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Summary

Permethylpolysilanes, including Me(SiMe, ), sNe, Me(SiMe, ), ,Me and
lower homologs, were investigated by UV spectroscopy, cyclic voltammetry,
and a.c. polarography. Solubilities in common solvents and reactions with
potassium were investigated. Evidence is presented for the formation of the
unstable species, (CH;);Si(NCCH;), *, from the electrochemical oxidation of
(CH;);SiSi(CH,); in acetonitrile.

Introduction

The preparation of two new permethylpolysilanes, permethyloctadecasi-
lane and permethyltetracosasilane, was reported recently [1]. Properties of the
lower homologs of this series have been discussed in earlier reviews [2-5] and
in recent publications [6-17]. Investigated properties include ultraviolet
[6-10], photoelectron [11] and NMR [12] spectra, ionization potentials [13],
melting point variation with increasing chain length [14], extensive cleavage of
silicon—silicon bonds upon UV irradiation [15], and the formation of weak
charge transfer complexes of linear permethylpolysilanes with tetracyanoethy-
lene [16,17].

To provide further information about the physical and chemical proper-
ties of the permethylpolysilanes, we have examined the ultraviolet spectra and
solubilities in common solvents of the long chain compounds. Also, the shorter
chain members of the series were investigated by a.c. polarography and cyclic
voltammetry and by observing their reactions with a potassium mirror.

Experimental
ESR specira were obtained on a Varian Associates Model E-4 spectrometer

over the temperature range —80° to —20°. Permethylpolysilanes were reduced
by allowing tetrahydrofuran or dimethoxyethane solutions of the polysilanes to
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contact potassium mirrors in vacuo at —60°. Electrolytic reductions were
attempted in tetrahydrofuran or tetrahydrofuran/ethyl ether solutions from
—50° to —90°. A PAR 373 potentiostat operating at a constant potential of
—4.00 V, platinum electrodes and tetra-n-butylammonium perchlorate as the
supporting electrolyte were employed.

Cyclic voltammetry and a.c. polarography were carried out in acetonitrile
solution using equipment described elsewhere [18]. The working, counter, and
reference electrodes were platinum, platinum, and saturated calomel electrodes,
respectively. Cyclic voltammograms were obtained at 25° with a sweep frequen-
cy of 0.05 Hz for ca. 0.01 M solutions with tetra-n-butylammonium perchlorate
as the supporting electroiyte.

Ultraviolet spectra were recorded in cyclohexane solution with a Cary 14
spectrometer in 1 cm cells.

Solubilities were determined by placing a weighed sample in a tube cali-
brated by volume and measuring the amount of solvent required to give a satu-
rated solution at 25°.

The permethylpolysilanes were synthesized by reported procedures [1,19]

Resulis and discussion

Ultraviolet spectra

The UV absorption maxima and molar absorptivities of the long chain
polysilanes are listed in Table 1.

Hiickel theory predicts [20] that for a chain of n silicon atoms the resul-

ting j molecular orbitals will have energies given by:
E, = ag; + (Bs.s,)2c0s nj‘fl

J=1,23...n

The energies of the lowest energy UV transitions of the shorter permethylpoly-
silanes have been correlated [10,21,22] with the results of simple HMO calcu-
lations. The curves in Fig. 1 show the change in 2cos(jr/n+1) as a function of
chain length for j = 1 and j = 2. The points represent energies corresponding to
the maxima of the first and second transition energies of the various permethyl-
polysilanes. This treatment is consistent with excitation to vacant delocalized
orbitals of electrons from silicon-o orbitals which are either of constant energy
or effectively delocalized with energy dependent upon chain length. While the
experimental and calculated values of the first transition obviously are similar
in Fig. 1, an appropriate change of either of the ordinate scales would lead to
the experimental points for the second, but not the first, transition being on the
theoretical curve. Thus, the two plots of 2cos(jm/n+1) as a function of transition
energy are both linear.

UV spectra and ionization potentials of the polysilanes have been corre-
lated [9,13] also with the results of calculations by the Sandorfy C molecular
orbital method [23]. In this method, the resonance integral 8’ for two orbitals
on each SiMe,; group in addition to the resonance integral 8 for orbitals cn
contiguous silicons are considered. In the present work, various '/8 ratios were
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TABLE 1
UV SPECTRA OF LONG-CHAIN PERMETHYLPOLYSILANES

Compound Ampax(nm) Molar
absorptivity X 107%

Me(SiMea)|aMe 285 4.30
264 4.35
221 (sh)

Me(SiMes); sMe 291 4.43
270 3.98
225 (sh)

Me(Si1Mea)a4Me 293¢ 4.55
228 2.78
210 2.80

dFwrst and second transitions not resolved.

tested. For 8’ = 0.6 §, calculated differences in energy of the highest occupied
(o) molecular orbital and the lowest, as well as the second lowest, unoccupied
molecular orbitals are shown by the curves in Fig. 2. The experimental points
in Fig. 2, as in Fig. 1, are close to the curves. For the earlier suggested [13]
relationship, 8’ = 0.346 (3, analogously calculated curves can be fitted aimost
as well with present experimental data.

From the linear variation of §§ as a function of ¥ for all chains longer than
disilane, the value of 5, g, is 2.73 eV by the simple HMO method for the first
transition, in agreement with earlier results [10,21], and 2.33 eV by the
Sandorfy C method for the first transition and for the second transition treated
separately.

For the first transitions of Me(SiMe, ), s Me and Me(SiMe- ), 1Me, the exper-
imental points are well onto the upper asymptotic portion of the curves in
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Fig. 1. Calculated (HMO) curves for energies and observed transition frequenctes as a function of chain
lengtk. First tranmition: o, second transitton: o. UV data from refs. 1 and 21.



68

132,000
08t
436000
10k
-140,000 D
€n 12b o
m
44000
14
148000
16
-152,000
181
1 1 )

6 12 18 23
Nembee of Siilcon Atems

Fig. 2. Calculated (Sandorfy C) curves for energy differences and observed transition frequencies as a
function of chan length.

Figs. 1 and 2 and thus close to the transition energy expected for an infinitely
long permethylpolysilane chain. The predicted minimum energy of the first
transition is 33,740 em™' from Fig. 1 and 33,800 cm™ from Fig. 2.

Although the LUMO presumably is mostly of 7 character in the simple
HMO model and an antibonding o orbital in the Sandorfy C model, the present
UV data cannot be used alone to choose between these models as shown by the
good agreement in both Fig. 1 and Fig. 2.

Electrochemistry of permethylpolysilanes

Oxidation potentials as determined by a.c. polarography for several perme-
thylpolysilanes are given in Table 2. Electrochemical data for the longer chain
permethylpolysilanes are not available owing to their low solubilities in acetoni-
trile. The cyclic voltammograms for hexamethyldisilane and octamethyltrisilane
are shown in Figs. 3 and 4, respectively. The cyclic voltammograms of
Me(SiMe,),Me where nis 4, 5 [18] or 6 differred qualitatively from that in

TABLE 2
LOWEST OXIDATION POTENTIALS OF PERMETHYLPOLYSILANES

Compound Eap2
Me(SiMe)zMe 1.880 % 0.005
Me(SiMeo)3Me 1.520
BMe(S1Me ) Me 1.330
Me(SiMea)sMe 1.180
Me(S1Mea)gMe 1.075

GRefereace: SCE.
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Fig. 3. Cyche voltammogram of Me(SiMea)aMe.

Fig. 4. Cyclic voltammogram cf Me(S:Me»)3Me (second and subsequent sweeps).
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Fig. 4 by having additional ill-defined oxidative waves in the +1.5t0 +3.5 V

range and differently shaped reductive waves at ca. +0.1 V.

with the energies of the highest occupied molecular orbitals as determined by

The oxidation potentials, E,., of permethylpolysilanes vary almost linearly

the Sandorfy C treatment (Fig. 5). [onization potentials which have been mea-

sured [11] by photoelectron spectroscopy for Me(SiMe, ),Me, where n = 2, 3

and 4, also increase linearly with the energies of these orbitals as calculated by
the Sandorfy C method.
The cyclic voltammograms of linear permethylpolysilanes show oxidative
waves in the region +1.2 to +3.0 V which have fast reactions coupled to the
electrode processes. The UV spectrum of a solution of permethyltrisilane after

electrolysis at +1.8 V shows a decrease in permethyltrisilane and appearance of
permethylcyclopentasilane indicating that silicon—silicon bond cleavage occurs.

volls
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Fig. 5. Correlation of oxidation potentials with the energy of the highest occupied molecular orbital as
calculated by the Sandorfy C method (8° = 0.6 ).
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The subseguent reduction sweep in each of the above cyclic voltammograms
produces one or more processes in the +0.3 to —0.25 V range. These electro-
chemical processes also have fast coupled reactions. Tetramethylsilane was not
electroactive.

For initial scans from +1.0 V to —2.5 V, no reduction of permethylpoly-
silanes is observable. The number, relative intensities and shape of the reductive
waves in subsequent scans varied with chain length, temperature and sweep fre-
quency.

For the oxidation of hexamethyldisilane, the number of electrons trans-
ferred is calculated to be 2.0 £ 0.3 from the Randles—Sevcik equation [24].
From this result, the reaction coupled to the oxidation of hexamethyldisilane
is postulated to be:

Me;SiSiMe; 525 2Me;Si'(NCCH;),

The product from the oxidation of hexamethyldisilane was short-lived but at
convenient scan rates gave a reduction wave at ~ —0.25 V. For an investigation
of whether either Me(NCMe)" formed either during the oxidation process or
during decomposition of Me;Si'(NCCH,), to Me,Si:, the cyclic voltammogram
of Me(NCCH,;)" was recorded. This species was prepared by addition of
MeOSG,CF,; to acetonitrile [25]. The cyclic voltammogram shows a reduction
at ca. —0.44 V and much greater stability of Me(NCCH;)" than of the species
produced in the electrolysis of hexamethyldisilane. Goodrich and Treichel [26]
have reported isolation of salts containing the Me(NCCH ;)" cation. The relative
magnitude of the —0.25 V wave, relative to the oxidative wave, decreases with
decreasing scan rate. A plot of the reciprocal of the ratio of maximum current
of the reductive wave to the maximum current of the oxidative wave as a
function of elapsed time between oxidation and reduction (Fig. 6) establishes
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Fig. 6. Second-order lanetic plot of decomposition of Me3Si*(NCCH3),,.
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that the decomposition of Me;Si(NCCH;), takes place by a second-order pro-
cess. The ratio of the reductive current to the oxidative current is independent
of the initial concentration of hexamethyldisilane. Upon decreasing the tempe-
rature from +25° to —20°, the peak at —0.25 V decreases in magnitude and a
second peak at ca. —1.0 V appears. The sum of the areas under these two peaks
is about the same as the area of the —0.25 V peak at room temperature, if
equal scan voltages and sweep frequencies are employed. It is conceivable that
the peak at ca. —0.25 V is due to the reduction of Me;Si'(NCCH; ), (or 2y and
that the peak at ca. —1.0 V is due to the reduction of Me;Si'(NCCH3;)2 (or 1)-
Another conceivable species which could be reduced at one of these potentials
is the covalent compound Me;SiOCIO; which may be formed in a coupled
chemical reaction involving the supporting electrolyte. The electrochemical
oxidation of triphenylgermanium chloride (or bromide or iodide) has been
shown [27] to give the germenium ion, (C,H;);Ge*, which exists in solution

as an ion pair with the ClO; gegen ion. In the latter system, product isolation
led to the covalent species, (CsHs )3;GeOClO;. No oxidative wave was present in
the cyclic voltammogram of hexamethyldisilane when methylene dichloride was
the solvent.

Reactions with potassium

In either tetrahydrofuran or dimethoxyethane, permethylpolysilanes react
with a potassium mirror at —60° to give a radical with the ESR spectrum com-
parable to that exhibited by (SiMe,)s*. Carberry, West, and Glass [28] have
reported this radical and found its formation during attempted alkali metal re-
ductions of permethylcyclohexasilane. Bukhtiyarov, Solodovnikov, Nefedov
and Shiryaev [29] have reported that the reduction of permethyltetrasilane by
sodium/potassium alloy in dimethoxyethane gives the anion radical of perme-
thyltetrasilane, but attempts in this laboratory to reproduce this result failed
with only (SiMe,); - being observed. Attempts to electrochemically prepare
detectable anion radicals of the long chain (n = 12, 18, 24) polysilanes failed
owing to the low solubility of these compounds in THF or THF/Et.O from
—50° to —90°.

TABLE 3
SOLUBILITY OF PERMETHY LPOLYSILANES

Solvent Me(SiMes),; Me (mol /1)

n=18 n =24
Carbon tetrachionde 2.08 X 1072 8.63 X 1073
Cyclohexane 1.45X 1072 4.06 X 1073
Benzene 1.03 X 10°2 2,70 X 1073
Hexane 6.45 X 1073 1.30 X 1073
Tetrahydrofuran 8.13X 1073 Insol.@
Ethyl ether 8.82x 107% Insol.@
Acetone Insol.@ Insol.@
Ethanol Insol.8 Insal.@

Gless than 1 X 1079 Af.
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Solubilities
Solubilities of permethyloctadecasilane and permethyltetracosasilane were
determined in several common solvents, and data are presented in Table 3.

Acknowledgements

‘This research was partially supported by the National Science Foundation
(Grant No. GP 33530). We thank J.W. Ryan of the Dow Corning Corporation
for a gift of dimethyldichlorosilane.

References

W.G. Boberski and A.L. Allred, J. Organometal. Chem., 71 (1974) C27.
E.A.V. Ebsworth, In A.G. MacDiarmud (Ed.). Physical Basis of the Chemistry of the Group 1V
Elerments, Organometallic Compounds of the Group IV Elements, Vol. 1. The Bond to Carbon,
Diarcel Dekker. New York, 1963.
M. Kumada and K. Tamao, Advan. Organometal. Chem., 6 (1968) 19,
K.M. MacKay and R. Watt, Organometal. Chem. Rev. A, 4 (1969) 137.
H. Gilman, W.H. Atwell and F.K. Cartledge, Advan. Organometal. Chem.. 4 (1966) 1.
D.N. Hague and R.H. Pnnce, Proc. Chem. Soc., (1962) 300.
H. Guiman, W_H. Atwell and G.L. Schwebke, J. Organometal. Chem., 2 (196-1) 369.
H. Gilman and D.R. Chapman,. J. Organometal. Chem., 5 (1965) 392.
P.P. Shorygn, V.A. Petukhov, O.M. Nefedov, S.P. Kotlesmrkov and V.1. Shiryaev, Teor. Eksp. Khim.,
2(1966) 190.
10 C.G. Att, L.L. Jones and B.G. Ramsey, J. Amer. Chem. Soc., 89 (1967) 5471.
11 H. Bock and W. Enssiin, Angew. Chem. Int. Ed. Engl., 10 (1971) 1041.
12 R. West, F.A. Kramer, E. Carberry, M. Kumada and M. Ishikawa, J. Organometal. Chem., 8 (1967) 79.
13 C.G. Pitt, M.M. Bursey and P.F. Rogerson. J. Amer. Chem. Soc., 92 (1970) 519.
14 M. Kumada, M. islikawa and S. Maeda, J. Organometal. Chem., 5 (1966) 120.
15 M. Ishikawa and M. Kumada, Chem. Commun., (1971) 489.
16 V.F. Traven and R. West, J. Amer. Chem. Soc., 95 (1973) 6824,
17 H. Sakurai, M. Kura and T. Uchida, J. Amer. Chem. Soc., 95 (1973) 6826.
18 W.G. Boberski and A.L. Allred, J. Organometal. Chem., 88 (1975) 73.
19 G.R. Wilson and A.G. Smith, J. Organometal. Chem., 26 (1961) 557.
20 C.A. Coulson, Proc. Roy. Soc. A, 164 (1938) 383.
21 W. Drenth, J.G. Noltes, E.J. Bulten and H.M.J.C. Creemers, J. Organometal. Chem., 17 (1969) 173.
22 B.G. Ramsey, Electronic Transitions :n Organometalloids, Academic Press, New York, 1969. p. 113.
23 C. Sandorfy, Can. J. Chem., 33 (19553) 1337.
24 a V.E.B. Randles, Trans. Faraday. Soc., 44 (1948) 327;
b. A. Seveik, Collect. Czech. Chem. Commun., 13 (1948) 349.
25 D.J. Strope, personal communication.
26 R.A. Goodnch and P.AL Treichel, J. Amer. Chem. Soc., 88 (1966) 3509.
27 R._J. Boczkowskr and R.S. Botte:, J. Organometal. Chem.. 19 (1973) 389.
28 E. Carberry, R. West and G.E. Glass, J. Amer. Chem. Soc., 91 (1969) 5446.
29 V.V. Bukhuyarov, S.P. Solodovmukov, O.M. Nefedov and V.1 Shiryaev, Izv. Akad. Nauk SSSR.
9(1968) 1012.

[

RN ML



