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The Hel photoelectron spectra of 2-phenyloxirane, 2,2-diphenyloxirane, trans-2.3-diphenyl- 

oxirane, 2,2,3-triphenyloxirane, and 2,2,3,3-tetraphenyloxirane are reported. Comparison with the 
spectra of ethylene oxide (oxirane), benzene, and the following phenylethenes-styrene (1).
I,1-diphenylethene (2), cis-stilbene (3), trans-stilbene (4), triphenylethene (5), and tetraphenyl- 
ethene (6) -  allowed to assign the lower ionization energies of the phenyloxiranes. Splitting of 
the lowest energy benzene 7i-orbitals is qualitatively the same in both classes of compounds. 
Because of the perpendicular orientation of the oxygen lone-pair in comparison to the 7r-elec- 
trons of the ethylene double bond this splitting is considerably smaller in phenyloxiranes.

P h o to e le c tro n  S p e c tro s c o p y  o f  H e te ro c y c le s . P h e n y lo x ira n e s

Introduetion

The interesting electronic structure and properties 
of saturated three-membered rings have been ex­
tensively studied in the last thirty years. In order to 
describe bonding in these compounds concepts such 
as bent bonds [1, 2], ring strain, internal and ex­
ternal rr-orbitals (Walsh orbitals) [3], and through-
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space interaction [4] were introduced. Molecular 
photoelectron (PE) spectroscopy as a method yield­
ing direct information about the electronic structure 
(Koopman's theorem) proved to be an important 
support in these studies. Thus, the ionization ener­
gies of ethylene oxide (oxirane) measured by PE 
spectroscopy were reported by Al Joboury and Tur­
ner [5] as early as in 1964, and several groups 
reported its PE spectrum and discussed its elec­
tronic structure in the following years [6-9]. Pre­
sently, we can take as confirmed the electronic 
structure of oxirane -  at least as far as the two 
lowest energy levels (highest occupied orbitals) are
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Fig. 1. He I photoelectron spectrum of 2-phenyloxirane with the B system in high resolution.
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Fig. 3. He I photoelectron spectra of phenyl substituted 
ethenes: styrene (1), 1,1-diphenylethene (2), cis-stilbene 
(3), trans-stilbene (4), triphenylethene (5) and tetraphenyl- 
ethene (6).

concerned. With this in mind we investigated the 
effect of phenyl groups on these levels and the effect 
of the oxirane ring on the 7r-levels of benzene. With 
geminal two, three or four phenyl groups the phenyl­
oxiranes can become overcrowded which could 
possibly be observed in their PE spectra. Among the 
phenyloxiranes only the PE spectrum of 2-phenyl- 
oxirane has so far been reported [10]. However, 
much PE work has been done on the phenylethenes, 
styrenes and stilbenes [11-13], especially on their 
correlation with ethylene and benzene. The assign­
ment of lower ionizations in these compounds can 
be taken as confirmed. Therefore for comparison 
with the PE spectra of the phenyloxiranes, in this 
work the PE spectra of the phenyl substituted 
ethenes were also investigated.

Experimental

The Hel spectra of oxirane, 2-phenyloxirane (I), 
2,2-diphenyloxirane (II), trans-2,3-diphenyloxirane 
(III). 2.2,3-triphenyloxirane (IV) and tetraphenyl- 
oxirane (V) and the following phenylethenes -  sty­
rene (1). 1,1-diphenylethene (2), cis-stilbene (3), 
trans-stilbene (4), triphenylethene (5), and tetra- 
phenylethene (6) -  have been recorded on a Vacu­
um Generators UVG3 photoelectron spectrometer. 
The samples II to V were of commercial origin 
(EMKA-Chemie). Elevated temperatures of the in­
let system for II, IV, V, VI, and 2 -6  of 70 °G, 85 °C, 
130 °C, 170 °C and 60 °C, 50 °C, 100 °C, 120 °C, 
200 °C were employed to produce satisfactory 
spectra. The energy scale of the PE spectra was 
calibrated by simultaneous addition to the samples 
of small amounts of argon, xenon and nitrogen. The 
accuracy of the ionization energies quoted is 
± 0.05 eV.

Results and Discussion

The low resolution Hel PE spectrum of 2-phenyl- 
oxirane (Fig. 1) and of II, III. IV, and V (Fig. 2 a -d )  
and of the phenylethenes 1 -6  (Fig. 3) are shown 
with the numbers on the top corresponding to the 
vertical ionization energies. Ex,v/eV and the stan­
dard notation of the observed electronic band sys­
tems indicated below. A correlation diagram of the 
lowest ionization energies of benzene and ethylene 
with those of the phenylethenes as well as of 
benzene and oxirane with those of the measured 
phenyloxiranes is shown in Figure 4. It can be seen 
that in all PE spectra, like in the PE spectrum of 
oxirane [6-9]. there is a gap after 10 eV and again 
at about 13eV. Moreover, these band systems are 
the two assigned lowest ionization energy systems of 
oxirane which only appear in the lower part of the 
spectrum: the X system corresponding to a n (2b2)- 
ionization at 10.55 eV and the Ä system correspond­
ing to a Walsh type a (6ai)-ionization at 11.86 eV. 
The former, in agreement with its mainly oxygen 
lone-pair character, has a very intensive 0 - 0  band 
and progressions in 1130 cm"1 and 630 cm"1 with 
rapidly falling intensities. In the second, if the onset 
at 11.10 eV is taken as the 0 - 0  band, the maxi­
mum of the rather diffuse system is reached at v3 
with a wavenumber of about 1600 cm-1.



1233 H. Güsten et al. ■ Photoelectron Spectroscopy of Heteroeycles

E: / eV

10

H
HcCc H5C6'

9 25 9.23

HSC6

8 23845 ------
21T _903_ 

93

/ = \  HSC6
H5C6 ^ 5

H5C6W ^ H5
5 ^  H5CB C5H5

H5C6 S>H5 7.18

.4 IT
JLÜ 9.06
9.H _ ----

9.37

CC 10.49c ■——-TT ----- "it

8.93

10.13,

>6T 853
8.94

9.68
'CC

"CC CC--.. 10.48, "CC

E: / eV

10

V

H5C6

9.25-2TTJ

10.55,

V

9.05

10.27,

2lf

872 
9.21
9.38 
9.97

HrC,5̂ 6 \S  H^ 

H5C6

H5ft> 
HcC,

c6H5

C6H5

8.64 
9.14 Ulf

10.10
V

807
8.34 >f 8.61 (
89 j>611 "897 ) 

T T  |
92 >---

cf
9.66 _ 

------

sf

Fig. 4. Orbital correlation diagramme for benzene, ethylene, oxirane and the phenyl substituted ethenes (1-6) and 
phenyl substituted oxiranes (I- V).

What happens to these energy levels when a 
phenyl group is attached to oxirane can be observed 
in the PE spectrum of I (Fig. 1) and is indicated also 
in the correlation diagram in Figure 4. In agreement 
with the assignment of Akiyama et al. [10], systems 
at 9.05 eV and 9.45 eV are assigned to benzene 7r-ioni- 
zations. The structured B system at 10.27 eV with a 
progression of v= 1030 cm-1 is assigned to the oxy­
gen lone-pair 7r0 ionization (see Figure 1). Thus, con­
sidering the ionization energies the 7t-ionization of 
the ethylene double bond is replaced by an ionization 
of a lone-pair electron located mainly at the oxygen. 
However, the orientation of this lone-pair is per­
pendicular in comparison to that of the original 
ethylene ^-electrons. It is therefore expected that in 
the PE spectra of phenylethenes 1-6, in comparison 
to those of the phenyloxiranes I-V, a stronger

splitting of the benzene zr-levels will be observed. 
This is completely confirmed by the correlation 
shown in Figure 4. It also indicates that in the PE 
spectra of phenyloxiranes, contrary to expectations 
in this study, geminal phenyl groups do not cause 
significant effects of overcrowding.
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