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Summary

Penning ionization electron spectroscopy and CNDO/S calculations have been
successfully applied to the analyses of the UV photoelectron spectra of 2- and
2,5-bistrimethylsilylthiophene and 2-t-butylthiophene. The relative intensities of the
7 type bands are greatly enhanced in the Penning spectra compared with those of
the UV photoelectron spectra.

Penning Ionization Electron Spectroscopy (PIES) has been successfully applied to
the analyses of the UV photoelectron spectra (UPS) of some unsaturated molecules
[1-3]. The most remarkable difference between the photoelectron and Penning
electron spectra is that the « bands in the Penning spectra are enhanced relative to
the o bands. This feature was used along with quantummechanical calculations, in
our previous paper [4] for the investigation of the photoelectron spectrum of
trimethylphenylsilane and led to successful analyses of the UPS.

In this work a detailed assignment of the bands in the UPS of 2-trimethylsilyl- (1),
2,5-trimethylsilyl- (II) and 2-t-butylthiophene (III) has been made on the basis of
modified CNDOQO/S calculations [5] and the Penning spectra.

Experimental

The electron spectra were obtained at an ejection angle of 90° with respect to the
metastable or the photon beams by means of a hemispherical analyzer. The sample
vapor was introduced into the collision chamber through a sample nozzle at ca.
25°C. Metastable neon atoms, Ne* (°P, 16.62 eV) were produced by impact of 60
eV electrons; at this energy the contributions of Ne* (3P, 16.72 eV) atoms and
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photons were negligible [4]. For the measurement of the UPS pure helium and neon
gases were discharged to produce the He(I) (21.21 eV) and Ne(I) (16.85 and 16.67
eV) radiations; the low energy component of the resonance lines of the latter made
little contribution to the spectra.

Results and discussion

In Figs. 1 and 2 the Ne() photoelectron and Ne* Penning spectra of the
investigated compounds are presented; it should be noted that the /P scales in the
figures refer only to the UPS. In the case of PIES the abscissas correspond to the
energy of ejected electrons (approximately IP = 16.62 eV — E_,, where E_, is the
kinetic energy of the emitted electron). On Figs. 1 and 2 the assignment of the «
bands is unambiguous. We find that the first two bands due to the 7, and m, orbitals
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Fig. 1. UP and PIE spectra of trimethylsilylthiophene.

Fig. 2. UP and PIE spectra of 2-t-butylthiophene.
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of thiophene are enhanced in the PIES, in agreement with the trend mentioned
before. Similarly, we can assign the bands around 12 eV in the UPS to the =,
orbitals. In PIES they give sharp strong peaks, while in the UPS there is a weak band
(Fig. 1) or a shoulder (Fig. 2) in the corresponding region.

Figure 3 shows the spectrum of compound I together with those of the two
reference compounds [6]. In this case the He(I) spectra were used for better
comparison. Comparing the three spectra, we find that the first two peaks of I are
derived from the =, and =, orbitals of the thiophene moiety. Further, it is obvious
that the wide band at 10-11 eV is due to the Si—C bond. The next sharp band at
11.68 eV originates from thiophene and has o character according to the results of
PIES [2]. It is interesting that the #, band at 12.12 eV, which gives a sharp peak in
the He(I) spectrum, shows a diffuse band in the Ne(I) spectrum. Similar features
have been found in the other investigated molecules. The bands in the region higher
than 12.5 eV can be assigned to the orbitals of the methyl groups.

The spectrum of compound II has a similar structure and the assignment is also
similar to that for compound I. Naturally, the relative intensity of the bands
connected with the trimethylsilyl groups are increased in the compound II. Taking
account of the position of the 7, band, we can also assign the bands in the spectrum
of (III).

In Table 1 are shown the observed ionization potentials together with those
calculated by the CNDO/S method. In our previous investigation [5] a linear
correlation formula

IP,= —0.74¢,+ 1.70 eV

(where ¢, is the orbital energy) was found to give good results. The calculated values
in Table 1 have been corrected by use of this formula.
The calculations were carried out with (CNDO/Sd) and without d orbitals
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Fig. 3. The UP spectra of 2-trimethylsilylthiophene and the reference compound SiMe, and thiophene.



124

auoydory) 2y} 0 J2JaJ s1uAMIUBISSE feonasoath dnoisy |,

rzeoy RAYa4n
L9 00°S1 %q 86¢1
W 16 p] 'n geti
9 1§01 ‘9 popL CHO LPOT FHD 1£°91
i 6yl o pspl SI-GLZI HOD Lol “HD 5091
g spp1 %Gyl HD LEST HO 1E61
v 801 v ¢67€1 YHD PRI HD s8p1 PPI-0€l
Y 6etl tg 1Lzt SLY YHO 0svl FHO 8SPL |
4 _o.j (‘8) tgpzes (‘z)'qcrey 76°11 o 2r bl ip eyl
'HO 6Tl 71 (&) 'o 11 (u}logeil 9511 fqTel [ EANF
‘HO 0LTT 18 lg e E15 %9 8711 tq €L°TY g 1971 sLTl
THOVETH E38 2 p6o1 1S 29 €801 Excadl EYRA el
‘e g9'1y SO} 218 ' €6°01 15 'p 7801 11501 e 2 11 () 'z p111 89°11
£3-D 7911 . (u)'o Lgo1 (4} 2 08701 (W)Yo g1 £18 30°T1
301 191 ; sl v 4601 v op 01 £91S 16°01 €215 £8°01 £1-pol
(1) ' pg01 86°01 VOIS g 8LG Mo-1s el 070t Yo-18 sTot Y3-15 61°01
“w gpre o6 (C2) g 976 (*2)'9 676 06'8 e T 9gs 6
2oy 768 (‘z)*r7gg (&) ngrg or'g ‘s g9°g Yo peg 898
S/0AND dxgy PS/OGND S/OAND “dxg PS/O0ND S/00aND “dxg

»2UaQdonping -7

suaydomyApsidgrawmsig-g 7

» PuydonApsidipoun | -7

(A2) STVILNILOd NOILYZINOI GILVINDTVD ANV GIAWISHO

I AT9VL



125

(CNDO/S). Table 1 shows that there are no substantial difference between the
results obtained by the two methods except for the well-known stabilization effect of
d orbitals. The spectrum in the region between 10 and 11.3 eV is related to three
orbitals for the compound I and six for the compound II, and the lowest orbital
corresponds to the Si~C,, bond in both cases. Probably the shoulder at 10.2 eV in
the spectrum of II can be attributed to the Si-C,, bond.

In the spectrum of compound III there are three bands between the 7, and =,
bonds. The first of them at 10.98 eV can be related to the a, (o) orbitals of
thiophene and the second and third to the C-C bonds of the t-butyl group. Since
these two are very close to one another, they are not resolved in the spectra.
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