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Fig.1 Atomic numbering of the titled compounds

¥ 1 HEE%N AM] L ANE (R,
Table 1 Geometries of the titled compounds from AMI calculations

nm, M

()

Bond length and angles I 1] m v EXP")
N1-C2 0.1538 0.1537 0.1535 0.1556 0.1517
C2-C3 0.1580 0.1579 0.1584 0.1570 0.1545
C2-C4 0.1578 0.1580 0.1580 0.1560 0.1534
C3-N5 0.1484 0.1471 01475 0.1514 0.1474
C4-N& 0.1490 0.1470 0.1471 0.1514 0.1485
Ca-Ng 0.1540 0.1540 0.1537 0.1550 0.1493
NE-0O7 0.1192 0.1193 0.1194 0.11349 0.1212
NG-0R 0.1192 0.1194 0.1194 01187 0.1217
N1C2N3 113.24 113.68 113.67 113.98 114.24
C2C1Ns B89.16 BE.O% 89.56 89.46 B6.52
C3C5C4 04.34 96.17 94.41 92.56 095.14
N5C4C2 88.91 89.16 89.11 89.55 86.64
C402C3 BT.80 BT7.25 87.25 88.37 90.34
N1C2N6 110.79 112.97 112.97 113.31 105.64
C3N5N15 119.37 119.60 113.22 113.05 122.40
C3C2N6 114.41 113.55 114.00 112.23 116.24
C2N1010 117.74 120,08 120.61 116.23 118.84
O9N1010 124.87 124.38 124.38 127.18 125.95
C2N607 117.35 117.65 117.72 119.80 117.14
Q8N6OT 124.86 125.20 125.20 126.66 126.55
C4N5N15 119.87 119.37 119.60 113.90 120.44
C4C2N1 113.36 113.24 113.36 114.35 114.54
C4C2N6 114,57 113.81 113.83 112.27 116.24
1) X-Ray diffraction results of compound (1) (ref.[2])
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B3R 2 HA4P R FEAY Wiberg @A, WA HFESD, WX N-O BT 1.5 24, LWL
M N-O BERA (1.83), EBRTEANBBEMNSR. HEMH _HEMNFHS CN (NI-C2H
C2-N6) 8% (0.76-0.79) H&EH L C-N@E (0.91-0.99) I BL, EIESESTFHHRRED
A, REEEAENEE. Kb (1), (0) @ (I & N1-C2 @EHER, (IV) 6 N1-C2 845
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Table 2 Wiberg bond orders between the atoms of the titled compounds from AM1 calculations

Bonds | 1 m v
N1-C2 0.787 0.790 0.793 0.759
Cc2-C3 0.936 0.935 0.931 0.952
C3-Ns 0.948 0.906 0.990 0.912
N1-09 1.493 1.468 1.457 1.448
N1-010 1.481 1.498 1.500 1.563
C2-N6 0.790 0.790 0,794 0.763
C3-H11 0.939 0.942 0.948 (.934
C3-Hi2 0.931 0.940 0.941 (.934
N5-N15 0.854 1.078 0.939% 0.895")
N15-016 1.452 1.829 0.898%)
N15-017 1.458

1) Bond order of N5-H15 ; 2) Bond order of N5-HI16
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Fig.2 Potential energy profile of

breaking N1-C2 bond for

compound (I)
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HEIWAW, it (1) HAE-RENRE (1 N1-C2 7 C2-N6 @I HARmEk
fEILEHE (492 73.81 W 75.42kT-mol ™1 ), {THIE 1.6kT-mol~ . EHIHATFE N-NO, B
BFMIELAE (70201 mol~! ) BEE (3.7kI-mol~'). HHWBEN, M4 (1) B N1-C2
1 N5-N15 @ RE AT AW FR aRDERTHE, ERERRS ELEZE0EM
K 3.7kJ-mol . FH=TMEBMNFBAEESRD, SETHEIIEESY (1) M0

FEMMTH LM CN @EE, R C-N BSRAELERE ( 200kT-mol~! ZH)
&4 (11) & C-NO BNRLREERELE (178.21kI-mol~! ), E{MA TR LRI
MR

3 R, LA (11 R (I) & N1-C2 SRR ELAE (4 5124 76.37 #1 80.87kJ-mol ™)
B (1) BiE4ERE (73.81kI-mol=') FAM. &% (V) BHETEILAE (57.88k]-mol™' ) HW
=EE/E, Wx (V) HHBEERE. SRNMFEDAY N1-C2 8% (Wy—c2, R 2) A
W AT IELE (F., W 3), EAWNEAAHEERTITAE, HoktkmaitN, &
REMNZEFERFHSHELE.

E, = —421.32 + 630.94 x Wpi-c2

3 EMAAME LN AML itaRESR Y (it kJmol ')

Table 3 AM1 calculated energy results of the thermolysis reactions of the titled compounds
Cleavage bond

N1-C2 N5-C3 N5-N15 Neg-C2
Componnd (1)
Exn 2B7.55
Evs 361.36 476.98 357.78 36297
Ep 283.34 430.63 231.63 285 .45
E, T3.81 189.42 T0.23 TH.42
Componmd (1)
En 224,17
Evs 354 41348 402.38
Ep 229.55 340,51 30529
E. 76.37 189.31 178.21
Compamned (m)
Ey 157.66
Ers 23R.53 362.08
Ey 168.33 A0T.NE
E. BO.BT 205.32
Componnd {Iv)
Ey B93.44
Ers 951.32 1095.85
Ep 851.01 T93.65
E, 57.88 202.41

1} Ern, Evs and Ep are heats of formation of reactant, transition state and product,
respectively. E, is activalion energy

R FRROE 0.99. X 5FEHHRF AL 0 A8—2, 3R e v MR A DR
[ 10-0 R T 47 h 5.
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AM1 Study on the Thermolyses Mechanism of TNAZ and Its Derivatives

Zhang Jiaogiang Zhu Chunhua

(Xi'an Modern Chemistry Research Institute, Xian 710061)
Gong Xuedong Xiao Heming

{Nanjing University of Science and Technology, Nanjing 210094)

Abstract SCF-M(O-AMI1 method has been employed to investigate the molecular geometries,
electronic structures and thermolyses mechanism of 1,3,3-trinitro-azocyclobutane(TNAZ) and its
three derivatives. It is found that the Wiberg bond orders of C-N bends connecting with gem-
dinitro in these compounds are relatively smaller, and therefore, homolysis by breaking these bonds
requires relatively low activation energies, and is probably the predominant initial reaction of ther-
molysis. A good linear relationship exists between the Wiberg bond orders of C-KO; bonds of four

titled compounds and the activation energies of the reaction of breaking this bond. The correlation
coefficient is (.99,

Keywords: TNAZ, AMI1 method, Thermolysis mechanism, Activation energy
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