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20 C,MAO0.168 g FA4H, KL+t ,30 min J5 [a] BB WM AL & BT (1. 25 g,4. 63 mmol) , J )i
1 h, FFEFERN 1 hy SRIGHE N EA 35 mL A 7KH B AR HCLJE 1 pH (2 1, 58 Yhik,
TR JSIRAELL A A b NDT, 722 76. 5% , 5 B2k W, Scheme 1, CgH 0N, O, B ICER 73 Bl {8 (11
BAE) /% . C 35.13(34.53) ,H 3.72(3.62) ,N 49.94(50.34) ; IR (KBr) , o/cm ™' : 3505, 3346, 3233,
3196,2933,2836,1630, 1599, 1494 13531245 1114, 1081, 1040,952;' H NMR (400 MHz, DMSO-d, ) , 5
12.32(s,1H,NH) ,9.75 (s,1H,NH,),9.54 (s,1H,NH,),6.33 (s,1H,CH),2.56 (s,3H,CH,),2.25
(s,3H,CH,);"”C NMR ( 100MHz,DMSO-d, ) ,6:160. 12,157.75,157. 20,152. 16,142. 65,110. 54 ,13. 40,
13.38,

N HN
= -N N NH — —
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NN S L \n/ Natl, DMF, 0 °C ~\ </ N 2
N N=N = HCI ~./ >
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Scheme 1 Synthetic route of NDT
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Table 1 Crystallographic data and structure determination details of NDT

Empirical formula C Hj7 N, Oy vy 81.740(9)
Formula mass/ (g+mol ') 351.36 V/nm? 0.7944(9)
A 2 F(000) 368
D./(grem ™) 1.469 h -8-~8
Temperature/K 296(2) k -10 ~8
Crystal system triclinic l -16 ~8
Space group P-1 Reflections collected 3855
w/mm ! 0.113 Independent reflections(R;,, ) 2776(0.0355)
a/nm 0.7070(4) Data/restraints/ paramenters 2776/0/230
b/nm 0.8468(6) Goodness-of-fit on F? 1.153
¢/nm 1.4123(9) Final R, , wR,[I>20 ()] 0.1284, 0.3794
a 73.281(8) R, ,wR, (all data) 0.1501, 0.3912
B 80.423(11) Largest difference peak and hole/(e+nm~2) 663, —444

1.3 A5

DSC 3 ke E 2 M 0. 38 mg, FHEHE K435 5 .10 .,15 .20 °C/min, N, i3 & 50 mL/min, TG-DTG
IIMTRE A2 0. 48 mg, THEH AN 10 °C/min, N, Ji# 2 100 mL/min, i B2 FIFRA S HH AN E 9 bR oE
i A , 4% R Micro-DSC I R f iR AW % 2 br AR A B A T S 90 0 1 , iR B Y T Dy 283. 1 ~353.2 K, F
RN 0. 15 K/min, B2 L& 208 205. 48 mg,
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Fig.1 Crystal structure of NDT

&2 NDT HIERSIEKFNESR
Table 2 Selected bond lengths and angles for NDT in crystal

Bond Length/nm Bond/ (°) Angle/(°) Bond Angle/(°)
N2—C6 0.1391(8) C4—N2—N1 111.2(5) N8—C8—N7 121.6(6)
N3—N4 0.1321(7) C4—N2—C6 129.4(5) N9—C8—N7 110.2(5)
N3—C6 0.1344(8) N1—N2—C6 119.1(5) NI—N2—C6—N5 151.2(6)
N4—C7 0.1337(8) N4—N3—C6 116.3(5) C4—N2—C6—N3 160.2(6)
N5—N6 0.1300(8) N3—N4—C7 118.5(5) NI—N2—C6—N3 -26.1(8)
N5—C6 0.1344(8) N6—N5—C6 117.5(6) N3—N4—C7—N6 -2.9(10)
N6—C7 0.1353(8) N5—N6—C7 117.9(6) N3—N4—C7—N7 179.7(5)
N7—C7 0.1367(8) C7—N7—C8 127.6(5) N5—N6—C7—N4 1.8(11)
N7—C8 0.1373(8) C8—N9—NI10 117.6(5) N5—N6—C7—N7 179.4(6)
N8—C8 0.1295(8) N5—C6—N3 125.5(6) C8—N7—C7—N4 -0.7(10)
N9—C8 0.1348(8) N5—C6—N2 116.8(5) C8—N7—C7—N6 -178.3(6)
N9—NI10 0.1357(7) N3—C6—N2 117.6(5) N10—N9—C8—N8 16.6(10)

N4—C7—N6 124.2(6) N10—N9—C8—N7 -166.8(6)
N4—C7—N7 122.2(5) C7—N7—C8—N8 -2.4(10)
N6—C7—N7 113.6(5) C7—N7—C8—N9 -179.3(6)
N8—C8—N9 128.2(6)

NDT Z3F i PRI AE LB iR R, N3—C6 \N5—C6 \N6—C7 \N4—C7 {54 B P34k, 43 il 4
F C—N ., C=N K ZE], N3—N4 Fl NS—N6 4Kt/ T N—N HI N=N gt > ],

PUREER Hf C I LA sp® Z Ak 0 2 5 BOAR 35 E 2, 32 il 356 FDTCHRE #3800 114 5% i, N4—C7—N6 Al
N6—C7—N7 {43 510 124, 2°F01 113, 6°, BERE5 120°, PUBERR A9 6 /N5 F1 N2 N7 .C8 N8 K N9
HA Rirnydemmde,

NDT s R85 P K it i M R 43390 DL 2 AR 3, 3o Gl i e 3, A 2 ml LB, Al SRR Y
N8 5 Ut [y N4 JE RS N A8 N8—H8B-+-N4 | JE il — 175 JC IR Z5 44 , N8 5B 1% 02 JE i,
I3 WA N8—H8A---02 , W JE Il — /S IR EE Y, B> NDT 23pF-Hi 3 D7STeH Al 1 AN TT R i
IS TRE . &AL B N8 J5i+ 5AH4B NDT J3 iy N3 F0 N1 Ji 5~ [|] B T o 43 - ) 05, B
N8—HS8B-++-N3#2 il N§—H8A---N1#2 , H:rht N§—H8B----N3#2 5 /3 P & 5t N§—HS8B-+--N4 FI PUBEFF |-
[IN3—NAHG ]S TR ZERE . f B 3 FTLUE 2 5 )2 Z M S %
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Table 3 Hydrogen bond lengths and angles for NDT

D—H d(D—H)/nm d( H=A)/nm <DHA/(°) d( D=++A)/nm
N7—H7---03#1 0.086 0 0.1919 175.6 0.2777
N8-:--H8 A-+--02 0.0860 0.2175 114.5 0.2649

N8—H8A----N1#2 0.086 0 0.2413 151.0 0.3193
N8—H8B----N4 0.086 0 0.2058 131.9 0.2709
N8—H8B----N3#2 0.086 0 0.268 4 117.4 0.3173

Symmetry codes:#l x =1, y+1, z, #2 —-x+1, —-y+1, -z

K2 NDT p=tA K3 NDT e
Fig.2 Hydrogen-bonds diagram of NDT Fig.3 Crystal packing of NDT

2.2 HSRRITH

NDT 5 DSC H TG-DTG 143 BIUnIE 4 FIE S ik, hlE 4 A%, NDT (480 i1 it A — ANk
P EE . T ERIA T 208. 66 °C L IEIH Sy 221. 34 °C, AN E S 219. 89 C ittt 3 723.0 J/g (K T
3,6-f4HEAR-1,2,4,5-PUE (DNGT2) "', f1[E 5 19 TG-DTG & al %0, NDT i 2 Fad Pt LA — B
B %R E M BG T 205. 01 °C, & T 282,99 C  f77E—MNBORIIR T, R TR N 54. 24% , 2K T L) %)
ISR 222. 28 °C, 545 DSC £ AT A1, % W B e i 2. 36 4 W 7E AR THEE % (B) T Y
DSC £k U 1551 1 3l 112 S8k, i Kissinger' ™ J5 Rl Ozawa' ™) J7 -5 AR R0 ik J52 07 14 26 LTS Ak
Ao RS AT, PR 7 R F R AL R A — 8, HAR AR L, RIS AT (5 oAb, %
A RIS AL RE R T 250 kJ/mol , W] NDT 2 M1 Fa 52 14 .
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K4 NDT £E 10 C/min FHREHZF T ) DSC {2k 5 NDT 7 10 C/min F+ {3 X i) TG-DTG
Fig.4 DSC curve of NDT at the heating rate of 10 °C/min Hh 2

Fig.5 TG-DTG curve of NDT at the heating rate of
10 C/min
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Table 4 Values of T, and T, and the kinetic parameters for

NDT determined from the DSC curves at various heating rates

B/(Comin') T/C E/(Kwmol™) . T/C E/(Kemol™) g (A/s™) n E/(Kemel ™) o7
5 216.57 289.76 0.9906 217.87 290.70 29.04 0.990 6 284.28 0.991 1
10 219.89 289.76 0.9906 221.34 290.70 29.04 0.990 6 284.28 0.991 1
15 223.48 289.76 0.990 6 224.8 290.70 29.04 0.990 6 284.28 0.9911
20 225.56 289.76 0.9906 227.19 290.70 29.04 0.990 6 284.28 0.9911

Mean: E, = (289.76 +290.70 +284.28)/3 =288.25 kJ/mol

Note : subscript k and o data obtained by Kissinger's method and Flynn Wall Ozawa's method.

R (1) T B—0 I, SRR IR MR T =212. 19 °C, WETHREE T, =213. 60 C .
Tmp:TCOm_W+a,3i+bﬂf’i:1 ~ 4 ()
ECINE N ES & BryIF S
R (2) F(3) 2 AT LATTSEAS ) NDT 1) (1 0 53 AR IR Taaor = 212,19 C A AUKREE T
213.52 C, #IRHENG FHELEE T, =214.95 C,

e_
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E, -\/E. —4ERT,., ,
T]J(:‘ or bp = 2R ( 3 )

XL E, i Ozawa IR IR VLTHLAE (K 4)
2.3 EHFNE
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4 msman S
A HA B R )3 3RS H A
ST R R R (5) ~ (7)), HHAE 283 ~ B6 NDT MsEsk e Wi

353 K i JEE X B P, 4k & 4 NDT LA ok Ik 2 Fig.6  Determination results of the continuous C, of NDT
298. 15 KOy HLHERT AT =7 eR BT RE 40 A0 55 A 387 B

HIBERY(E, 45 2R T4 5.

T

Hy = Hyg s = [ €,dT (5)

T

ST - 5298.15 = Lg&lscpT_ldT (6)

T

.
_ _ -1
Gy = Gy 15 = jmlscpdr TLQS_ISCPT ar (7)
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x5 NDT WA HFERE
Table 5 Thermodynamic function of NDT

/K Hyp = Hagg 15/ (kJ+mol =) Sy =Saps.15/ (Jrmol 71 -K~1) Gy = Gog.15/ (k] *mol °1)
283.0 -4.59 -15.80 -0.12
293.0 -1.60 -5.42 -0.01
303.0 1.53 5.09 -0.01
313.0 4.72 15.45 -0.12
323.0 7.95 25.61 -0.32
333.0 11.25 35.65 -0.63
343.0 14.69 45.84 -1.03
353.0 18.41 56.52 -1.55

2.5 @HmERMEGE
Yo PRI A] (L, ) SEAELEIGRAE T S REARE T 46 0 Ak 20 KX i 75 22 0 I i, S — M4 5 fiE
PHRFE SR E MR BB SR AT

Cvi_tT = QAexp( - E/RT)f( ) (8)
a = T: %pdT (9)

fla) = (1 —a)” (10)

C, =a+bT+cT° +dT° (11)

o, COR A (1 (g+K) ) s TIRZAERFIRIE (K) 50 o0t a] (s) 5 Q 2 i (1/g) sA 45 AT

T(s7) s E A SN 2 WE AL RE (J/mol) s R & AR (1/ (mol - K) ) s &RV HEE .
X (8) LR 45 B 4 PR RIS ] )RR (12)

1 (" Cexp(E/RT)

- @ To fla)

t (12)

Ao B BN R R T8 Ty
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3 45 i
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Crystal Structure and Thermal Behavior of
3-Nitroguanyl-6-( 3 ,5-dimethylpyrazol-
1yl)-1,2,4 5-tetrazine

LI Shuailei*, HU Yongpeng*, HU Rongzu’, MA Haixia""*
(“School of Chemical Engineering , Northwest University ,Xi'an 710069 , China ;
*Science and Technology on Combustion and Explosion Laboratory
Xi'an Modern Chemisiry Research Institute ,Xi'an 710065 , China)

Abstract  3-Nitroguanyl-6-( 3, 5-dimethylpyrazol-1yl ) -1, 2,4, 5-tetrazine ( NDT ) was synthesized and its
crystal structure was determined by X-ray diffraction analysis. Crystals of NDT - DMF have the following
parameters : triclinic, space group P-1, a =0.7070(4) nm, b =0.8468(6) nm, ¢ =1.4123(9) nm, a =
73.281(8)°, B =80.423(11)°, y =81.740(9)°, Z =2. Thermal decomposition behavior of NDT was
studied by DSC and TG-DTG analysis. The apparent activation energy and pre-exponential constant of the

29.04 -1
0

exothermic decomposition reaction were obtained as 288. 25 kJ/mol and 1 s, respectively. The self-

accelerating decomposition temperature ( Ts,;, ), the thermal ignition temperature ( 7,.,) and the ecritical

temperature of thermal explosion( T, ) are 212. 19 °C, 213. 52 Cand 214. 95 °C, respectively. The adiabatic
time-to-explosion was also estimated to be 5. 43 ~6. 26 s.
Keywords nitroguanyl-( dimethylpyrazol-1yl ) -tetrazine ; crystal structure ;thermal behavior;adiabatic time-to-

explosion
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