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skeleton atoms of related substances at the

B3LYP/6-31G" level

Electron density distribution for the circular

DPT a1 ks
BT Afs  BP wfs  BF WTA
Fe #E/e JFS 0 HE/e BT EEe
C(1) -0.01668 C(1) -0.05875 C(1) 0.00182
C(10) -0.01668 C(10) -0.02131 N(10) -0.31909
N(15) -0.31078 N(15) -0.36894 C(19) -0.05733
C(3) -0.01668 0(29) -0.61344 0(29) -0.59518
C(23) -0.08555 N(14) -0.28455 N(12) -0.37770
C(2) -0.01668 C(2) -0.03591 C(2) 0.01972
N(13) -0.37324 N(13) -0.28863 N(11) -0.31894
N(16) -0.37324 N(16) -0.30791 N(22) -0.27450
N(14) -0.31078 C(3) -0.01208 C(3) =-0.00537
— — C(27) 0.08143  C(26) 0.05741
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Tab.2 Bond length distribution for the circular skeleton of related substances at the B3LYP/6 —31G" level

DPT &Y 1 & I

flF M /nm fh ik K /nm e B /nm
C(1)—N(13) 0. 1450 C(1)—N(15) 0.1432 C(1)—N(12) 0.1447
C(1)—N(15) 0. 1487 C(1)—N(4) 0. 1485 C(1)—N(10) 0. 1469
C(2)—N(14) 0. 1487 C(2)—N(6) 0.1448 C(2)—N(11) 0.1459
C(23)—N(6) 0. 1465 C(10)—N(15) 0.1424 C(19)—N(22) 0.1490
C(10)—N(6) 0. 1450 0(29)—C(27) 0.1397 C(19)—N(12) 0.1436
C(2)—N(16) 0. 1450 C(27)—N(15) 0.1471 0(29)—H(30) 0.0973
C(3)—N(13) 0. 1450 C(2)—N(13) 0. 1465 C(2)—N(10) 0. 1465
C(3)—N(14) 0.1487 C(3)—N(14) 0.1449 C(3)—N(11) 0.1469
C(10)—N(5) 0. 1487 C(3)—N(13) 0.1095 C(3)—N(12) 0.1452
C(23)—N(13) 0.1465 C(10)—N(16) 0.1502 N(22)—C(26) 0.1472
— — 0(29)—H(30) 0.0973 0(29)—C(26) 0.1398
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Tab.3 Wiberg bond order for the circular skeleton of related substances at the B3LYP/6 —31G" level

DPT a1 [a=x7/I|

s e s L b dt e
C(1)—N(13) 0.9951 C(1)—N(15) 1.0017 C(1)—N(12) 0.9747
C(1)—N(15) 0.9948 C(1)—N(14) 0.9008 C(1)—N(10) 0.9379
C(2)—N(14) 0.9948 C(2)—N(16) 0.9564 C(2)—N(11) 0.9498
C(23)—N(16) 0. 9640 C(10)—N(15) 1.0223 N(13)—N(10) 0.8425
C(10)—N(16) 0.9951 0(29)—C(27) 0.9598 C(19)—N(12) 1.0071
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— — 0(29)—H(30) 0.7269 0(29)—C(26) 0.9765

— — C(27)—N(15) 0.9316 — —
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Tab.4 Bond dissociation energies of related substances calculated by B3LYP/6-31G" level
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Theoretical Calculation for the Nitrated Process of 3, 7-dinitro-1,3,5,7-tetrazabicyclo[ 3. 3.1 | Nonane

XU Jian, WANG Pengcheng, LU Ming
School of Chemical Engineering, Nanjing University of Science and Technology (Jiangsu Nanjing, 210094 )
[ ABSTRACT]
1,3,5, 7-tetraazacyclooctane ( HMX) was studied using density functional theory at the B3LYP/6-31G™ level. Several

The nitration process of 3 ,7-dinitro-1,3,5,7-tetrazabicyclo[ 3. 3. 1 ] nonane ( DPT) to 1,3,5,7-Tetranitro-
important factors such as the electron density, bond length, bond order and second-order perturbation energy were
calculated. The results show that, because of the influence of bond length and bond dissociation energy, the nitration of
DPT not only leads to the intermediate with eight-membered ring but also six-membered ring. Besides that, byproducts
would generate in the nitrolysis of the eight-membered ring products to HMX, which was affected by the bond dissociation
energies and the second-order perturbation energy. Therefore, the nitration process is affected both by experiment and
molecular structure. Through calculation, the quantum chemical parameters microscopically provide the intrinsic reasonable
explanation why the yield of HMX is limited in industrial production.

[KEY WORDS] nitration; DPT; HMX; density functional theory



