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Density Functional Theory of 6,6'-Diamino-oxidation of
Azo-1,2,4,5-tetrazine-1,1’, 5,5"-4+oxide Compound

LIN Qiu-han, LI Yu-chuan, QI CaiyLIU Wei, SUN Cheng-hui, PANG Si-ping
(School of Material Science, Beijing Institute of Techholegy, Beijing 100081, China)

Abstract; DAATOS is studied on theoretical level. The optimized molecular structure and infrared vibrational
spectra of DAATOS5 were obtained using densitynfunctional theory (DFT) at B3LYP/6-31G* level. The accurate
heat of formation 713k]J/mol of DAATO5was obtained via isodesmic reaction. Based on the calculated density, the
detonation performances were predicted by the Kamlet-Jacobs equation. The results show that DAATOS5 meets the
requirements of HEDM with density of 1. 904 g/cm?®, detonation velocity of 9. 33km/s and detonation pressure of
39. 9GPa, founding that the N-oxidation reaction not only can increase the oxygen balance of DAAT, also can
greatly improve the chemical properties (such as density, detonation velocity and detonation pressure) of these
compound.
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Fig.1 The molecular structure and atomic number of DAATOS
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Table 1 Some optimized bond length of DAATOS5

Bond 1en§‘?:;i nm Bond lenz?:;i nm
N(1)—N(2) 0.1342 N(8)—H(23) 0.1010
N(1)—C(6) 0.1372 N9 —C5 0.1412
N1 —0 0.1253 N(10)—N(11) 0.1343
N(@2)—C(3® 0.1322 N@O0—C@15) 0.1333
C(3)—NM@ 0.1321 NAD—CA2) 0.1367
C(3)—N( 0.1477 NAD—08  0.1256
N(4)—N(5) 0.1345 C(12)—N@a13) 0.1369
N(5)—C(6) 0.1371 C(12)—N@16) 0.1344
N(GY—0A7) 0.1253 N(13)—N14) 0.1340
C(6)—N(® 0.1334 N(13)—0(20) 0.1255
N(7)—N() 0.1280 N(14)—C(15) 0.1335
N(7H)—0@1) 0.1237 N(@16)—H(24) 0.1012
N(@)—H(22) 0.1010 N(@16)—H(25) 0.1012
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Table 2 Some optimized bond angle of DAATOS

Bond Bond Bond Bond
angle/ ()

angle/(°)

N(@2)—ND)—C(6) 121.0 H(22)—N(8)—H(23) 123.9
N(2)=N1)—-0(19) 121.0 N(7)—N(9)—C(15) 115.5
C6)—ND—-0019) 118.0  N(11)—N(10)—C(15) 114. 4
N —N(@2)—=C(3) 113.7  N(10)—N11)—-C(12) 121.4
N@2)—C(3)—N4)  131.2 N10)-NID-08)  120.7
N@)—-C@)—-N()  113.5 C12)—-NID-0318)  118.0
N@—-C)—N(T) 1153 NAD-C12)—-NU3)  119.3
C—-NM@-N()  113.6 NAD—-C12)—N16)  120.4
N(4)—N(G)—=C(6) 1210 N(13)—C(12)—N(16) 120. 3
N@4)—N(G)—-017) 120.9  C(12)—N(13)—N(14) 121.2
CE-NG)-0a7n 1181  CAD-NA)H—0(20)  117.9
N()—C(6)—N()  119.5 NI49)-N13)—0(20)  120.8
N()—C(6)—N@®)  120.2 NA)H-NA4)—CU5) 1146
NG)—C(6)—N(®)  120.2  N(O—CUI5-N10)  113.2
C3)—N(M =N 113.4  N(9)—C(15)—N(14) 117.5
C3)—=N(MH—=0@2D 116.5  N(10)—C(15)—N(14) 129.0
N9 =N -0 130.1  C(12)—N(16)—H(24) 115.9

C(12)—N(16)—H(25) 116.0

C(6)—N(8)—H(22) 118.0
C(6)—N(8)—H(23) 118.1  H(24)—N(16)—H(25) 121.5
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Table 3 Some optimized dihedral angle of DAATO5

Pond Dihedral Pond Dibedral
angle/(*)

angle/ ()
N(@)—-C@3)-N@-N@©) ~ 137.4

N(2)—-N(1)—-C(6)—N(5) 0.4
N@)-ND-CE-NE®  —179.6 N@)—CR)-N{)-02D), | L1
N@#)—C3)—N(T) =N | 1 —44.4

0(19-ND—-C@E)-NG)  —179.6
N(1)—C(6)—N(8)—H(23) 0.4 N -CR¥NM =02  137.1
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Fig. 2 IR spectrum of DAATO5 at BSLYP/6-31G*
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Table 4 Total energy(E,), zero point energy,values of

thermal correction(HT) and heats of formation (AtH.,)

Compd.— EfGau) 4y -Er:él*l) (k] H nllél*l) <k]A-fi:1/*l)

DAATO5  —1187.4990 374,29 48.05 713
HNO,  —205.69521 51. 30 11.00 —gobed
DAAT  —811.63560 316. 23 38. 29 862
HNO,  —280.87856 66. 80 11.90 — 1351
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Table 5 Properties of DAATOS5 and traditional

high energy density materials

AH,, D

Compd. @ .anis) & .* mol/*l) o ./571) p/GPa
DAATOS5 1.904 713 9.33 39.9
DAAT 1.78 862 7.40 24.1
HNIW 2. 04 596 9. 82 46.0
HMX 1.77 — 250020 9.10 39.0
RDX 1.77 —192020 8. 25 29.9

3 & it

(1) N-FALRBLE—F A& 95| #E 8 R T 59
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(2) N-FALR LB A IR DAAT MH

fEH M 1. 78g/cm® # E 1. 904 g/cm?® (B X %KL E
YR R PGE BN, INZ 5 B AR FiE
TREMBNEEMAERREEHBHBR, F15
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