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Table 1 Bond lengths and bond angles of ATO
bond experiment I I I v Vv Al VI

0—C(2) 0.1224  0.1231  0.1231  0.1230  0.1227  0.1227  0.1227  0.1237

N(1)—C(1) 0.1357  0.1377  0.1376  0.1377  0.1378  0.1377  0.1379  0.1357

N(1)—C(2) 0.1381  0.1421  0.1421  0.1420  0.1420  0.1420  0.1421  0.1393

bond lengths/nm N(1)—N(4) 0.1402  0.1408  0.1408  0.1409  0.1404  0.1404  0.1405  0.1391
N(2)—C(1) 0.1300  0.1310  0.1310  0.1310  0.1307  0.1307  0.1309  0.1305

N(2)—N(3) 0.1387  0.1388  0.1388  0.1388  0.1386  0.1386  0.1387  0.1382

N(3)—C(2) 0.1360  0.1384  0.1384  0.1383  0.1385  0.1384  0.1386  0.1358

C(1)—N(1)—C(2) 109.3 108. 8 108. 8 108.7 108.7 108.7 108. 8 108.6

C(1)—N(1)—N(4) 124.7 125.7 125.6 125.9 125.2 125.2 124.9 125.8

C(2)—N(1)—N(4) 125.9 125.5 125.5 125.4 126.1 126.1 126.3 125.5

C(1)—N(2)—N(3) 104.5 103.7 103.7 103.6 103.7 103.7 103.7 105.0

bond angles/( °) C(2)—N(3)—N(2) 112.4 114.6 114.6 114.6 114.7 114.7 114.8 112.3

N(2)—C(1)—N(1) 1.1 112.2 112.2 112.2 112.2 112.2 112.2 1.1

0—C(2)—N(3) 129.7 131.7 131.7 131.7 131.2 131.2 131.2 130.5

0—C(2)—N(1) 127.7 127.6 127.7 127.6 128.2 128. 1 128.3 126.5

N(3)—C(2)—N(1) 102.6 100.7 100.7 100. 8 100.6 100. 6 100. 6 103.0

3.2 Mayer #Z % 2 JRFiE Mayer $#Z
2 B H ATO 4> F 5 T [a] Mayer %g&m] , Mayer Table 2 Atom-atom Mayer bond orders

SR oh % P RN S AR M ST AR, B AR WA AU bond I i i v v Vi
[ p s, T LA r] B S, A X 188000 1Y 52 i 0—C(2) 1.7369 1.7338 1.6841 1.7486 1.7450 1.9191
K AR H AT B2 0, At LT 43 Mayer & N(1)—C(1) 1.1707 1.1724 1.1455 1.1583 1.1597 1.3325
P T RS A . 1LV VI N(1)—C(2) 1.0915 1.0922 1.0855 1.0819 1.0826 1.1688
- . X i N(1)—N(4) 0.9668 0.9667 0.9282 0.9547 0.9551 1.0570
s VEERER L TLon R E A SE P RN PR L A Mayer N(2)—C(1) 1.7128 1.7139 1.7008 1.7192 1.7208 1.6477
gy AR T VIO T R A K s ik, NV N(2)—N(3) 1.1006 1.1029 1.0770 1.1008 1.1028 1.1704
B RBUEE ,N(1)—N(4) B9 JR T (8] Mayer £ 2% fx N(3)—C(2) 1.1417 1.1441 1.1235 1.1263 1.1285 1.2228
JIN TSR3 it Bk AR R 25 5 e e W 4 3 5 b Ry T B N(3)—H(3) 1.1163 1.1154 1.1139 1.1331 1.1324 1.0958
S B B BR B N (1)—C(2) N(4)—H(4A) 1.0778 1.0770 1.0725 1.0984 1.0977 0.9557
. . N(4)—H(4B) 1.0774 1.0772 1.0719 1.0975 1.0969 0.9680
N(3)—C(2)Hy Mayer S 2242 N(1)—C (1) /b, X C(1)—H(1) 1.0079 1.0072 1.0285 1.0119 1.0112 0.9214

TECR A i P 5 A R SR B, 5 s — 80
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Table 3 Some frontier orbital energy data and the main atomic orbital percentage in HOMO and LUMO

frontier orbital energy and AE, ,/eV

main atomic orbital percentage in HOMO and LUMO/ %

EII(JML) E]AUM() AEI.-H * HOMO LUMO

0 :30.71 N(1):12.01 N(1):5.83 N(2):30.69

I -3.620 -0.939 4.681 N(2):19.70 N(3):18.97 N(3):7.10 C(1).48.70
0 :30.72 N(1):12.04 N(1):5.84 N(2):30.68

I -3.612 -0.931 4.681 N(2):19.73 N(3):18.93 N(3):7.10 C(1):48.70
0 :30.65 N(1):12.02 N(1):5.85 N(2):30.70

I 3617 0.937 4.680 N(2):19.67 N(3):18.99 N(3):7.10 C(1):48.71
0 :30.31 N(1):11.99 N(1):5.70 N(2) :30.60

vV -5.635 -0.937  4.698 N(2):19.59 N(3):19.22 N(3):7.01 C(1):48.67
0 :30.28 N(1):12.00 N(1):5.71 N(2):30.61

v 5.628 0.930 4.698 N(2):19.63 N(3):19.20 N(3):7.03 C(1):48.66
0 :30.07 N(1):11.36 N(1):3.82 N(2) :30.20

VI -5.582 -0.907 4.675 N(2):19.25 N(3):18.34 N(3).7.17 C(1):49.34

Note: AE; 4 =Eyno — Enono

4 FETFEBET
Table 4 Atomic charges of the title compounds e 8

8 I I m v \Y Vi

atom 6-__/

0O  -0.5789 -0.5794 -0.6252 -0.5935 —-0.5943 -0.454

N(1) -0.0843 —0.0846 —0.0474 -0.1061 -0.1074  0.8562 3 41

N(2) =-0.2639 —0.2621 -0.2682 -0.2545 -0.2523 -0.4702 =

N(3)  0.0718 0.0728 0.0615 0.0898  0.091 0.5922 2 27

N(4) =-0.1414 -0.1402 -0.2156 —-0.0266 -0.0241 -0.7937

C(1) 0.4192  0.4180 0.3771 0.4354 0.4337 -0.1468 Ay

C(2) 0.5706 0.5702 0.6064 0.5906 0.5911 -0.1535 , ]

H(1) -0.1086 -0.1095 -0.0722 -0.1261 -0.1267  0.1014 s 7T v SX U R

H(3) -0.0154 -0.0162 0.0078 —0.0405 -0.0421 -0.1949 k point

H(4A) 0.0648 0.0657 0.0871 0.0157 0.0157 0.3352
H(4B) 0.066 0.0653 0.0886 0.0156 0.0152 0.3281

2 ATO RYREA &5 14
Fig. 2 Energy band structure of ATO
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Theoretical Study on Molecular Structure
and Crystal Band Structure of 4-Amino-1,2 ,4-triazol-5-one

YAN Biao', MA Hai-xia', SONG Ji-rong'~
(1. College of Chemical Engineering/Shaanxi Key Laboratory of Physico-Inorganic Chemisiry, Northwest University, Xi'an 710069, China;
2. Conservation Technology Department, the Palace Museum , Beijing 100009, China)

Abstract; The density-functional theory ( DFT) method of the Amsterdam density functional ( ADF) was used to calculate the
geometlry and frequency of 4-amino-1,2,4-triazol-5-one (ATO). The calculated results were compared through varying basis sets
and relativity effect. The geometry, Mayer bond orders, net charges of atoms, frontier orbital energy and the main atomic orbital
percentage were calculated. Results indicate that the basis sets in ADF program have a great influence on the calculation. Results
obtained by the basis set of TZP are good conformity with the experimental. The crystal field theory was used to calculate the energy
band structure and density of state (DOS) on ATO. The properties of ATO are similar to insulators.

Key words: physical chemistry; density functional theory (DFT) ; 4-amino-1,2,4-triazol-5-one (ATO) ; crystal band structure
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Pattern Recognition for Images of Explosion Fireball of

Condensed Explosives Based on Fisher Criterion

Yl Jian-kun' , WU Teng-fang®, PENG Jian-xiong®, ZHAI Guo-feng’
(1. Artillery Academy of PLA, Hefei 230031, China;
2. Engineering Institute of Engineer Corps PLA University of Sci. & Tech. , Nanjing 210007 , China;
3. Preparatory Office for Navy Unit of PLA, Beijing 100841, China)

Abstract: To investigate the feasibility of discriminating explosive type with RGB image of fireball of explosion, the curves of time
vs area with intensive light on the images were obtained on the basis of a lot of photographs of explosion of condensed explosive with
small dosage (30 g) by the high speed photography, and multi-dimension eigenvector space to describe firelight of explosion of
condensed explosives was built by using feature parameters of configurations of curves of area vs time. And finally the linear
three-type pattern recognition with optimal eigenvector was made by applying three-type Bayes’s decision rule and generalized fisher
criterion. The test data of TNT, RDX, HMX were discriminated. Results show that the inaccuracy is 10.07% of pattern recognition
built by the training set, while it is 17.48% of pattern recognition with using Jackknifing method in the total sample sets.

Key words; explosion mechanics; light of explosion; Fisher criterion; pattern recognition
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