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ABSTRACT 

The high resolution He 584 8, photoelectron spectra of ten fluorine-substituted 
diazabenzenes are presented. By means of fluorine substitution the analysis of the 
photoelectron spectra of the parent compounds can be made more definite. “Lone- 
pair” ionization potentials are shown to correlate well with data calculated by a 
modified and iterative version of the extended Hiickel method. 

INTRODUCTION 

The replacement of hydrogen atoms in aromatic molecules by fluorine causes 
drastic changes in the electronic properties of such a molecule. As a rule the it mole- 
cular orbitals (MO’s) and the 0 MO’s are differently affected. This phenomenon 
makes perfluorination an excellent means to discern between Q and 7~ bands in 
photoelectron spectra (PE spectra). In this way the analysis of the PE spectra of e.g. 
naphthalene’ and pyridine’ y ’ have been settled. 

Especially in the case of aza- and diazaaromatics, where nitrogen “lone-pair” 
bands and 7~ bands lie in the same region of the spectrum, the use of the perfluoro 
effe,ct is indispensable for a thorough analysis of the spectra. In previous contributions 
we reported the use of this effect in the analysis of the PE spectra of quinoline and 
isoquinoline3 and of some diazanaphthalenes4. In the case of diazaaromatics, fluorine 
substitution not only shifts 0 and n: MO’s, but also influences the interaction between 
the nitrogen “lone-pair” orbitals. In the few cases that we investigated4 this effect 
could be described with Hoffmann’s through-space and through-bond coupling 
model. If this model has general validity, a consequence would be that fluorine 
substitution can give experimental evidence about the symmetry character of the 
nitrogen “lone-pair” MO’s*. Since symmetry plays a dominant role in these consid- 
erations, we investigated the highly symmetrical diazabenzenes and their fluorine 
derivatives. 
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METHODS AND RESULTS 

The spectra have been recorded on a Vacuum Generators spectrometer. All 
photoionizations have been brought about by irradiation with a He 584 A source. 
The spectra were calibrated with argon. 

The spectra are presented in Figures l-3. The spectra of the unsubstituted 
compounds have been published before6 - ‘, but have been added for reasons of 
comparison. 

The unsubstituted compounds were obtained from commercial sources and 
purified before use. The compounds: tetrafluoropyridazine, tetrafluoropyrazine, 
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Figure 1. Photoelectron spectra of the pyridazine series. 
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Figure 2, Photcxdectron spectra of the pyrimidine series. 
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Figure 3. Photoelectron spectra of the pyrazine series. 

tetrafluoropyrimidine and 2,4,6trifluoropyrimidine have been synthesized according 

to the literature’ - ’ ‘. 2-Fluoropyrimidine was obtained by heating Z-chloropyrimidine 
with silver fluoride. The other compounds were prepared by heating the corresponding 
chlorine derivatives with dry potassium fluoride at temperatures ranging from 250 0 

to 300°C. 
The purity of all compounds was checked with gas liquid chromatography 

(g.1.c.). In some cases purification with g.1.c. on preparative scale was necessary. 

The compounds were identified by their mass spectrum and by elemental analysis. 
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DISCUSSION 

Analysis of the spectra 

The analysis of the spectra of aza- and diazabenzenes has been carried out 
by several authors 6 - * Although these assignments sometimes disagree, they nearly . 

all have in common that bands in the spectral region of 9 to ca. 14 eV are attributed 
to ionizations from n or n type orbit&. In most cases the analysis is limited to that 
first part of the spectra; the obvious reason is that from 14 eV on, the spectra become 
undecipherable due to the multitude of overlapping g bands. The assignment 6f PE 
bands to 7~ or n ionization processes usually relies in part on the observation that 
bands that arise from the same type of orbital have comparable band shapes4*8, 
and in part on the correlation between experimental and calculated ionization po- 
tentials. 

In our series of compounds, analysis is greatly facilitated by the fact that 
stepwise introduction of fluorine into the molecule causes relative small shifts in the 
position of the bands. By comparison of each spectrum with its “precursor”, the 
consequence of the degree of fluorination on the band positions, can be followed. 

Using these experimental tools, one is able to assign most of the bands with 
reasonable reliability to ionization from 7~ or n orbitals. We have designated our 

TABLE 1 

EXPERIMENTAL AND CALCULATED 7~ IONIZATION POTENTIALS (ev) 

Comportnd IP (n) 
experimental 

m n2 

rp (n) 
HiickeP 

774 m4 n3 

Pyridazine lO.@ 11.3s 13.7* 10.57 10.96 14.40 
3,6_Difluoropyridazine 10.6 11.9 14.1 11.02 11.18 14.32 
Tetraboropyridazine (11) (11.5) (14.4) 11.30 11.58 14.29 

Pyrimidine 10.41a 11.35s (13.7)8 10.40 11.40 14.25 
2-Fluoropyrimidine (10.6) (11.7) 13.8 10.64 11.40 14.20 
2,4_Difluoropyrimidine (10.65) 12.02 (14.1) 10.76 11.58 14.18 
4,6-Difluoropyrimidine 10.95 11.65 14.2 10.67 11.72 14.19 
2,4,6-Trifluoropyrimidine 10.93 12.10 14.25 10.92 11.72 14.16 
Tetrafluoropyrimidine 10.82 12.31 14.4 11.25 11.72 14.15 

Pyrazine 10.18s 11.77& (13.5)” 10.07 11.70 14.20 
2,3-Difluoropyrazine 10.35 12.35 13.9 10.59 11.81 14.15 
2,6-Difluoropyrazine 10.30 (12.3) 13.8 10.66 Il.79 14.15 
Tetrafluoropyrazine 10.37 (12.6) 14.05 11.08 11.91 14.12 

a Values taken from ref. 8. 
b a = 6.82 eV; /3 = 3.25 eV. 
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TABLE 2 

EXPERIMENTAL AND CALCULATED “LONE-PAIR” IONIZATION POTENTIALS (ev) 

Pyridazine 

3,6-Difluoropyridazine 

Tetrafluoropyridazine 

Pyrimidine 

2-Fluoropyrimidine 

2,4-Difluoropyrimidine 

4,6-Difluoropyrimidinc 

2,4,6-Trifluoropyrimidine 

Tetrafluoropyrimidine 

Pyrazine 

2,3_Difluoropyrazine 

2,6-Difluoropyrazine 

Tetrafluoropyrazine 

8 Values taken from ref. 8. 

nl 9.31s 11.66 
n2 11.308 13.72 
nl 10.17 12.80 
n2 12.69 14.96 
nl (11.15) 13.91 
n2 13.13 15.34 
nl 9.73” 11.76 
n2 11.25” 12.79 
nl (10.5 ) 12.34 
n2 (11.8 ) 13.80 
ill (10.75) 13.11 
n2 12.39 14.34 
nl (11.20) 13.32 
n2 11.90 13.88 
nl 11.27 13.85 
n2 12.90 14.83 
nl 11.46 14.25 
n2 13.45 15.67 
nl 9.63.= 11.64 
n2 11.35& 13.12 
n1 10.80 13.14 
n2 12.36 14.43 
m 10.62 13.14 
n2 (12.3 ) 14.46 
nl 12.06 14.57 
n2 (12.9 ) 15.60 

MEHA EHT 

12.64 12.23 
13.51 13.02 
12.58 12.20 
15.34 14.08 
13.21 12.61 
14.90 14.78 
12.60 12.34 
13.80 13.13 
12.67 12.33 
14.23 13.40 
13.17 12.67 
14.21 13.39 
13.62 12.95 
13.71 13.10 
13.61 12.95 
14.19 13.37 
13.54 12.89 
15.14 13.94 
12.31 11.93 
14.64 13.85 
12.84 12.26 
14.64 13.84 
12.84 12.30 
14.67 13.84 
13.75 12.82 
14.67 13.84 

Symmetry 

BZ 

Al 
332 
A1 
B2 
A1 
B2 

A1 
I32 
A1 
- 

B2 

A1 
B2 

A1 
B2 
Al 
Ag 
Ball 
- 
- 
- 

AB 
B2u 

assignments in the spectra (Figures l-3) and collected the measured vertical ionization 
potentials in Tables 1 and 2. Overlap of bands may render accurate measurements 
impossible. In these cases the tabulated data are estimated and appear between 
brackets. 

Although the analysis of each separate PE spectrum often remains question- 
able, comparison of the members of a series of molecules with an increasing amount 
of substituted fluorine, excludes any doubt. In all diazabenzenes Gleiter et al.B 
assume the third rt band at 13.9 eV. The presence of this band does not follow from 
the bandshape criterion because it is hidden under a number of r~ bands. In fact its 
presence can only be assumed on basis of calculations. However, in all three series 
we see this 7~~ band emerge from the host of u bands when the degree of fluorination 
increases. In the pyrimidine series we see how the three rc and two n bands finally 
become separately visible in tetrafluoropyrimidine. In general our analysis of the 
series supports the analysis of the parent compounds as given by Gleiter et al. ‘. 
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Figure 4. Correlation of experimental versus calculated x ionization potentials. 

Correlation of experimental and caicuIated n ionization potentials 

Previously we demonstrated” 4 that the effect of fluorine substitution could 
be described with Hiickel calculations. A parameter set (Q = a, + 0.7 /X-c; o(,(,) = 

Qc + 0.6 j&c; ‘+ = ac + 3.0 j&c; j3,-c = &-; BcF = 0.7 &,-) has been proposed, 
with which the n energies of substituted and parent aza- and diazanaphthalenes could 

be predicted. We used the same parameter set to describe the x system of the diaza- 

benzene series. A plot of experimental 7t ionization potentials (IP (z)) versus calculated 

IP(n)‘s is presented in Figure 4. 

Correlation of experimental and calculated ‘Wr ionization potentials 

One of the differences between the PE spectra of the diazines and benzene is 

the occurrence of two Q bands in the 9-12 eV region. These bands are usually called 

“n” bands. In a simple valence-bond model they can be ascribed to the lone-pair 

orbitals of the nitrogen atom. Because benzene and the diazines are isoelectronic, 

these “n” bands can also be considered as benzene Q orbitals that have gained energy. 

This destabilization can be explained by the partial localization of these orbitals on 
the nitrogen centres. 

It is not unreasonable to demand that in the results of all valence electron 

calculations this fact must be reflected in large atomic contributions of the nitrogen 
centres in the highest occupied 0 MO’s. Support for this requirement is found in 

recent ab initio calculations for the diazines by Almlijf et al. 1 ‘. In these calculations 
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Figure 5. Correlation of experimental versus calculated “lone-pair” ionization potentials. 

the 

The through-bond interaction model 

For certain kinds of symmetrical heterocyclic molecules, containing more 

“The MIEHM/MEHM program was kindly supplied to us by Dr. J. Spanget-Larsen &rhus 
Denmark]. 
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than one hetero atom, the sign of the interaction energy of “lone-pair” orbitals can 
be visualized with the aid of the through-space and through-bond coupling model of 
Hoffmann et al_‘. As was shown before1 3 this model also offers a simple explanation 
for the influence of substituted fluorine on the energy levels of the symmetrical and 
antisymmetrical “lone-pair” combination in nitrogen heterocycles when the nitrogen 
atoms are separated by an odd number of cr bonds. 

As has been pointed out by Hoffmann et a15, the results of the simple inter- 
action model and those of EHT contradict one another for the pyrimidine case. 

Because especially MIEHM results correlate very well with the measured 
IP(n) values, these calculated data can be relied on. The interesting question remains 
why the’simple model fails in this case. We hope to return to this question when we 
have studied the PE spectra of fluorine substituted 1,3-diaza-, 1,8-diaza-, and 2,7- 
diazanaphthalene. 
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