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Fig.1 The structure of pyridone azo
compounds
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The optimized geometry based on
B3LYP/6-311G* method
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Table 1  Partial data of optimized geometry parameters
Compd. Inn¥/nm Zo
1 0.1294 -0.392
2 0.1304 -0.373
3 0.1300 -0.363
4 0.1303 -0.386
5 0.1299 -0.383
6 0.1292 -0.391
7 0.1294 -0.403
8 0.1309 -0.352
9 0.1312 -0.367
10 0.1325 —-0.334

a)lx-n:ithe length of nitrogen-nitrogen bond; b)Zy:the average

net charge on oxygen of carbonyls in pyridone
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Table 2 Part of calculated results by NBO analysis
Compd. Donor Acceptor E/KJ -mol™

1 LP* N, BD** N=C, 239.40
BD*® Ng=N, BD* C,=Cy 73.10

LP N, BD* Ng=C, 212.20

2 BD Ng=N, BD* C,=Cy, 68.20
; LP N, BD ™ Ng=C, 222.60
3 BD Ng=N, BD* C,=Cy 70.52
4 LP N, BD " Ng=C, 217.24
BD Ng=N, BD* C,=Cy, 69.12

5 LP N, BD ™ Ng=C, 225.60
BD Ng=N, BD* C,=Cy, 70.93

LP N, BD " Ng=C, 450.36

0 BD Ng=N, BD* C,=Cy, 96.56
LP N, BD ™ Ng=C, 291.36

! BD Ng=N, BD* C,=Cy 79.76
LP N, BD " Ng=C, 325.24

8 BD Ng=N, BD* C,=Cy 73.12
9 LP N, BD ™ Ng=C, 254.68
BD Ng=N, BD* C,=Cy, 71.04

10 LP N, BD " Ng=C, 186.18
BD Ng=N, BD* C,=Cy, 61.96

a) LP:the lone pair electron; b) BD*:2-center antibond;
c) BD:2-center bond; The number of compd. same as

Fig.2
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Table 3  Observed visible absorption maxima and corresponding calculated results
Compd. Agps /MM Aw/nm T;:Zf: OWF_* ZINDO/S Ao
1 433 460 439.12 0.525 433.83
2 435 433 440.43 0.504 435.54
3 423 431 426.62 0.498 423.25
4 429 431 431.07 0.515 429.38
5 423 429 426.85 0.513 423.81
6 457 449 462.32 0.521 456.76
7 442 437 448.77 0.533 442.35
8 455 466 460.25 0.485 455.59
9 431 435 436.16 0.492 431.48
10 435 462 442.91 0.461 435.73

a)\y: the observed visible absorption maxima; b)Ay: calculated visible absorption maxima based on PPP method”®; ¢)OWF,., :

-1 overlap weighting factor
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and Z,
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Table 4  The contributive percentage of component atoms to HOMO and LUMO

Compd. 1 2 3 4 5
orbital HOMO LUMO HOMO LUMO HOMO LUMO HOMO LUMO HOMO LUMO
Cl 3.20 1.52 2.53 3.50 3.76
C2 7.02 7.92 8.68 6.45 6.36
C3 15.36 16.77 13.83 16.82 15.84
C4 221 243 2.56
C5 8.27 8.98 6.89 8.05 9.22
Co6 15.28 10.64 12.23 13.51 12.98
N7 22.68 7.89 24.50 3.82 22.56 5.33 19.71 6.75 20.89 5.89
N8 30.12 2.44 27.45 2.77 30.87 30.52 2.19 30.08
Cc9 9.57 11.25 9.25 12.32 8.55 12.65 8.23 10.92 10.09 11.97
C10 15.21 10.62 1.38 13.15 11.67 13.32
Cl11 6.98 10.52 6.67 9.21 8.01 10.92 5.96 10.08 7.81 10.03
Cl12 6.44 6.87 6.78 7.68 5.59
N13
Cl4 5.12 4.49 5.26 5.65 5.19
C15
Clo
N17 2.11 2.87 2.32 2.36 2.58 3.44 1.83 2.62 2.29
018 1.85 4.43 1.94 3.94 2.06 4.51 1.62 4.08 2.84 4.58
019 1.97 5.63 5.52 6.06 1.82 6.01 1.61 5.76
C20
N21/C21 3.35
022/N22/C22 1.52 2.29 6.18
023 1.52 2.29
024
025
Compd. 6 7 8 9 10
orbital HOMO LUMO HOMO LUMO HOMO LUMO HOMO LUMO HOMO LUMO
Cl 6.04 5.35
C2 5.83 6.87 14.04 13.37 12.79
C3 19.28 19.04 14.35 15.74 16.56
C4 5.02 3.58 5.12 4.84 3.64
C5 9.23 8.43 2.85 5.01 5.98
Co 18.28 16.84 12.77 2.03 12.75 12.37 2.82
N7 15.86 7.69 17.52 8.54 20.28 4.42 21.02 4.65 20.87 1.96
N8 30.64 30.49 2.13 22.57 2.35 27.07 3.29 20.76
Cc9 7.96 11.25 10.07 9.22 8.08 10.42 8.50 12.02 6.83 12.88
C10 12.93 14.08 9.69 11.18 1.87 8.57
Cl1 5.03 10.02 5.54 9.60 5.14 7.59 7.39 9.56 6.57 8.68
C12 6.95 6.84 545 6.92 5.87
N13
Cl4 5.67 5.32 3.94 4.68 3.50
C15
Clo
N17 1.98 1.77 2.47 2.05 2.36 2.32 2.49 2.33 2.14
018 4.36 1.68 4.66 1.67 3.97 1.65 4.28 3.29
019 5.02 5.660 5.83 5.67 4.83
C20
021/C21 6.57 2.46 9.33
022/N22/C22 4.75 1.78 6.05
023/N23 4.81 1.77 6.17
024/C24 3.55
025 5.09

AL e AR L. HOMO £l N7 FIZEERME BT 0 )5 6 0 IE %) ok B 20820, N8 it i 24
TR F2H R, T LUMO N 322 fy N8 AR BEREFR K mbBERR F W H 75t Ui Al sk BH 4 n, 524
BRI B L F4H . AN HOMO 2| LUMO, N7 fIRI  ZR3R B A 25 W L, mHE e 3R S 30 1 0 i - 36 1)
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Table 5 The observed visible absorption maxima and corresponding predicted results of other
pyridone azo compounds
Substituent o /nm Aw/nm ZINDO/S
Z5 OWEF,. Aea/nm
R=H R=H R;=CN R=CH, 425 450 —-0.386 0.516 430.36
R=0OCH; R=H Rs=H R=CH, 454 - —-0.402 0.533 451.29
R=0OCH; R=H Rs=H R,=C;H/OCH, 456 - -0.413 0.544 452.47

a)Aws the observed visible absorption maxima; b)Ag: calculated visible absorption maxima based on PPP method; c)Zythe

average net charge on oxygen on carbonyls; d)OWF,_.: 7—m overlap weighting factor calculated by equation (1)
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Prediction of Visible Absorption of Pyridone Azo Compounds

LIU, Jun-Na  CHEN, Zhi-Rong = YUAN, Shen-Feng
(Department of Chemical Engineering, Zhejiang University, Hangzhou 310027)

Abstract Based on B3LYP method of DFT, the geometry of pyridone azo compounds was optimized at the
level of 6-311G* basis, and analyzed by NBO (nature bond orbital) method. Their visible absorption maxima
were calculated with TDDFT method and ZINDO/S method, the results agreed with the observed values
excellently. It was shown that the visible absorption maxima can be calculated more precisely in much
shorter time with ZINDO/S method by adjusting that the value of 77 overlap weighting factor (OWF, _,)
than TDDFT method. In the process of calculation with ZINDOY/S, in virtue of the method of regression it
was found that the linear relationship between OWF,_, and Z, (the average net charge on oxygen of the two
carbonyl-groups in pyridone) was excellent, OWF,_,=0.11425-1.04718Z,, that is, with the drop of Z,, OWF,_,
increased. The relationship not only could be explained in terms of quantum theory, but also could be used to
predict the visible absorption maxima of other pyridone azo compounds in the same series. What's more, the
study on molecular orbital implied that the electron transition from the electron donators to electron acceptors

of conjugate system resulted in their visible absorption maxima.

Keywords: Pyridone azo compound, NBO, TDDFT, ZINDO/S
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