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Fig.2 Packing of the (AT) (NTO) molecule in crystal lattice
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R 1 (AT)(NTO) k%57 A b5 A0 45280 2 I 5
Table 1 Nonhydrogen atomic coordinates ( x10*) and equivalent

temperature factor (A’ x10%) for (AT)(NTO)

X y z U(eq)
O(1) 366(3) 13438(3) -838(1) 42(1)
0(2) 932(3) 6965(3) 98 (1) 49(1)
0(3) 4268(3) 8023(3) 1195(1)  52(1)
N(1) 7565(3) 11885(3) 1513(1)  37(1)
N(2) 8468(3) 11184(3) 2148(1)  42(1)
N(3) 7251(3) 14305(3)  2263(1)  32(1)
N(4) 6651(4) 16218(4)  2251(1)  45(1)
N(5) 1347(3) 13013(3) 379(1)  35(1)
N(6) 2305(3) 11552(3) 815(1)  35(1)
N(7) 2101(3) 10529(3)  —347(4) 32(1)
N(8) 3696(3) 8255(3) 562(1)  37(1)
C(1) 6818(4) 13727(4) 1584(1) 34(1)
C(2) 8252(4) 12708(4) 2593(1)  37(1)
C(3) 1203 (4) 12412(4)  —320(1)  32(1)
C(4) 2690(3) 10153(4) 341(1)  29(1)
R2ERMALLR
Table 2 Experimental bond lengths
bond length/A bond length/A
O(1)—C(3) 1.263(3) N(1)—C(1) 1.298(3)
O(2)—N(8)  1.223(2) N(2)—C(2)  1.300(3)
O(3)—N(8) 1.222(3) N(3)—N(4) 1.416(3)
N(1)—N(2)  1.365(3) N(1)—H(n1) 0.91(3)
N(3)—C(1) 1.330(3) N(3)—C(2) 1.348(3)
N(4)—H(1n4) 0.86(3) N(4)—H(2n4) 0.94(4)
N(5)—C(3) 1.360(3) N(5)—N(6) 1.367(3)
N(6)—C(4) 1.308(3) N(7)—C(4) 1.335(3)
N(7)—C(3) 1.360(3) N(8)—N(4)  1.439(3)
C(1)—H(1)  0.92(2) C(2)—H(2)  0.94(3)
R3OEKIALR
Table 3  Experimental bond lengths
bond angle/(°)  bond angle/(°)
C(1)—N(1)—N(2) 1M1.1(2) C(H—N(1)—H(n1)  127.1(16)
C(2)—N(2)—N(1) 104.0(2) C(H—NGB)—C2)  106.6(2)
C(2)—N(3)—N(4) 129.5(2) N(3)—N(4)—H(1n4) 106.6(19)
H(1nd)—N(4)—H(1n4) 103(3) C(3)—N(5)—N(6)  111.4(2)
C(4)—N(7)—C(3) 102.54(18)  O(3)—N(8)—O(2)  123.9(2)
O(2)—N(8)—C(4) 117.4(2) N(1)—C(1)—N(3) 107.2(2)
N(3)—C(1)—H(1) 125.3(15) N(2)—C(2)—N(3)  111.1(2)
N(3)—C(2)—H(2) 125.9(5) O(1)—C(3)—N(7) 127.3(2)
N(7)—C(3)—N(5) 107.4(2) N(6)—C(4H)—N(7)  118.1(2)
N(7)—C(4)—N(8) 121.3(2) N(2)—N(1)—H(n1) 121.4(17)
C(1)—N(3)—N(4) 123.9(2) N(3)—N(4)—H(2n4) 109(2)
C(4)—N(6)—N(5) 100.48(18) O(3)—N(8)—C(4) 118.8(2)
N(1)—C(1)—H(1) 127.5(16) N(2)—C(2)—H(2)  123.0(15)
O(1)—C(3)—N(5) 125.2(2) N(6)—C(4)—N(8)  120.5(2)
A g At At www. energetic-materials. org. cn
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Table 4 Anisotropic displacement parameters( A x10°)

atom  UT11 u22 u33 u23 u13 u12
O(1) 56(1) 37¢(1) 32(1) 1(1) —4(1) 9(1)
O(2) 58(1) 37(1) 53(1)  —8(1) 10(1) 12(1)
O(3) 60(1) 59(1) 37(1) 15(1)  3(1) 19(1)
N(T) 46(2)  37(1) 15(1)  =3(1) 3(1) 5(1)
N(2) 47(2) 44(1) 35(1) 3(1) 0(1) 13(1)
N(3) 35(1) 35(1) 26(1) =3(1) 2(1) 2(1)
N(4) 56(2) 46(2) 33(1) -7(1) 3(1) 12(1)
N(5) 45(1) 27(1) 33(1) -1(1) 2(1) 6(1)
N(6) 41(1) 29(1) 33(1) 1(1) 2(1) 3(1)
N(7) 39(1) 28(1) 28(1) 0(1) 3(1) 1(1)
N(8) 39(1) 35(1) 38(1) 3(1) 8(1) 3(1)
C(1) 35(2)  38(2) 29(1) 1(1) 1(1) 1(1)
C(2) 38(2) 45(2) 29(1) 2(1) 0(1) 7(1)
C(3) 36(2) 29(1) 30(1) 1(1) 2(1) ~3(1)
C(4) 31(2) 26(1) 31(1) 0(1) 6(1) ~1(1)
Note: The anisotropic displacement factor exponent takes the form:

+2hka”b* U122 ].

-2 pi*[ h*a*?uUll + ...

F5 AT AR (x10") A RORE R T (A x107)
Table 5 Hydrogen atomic coordinates ( x 10*) and equiva-

lent temperature factor(A* x10%)

X Y z U(eq)
H(2) 8790(3) 12690(4)  3076(14)  39(7)
H(n1) 7630(4) 11170(4)  1097(15)  55(9)
H(1) 6150(4) 14530(4)  1235(13)  45(7)
H(1n4) 6970(4) 16160(4)  3007(17)  56(9)
H(2n4) 7410(5) 17320(5)  2400(2) 97(14)

AR T A R R R RS R B P,y 2 (]
B A S8a=7.071(2) A, b=6.361(3) A, c=
18.792(7) A; B=96.43(3)°; V=839.9(5) A’; Z=4,
D.=1.694 g - cm™; u=0.145/mm; F(000) =440,
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0.0399,R,, =0.094, F{EHI & B S 4 0.992, W =
o’ (F) +(0.1074P)° Jtrf P=(F. +2F) /3, R&EM
Fourier 4] I #9555 U6 (Ap) o =0.198 e/A%; B (KU,
(Ap) o = —0.210 /A’
3.2 (AT)(NTO) 4 F&#itit

ME T AT RLE H, (AT) (NTO) 70 702 1 — 4
NTO 1 85 7 Fl—~ 4-50 3 = wk |- 1F 85 T4, IAI
R a] F R NTO 43 T F N(7) B ER T2

CHINESE JOURNAL OF ENERGETIC MATERIALS

B3| 4-Z = | N(1) 7 & A4b, R NTO 5 4-AT
RAET BB PR, AE BT BER W (AT) (NTO)
W18 5 B 0 B8 B R S5 R AT DLR B, TE 4-AT
FHES T 1 7 78 DL = s 35 Sy 3 il (1) — A~ - i
B HAPTE T RE R G CONGNGNGNGH  H H H, L H,

6.2140x +2.6747y —6.05862 =6.9564

(24 0.0055 A)

NTO FHE F E A e DL = s 38 S — A4~
S b HE R AR . C,CNL NN, N,H, O, 0,0,

6.2056x +2.9791y —3.7484z=4.5675

(R4 0.0025 A)

IRERY, WP MA 7.6°, 0T H NTO i
TR A-AT BHEF i B A 2 E R

(AT) (NTO) 43+ 4-AT [HE ¥ = A LW
AR LA T 5 NTO B 7 L &R 1
J A-AT BH BT = 3R E 9 S0 T8 & i, A5 S
g 6 iin, MK 6 iTLLE M, (AT) (NTO) 4+ F
HNTO FHES T fil 4-AT FHE T 2 [0 R AUA & T # iR
HEVHEAR I, (A5 2 T HES RN, 35K o 25 4 45 437 1] HE
GG AL ST o T HEZ B K% A R AR
M (AT) (NTO) [y % 155 1.694 g - cm 7,

R 6 (AT) (NTO) 4y ¥ A&l Ay < I £
Table 6 Specified hydrogen bonds for (AT) (NTO)

D—H H-A DA D—H-A
/A /A /A /(°)
0.91(3) 1.80(3) 2.706(3) 173(2)
0.86(3) 2.23(3) 3.085(3) 171(3)
0.94(4) 2.63(4) 3.524(4) 159(3)

atom D atom H atom A

N(1)  H(nl) N(7)
N(4) ~H(1n4) N(6)
N(4)  H(2n4) N(2)
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3.3.3 (AT)(NTO)yth 2 EM

% GJB772A — 1997 rrJ7 & 501. 2 F1 502. 3 %f
(AT) (NTO) #l NTO AT T EL 25 % ¥k (VST) FI sk
F(TG) R, Z5 R WK 7. NET HAEL, A5 NTO
MRt . IF 7 AT H, (AT) (NTO) f) VST %dfi e
48 h,100 CHAMETF M <N 0.28 mL - g 7' i T
2 mL - g BRRIE, FUH NTO Rl A, 7 1 3002 52 PR
i, fHiE TG BdE kW, (AT) (NTO) By VELT .

F 7 (AT)(NTO) By H 25 2 58 M R Bl 5o 5 i
Table 7 VST and TG tested data of (AT) (NTO)

test methods materials Vy/mL-g™! test conditions

vsT (AT) (NTO) 0.28 100 °C, 48 h
NTO 0.20 100 °C, 48 h

G AT) (NTO) 0.02 75 °C, 24 h
NTO 0.13 100 °C, 48 h

Note: V,, is the value of evolved gas.
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Table 8 Sensitivities of (AT) (NTO) and NTO

materials friction sensitivity/% ~ impact sensitivity/%  Hso/cm
(AT)(NTO) 0 0 124.7
NTO 6 7 92

£9  (AT)(NTO) (1) K8 R DU 25
Table 9 Sensitivities to static electricity spark of (AT) (NTO)
and NTO

materials 50% fire voltage/kV 50% fire energy/)
(AT) (NTO) 12.841 2.515

NTO 5.998 0.549

4 £ it

(1) X SRS AT FHGAZE R . (AT) (NTO) dhifk
R R LB Py S IRE, AR S M a=7.071(2) A,
b=6.361(3) A,c=18.792(7) A ; B=96.43(3)°;
V=839.9(5) A’; Z=4;, D, =1.694 g-cm™’; u=
0.145/mm; F(000) =440, 7£(AT) (NTO) ik,
4-AT FHE T LA BEF 1 NTO B 7 ERrA 5
THIAELAAS [ = W B0 0 JE Al i) — AN P 1 b, K i ke
fH7.6% (AT) (NTO)ZrF NTO [l 4-AT
FHES T Z (M ANA B B A SR A 3 (15 5 7 HE
BRI i A 25 4 TR R

(2) B A AR 2 M R B (AT) (NTO)
IR BEAIG , A2 e PR AT

Brift: R AW BRI K T SRS, ARG 22 BT 5
R A e LK R SE IR T DSC A Z E
AL DL E R A ARG 5 T R IRy, R B B!

SE Xk

(1] PhEFE BRE#E. B ARG ah Bl (AL AN PERE ()], KAE 25,1989
(1):15=21.

[2] Voigt H W. Castable explosive containing TNT and a reaction
product of a diisocyanate and 1,4-butyleneoxide polyglycol: US
34477980[P].

[3] Brand A,Hawkins T,Drake G. Air Force Research Laboratory Ed-
wards AFB, CA Energetic lonic Liquids as TNT Replacements
(Preprint) , AFRL-PR-ED-TP-2006-08.

[4] Gregory Drake,Greg Kaplan. A new family of energetic ionic lig-

uids 1-amino-3-alkyl-1, 2, 3-triazolium nitrates [ J ]. Journal of

Al

WWWw. energetic-materials. org. cn



4-FHE-1,2,4-Z-NTO $ 1Y B IR 254 R 1 RE 39

Chemical Crystallography,2005. (1):55-58.

[5] Gregory Drake, Tommy Hawkins, Adam Brand. Energetic, low- [12] BEHAM , 80, BEM: , 2. NTO SRR K . WA TE 4540 2 <7 J7 454
melting salts of simple heterocycles[]]. Propellants, Explosived, [)]. &6EHEL,2009,17(4): 149 —154.,
Pyrotechnics,2003,28(4) : 174 —180. XUE Qi-bin, HUANG Hui, KANG Bin, et al. NTO crystal

[6] Kofirm T P,Pevzner M S,Zhukova L N et al. Methylation of 3-nitro- growth: From fractal to cube-shaped structure[)]. Chinese Jour-
1,2 ,4-triazol-5-one[ ) ]. Zhumal Organicheskoi Khimii, 1980,16(2) . nal of Energetic Materials ( Hanneng Cailiao) ,2009,17(4) : 149
78 -82. -154.

[7] Lee K Y. 3-Nitro-1,2,4-triazol-5-one, A less sensitive explosive. [13] pEWE4E, Fhelg, FaE4. & NTO i) TNT LS 25098 0)].
LA 10302-MS,DE86009787 [ R]. S He b RE,2001,9(2): 70 —=72.

[8] Lonnie Chapman. NTO development at Los Alamos. LA-UR-88- XIONG Xian-feng, WANG Xiao-feng, WANG Qin-hui. A re-
3163 ,DE89000356[ R]. search on the TNT-based castable explosives containing NTO

[9] Alain Becuwe, Delclos A. Low sensitivity explosive compounds [J]. Chinese Journal of Energetic Materials ( Hanneng Cailiao) ,
for low vulnerability warheads[)J]. Propellant Explosives Pyrote- 2001,9(2): 70 -72.
chincs,1993(18): 1 -10. [14] Lee K Y. Binary eutectics formed between ammonium nitrate and

[10] Singh G,Inder Pal Singh Kapoor,Sunli Kumar Tiwari,et al. Stud- initial characterization[)]. Journal of Energetic Materials, 1983
ies on energetic compounds Part 16. Chemistry and decomposi- (1):109 -122.
tion mechanisms of 5-nitro-2 ,4-dihydro-3H-1,2 ,4-triazole-3-one [15] singh G, Felix S P. Studies on energetic compounds. Part 32
(NTO) []J]. Journal of Hazardous Materials,2001 (B81) . 67 — Crystal structure, thermolysis and applications of NTO and its
82. salts[ J]. Journal of Molecular Structure,2003(649): 71 —83.

[11] EEIF, B, AT K, 4%, NTO 3 PBX 417 A K H S54RI [16] MA Hai-xia, SONG Ji-rong, SUN Xiao-hong, et al. Preparation,
FEMD)]. A hEs R ,2009,17(1): 55 =58. crystal structure and thermodynamic properties of
ZUO Yu-fen,NIE Fu-de,YU Wei-fei,et al. Thermal behaviors of [Mg(H,0),](NTO), - 2H,0[J]. Thermochimica Acta,2002
NTO-based PBXs and their compatibilities with metals[ J]. Chi- (389): 43 -47.

nese Journal of Energetic Materials ( Hanneng Cailiao) ,2009,17

Crystal Structure and Properties of 4-Amino-1,2 ,4-triazole NTO Salt

XU Rong, |IDONG Hai-shan|, SUN Jie

(Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract: The single crystal structure of 4-amino-1,2 ,4-triazole NTO salt ((AT) (NTO)) prepared by neutral reaction of 4-amino-1,2,4-
triazole (4-AT) and NTO was determined by a four-circel X-ray diffractometer. The results show that the crystal is moloclinic, space
group P,, . with main crystallography parameters a=7.071(2) A,b=6.361(3) A,c=18.792(7) A,5=96.43(3)°,V =839.9(5) A*,
Z=4,D,=1.694 g - cm~ u=0.145/mm,F(000) =440. The atoms of the 4-AT cation and the atom of the NTO anion in (AT) (NTO)
crystal are in a plane of self-triazole ring. The two plane angle is 7.6°. The values of standard volume of gas evlved by 100 °C/48 h,
50% drop height of impact sensitivity, explosion probability of friction sensitivity,50% fire voltage and 50% fire energy by vacuum
stability test(VST) and sensivity tests to impact, friction and static electricity spark are 0.28 mL - g~',124.7 c¢m,0% ,12.841 kV and
2.515 J,respectively,indicating that (AT) (NTO) is thermally stable and insensitive to impact,friction and spark.
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