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Table 1 Bond lengths on rings of furazan radical
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bond length

O01—N5 O1—N2 N2—C3 C4—N5 C3—C4

JE 5 SR A T —— 5 S AR U double-radical  1.397
B S TAHE, B A i 2EmE A IR (3) B (I single-radical  1.364
%3) Au_o v B H RN FRARBEREM (XS C, furazan 1.356

1.397
1.387
1.356

1.267 1.267 1.411
1.269 1.305 1.407
1.304 1.304 1.408
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Table 2 Mulliken charge of atoms on rings of furazan and its radicals

e

atom 01 N2 C3 C4 N5 net charges on the ring
double-radical -0.132 -0.005 0.071 0.071 -0.005 0.000
single-radical -0.126 -0.022 0.035 -0.172 -0.027 -0.312
furazan -0.121 -0.036 -0.197 -0.197 -0.036 -0.587
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Table 3 Bond angles on rings of furazan and its radicals (°)
bond angles N5—O01—N2  O1—N2—C3  N2—C3—(C4 C3—C4—N5 C4—N5—01 total angles of the ring
double-radical 109. 05 105.50 109.98 109.98 105.50 540.01
single-radical 110.52 104.25 112.01 106.78 106. 44 540.00
furazan 111.65 105.48 108.70 108.70 105.48 540.01
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Table 4 Vibration frequency of furazan and its radicals em ™
double-radical ~ 557.45 597.76 638.93 726.38 769.17 913.89 1248.20 1473.15 1522.02
single-radical 600.64 645.94 801.84 838.40 894.29 989.25 1079.21 1277.73 1428.46 1535.64 3196.70
furazan 657.96 663.23 811.41 838.30 862.71 909.77 958.64 1041.74 1051.63 1148.63 1331.65
1444.66 1556.03 3181.78 3195.60
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Table 5 Thermodynamics properties of furazan and its radicals( ZPVE is included)
K double-radical single-radical furazan
S Cp H G S Cp H G S Cp H G
25.00 177.7 33.3 51.3 46.9 178.5 33.3 84.5 80.0 179.4 33.3 118.4 113.9
100. 00 223.8 33.7 53.8 31.5 224.7 33.5 87.0 64.5 225.5 33.4 120.9 98.3
200. 00 249.3 42.6 57.6 7.7 249.6  41.4 90.6 40.7 250.0  40.4 124.5 74.5
298.15 268.8 55.9 62.4 -17.7 268.9 56.5 95.4 15.2 269.1 57.0 129.2 49.0
400. 00 286.9 67.7 68.7 —-46.0 287.7 71.6  102.0 -13.1 288.5 75.1 136.0 20.6
500. 00 303.0 76.5 75.9 -75.6 305.0 83.5 109.7 -42.8 306.9 89.7 144.2 -9.2
600. 00 317.6 83.2 84.0 -106.6 321.0 92.5 118.5 -74.1 324.3 101.1 153.8 -40.8
700. 00 330.8 88.2 92.6 -139.0 335.8 99.3 128.2 -106.9 340.5 109.9 164.3 -74.0
800. 00 342.8 91.9 101.5 -172.7 349.4 104.6 138.4 -141.2 355.7 116.8 175.7 -108.8
900. 00 353.8 94.7 110.9 -207.5 362.0 108.7 149.0 -176.8 369.8 122.3 187.7 -145.1
1000. 00 363.9 96.9  120.5 -243.4 373.6 112.1 160.1 -213.6 382.9 126.9 200.2 -182.8

note: The unit of S,Cp is J - mol '
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Table 6 Fukui functions and frontier orbitals of furazan and its radicals

molecules double-radical single-radical furazan
surface
electrophilic
fC-) 4-)
=
( ,‘@(@oﬂ@ 7
slice @“@A\t@/ @
G(‘.__:«'@
©©
surface
Fukui nucleophilic
functions f(+):
slice
radical
f(0) :
slice
HOMO
frontier
orbitals
LUMO

-0.130 -0.117 -0.104

AE = Ey o = Enovo 0.090 0.105 0.188
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Theoretical Study on Structures and Properties
of Furazan and its Radicals

ZHANG Chao-yang, SHU Yuan-jie, WANG Xin-feng,
HUANG Yi-gang, DONG Hai-shan, LI jin-shan
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The structures and properties ( geometrical optimization, molecular vibration , thermodynamics,
activation of reaction and stability) of furazan and its radicals are studied theoretically by using DMol’.
The calculated results show that there are weak conjugated effects on rings of furazan and its radicals, the
N—O bonds are the weakest on rings; the order of molecular stability is furazan > single-radical > double-
radical ; the rings have a certain ability to accept electrons from H atoms which connect with them and be-
come more stable consequently; the double-radical has some electrophilic ,nucleophilic and radical abili-
ty ,single-radical takes the second place and furazan is the most inertial ; N atoms on all molecules proba-
bly have certain activations of reactions.

Key words: physical chemistry; DMol® ; furazan and its radical ; molecular structure and property
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