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Synopsis. The low-energy photoelectron spectra
(PES) of twelve peralkylated catenates of group 4B elements
(silicon, germanium, and tin) were recorded. The trends in
the energies and the nature of the metal-metal and
metal-carbon bonds are discussed.

In connection with predicting rates of the reactions
and the products for processes involving electron
transfer, UV photoelectron spectra (PES) of the
organometals, particularly of group 4B metals, have
received considerable attention.? These PES studies
have mainly focussed on the metal-carbon,2-®
metal-hydrogen,®-1® and metal-halogen bonds6-29
of the group 4B metals. However, there are a few
reports on PES of the metal-metal bonds of the
group 4B metals.25-22 Compounds which contain
metal-metal bonds have attracted increasing interest
in comparison with those of carbon-carbon double
bonds.32:3V  The carbon-carbon double bonds have,
of course, already been very extensively studied by
PES.3?  Here we present the PES of twelve

peralkylated catenates of group 4B elements, RsM-M'Rs

(R=Me, Et; M, M’=Si, Ge, Sn) to explain trends in
the energies and the nature of metal-metal and
metal-carbon bonds.

Results and Discussion

Although the PES of permethylated and perethyl-
ated catenates of group 4B elements (silicon,
germanium, and tin) are slightly different from the
spectrum of carbon analogue, 2,2,4-trimethylpentane,2®
these spectra show similar patterns, each exhibiting

TaBLe 1. IoNIZATION POTENTIALS (€V) OF GROUP 4B DIMETALS
Compound M-M’ (a,) C-M (e) C-M’ (e)

MesSiSiMes 8.68 10.23, 10.67

MesSiGeMes 8.62 9.91 10.50

MesGeGeMes 8.60 9.87, 10.40

MesSiSnMes 8.39 9.71 10.41

MesGeSnMes 8.36 9.65 10.09

MesSnSnMes 8.20 9.26, 9.62

EtsSiSiEts 8.39 9.40, 9.78

EtsSiGeEts 8.24 b) 9.75

EtsGeGeEt3 8.33 9.14, 9.53

Et3SiSnEts 8.10 8.90 9.70

EtsGeSnEts 8.05 8.79 9.29

EtsSnSnEts 7.82 8.49, 8.87

a) The PES resolution was rather poor due to the
complexity of the compounds under study. b) This
band was not resolved from leading edge of the 9.75
eV band.

three bands of increasing intensity. The vertical
ionization potentials corresponding to the highest
three occupied orbitals are summarized in Table 1,
together with the designated symmetry and the
principal contributions to MQ’s.2® The highest
occupied molecular orbital (HOMO), which is of
principal concern to us, is associated with ionization
from M-M’ ¢ bonding orbital (a;), while the next two
bands correspond to M-C and/or M’-C bonding
orbitals (e).

The bands corresponding to M-M’ ¢ bonding
orbital ionization of a series of kindred catenates of
group 4B elements will appear at lower ionization
potentials than the bands corresponding to the
interaction of this 4B atom with the methyl or ethyl
group, since each group 4B atom studied has an
ionization potential much lower than carbon. The
first ionization potentials of a series of kindred
catenates of group 4B elements shown in Table 1 are
essentially the same as those of the parent metal (C,
11.26; Si, 8.15; Ge, 7.88; Sn, 7.34¢eV),3® indicating
that electrons ionized are localized relatively at the
M-M’ bonds. The first ionization potential of a
series of peralkylated catenates of group 4B elements
decreases generally in order: Si-Si>Si-Ge>Ge-Ge>Si-
Sn>Sn-Sn in accord with the M-M’ ionic bond
dissociation energy. The internal consistency of the
data is illustrated in Fig. 1 by a comparison of the
ionization potentials of the permethylated derivatives
with the perethylated analogues.
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Fig. 1. First ionization potential of Me;M-M’Me, uvs.

the first ionization potential of Et; M-M’Et; (M, M’
=Si, Ge, Sn).
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Fig. 2. The mean value of two bands of M-C bonding
orbitals of RyM-MR; vs. the first ionization potential
of RM (M=Si, Ge, Sn); @; permethylated deri-
vatives, O; perethylated derivatives.

Furthermore, the average of the next two bands
corresponding to M-C bonding orbitals of kindred
catenates of group 4B elements is close in energy and
linearly related to the M-C o bonding orbital (the
HOMO) of R4M (Si, 10.57, 9.8; Ge, 10.23, 9.4; Sn,
9.70, 9.0 eV for R=Me, Et).2:19 The correlation of the
average of bands corresponding to M-C bonding
orbitals of kindred catenates of group 4B elements
with M-C o bonding orbitals (the HOMO) of R4M is
illustrated in Fig. 2. Figure 2 shows that interaction
between the M-M bond and the M-C bond is weak.25

The ionization potentials of peralkylated catenates
of group 4B elements in this study should provide
interesting criteria for evaluating electron transfer
processes involving catenates of group 4B elements.

Experimental

Peralkylated catenates of group 4B elements (silicon,
germanium, and tin) and the photoelectron spectrometer
used in these studies have been described previously.39
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