K 45.5%, K E
BT BOR AR AE 211.17~266.33 °C, DSC i
229.92 °C,KHE N 50.5%, il KissingeriZzkfg I fll
1) Arrhenius 77 #2435 4 : Ink=72.74-334.0%10%/(RT)
Ml Ink=35.30-166.2x10%/(RT) .

(3)FIJH Gaussian09 #2704k T #1119 25 44 -
JHEXPLO 5 ¥ A 1PAG H i  % : 1 (D=7662.3 m+s™',
p=21.0 GPa) fil I (D=6490.2 m-s™', p=14.6 GPa) .
SRR IR 25 R W, T A0 T 249 x4 o A S 2 Rk . pH
(B A 0 2 45 LR W, B T A 3L L A& W R R e %
I 5 3R NTO RO BRI .
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Preparation, Crystal Structure and Performance Characterization of NTO-(3,5-DATr) Energetic lonic Salt
and NTO/IMZ Energetic Co-crystal

Bl Yu-fan, LU Zu-jia, DONG Wen-shuai, CAO Wen-li, ZHANG Jian-guo
(State Key Laboratory of Explosion Science and Technology » Beijing Institute of Technology , Beijing 100081, China)

Abstract: In order to decrease the acidity of insensitive explosive 3-nitro-1,2,4-triazol-5-one (NTO), NTO-(3,5-DATr) energet-
ic ionic salt ( I ) and NTO/IMZ energetic co-crystal ( I ) were prepared by the reactions of NTO with 3, 5-diamino-1, 2, 4-tri-
azole (3, 5-DATr) and imidazole (IMZ). The single crystals were obtained by solvent volatilization, and the crystal structures
were measured by single crystal X-ray diffraction. Crystal I belongs to monoclinic crystal system, space group P2,/c, with
M=229.19,a=3.5687(7) A,b=17.245(3) A,c=14.655(3) A,8=93.79(3)°,V=899.9(3) A, Z=4,D.=1.692 g-cm;Crystal I be-
longs to orthorhombic crystal system , space group Pbcn,with M=207.17,a=16.9398(16) A,b=5.6802(5) A,c=17.9111(19) A,
v=1723.4(3) A’, 7z=8, D,=1.597 g-cm™. Differential scanning calorimetry (DSC) and thermal weight loss method (TG) were
used to test their thermal decomposition properties, and the results show that both T and II have good thermal stability. The
Gaussian 09 program was used to optimize the molecular structures and calculate their enthalpy of formation. Software EXPLO 5
was used to calculate the detonation velocity and pressure of I (D=7662.3 m-s', p=21.0 GPa) and I (D=6490.2 m-s™,
p=14.6 GPa). The mechanical sensitivity was tested by the BAM method. Results show that both of them are insensitive towards
impact and friction (1S > 40 J, FS > 360 N). The pH value of standard samples were measured by pH meter. The pH values of
NTO, I, and Il in 0.01 mol-L™" standard solution are 2.92 (22.8 °C), 4.10 (22.7 °C), and 4.98 (22.8 °C), respectively, indi-
cating that the formation of salt and co-crystal significantly decrease the acidity of NTO.

Key words: 3-nitro-1,2,4-triazol-5-one (NTO) ;energetic ionic salt;energetic co-crystal;crystal structure
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