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Study on the Structure and Properties of TNDPT Derivatives Based on DFT
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Abstract: Inspired by the basic structural unit of TNDPT, the density functional theory was used to investigate and verify
the computational accuracy of TNDPT and its derivatives at the B3PW91/6-31G(d,p) level. The results show that the crystal
density of TNDPT and its derivatives vary from 1.748 g-cm™ to 1.964g-cm=, and -NO>, -ONO,, and -NHNO; play a key role in
increasing the crystal density of the corresponding compounds. -N3 can significantly increase the heat of formation in the solid
phase of the corresponding derivatives, indicating more exothermic combustion of this class of compounds. The detonation
velocity of the eight compounds varies from 8.47km's™! to 9.72km-s”, the detonation pressure varies from 31.28GPa to 44.49GPa,
and the Gurney velocity varies from 2.83km-s™! to 3.15km-s™!, with the oxygen-containing energetic groups contributing the most
to the detonation performance of the corresponding derivatives. The stability of the derivatives can be measured by combining the
molecular free space value and the calculated value of the impact sensitivities. The -NH> helps to reduce the free space of
molecules and improve the stability of the corresponding derivatives.
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R 0.93 0.96
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1 EXMHREPURRAY LBO H24% 50 7h
Fig.1 LBO bond orders distribution of dinitropyrazole fused
1,2,3,4-tetrazine

2 BEXMRAPORRRY LOL BRBUAEE
Fig.2 LOL function coloring diagram for dinitropyrazole
fused 1,2,3,4-tetrazine
R2 HAERMMIRR R F R S
Tab.2 Atomization reaction parameters of dinitropyrazole
fused 1,2,3,4-tetrazine

B3LYP/6-31G" A H9
25 s 298k x
E(a.u.) Ejpp(an) AH 7(a.u.) /(I mol”)
C -37.846 28 - - 716.7
H -0.50027 - - 218.0
N -54.584 49 - - 472.7
CeHiNe -559.158 17 0.11021 0.008 66 1566.5
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Fig.3 Molecular structure of TNDPT derivatives

R> R3

Ry R4 N a
\ N J T+ 4CH4—>N\\N N/’N+ CH;R1+ CH3R, + CH3R3+ CH3R4
N\N\ }\I/N =
N=N

Z: 1.R1=Ro=R3=NO,. ONO;. N3. NHNO,. NH;; 2.Ri=Rs=NO,. R;=Rs=NH,;
3.Ri=R3=NO». Ry=R4+=NH; 4.R;=Rs=NHz. R=R;=NO;

&4 TNDPT TR ERR NN

Fig.4 Isodesmic reactions of TNDPT derivatives
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-ONO:. -NHNO:. -NO, %[ 7E TNDPT fif =4+
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Tab.3 Crystal density of TNDPT derivatives
[ wnd%  OB/%  Mx10%g  Vu/A3  vood/(kcaP-mol?) pAg-em?)

TNDPT  41.18  -18.82 5.65 280.06 20.8156 1.955
Al 5000  -57.14 4.65 251.39 41.2867 1.859
A2 5000  -57.14 4.65 248.63 43.0232 1.883
A3 5000  -57.14 4.65 249.13 48.644 8 1.895

B 34.65 0 6.71 327.72 14.1225 1.964
C 7778  -59.26 5.38 300.08 20.1400 1.748
D 49.00  -24.00 6.64 341.04 41.704 5 1.950
E 63.64 -116.36 3.65 225.81 85.154 8 1.770

Y 2% 3 W] A AR5 B AR ALY L 1.748~1.964
g-cm?, TNDPT fiA% B HEME (1.955g-cm™) 552
I (1.960g-cm? ) WV RERG R, BoIE 1314,
FERfabE, Her, {b4&%) TNDPT, B LLK D Ak
BT HMX (1.90g-em? ), BIR-NO,. -ONO, .
-NHNO, ZEF X4 mAH R Ak A 2 e S E
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R RERRHILE RS B, RBE S, X
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Tab.4 Detonation performance of TNDPT and its derivatives

AHGas AHsuy AHsolid D [ &l
ey i (kT 03 B V2E /(kms)
‘mol ™) ‘mol ™) ‘mol ) s 4 KF¥k HKE
TNDPT 1640.12 163.32 1476.80 9.64 4325 3.13 3.04
Al 1533.95 154.94 1379.00 885 3540 291 287
A2 1476.94 152.28 1324.66 888 3588 291 287
A3 1477.76 154.70 1323.06 891 3633 292 287
B 1196.43 216.38 980.05 9.72 44.09 3.15 3.06
C 2902.53 193.48 2709.05 847 3128 284 280
D 1715.68 236.71 1478.97 9.78 4449 3.15 3.06
E 1550.98 160.18 1390.80 847 3147 283 279
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e Je B
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H, frFadsRmsGis s (Amasm) a1,
C-NO2 5 N-NO, 5575 | RS 25 ) Wi, ix ool 5k
SIS HEURUS,, TNDPT K AT A= W60 43 7 H i
23 [ R R B AR 5 PR & 5 HIt5 T RDX 1Y
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Tab.5 Molecular free space and impact detonation data of
TNDPT and its derivatives

hso/em
¢ Vo JAY A —

e g e T W AR AR
TN

TNDPT  288.89 246.68 22347 6542 4648  15.88
Al 25020 22021 198.77 5143 7236 4130
A2 24701 218.10 19720 49.81 76.11  51.72
A3 24544 21875 197.89 4755 7780  47.19

B 341.70 28897 26033 8137 2.51 21.61
C 307.90 260.19 232.87 75.03 13.26  56.55
D 340.74  302.19 272.64 68.10 4.98 37.23
E 20647 196.22 17622 3025 160.10  55.28
RDX 204.20 17529 158.60 45.60 130.32  28.06

WAL, A2 Tl A3 BCTHEE AT R, RIS 7EER
NHAE PO iZE 73— _E 5 | A-NO» FI-NHa X T80/ N i Hr 43
T H A A R, AR UE T -NH 45 gl
B E PR B DTk . M RE SRR L BB [
RLpG i, TNDPT fiiAEYH AL, A2 DU A3 itk
REML T RDX (D=8.754km's", P=34.7GPa®),

3 Zip

WFFERM . & PRI DU (§i75 TNDPT J%
HAT A BAT = B B i A R R, 3 b
() B IRAIR S A AR B EESEIN , AREREE R AR B
IESRE o ARIBUCEEAT B AR PR RE LR
FEEEAIR], -NO2. -ONO,. -NHNO, £:[A1 7] L i 42
FAIRAE AR, Ny XL A A AR
A SRR, BURSE A (D P ] 2E )
BRI NIBUFAIK 7 : -NHNO,, -ONOz, -NOz, N3,
-NHz,

Oy F 0 S AE I hso THAELZEE AL T
TNDPT JLATA M, 1L RDX WS,
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	-57.14
	34.65
	0
	77.78
	-59.26
	49.00
	-24.00
	63.64
	-116.36
	化合物
	ΔHGas
	/(kJ
	·mol-1)
	ΔHSub
	/(kJ
	·mol-1)
	ΔHSolid
	/(kJ
	·mol-1)
	D
	/(km
	·s-1)
	P
	/GPa
	/ (km·s-1)
	K-F法
	H-K法
	TNDPT
	1 640.12
	163.32
	1 476.80
	9.64
	43.25
	3.13
	3.04
	A1
	1 533.95
	154.94
	1 379.00
	8.85
	35.40
	2.91
	2.87
	A2
	1 476.94
	152.28
	1 324.66
	8.88
	35.88
	2.91
	2.87
	A3
	1 477.76
	154.70
	1 323.06
	8.91
	36.33
	2.92
	2.87
	B
	1 196.43
	216.38
	980.05
	9.72
	44.09
	3.15
	3.06
	C
	2 902.53
	193.48
	2 709.05
	8.47
	31.28
	2.84
	2.80
	D
	1 715.68
	236.71
	1 478.97
	9.78
	44.49
	3.15
	3.06
	E
	1 550.98
	160.18
	1 390.80
	8.47
	31.47
	2.83
	2.79

	3  结论

