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Abetrset-The semiempirical SCF ASMO CI method with a variable fI approximation has been applied 
to azaphenanthrenes. The UV spectra and other electronic properties of these molecules have been 
determined. In addition, the bond lengths were computed. 

INTRODUCTION 

THE Parker-Parr-Pople semiempirical SCF ASMO method’* ’ has been very success- 
fully applied to the calculation of electronic transitions in conjugated molecules. In 
particular, there has been a number of studies of nitrogen heterocyclic compounds.3-1 ’ 
Nishimoto and Forster’ 2* ’ 3 made a variable g modification to this method, in which 
each p and bond length for neighbouring atoms was computed by means of a linear 
relationship from the corresponding bond order at each iteration. We have extended 
the original relations established by Nishimoto and Forster for benzene, naphthalene 
and anthracene derivatives to phenanthrene and it< aza derivatives. 
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FIG. I Coordmate axes and numbermg system. 

METHOD AND PARAMETERS 

The SCF formalism of the PPP method was used. It is kn~wn’~* ’ 3 that the variable 
f3 approximation is insensitive to the assumed geometry. All molecules were therefore 
assigned regular polygonal structures with equal bond lengths (l-4 A) and all angles 
equal to 120”. The two-center repulsion integrals yrV between non-neighbouring 
atoms were computed from this conventional geometry. The two-center core 
integrals &,,, the bond lengths rlrv and the two-center electronic repulsion integrals 
ylrV between neighbouring atoms were adjusted at each iteration according to the 
following equations which apply to phenanthrene and its aza derivatives : 

f3, = -051 prv - 1.88 

rpv = -0.18 prV + 1517 
for all C-C bonds 

grv = -053 prv - 2-06 
-018 prv + 1.451 

for the C-N bonds r )1” = 
583 
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and the classical Nishimoto-Mataga14 approximation : 

The one-center repulsion integrals were estimated from the valence state ionization 
energies I, and electron amities A,: 

Yrr = 1, - A, 

The values of these parameters given in Table I are the most usual ones. 

TABLE 1. PARAWER SUMMARY 

Atoms I, Y# 

C 11.16 il.13 
N 14.12 12.34 

The configuration interaction included the four highest occupied orbitals and the 
four lowest empty ones. 

RESULTS 

The calculated singlet transition energies and oscillator strengths are summarized 
in Table 2 together with the experimental data which were taken from a recent atlas 
of UV absorption spectra.‘5 The experimental values of the oscillator strength f 
were estimated from the absorption curves by means of the relationr6 

f = 4.32 9 1O-9 l .T,_ l A1 

where Av is the band width (in cm-‘) at half-maximum extinction. The experimental 
polarization directions are taken from Ref. 18 for phen~thr~e and from Ref. 9 for 
the azaphenanthrenes. 

TABLE 2. TRANSITION ENERGIES (ev) AND INIENSIT~ES v) 

Molecule Cak. AE calc.f Expt. AE Expt. f 

Phenanthrnte 3,730 
4.242 

4.6% 
4973 
5089 
5367 
5569 
5.938 
6099 
6.159 
6232 

I-Azaphenanthrene 3.735 0-06 (x, Y) 
4244 027 Cv, 4 
4.698 @24 cv, x) 
5.024 092 (x. y) 

00 

0.33 (y) 
00 

1.55 (y) 
0.61 (x) 
00 
0.35 (x) 

:5(y) 

Q30 (Y) 
OQ 

3.76 0@05 (x) 

4.24 0% kf) 

4.95 0.87 (Y) 
5Q8 067 

563 0.15 

3.77 M)5 

4.14 (s) 
466 0.33 
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Molecule Calc. AE Cak.f Expt. AE Expt. f 

5070 @74 (x, Y) 
5482 0.25 (~3 Y) 
5.630 032 Cv, x) 
6023 008 b, Y) 
6.122 021 cv, x) 
6.257 @19 (x. Y) 
6342 0% (x. Y) 

2-Azaphenanthrene 3777 0.03 (x, Y) 
4.236 @36cy,x) 
4.751 0.12 (y, x) 
5.013 1.33 (jJ, x) 
5.165 @49 (x. Y) 
5.346 @03 b, Y) 
5,572 0.29 (x Y) 
5.843 011 (XY) 
6082 @17&x) 
6.220 0.04 (x. Y) 
6.333 0.26 b, Y) 

5-Azaphenanthrene 3.731 0.07 cv, x) 
4.238 0.26 (x. Y) 
4.628 037 (x, Y) 
5.039 0.53 b, Y) 
5.130 107 cv, x) 
5.456 0.37 (x. Y) 
5.593 0.23 Cv, x) 
5986 0.04 (x, Y) 
6.123 0.18 (J x) 
6.186 0.19 (x, Y) 
6.452 0.05 (x, Y) 

6-Azaphenanthrene 3.765 0.03 (x. Y) 
4.244 0.28 cv, x) 
4,753 0.13 (J, x) 
4.973 1.35 (J, x) 
5.110 @57 (x. Y) 
5.430 @08 (x. Y) 
5.621 0.28 (x. Y) 
5.848 0.04 (x. Y) 
6.103 @17(xX) 
6.220 0.11 (x Y) 
6.302 @18&x) 

9-Azaphenanthrene 3.823 OiI 
4.229 031 cv, x) 
4.592 064 cv, x) 
4.979 0.35 (x, Y) 
5.386 l.l4cy,x) 
5.550 0.6 (x. Y) 
5.129 003 (x Y) 
6.028 w 

497 0.27 

5.32 06 
5.74 @27 

595 @4 

3.74 0.03 

425 @17 

5M) @65 
5.12 054 

594 0.8 

3,77 005 

4.20 0.05 
469 0.2 

5.03 O-32 
5.17 043 

5.33 08 
5.72 0.27 

599 0.56 

3.78 002 
4.20 0.14 

4.96 0.56 
5.14 026 

566 027 

3.76 OQ2 
4.29 OiI8 
460 @13 
506 08 

569 0.18 
578 0.2 
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TABLE 2-conrinwd 

Molecule cdc. AE talc. f Expt. AE bPt. f 

6207 O-01 (x. Y) 
6397 @23 (x, Y) 
6406 0.16 (x, Y) 

3.812 Ml (x. Y) 
4.237 0.34 cv, x) 
4m2 0.56 (_Y, x) 
4987 0.39 (x. Y) 
5.302 1.02 (J, x) 

5.624 0.59 (x. Y) 
5711 @19 (x. Y) 
6.023 0.0 

6.240 w2 cv, x) 
6.286 @3 bJ,x) 
6.418 @l oI,x) 

1,6Azaphenanthrenc 3.760 @1805x) 
4.333 @14(x. Y) 
4.778 @12 (4 Y) 
5957 1.39 (x. Y) 
5.139 @47 OJ, x) 
5.419 0.09 (xv Y) 
5683 027 (x, Y) 
5.978 0.09 cv, x) 
6.139 O@j(x,Y) 
6.189 042 cv, x) 
6409 002 (x. Y) 

1,7-Azaphenanthrcne 3.816 O@ (A Y) 
4.240 0.28 Cv, x) 
4835 @3101, x) 
5-029 0.89 Cv, x) 
5.157 051 (x, Y) 
5.4% 035 (x. Y) 
5.625 021 (_Y, x) 

5.885 0.05 (x. Y) 
6.136 0.21 b, x) 
6.253 0.26 (x. Y) 
6401 0.13 (Y, x) 

1,8-Azaphcnanthrene 

2.5~Azaphcnauthnme 

3.784 004 (x) 
4.238 033 (y) 

4646 @56 (Y) 
5.010 042 (x) 
5.259 099 (Y) 
5640 00 
5.727 @63 (x) 
6.020 O-06 tf) 
6.295 @07 (Y) 
6.355 00 
6468 @31 (Y) 
3.758 O@ cv, x) 
4.227 ~32 (x. Y) 

3.86 OQl 

466 048 

5.34 @74 

3.81 0.2 (X8 Y) 

468 02 (x, Y) 

5.21 0.6 (x. Y) 

5.86 @56 

3.78 -008 (x, Y) 
426 -0.1 (X,Y) 
472 -0.2 (Ax) 

540 

5.77 

-0.3 

-01 

3.78 

459 
4.98 
532 

5.79 
608 

0.01 

a35 
0.08 
0.56 

@24 
057 

3.76 -0.08 

4.28 -0.1 
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Molecule talc. AE 

4.756 
5Q95 
5.198 
5.495 
5.594 
5.836 
6.179 
6296 

- 
WC. f 

Q41 cv, x) 
Q53 cv, x) 
Q75 (x. Y) 
Q53 CG Y) 
Q2 b, Y) 
05 (x, Y) 
Q21 cv, x) 
009 (Y. x) 

2,dAzaphenanthrene 3.832 O.04 (x. Y) 
4227 031 cv, x) 
4779 036 (4 Y) 
4986 106cy,x) 
5.204 638 Cv, x) 
5.424 Q16 b. Y) 
5648 Q31 (x. Y) 
5.951 008 k Y) 
6.036 0.08 (J x) 

6.215 O-07 cv, x) 
6320 035 (x. Y) 

27-Azaphenanthreae 3.789 Q12 (x) 
4.233 Q43 (Y) 
4803 QO7(Y) 
5.179 1,24 (y) 
5.243 Q33 (x) 
5.318 0.0 

5604 Q33 (x) 
5.670 013 (Y) 
6.119 022 (x) 
6169 Q18 (Y) 

3.765 019 cv, x) 
4.301 Ql5kY) 
4759 Qt8 b, Y) 
5.101 073 (x Y) 
5.132 1.16 (y, x) 

5.410 Q16 (x. Y) 
5668 Q22 cv, x) 
5,987 Q12cy,x) 
6-124 009 (x. Y) 
6.266 Q23 (y. x) 

3,CAmphenanthrem 3.789 003 b) 
4.299 026 0 
4762 Q36 (Y) 
5-006 1.22 (Y) 
5.137 056 w 
$478 0-O 
5701 0-04(Y) 
5.704 023 (x) 
6.177 OQ2 (x) 
6.270 Q23 (r) 

Expt. AE hpt.f 

475 -Q3 

5.38 

5.77 

3.84 -003 
4.21 -Ql 
4.78 -Q2 

513 -Q4 

369 003 w 
428 09 w 
478 O@(Y) 
5.16 Q43 (Y) 
5.28 0.6 b) 

577 042 

381 -02 
440 -01 
484 -0.2 

5.21 -Q5 

5.83 -05 

379 - Oa2 (x) 

4.26 -Ql (Y) 

5-08 -0.6 (r) 

558 -01 

5.85 -05 
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The atomic x charge densities are given in Table 3 and the x dipole moments 
in Table 4. 

The computed bond lengths are listed in Table 5. Accurate experimental values are 
lacking for the molecules studied. Any bond order may of course be deduced from the 
corresponding bond length by means of the relations given above. 

It may be concluded that the general features of the spectra of phenanthrene and 
its aza derivatives are well interpreted by the variable j? modification of the PPP 
method. 

Acknowledgement--The calculations were lnxformed on a CDC 3600 computer using a mod&-d version 
of the original SCF MO CI program written in Fortran IV by Bloor and Gilson and distributed by the 
QCPE organization.’ ’ 
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