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Abstract 

The electronic structure of azobenzene, C6HsN=NC6H5, azoxybenzene, CeH5N(0)=NC6Hr,, 
and their fluorinated derivatives, including some fluorinated azobenzenes with substituents 
in thepuru position (X = CHa, OCHa, CFa, CN, NOa, Br), have been studied by photoelectron 
spectroscopy. Spectral interpretation has been carried out using quantum-chemical MNDO 
calculations and literature data regarding the electronic structure of related compounds. 
In the spectra of the azobenzenes, a group of bands lying in the range of low ionization 
energies corresponds to four worbitals of the benzene rings and one a-orbital localized 
on the N=N bond. For azoxybenzenes, a similar group of bands refers to four VMOS 
and one orbital of an oxygen electron lone pair. The contribution of fluorine orbit& to 
the upper occupied TPMOS is small and the changed energy of these orbit& may be 
explained mainly by the inductive effect. 

Introduction 

The interaction of substituents with the aromatic r-system essentially 
determines the reactivity of aromatic compounds. This interaction is char- 
acterized by the inductive and resonance terms which adequately represent 
the main influence of the substituent effect on the reactivity of the benzene 
ring. An understanding of the physical sense of such a division should 
stimulate an investigation of the details of molecular electronic structure. 
An essential tool in such studies is photoelectron spectroscopy which allows 
the determination of the energies of the ground and electronically excited 
states of the ion. The spectra may be analyzed using quantum-chemical 
calculations associated with the results for related compounds [l-5]. In the 
one-electron approximation, the analysis involves comparing the ionization 
energy measured with the calculated molecular orbital energy of opposite 
sign, and thus determinating the correlation between the ionization energies 
and electron density distribution of the given MO. 

The introduction of fluorine into the benzene ring is known to cause 
the so-called ‘perfluoro effect’, i.e. a predominant stabilization of the U- 
orbitals relative to the n-orbitals [6, 71. This results in more clear-cut bands 
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for aromatic r-orbit& and the substituent n-orbitals in C,F,X compared to 
C6H5X, since the highest occupied MOs of the u and r type have different 
energies. Moreover, it has been shown earlier [8] that the fluorine 2p atomic 
orbitals (AOs) make little contribution to the highest occupied molecular 
orbital (HOMO) of fluorinated benzenes, although in accumulation they could 
affect the HOMO energies. 

It seemed reasonable to consider the interaction of substituents containing 
multiple bonds and two aryl fragments with the aromatic n-system. For 
electron-accepting substituents, no essential splitting of the phenyl b, and 
a2 MOs was observed in view of the deeper location of the valence levels. 
This has been shown, for example, for nitrobenzene [9] and pentafluoro- 
nitrobenzene [lo] where the NO2 group only interacts weakly with the highest 
occupied MOs of the phenyl and pentafluorophenyl groups and there is 
practically no contribution of the 2p AOs of heteroatoms to the HOMO. 
Substituent-ring interaction takes place mainly in the system of internal 
valence (+- and r-orbitals. In contrast, in aniline [ 111 and pentafluoroaniline 
[ 121 molecules, there is considerable splitting of the upper vMOS, suggesting 
n-interaction between the NH2 substituent and the benzene ring. 

The aim of the present work was the measurement and interpretation 
of the photoelectron spectra of compounds of the type Ar-N=N-Ar and 
Ar-N(O)=N-Ar in order to derive information about the intramolecular 
7r-interaction between the aryl ring and the bridge fragments -N=N- and 
-N(O) =N-. 

Results and discussion 

Table 1 lists the ionization energies of azobenzene C6H,N=NC6H, (I) 
and its derivatives with the substituents 4,4’-F (II), 2,2’,4,4’-F (III), 
2,2’,3,3’,5,5’,6,6’-F (IV), 2,2’,3,3’,4,4’,5,5’-F (V), and of decafluoroazoben- 
zene CGF,N=NC6F5 (VI) and its derivatives with the substituents 4,4’-0CH3 
@II), 4,4’-CH3 (VIII), 4,4’-CF, (IX), 4,4’-CN (X), 4,4’-NO2 (XI) and 
4,4’-Br (XII). 

Figures 1 and 2 depict their spectra. The energy values for the band 
maxima measured by ourselves in the spectra of I and their assignment from 
MNDO calculation results are in good agreement with the literature data 
[ 13, 141 taken as the basis for the interpretation of the photoelectron spectra 
of fluorinated azobenzenes. The order of the highest occupied orbitals of 
azobenzene is 4~,, a,(& 3%, 3b,, 2b, in the C,, symmetry group (the gas- 
phase molecules were suggested as having the trams conformation). 

Judging by the results of MNDO calculations, the four upper r-orbitals 
mainly consist of bonding and antibonding combinations of the 2bl and la, 
MOs of the benzene rings (Fig. 3). The contribution of the nitrogen 2p AOs 
is 5-10% for the 4% and 2b, orbitals and zero for 3a,, and 3b, MOs consisting 
of the a, MOs of the benzene rings. These orbitals have similar energies 
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Fig. 1. Photoelectron spectra of fluorinated azobenzenes 
c, compound VI). 

9 IO II 12 13 14 15 E, ev 

(a, compound II; b, compound Iv; 

Fig. 2. Photoelectron spectra of fluorinated azobenzenes with substituents in the paru positions 
(a, compound VII; b, compound VIII; c, compound IX; d, compound XI). 
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Fig. 3. The highest occupied molecular orbitals of azobenzene. 

and correspond to a group of overlapping bands in the ionization energy 
range 9 eV in the spectrum. 

If the value of the azo group-benzene ring interaction is expanded into 
its components, the inductive effect of the group will be about zero while 
the conjugation effect, when estimated as the benzene MO b, destabilization, 
will be 0.85 eV (in the spectrum of benzene the first band has a maximum 
energy of 9.24 eV, and in the spectrum of azobenzene the first band has a 
maximum energy of 8.4 eV). As far as the antibonding combination of electron 
lone pairs of the nitrogen atoms a&UN) is concerned, the corresponding 
calculation somewhat underestimated its energy in comparison to the highest 
FMOS, but even so it was still essentially higher than for the rest of the 
u- and r-type orbit&. 

In the spectrum of azomethane CHaN=NCHa, the band corresponding 
to the itg(cN) orbital has a maximum energy of 8.98 eV [ 15, IS]. Since the 
methyl and phenyl fragments possess similar inductive effects, no essential 
shift in this band should be expected for azobenzene (AE = 0.13 eV). The 
low-lying FMOS 2%, lb, and la,, represent combinations of the nitrogen 
2p AOs and the lb1 orbitals of the benzene rings. The greatest contribution 
of the nitrogen 2p AOs should be expected for the lowest lying r-orbital 
la, (up to 70%), whose band possibly lies in the 14 eV ionization energy 
range. The bonding combination of the electron lone pairs of nitrogen b,(a,) 
is strongly delocalized and does not differ in this respect from other 
a-orbitals incorporating the nitrogen 2p AOs. 
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Electronic structure calculations for some fluorinated azobenzenes show 
that substitution of hydrogen by fluorine should lead to a systematic shift 
of the band to the range, of larger ionization energies. Such a band shift 
corresponding to the FMOS may be described qualitatively in terms of 
the inductive and conjugation effects. The inductive effect is proportional 
to the number of fluorine atoms and depends only slightly on the sub- 
stitutional position, while the magnitude of the conjugation effect is 
proportional to the square of the value of the one-electron wavefunction 
in the substitution position and will be different, for example, for 
isomeric molecules. Hence, fluorination of azobenzene at the puru 
position should lead to inductive stabilization of the 3a,, and 3b, orbit& 
for the group at the substitution position, whereas the 4% and 2b, MOs also 
experience the conjugation effect through a diminution in their total sta- 
bilization. 

The spectrum of compound II differs from that of compound I in that 
the four first bands are shifted to the large ionization energy range. The 
band shift corresponding to the 3a.,, and 3b, MOs is 0.3 eV, that of the bands 
of the 4% and 2b, MOs is 0.1 eV, whilst that of the band of the ag(aN) 
orbital is 0.05 eV. The adiabatic ionization energy value of the group of 
bands in the 12 eV region increases by 0.2 eV, while a band with an energy 
of 11.7 eV appears in the spectrum. If we follow the order of orbitals 
suggested by Millefiori and Millefiori [ 13, 141, this band should be assigned 
to the bonding combination of the electron lone pairs of the nitrogens, bu(+). 
However, fluorination generally leads to stronger stabilization of the o-orbitals 
which accommodate the A0 contributions of aromatic carbons and hydrogens 
than of r-type orbitals. Taking into consideration calculation data on the 
essential delocalization of the bu(+J orbital and the value of the fluorination 
effect for U- and r-type orbit&, one should assign the band with the maximum 
energy at 11.7 eV to the r-orbital of a,, symmetry [the analogue of the 2% 
orbital in compound I]. 

F’urther support for such an assignment may be obtained from a com- 
parison of the spectrum of compound I with that of fluorobenzene. On 
substitution of hydrogen by an azoxy group, the shift of the first band is 
0.85, and the same or smaller shift should be expected for the 2bi MO band 
of fluorobenzene. In the spectrum of compound II, the band for the cor- 
responding orbital must have an energy of about 11.4 eV, which is close 
to the true value of 11.7 eV. 

In molecule III only the symmetry plane is preserved (the C, group), 
but the highest five orbit& bear some similarity to those of molecule II 
since the contribution of the fluorine p A0 to them is small. The effect of 
fluorine is seen more clearly when we compare the electronic structure of 
molecules I and IV. The 4a,, and 2b, orbit& are very much stabilized by 
the inductive effect of fluorine, the energy difference between them remaining 
virtually unchanged. The 3a,, and 3b, orbitals are stabilized to a lesser extent, 
which is again due to the conjugation effect of the fluorine 2p A0 with the 
aromatic 7r-system. 
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In the spectrum of 1,2,4,5-tetrafluorobenzene, the a2 and b, MO bands 
have energies of 9.5 and 10.2 eV. Substitution of hydrogen by the azo group 
leads to an insignificant (approximately 0.3 eV) shift in the a2 MO bands 
to the high-energy range and an opposite shift of 1 eV occurs with the b1 
MO band. Similar shift values are observed on hydrogen substitution by the 
azo group in benzene and monofluorobenzene molecules, i.e. in compounds 
I and II. With the 2% and lb, orbitals, the fluorine effect is incapable of 
expansion into the conjugation and inductive effects because of the absence 
of a substitution position with a zero wavefunction. The main contribution 
to these MOs is made by the rr-orbitals of the benzene rings of bl symmetry. 
The fluorine 2p AOs form a system of orbit& in the 16 eV energy range 
where their contribution to the MOs is approximately 70%. 

The spectra of the isomeric molecules IV and V differ only slightly from 
each other, the band shift being less than 0.1 eV which on taking account 
of their essential width is within experimental accuracy. 

The ionization energies corresponding to the (T- and r-MOs increase 
with the extent of fluorination: in the spectrum of compound VI, the energy 
of the first vertical transition is increased by 1 eV relative to that for 
azobenzene (I). However, on moving from benzene to pentafluorobenzene, 
the first band is shifted to the higher energy range by the extent of 9.24-9.9 
eV. Such a discrepancy may be explained by the smaller conjugation between 
the fluorine 2p A0 and the aromatic bl MO due to the appreciable contribution 
of the nitrogen p-orbit& to the highest MO. Judging by the calculation 
results, the order of the four highest PMOS and of the ag c+-orbital remains 
the same. 

ln most cases, the complex contour may not be separated into bands; 
hence for compounds IV-VI listed in Table 1 the positions of the band 
maxima are recorded rather than the separate values of the ionization energies. 
Indeed, for compound VI there is some problem in assigning the band at 
12-13 eV which may involve one or two orbitals of the (+ or CT type. As 
demonstrated by numerous experimental data, however, the a-MOs should 
be strongly stabilized and for this reason the band most probably refers to 
r-type orbit&. Judging by relative intensity, this band is more likely to 
correspond to two orbitals rather than one. According to the calculation 
results, two orbitals a, and b, similar to the orbitals 2% and 2b, of azobenzene 
lie in the energy range 12-13 eV, and the splitting value must not exceed 
0.5 eV. Such splitting corresponds to the band width of 1 eV in the spectrum. 

For fluorinated azobenzene with the substituents CH30, CH3, CF,, CN, 
NOa or Br introduced into the par-a position, the character of intramolecular 
interactions between the n-system and fragments possessing the r-orbital 
may be conveniently described in terms of the conjugation and inductive 
effect. As shown by calculation, the r-orbitals of substituents make the 
greatest contribution to the low-lying MOs, their contribution to the four 
highest r-orbitals being small. 

In the spectrum of compound VII, the band with an energy maximum 
at 11.2 eV corresponds to the orbital localized on the oxygen atoms. In 
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contrast to the spectrum of the non-fluorinated analogue, where the band 
has the energy maximum of 10.4 eV, fluorination of benzene rings leads to 
a shift in this band to the higher energy region of 0.8 eV [ 141. Approximately 
the same shift is observed for the bands of the five highest occupied MOs, 
which may be interpreted as indicating roughly the same contribution from 
the fluorine orbitals to these MOs. 

The substitution of hydrogen in molecule IV by a CHB group leads only 
to a slight (0.1-0.2 eV) band shift to the higher energy range. However, 
fluorination of the methyl groups in compound VIII increases the inductive 
effect on the highest orbitals and leads to a band shift to higher energies. 
The CF3 group is conjugated to the benzene ring to a slightly smaller extent 
than the methyl group, since the band of the b, orbital is shifted from 10.15 
eV to 11.1 eV, while the bands of the a, + b, orbit& which have zero electron 
density in the substitution position are shifted from 9.4 eV to 10.2 eV. A 
still greater difference in the value of the conjugation effect is observed for 
the CFa group and the fluorine atom: the shift of the first band may be 
estimated to be 0.6 eV, while the shift of the s+ b, orbitals is virtually zero. 

The spectrum of compound X, with the CN groups in the puru position 
being between 9.5 eV and 12.0 eV, is almost the same as that of compound 
IX, indicating a comparable electrostatic effect value for CN and CF, groups. 
In the spectrum of pentafluorobenzonitrile, &F&N, the band corresponding 
to the T-MO of bl and a2 symmetry has a maximum energy at 10.45 eV, 
implying that the -N=N- fragment is a poorer electron acceptor than the 
fluorine atom. 

The first band group in the spectrum of compound XI is almost the 
same in form as the total contour for the spectra of the preceding compounds. 
This band is only shifted to the higher energy range by approximately 0.1 
eV relative to the spectrum of compound X, where the substituent is the 
CN group. The energy range 11.5-12.5 eV includes a band for a group of 
orbitals localized on the NOz group, and similar bands are observed in the 
spectrum of tetrafluoronitrobenzene (the maximum energy in this case is 
approximately 12 eV). 

Bromination of fluorinated azobenzene at the pm-a position leads to 
bands with energies of 11.25 eV and 11.55 eV, corresponding to orbitals 
localized on the substituent atoms. In the spectrum of compound C6F5Br, 
the corresponding band has a maximum energy of 11.5 eV. The assignment 
of the first bands in the spectrum of compound XII given in Table 1 has 
been made by analogy with the remaining compounds. 

The inductive effect of a substituent on the molecular orbital energies 
should correlate with the value of the inductive a-constant: electron-accepting 
groups will stabilize the ag(qJ, 3a,, and 3b, orbit&s, while electron-donating 
groups will destabilize them. For the orbitals 4% and 2b, which have non- 
zero electron density in the pan position, the similar tendency must be 
complicated by the conjugation effect. The band shift of orbitals similar to 
the 3a,, and 3b, orbitals of azobenzene in that series of compounds constructed 
to illustrate the variation in the inductive properties of the substituents (CHB, 
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H, OCH3, CN, NOz, Br, CFB, F) should increase in accord with some tendency. 
However, the experimental values (9.4, 9.8, 9.45, 10.2, 10.25, 9.75, 10.0, 
10.0) show no such tendency, which may be explained either by inaccuracies 
in the determination of the ionization energies or by the absence of a purely 
inductive effect due to the broken symmetry of the molecules. 

Table 2 lists the ionization energies of azoxybenzene CBHBN(0)=NC6H5 
(XIII) and of its derivatives with the substituents 4,4’-F (XIV), 2,2’,6,6’-F 
(XV), 2,2’,4,4’-F (XVI), 2,2’,3,3’,5,5’,6,6’-F (XVII), and of decafluoroazoxy- 
benzene CGF,N(0)=NCGFS (XVIII) and 4,4’-CF,-octafluoroazoxybenzene 
(XIX). Their spectra are shown in Figs. 4 and 5. The results of electronic 
structure calculations show that the T-systems of the (Y and p benzene rings 
in the azoxybenzene molecule, i.e. (a!)-ArN=N(O)At-(P), interact weakly; 
hence, the orbit& can be conveniently designated as approximately inde- 
pendent fragments. In interpreting the spectrum of azoxybenzene (XIII), we 
start from data previously listed [ 11, 12, 14 1 and the results of our studies 
on the electronic structure of fluorinated azobenzenes. 

Fig. 4. Photoelectron spectra of fluorinated azoxybenzenes (a, compound XIII; b, compound 
XIV; c, compound Xv; d, compound XVI). 

Fig. 5. Photoelectron spectra of fluorinated azoxybenzenes (a, compound XVII; b, compound 
XVIII; c, compound XIX). 
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Comparison of the electronic structures of compounds I and XIII shows 
that addition of an oxygen atom to the nitrogen bridge does not lead to any 
essential change in the energies of the highest z-i and ~~ MOs which makes 
a significant contribution to the bi orbitals of the benzene rings. However, 
the bands of rr,- and ~a-MOs which originally have the same maximum energy 
are separated by 0.5 eV in the spectrum of compound XIII. These orbitals 
consist of aromatic a, MOs and are not conjugated with the r-system of the 
NNO fragment. The splitting may be attributed to the different values of the 
inductive effect for the (Y and /3 benzene rings due to the non-equivalence 
of the nitrogen atoms. According to the calculation results, the charges on 
the NNO atoms are equal to - 0.19, 0.37 and -0.43, respectively. Thus, 
the inductive and conjugation effect values for the (Y benzene ring are 
approximately 0.1 and 0.8 eV, and for the p ring 0.2 and 0.35 eV. 

The a-MO of the nitrogen lone-pair electrons of ag symmetry disappears 
in going from azo- to azoxy-benzene and is replaced by the U-MO of the 
electron lone pair of oxygen. ln the ionization energy range 8-11.5 eV, one 
would expect bands corresponding to the T-MO localized on the NNO fragment 
and the a-MO of the electron lone pair of two-coordinated nitrogen. Taking 
into account the calculation results and assuming the azoxybenzene molecule 
to be planar, one can identify five bands corresponding to seven orbitals in 
the ionization energy range 8-11.5 eV: five T-type MOs and two a-orbitals 
for the oxygen and nitrogen electron lone pairs (Fig. 6). Thus the order of 
the orbitals in the azoxybenzene molecule is as follows: b,(a), aa( a,, 

a,(P), b,(P), %NO, UN* 

Another factor used in assigning the second band is its form, i.e. a steep 
front and small width at half-height. The electron density distribution of this 
orbital in azo- and azoxy-benzene should have a similar symmetry, and the 
character of the bonding should not essentially change on removal of the 
electron. Such an assumption is consistent with the result observed: the 
second band in the spectrum of azoxybenzene and the third band in the 
spectrum of azobenzene have a steep front and small width at half-height. 

Fig. 6. The highest occupied molecular orbit& of azoxybenzene. 
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It should be noted that in the molecule of N-benzylideneaniline, 
C6H5CH=NC6H5, a non-planar geometry is possible with the benzene ring 
bent around the C(Ar)-N bond at an angle of 35” [ 171. Attempted estimation 
of the angle of bending of the benzene ring relative to the NNO plane using 
the least difference in the r--MO energies and the experimentally observed 
ionization energies for compound XIII gave a value of O”, i.e. the planar 
conformation. 

On substitution of hydrogen by fluorine atoms, all the FMOS experience 
a stabilizing inductive effect, while the orbitals having a maximum electron 
density in the substitution position are destabilized by the conjugation effect. 
The greatest stabilization on substitution of hydrogen by fluorine in the 4,4’- 
positions of compound XIII should be experienced by the aZ(cy) and a@) 
orbitals and the smallest stabilization by the bi(cy) and b,(P) orbitals. The 
calculated energies of the b,(D) and a&3) MOs differ by 0.08 eV. Such a 
coincidence must show itself as a double intensity band in the spectrum of 
compound XIV. This assumption agrees with the experimental result: double 
intensity bands are observed in the spectrum and correspond to the aZ(cu) + a0 
orbitals (maximum energy 9.51 eV) and b,(D) +a&) MOs (energy 9.95 eV). 

In estimating the effect of hydrogen substitution by fluorine in positions 
2,2’,6,6’ of molecule XIII, it is necessary to take the molecular geometry 
into account. Optimization has shown that the (Y ring in molecule XV should 
be orthogonal to the NNO plane, and that the relative independence of the 
r-orbit& of the aryl fragments must be preserved. The highest occupied 
MO should be the aZ(a) orbital having an electron density maximum at the 
2 and 6 positions. The angle between the (Y benzene ring and the NNO plane 
is probably less than 90” in fact, and the order of orbit& differs from the 
calculated one: judging by its width and shift in comparison to the spectrum 
of XIII, the first band should be assigned to the bl(cy> orbital as in the 
spectra of the other azoxybenzenes. The band with an energy maximum at 
10.1 eV corresponds to the b,(P) MO which is more stabilized than the az(cu> 
and a@) MOs. 

Molecule XVI could have a planar geometry if the fluorine atoms at 
2,2’ are in the truns position relative to oxygen. In this case, the highest 
occupied orbital is b,(a) with an insignificant contribution from the fluorine 
2p AO. In the spectrum of compound XVI, the first band separated by 0.85 
eV from the group of overlapping bands, indicates a planar geometry for 
the molecule and the efficiency of r-interaction between the b, MO of the 
benzene ring and the NNO orbitals. 

The spectra of compounds XVII-XIX are similar to the spectrum of 
XV in that the first band has a shoulder form arising from a large array of 
overlapped bands, the ionization energy value increasing constantly with the 
degree of fluorination. The first band in the spectra of these compounds 
should be assigned to the b,(a) orbital with an insignificant contribution 
arising from the p A0 of fluorine. 

If one looks at the shifts of bands corresponding to the rmo and a, 
orbit&, it is seen that the ionization energies vary in a non-monotonic 
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miuuler when plotted against the number of fluorine atoms, although the 
conjugation effect can have little effect on the orbitals localized on the NNO 
fragment. This non-monotonic variation may be explained by the changed 
molecular geometry which arises on substitution of hydrogen by fluorine; in 
particular, the torsion angles of the benzene rings relative to the NNO plane 
may vary from 0” to 90”. 

The fluorination effect in the spectra of compounds XVII-XIX leads to 
the disappearance of the bands associated with the a-MO of the benzene 
rings, i.e. the bands of the fluorinated rings lying in the high-energy range. 
The double intensity band whose maximum has an energy of 12.9-13.2 eV 
may be assigned to the r-orbit&, one of which is the bonding combination 
of the bl MOs of the benzene rings and the antibonding MO of the N-O 
bond, whilst the other is the antibonding combination of the same orbitals 
b,(a)-b,(p) with a small contribution from the p A0 of oxygen. 

The fluorine p AOs make a considerable contribution to both of these 
low-lying orbit&. On sequential substitution of hydrogen atoms in compound 
XVII by fluorine atoms and CF, groups, the first band is shifted systematically 
to the high ionization energy range, the shift for the CFB group being greater 
than for the fluorine atom. 

Experimental 

The compounds used in this study were similar to those previously 
described [l&20]; their purities were determined by GLC methods, ‘H and 
“F NMR spectroscopy and elemental analysis. Photoelectron He’ spectra 
were recorded on a spectrometer designed at Leningrad State University 
[ 2 11, which was built and located at the University in Vladivostok. The spectra 
were calibrated using the Xe lines (IpI, 12.13; IP,, 13.43 eV). The accuracy 
of the IP values was +0.02 eV (or for the broad bands, + 0.08 eV) at 
60-150 “C. The photoelectron He’ spectra have also been measured on an 
ES-3201 spectrometer. In view of the observed energy scale drift of this 
instrument during the course of an experiment, the multiscan mode was 
used with subsequent correction of each scan by summation [ 221. The 
maximum energies of the overlapped bands and their width were estimated 
by expansion into Gaussian terms using a set of spectrum-processing programs. 
The quantum-chemical calculations of the electronic structures were performed 
using the MNDO method with model geometry [23, 241. Bond lengths (A): 
N=N, 1.24; N-O, 1.228; N-C, 1.43; C-C, 1.4; C-H, 1.1; C-F, 1.33; LN=N-C, 
113”. For the molecules XV and XVI, the torsion angle (Y of the benzene 
rings relative to the NNO plane as determined by geometry optimization was 
90”; the remaining molecules were taken to be planar. 

Conclusions 

It has been found that the highest r-orbitals of the benzene rings in 
the azobenzene molecules interact with the T-MO of the bridge -N=N-. The 
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greatest contribution to this r-interaction is made by the low-lying orbital 
of a,, symmetry. Fluorination of the benzene rings and introduction of electron- 
accepting substituents into the par-a positions leads to a rearrangement of 
the highest n-levels which may be explained by the conjugation effect and 
by their inductive stabilization. Addition of oxygen to the nitrogen bridge 
makes the benzene rings non-equivalent and changes both the localization 
and energy of the highest r-orbitals. The highest occupied r-orbital of 
azoxybenzene is localized on the benzene ring bonded to the two-coordinate 
nitrogen atom. The value of the interaction between the highest WMOS of 
the benzene rings with the NNO fragment is comparable to that in the 
azobenzene molecule. The greatest contribution to the n-bonding is made 
by the low-lying orbital consisting of the lb1 MOs of the benzene rings and 
the bonding orbital of the NNO fragment. Fluorination of benzene rings, as 
in the azobenzene molecule, does not lead to any essential rearrangement 
of the 7r-system. 
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