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Theoretical calculations of some heterocyclic
compounds attached the nitro group and
azobenzene derivatives, using the
semi-empirical, ab initio, and densty functional
theory methods. Our purposes are to obtain the
molecular structure of each compound, internal
rotation of the nitro group, and the excited
states of azobenzene derivatives and their
absorption maxima. Some correlation equations
of the absorption maxima between the
theoretical results and the experimental data

were obtained linear
analyses.

For heterocyclic compounds, we selected
N-substituted — 2- and  3-nitropyrroles,
nitropyrazoles, and nitroimidazoles. Molecular
structures and internal rotation of the nitro
group were calculated. We found that those
molecules are quite similar to the benzene
derivatives. Internal rotation of the nitro group
of all molecules belongs to the V; barrier. The
barrier height depends on the attached atom of
the nitro group.

For azobenzene derivatives, we selected
various substituted groups attached in different
positions of the benzene rings. The molecular
structures were calculated. Various theoretical
methods were selected to calculate the excited
states of the molecules and the absorption
maxima can be determined. Calculations
indicated that absorption maxima were affected
by the symmetry group and not al the
absorption  maxima  belong to the
HOMO->LUMO transition. Some linear
regression equations can be found when we
compare the experimental and theoretical
results of the absorption maxima.
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(0)Y. Y(meta)

X(p) N=—N Y(p)
(m)X X(0)
RI(6) & Adis & F A2 &+ Bif
1,X=H, Y=NH; (ortho) 10,X=N(C2Hs) 2, Y=CN (ortho)
2,X=H, Y=NH; (meta) 11,X=NC(CzHs) 2, Y=CN (meta)
3,X=H, Y=NH, (para) 12,X=N(CzHs) 2, Y=CN (para)

4, X=NHC,H4CN, Y=OMe (ortho) 13,X=NHC;H4CN, Y=NO; (ortho)
5,X=NHC;H4CN, Y=0OMe (meta) 14, X=NHC;H4CN, Y=NO; (meta)
6,X=NHC;H4CN, Y=0OMe (para) 15,X=NHC;H4CN, Y=NO; (para)

7,X=H, Y=NO; (ortho) 16,X=NO,,Y=NO,(ortho)
8,X=H, Y=NO, (meta) 17,X= NO,,Y=NO,(meta)
9,X=H, Y=NO, (para) 18,X= NO,,Y=NO,(para)
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Absorption maximum nm Oscillator strength
ZINDO CIS TD Exp ZINDO CIS TD Exp

Compound Transition

1 52-53 A 400.31 286.91 413.60 427 0.71 0.85 0.33 4.00
1 50-53 A -- -- 312.87 427 -- -- 0.61 4.00
2 52-53 A 364.22 257.39 428.26 430 0.55 0.67 0.05 3.20
2 50-53 A -- -- 307.94 430 -- -- 0.92 3.20
3 52-53 A 373.74 264.32 350.44 364 1.01 1.38 1.06 441
4 74-75 -- 403.77 271.99 389.34 394 0.70 0.99 0.12 4.43
4 71-75 -- -- -- 299.76 394 -- -- 0.40 4.43
5 74-75 -- 350.51 251.73 416.07 394 0.80 1.08 0.31 4.45
5 71-75 -- -- -- 307.65 394 -- -- 0.75 4.45
6 74-75 -- 394.84 264.76 359.29 395 1.09 1.49 1.30 4.45
7 59-60 A 381.19 253.80 575.55 320 0.65 1.08  o000(A)  4.30
7 58-60 A -- -- 343.45 320 -- -- 0.48 4.30
8 59-60 A 350.86 243.75 485.01 315 0.91 1.12  o0o00(A)  4.20
8 58-61 A -- -- 300.16 315 -- -- 0.80 4.20
9 59-60 A 370.04 252.61 509.75 333 1.11 1.40 o000(A)  4.40
9 58-60 A -- -- 333.71 333 -- -- 0.91 4.40



10 74-75 - 41255 275.97 484.51 462 0.54 0.85 0.18 4.48
10 72-75 - - - 327.30 462 - - 0.50 4.48
11 74-75 - 376.21 252.51 487.44 446 0.30 0.62 0.02 4.45
11 73-75 - 341.52 -- -- 446 0.64 -- -- 4.45
11 72-76 - - 183.66 -- 446 -- 1.21 -- 4.45
11 72-75 - - -- 312.89 446 - -- 0.97 4.45
12 74-75 - 417.29 282.46 394.60 466 1.19 1.79 1.26 4.51
13 77-78 - 397.17 289.52 463.09 422 0.05 0.86 0.05 4.45
13 76-78 - 427.26 -- -- 422 0.56 -- -- 4.45
13 75-78 - - - 317.20 422 -- -- 0.31 4.45
14 77-78 - 364.20 246.51 431.89 418 0.48 0.80 0.03 4.44
14 75-78 - - - 308.67 418 - - 0.98 4.44
15 77-78 - 41253 277.00 399.98 451 1.19 1.62 1.00 4.47
16 70-71 B, 349.46 257.54 744.92 -- 0.75 0.91  0.00(By --
16 69-71 B, -- -- 341.99 -- -- -- 0.53 --
17 70-71 B, 325.80 245.80 317.45 -- 0.95 0.99 0.67 --
18 70-71 B, 365.28 260.86 529.42 338 1.39 1.38 o000(B)  4.36
18 69-71 B, -- -- 343.69 -- -- -- 1.05 4.36
2Ll F AN 2B F R EL T REEIL G B2 M
. . Clszi TDmjF
Zindo CIS TD Exp  Zindo i i & " ”

1 400.31 286.91 312.87 427 417.8815 431.73 4124231

2 36422 257.39 307.94 430 405.4499 418.9341 400.5092

3 373.74 264.32 350.44 364 3929271 408.825 385.8344

4 403.77 27199 299.76 394 391.5546 381.0059 366.1412

5 350.51 251.73 307.65 394  365.3278 378.2537 368.4616

6 39484 264.76 359.29 395 380.7729 374.7607 363.935

7 381.19 253.8 343.45 320 315.1991 292.1936 351.1995

8 350.86 243.75 300.16 315 307.3953 300.5153 296.694

9 370.04 25261 333.71 333 339.3699 329.3474 327.505

10 41255 275.97 327.3 462  456.8225 454.4057 460.1705

11 34152 183.66 312.89 446  416.3186 373.5063 437.7309

12 417.29 28246  394.6 466  457.0239 463.0416 466.5915

13 427.26  289.52 317.2 422  468.6411 469.1024 448.9564

14 364.2 246.51 308.67 418 4345407 441.6749 433.0454

15 412.53 277 399.98 451 453.1995 457.1196 472.565

16 349.46 257.54 341.99 -- 318.8128 330.7916 381.3041



17 325.8 245.8  317.45 -- 279.6319 300.4325 292.1939
18 365.28 260.86 343.69 338 364.6523 372.837 370.3116




