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Fig.1 The molecular structures and atom numbering of TO
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Table 1 Bond lengths (nm) ,bond angles (°) and dihedral

angles (°) of the two isomers

I I

HF B3LYP experiment'® HF B3LYP
a2 0.1266  0.1299  0.1291 0.1370  0.1379
s 0.1369  0.1374  0.1361 0.1266  0.1291
o 0.1368  0.1378  0.1375 0.1399  0.1411
o 0.1357  0.1383  0.1346 0.1401  0.1428
rys 0.1379  0.1404  0.1355 0.1404  0.1418
Tis 0.1197  0.1218  0.1238 0.1184  0.1209
Asis 112.0 112.1 111.1 115.8 115.6
Aias 104. 4 103.8 104.8 103.1 103.6
Asay 113.5 114.4 111.5 106. 4 106.3
Asys 101.7 100.7 104.4 107.4 107.2
Asag 129.8 130.2 126.9 124.5 124.3
Asag 128.5 129.0 128.7 128.0 128.5
Aisa 108.3 108.9 108. 1 105.5 105.5
Ds o5 -0.0174  -0.0293 10.108  10.9187
Dyisy  0.0404 0.052 -2.7002  -3.3406
Di,54 -0.0124 -0.0038 -12.8922 -13.4513
Dyas 0.035 0.0328 12.0389  12.1802
Di,s; -0.0431 -0.0482 -6.0031 -5.7003
Deysy  179.8991 179.9632 173.4238  174.2108
Dysae  —179.9061 —179.9788 -167.4129 - 167.7356

Note: r-bond length( nm) , A-bond angle( °) ,D-dihedral angle(°).
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Table 2 Population analysis for the two isomers
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Table 3 Atomic charges of the title compounds

| I

atom HF B3LYP HF B3LYP

Cl 0.368012 0.308854 0.382496 0.300415
N2 -0.297280 -0.279883 -0.458535 -0.355937
N3 -0.538516 -0.401753 -0.503939  -0.399862
C4 0.973807 0.742837 0.872628 0.660596
N5 -0.751686  -0.565233 -0.571962 -0.450615
06 -0.629370 -0.521204 -0.575049 -0.484054
H7 0.193435 0.139825 0.195776 0.141709
H8 0.341824 0.291624 0.326380 0.293134
H9 0.339774 0.284932 0.332205 0.294614
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- B o L HE, & BLHE, MP2 1 B3LYP 145 A [F ) K /b HE
Pia 0.600347 0.525712 0.301313 0.291283 X e s 3 o .
Pis 0.293719  0.318386 0.542397  0.495481 > T RMBATH R FRE R T > o Mk 4
Pra 0.220605  0.231291 0.167346  0.186435 B9 HF A B3LYP 25 A mf WL, T M By T I
b 0292053 02901 0200 02057 FIAHUEAER(AR) Bk, U1 T 0 1L R
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Table 4 Molecular total energies, frontier orbital energy levels and its gap (in Hartree)
Eloml EH()M() ELUM() AE
MP2 HF B3LYP B3LYP HF B3LYP HF B3LYP
1 -315.6907354 -315.6951518 —317.4952943 —-0.34961 -0.22971 0.18108 0.01211 0.53069 0.24182
I —315.4834064 -315.671287 -317.4699671 -0.38289 -0.24960 0.12352 -0.03504 0.50641 0.21456
note: AE =Eyyyo = Eyoyo-
3.4 RFHE 1790 em ™' (B3LYP) , 22 B 43 #r , b &b f1%) 1% oA e ify 52
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H12E 5 WL, 3 TG 1, kA C=0 76 1704 em ™
Kb A7 B AR W R TS 1789 em T (HF) AN
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1258 em ™) M, XTSI, 7E 1791 em ™' 4b
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Table 5 Scaled vibration frequencies and intensities (cm ™)

for the two isomers(km - mol ')

| I
HF B3LYP  experiment!®] HF B3LYP

207(22) 211(13) 235(0.2)  242(0.2)
401(9) 405(6) 468(39) 482(15)

471(13) 458(9) 508(7) 511(22)
487(295)  487(232) 541(91) 520(99)

631(15) 638(8) 686(296) - 634(281)
722(10) 710(9) 713 752(101) 737(44)
759(40) 712(7) 800(96) 756(50)
888(8) 794(17) 878(25) 868(17)
902(37) 891(32) 926(45) 892(37)
977(25) 961(17) 959(24) 904(9)

1027(46)  1022(23) 1044(0.8)  1028(4)
1077(0.6)  1076(2) 1125(17)  1096(32)
1206(28)  1172(30) 1211(82)  1163(66)
1313(25)  1278(18) 1258 1322(68)  1280(21)
1374(0.5)  1332(4) 1353(37)  1304(18)
1388(50)  1370(39) 1412(53)  1381(36)
1641(59)  1560(33) 1568 1618(257)  1567(144)
1789(860)  1790(591) 1704 1825(662)  1792(438)
3070(1)  3150(0.8) 3091 3028(6) 3097 (4)
3503(131)  3548(91) 3382(50)  3402(29)
3520(120)  3556(80) 3422(62)  3445(40)
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Theoretical Study on the Structure and Properties of 1,2 ,4-triazol-5-one

MA Hai-xia'*, XIAO He-ming', SONG Ji-rong®, HU Rong-zu’, WEN Zhen-yi’
(1. Department of Chemistry, Nanjing University of Science and Technology, Nanjing 210094, China;

2. Department of Chemical Engineering/ Shaanxi Key Laboratory of Physico-Inorganic Chemistry, Northwest University, Xi'an 710069, China;
3. Modern Physics Institute, Northwest University, Xi'an 710069, China)

Abstract: Two isomers of 1,2 ,4-triazol-5-one: 1,2 ,4-trihydro-1,2,4- triazol-5-one ( 1 ) and 2,3,4-trihydro-1,2,4-triazol-5-one

(1) were fully optimized by HF/6-31G" " and B3LYP/6-31G" .

31G* " //B3LYP/6-31G " "

The total energy calculation was also performed by MP2/6-

The geometry, electron structure, net charges of atoms and vibration spectroscopic properties were

calculated. The stabilities of the two compounds were analyzed and compound [ was more stable than Il which is consistent with the

experimental results.

Key words: physical chemistry; 1,2 ,4-triazol-5-one; stability; ab initio; density function



