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CYCLIC POLYSILANES AND ASSIGNMENT
BY AB INITIO CALCULATIONSY

HARALD STUGER and EDWIN HENGGE

Institut fiir Anorganische Chemie der Technischen Universitit Graz,
A-8010 Graz, Austria

and

RUDOLF JANOSCHEK

Institut fiir Theoretische Chemie der Karl-Franzens-Universitit Graz,
A-8010 Graz, Austria

(Received May 3, 1989; in final form October 4, 1989)

Ab initio calculations have been performed on linear and cyclic polysilanes including permethyl-
substituted compounds. Koopmans’ approximation was used for assigning experimentally obtained PE
and UV spectra. The PE spectrum of octamethylcyclotetrasilane and the UV spectra of cyclopenta-
and cyclohexasilane are presented for the first time.

Key words: Ab initio calculations; linear and cyclic polysilanes, PE and UV spectra.

INTRODUCTION

Since the early 1960’s the question, why certain polysilane high polymers or
siloxene derivatives exhibit colour, is still controversial. First UV/vis-
spectroscopic investigations were strongly impeded by the insolubility of the
compounds in question and therefore just led to empirical statements.' Recently,
the discovery that polysilanes may serve as photo-resists in microlithography
intensified the search for a theoretical explanation of the unusual electronic
properties of Si-Si bonds. PE and UV/vis-spectroscopic investigations of
numerous linear and cyclic polysilanes resulted in first theoretical models.”>” For
cyclosilane derivatives bearing substituents with free electron pairs (halogen and
methoxy groups) we succeeded in deriving a model from the measured absorption
spectra assigning the unusual long wavelength absorption bands to intramolecular
charge transfer transitions.*

Theoretical treatment of extended polysilane systems at higher levels of
accuracy, however, are rare. Higher silicon hydrides prove to be particularly
suitable for theoretical studies because calculations nowadays can be performed
with high accuracy even for larger molecules. In this work we report for the first
time the UV spectra of cyclopentasilane and cyclohexasilane. Together with the
PE and UV spectra of linear polysilanes and selected methylsilanes they are

t We are saddened by the death of Prof. Dr. O. E. Polansky to whom this paper is dedicated.
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interpreted by ab initio calculations. Emphasized are the differences between
linear and cyclic silicon hydrides and the influence of methyl group introduction
on the polysilane systems.

EXPERIMENTAL

Cyclopentasilane and cyclohexasilane were synthesized and purified using standard procedures already
described in literature.>® Due to the extreme sensitivity of the compounds investigated against
oxygen, all manipulations need to be carried out under inert gas atmosphere. UV spectra were
recorded between 190 and 300 nm on a Perkin Elmer Lambda 5 spectrophotometer in sealed quartz
cells of 1 cm path length using spectral grade isopentane dried over LiAlH, and distilled prior to use.
Absorption maxima were measured by scanning the spectrum at least twice and were always
reproducible to <0.5 nm. The extinction coefficients are considered accurate to at least +10%.

COMPUTATIONAL METHODS

Ab initio SCF calculations were performed on a VAX 3200 computer using the GAUSSIAN 82
program.” The STO-3G basis set employed, expectedly yields Koopmans' theorem ionization energies
systematically lower than the experimental ionization potentials. In contrast, calculated ionization
energies by the use of the split valence 3-21G basis set are too high. An intermediate basis set is
produced by extending the STO-3G basis with a silicon (s, p) set with an exponent of 0.0331.* It is
shown in Table I that this augmented STO-3G basis set is useful for the calculation of ionization
energies and that the same extension of the 3-21G basis set does not lead to an improvement.

A similar basis test was performed for the calculation of electronic transition energies (compare
Table II). The STO-3G as well as the 3-21G basis sets are both unsuitable for useful calculations of
excitation energies. Augmented silicon basis sets are obligatory. Excited states were calculated
employing the STO-3G basis set augmented by a diffuse (s, p) set on each Si atom with an exponent of
0.015.° The use of limited basis sets shows a strong sensitivity of calculated ionization and excitation

TABLE I

Effect of different basis sets on lowest Koopmans ionization potentials (eV) of
silicon compounds

STO-3G+ 321G+
STO-3G sp(0.0331) 321G sp(0.0331) Exp.
SiH, 11.42 12.49 13.16 13.20 12-13
Si,H, 8.68 10.15 11.00 11.05 10.53
SiHy 7.95 9.60 10.44 10.49 9.87
c-SigHy 6.78 8.88 9.81 9.83 —
Si,Me, 172 8.33 9.31 9.38 8.69
TABLE II

Effect of different basis sets on lowest electronic transition energies (eV) of
silicon compounds

STO-3G+ 321G+
STO-3G  sp(0.015) 321G sp(0.015)  Exp.
SiH, 18.40 8.81 1.1 10.02 8.9
Si,H, 13.96 6.92 9.52 8.29 >6.4
Si;Hg 12.27 6.54 8.70 7.9 >6.4
c-Si Hg 11.61 5.83 6.76 6.71 —

Si;Me, 13.53 6.08 9.02 7.45 6.17
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energies with respect to the augmented functions. lonization energies only need appropriate
descriptions of the doubly occupied valence orbitals. In contrast, excitation energies need two sets of
well described orbitals. These are the valence orbitals from which excitations occur, as well as the
singly excited orbitals. With one additional (s, p) set per Si atom a compromise must be achieved by
which the ionization energies have partially lost their accuracy. The calculation of excited states was
performed by the method of “improved virtual orbitals” (IVO).'" The main advantage of the IVO
method, which is identical to a limited expansion of configurations (CI), is the generation of two sets
of singly excited orbitals for singlet and triplet states. The orbital from which excitation takes place is
singly occupied. Excitation energies simply are differences between orbital energies and show
Koopmans theorem accuracy.

PE SPECTRA OF POLYSILANES AND ASSIGNMENT

Photoelectron (PE) spectra of silanes and the assignment of ionization potentials
by quantum chemical calculations are already described in literature.'™"
Electron delocalization and valence band structure in linear polysilanes,
Si,H,, ., in particular the valence band broadening with increasing length of
the chain, have been discussed repeatedly. PE spectra of linear polysilanes of
up to n =6 silicon atoms are composed of three parts which can be interpreted
as follows:

(1) ionizations from o(Si-Si) bonds in the range 9.5-11eV;
(2) ionizations from o(Si-H) bonds in the range 12-13.5¢eV;

(3) ionizations from orbitals with dominating Si(3s) contributions in the range
15-17eV.

Theoretical studies within the framework of HMO theory start with the
assumption that the interaction between ¢(Si-Si) and o(Si-H) bond orbitals is
small and, therefore, can be neglected.' The study of Si—Si bonds without
considering the adjacent Si—H bonds, however, leads to significant deviations of
up to 1eV between “calculated”, i.e. optimal fitting of experimental data by the
Hiickel formulas, and measured values. A further disadvantage of the HMO
formalism is associated with the assignment because the participation of specific
Si atomic orbitals such as 3s and 3p cannot be identified.

The assignment of PE spectra by means of the semi-empirical CNDO method
allows the distinction between 3s and 3p atomic orbital contributions, but even
the lowest ionization potentials deviate from the measured values by 3eV."?

Recently reported ab initio calculations using the 3-21G(d) basis set and
applying Koopmans’ theorem show the hitherto best agreement between calcu-
lated and experimental ionization potentials.'* As expected d-orbitals were found
to be meaningless for the description of valence MO’s.

In the following section ab initio calculations for ionization potentials of a series
of silanes applying Koopmans’ theorem are described. Answers to the following
questions were expected:

(1) Is there a significant interaction between Si-Si and Si—H bond orbitals?
(2) What is the difference of the PE spectra for linear and cyclic polysilanes?
(3) What kind of influence has permethylation on the PE spectra?



18:17 29 January 2011

Downl oaded At:

192 H. STUGER, E. HENGGE and R. JANOSCHEK

The following systems have been investigated:

Si,Hj i n=1,...,5
c-(SiHy), n=4,5,6
Si,Me,, .» n=2,3
c-(SiMe,),

Linear polysilanes Si,H,,,,. Standard geometry data were used for silicon
hydrides: Si-Si=2.34 A, Si-H =1.48 A, <SiSiH = 110°, <SiSiSi = 110°; all-trans
conformation was assumed for the species with n =4 and 5. The calculated
Koopmans’ theorem ionization potentials are summarized in Table III. As
depicted in Figure 1, our results are in excellent agreement with experimentally
obtained PE spectra.'” In the range of o(Si-Si) and o(Si—H) ionizations the
maximum deviation of calculated from experimental values''>'? is 0.7eV. The
energetically lowest n — 1 ionizations of Si,H,,,, are assigned to orbitals with
dominating o(Si-Si)3p contributions. These orbitals, however, also contain
o(Si—H) contributions which are larger than those of o(C-H) in linear hydrocar-
bons. The C(2p):H(ls) ratio of the expansion coefficients in the HOMO’s of
linear hydrocarbons is 5:1, whereas the corresponding Si(3p):H(1s) ratio of
linear silicon hydrides is 3:1. For polysilanes with n =4, the density of peaks in
the o(Si-H) range of the PE spectra is too high to allow resolution. Degenerate
point groups appear for the systems SiH,(T,) and Si;H¢(D34) so that Jahn-Teller
splittings of the orbitals T, and E,, E,, respectively, should be accounted for. The
highest » ionization energies of Si,H,,., are assigned to low lying orbitals with
dominating Si(3s) contributions. In this case the requirements of Koopmans’
theorem become doubtful. Concomitantly Si(3s) ionization cannot be resolved in
the PE spectra of higher polysilanes.

TABLE III

Calculated Koopmans ionization potentials (eV) and symmetries of mole-
cular orbitals of linear polysilanes

SiH, T, 12.49 19.78
F A,

2

Si,H, Ds 1015 1216 1312 1839  20.69
Alg E Eu A2u Alg

Si;H, Gy 960 1882 1214 1268 1269
B, A, B, B, A,
1301 13.50  17.80  19.61 2117
A, B, A, B, A,

SigHo  Can 912 1076  11.05 1221  12.48
A, A, B, B A,
1282 1295 1308 1376  17.62
B, A, B, A, B,
2145

AE

SisH, Gy 885 1061 1102 1115 1219
B, A, A, B, B,
1232 1274 1279 1292 1331
A, B, A, B, A,
1386 1752 ... 21.60

Bl A| Al
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FIGURE 1

PE AND UV SPECTRA OF LINEAR AND CYCLIC POLYSILANES
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Cyclic polysilanes (SiH,),. The hypothetic cyclotetrasilane was calculated in Dy,
symmetry. This restriction is justified by the low destabilization with respect to
the folded D,4 structure of only 0.5 kcal/mol.'*> The conformation of cyclopen-
tasilane is of the type ‘“half-boat” (C, symmetry), and that of cyclohexasilane is
“chair” (D4 symmetry).'® Alternative conformations such as “boat” (C,,) do not
yield significant changes in the ionization energies. A Si-Si distance of 2.36 A was
used for the four-membered ring, and 2.34 A for five- and six-membered rings.

Calculated valence ionization energies and their interpretation are similar to
those of linear polysilanes (Figure 2). However, the trend of the ionizations from
the HOMO’s with respect to the increasing ring size is reversed. These HOMO’s
now are pure o(Si-Si)3p orbitals with no or negligibly small o(Si-H) contribu-
tions. The reversed order of lowest ionization energies very well might be due to
the decreasing ring strain. The energetic separation of Si-Si and Si—H ionizations
is less pronounced in cyclosilanes than in linear silanes. For the four-membered
ring the fourth o(Si-Si) MO is embedded between o(Si-H) MO’s. In the
six-membered ring Si—Si contributions in the valence MO’s continuously decrease
with decreasing orbital energies, and Si-H contributions increase.

Permethylated silanes. The molecules Si,Me, and Si;Me; were calculated using
the following geometry data: Si-Si=2.34A, Si-C=1.87A, C-H=1.094,
<SiSiC = 110°, <SiCH = 110°, <SiSiSi = 118°.

Calculated Koopmans ionization energies of selected permethylated silanes are
presented in Figure 3 together with the o(Si-Si)3p energy levels of the
corresponding hydrosilanes demonstrating the significant destabilization of the
o(Si-Si) orbitals in the methyl compounds.'®® Although these orbitals are
energetically well separated from those dominated by o(Si-C) contributions,
there is, in contrast to earlier assumptions,13 a destabilizing interaction between

1= - . L e . .
] SiHe  SiMeg Dy SiHy SiMeg (Coy) cSiHy C'S':.MOBaz Dy
,.1%9% 9
- ;7'60 b
B —495-
* 833 X o(SiSi) 3p '(&15) ? olsisi) 3p ey
(B,S) " 8.88 5 8 __ji8so -
; (914) 1 g |
i Bz—‘ Eu—
‘° A1—‘ I i 036 103 B, olSiC)
g% a— E oso X076Eg
{10.4) e B {1084 Ag olSiSile (SiC)
, (104) :;(11036A2u o(SiC}
i rs)
A —
13825 k<] s sy >3
“ _|_=_A1 = A %Bz olSiC)
E  olc-H = o (C-H) = Ay, olCH)

FIGURE 3 Effect of methylation on o(Si-Si) orbitals of Si,H,, Si;Hg, and c¢-SijHg and calculated
Koopmans ionization potentlals of the corresponding permethyl-silanes. IP's obtained from PE
spectra'>!” are displayed in brackets.



18:17 29 January 2011

Downl oaded At:

PE AND UV SPECTRA OF LINEAR AND CYCLIC POLYSILANES 195

6 o
HO CH, @@, OOH
@ e

H
fa} SigHg

e e'o
o @S%@ @O
2.0

{b) SipMeg

(d} c-SiyMeg

FIGURE 4 HOMO’s of (a) disilane (A,,) and (b) hexamethyldisilane (A1), (c) cyclotetrasilane
(B,,) and (d) octamethylcyclotetrasilane (Bo,).

o(Si-Si) and 0*(Si-C) (Figure 4(b)) instead of the stabilizing o(Si-Si)-o(Si—H)
interaction in silicon hydrides (Figure 4(a)). The onset of orbitals with dominating
o(Si-C) contributions is separated from the lowest o(C—H) orbitals by 3 eV, but
in the lower lying MQO’s both contributions are mixed. Even the lowest valence
MO’s with Si(3s) contributions are strongly destabilized with respect to silicon
hydrides.

The destabilization of o(Si-Si) orbitals in octamethylcyclotetrasilane is 2 eV
with respect to the unsubstituted species SisHg, although there is no stabilizing
0(Si-Si)3p-o(Si-H) interaction in Si,Hy for symmetry reasons (Figure 4(c)). The

cps

I " i A i e

; 8 10 12 % 16 18 1E (!V,

R

a(Si-51)3p o(S1-C) o(C-H) S1(3s)

FIGURE 5§ PE spectrum and Koopmans ionization potentials of octamethylcyclotetrasilane.
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destabilizing o(Si-Si)3p-x*(Si-C) interaction probably causing the low ioniza-
tion potentials of Si;Me; is depicted in Figure 4(d). The fourth o(Si-Si) MO is
embedded between o(Si-C) MO’s. This is in agreement with the PE spectrum
if a Jahn-Teller splitting of the degenerate E, orbitals is taken into account
(Figure 5)."

UV SPECTRA OF POLYSILANES AND ASSIGNMENT

UV spectra of linear polysilanes, Si,H,,,,, show increasing bathochromic shifts
of the first absorption bands with increasing chain length. The lowest electronic
transition energies for linear polysilanes with n=2,...,5 silicon atoms are
>6.4, >6.4, 5.96, 5.68 eV, respectively. Continuous absorption occurs at higher
energies.''®

Theoretical interpretations of UV spectra of polysilanes have been tried within
the framework of HMO theory. The lowest excited states should be described
by so-called HOMO— LUMO excitations which are of the type o(Si-Si)—
o*(Si-Si) where the LUMO’s are antibonding valence MO’s.

In contrast, ab initio calculations have shown that vacant orbitals are not
appropriate tools for the description of excited states. On the one hand these
orbitals do not reflect the nature of excited states wave functions; on the other
hand their energies show an arbitrary sequence. In general unoccupied orbitals
energetically lie above the ionization limit." Saturated compounds such as
polysilanes do not have bound excited states which can be described by means of
antibonding valence orbitals. Even the lowest excited orbitals are Rydberg-like
and can only be described by silicon AO’s of the type 4s and/or 4p (Figure 6).
These notations should not be taken literally due to the lack of strict ortho-
gonality between the basis functions for the description of valence orbitals, 3s
and 3p, and Rydberg orbitals, 4s and 4p. Split valence basis sets such as 3-21G
make the diffuse character of excited orbitals less visible (by occupation numbers
or excitation energies) than minimal basis sets (STO-3G). Extended basis sets no
longer allow an unambiguous distinction between “valence” basis functions and
“diffuse” functions. Furthermore, the importance of additional diffuse basis
functions decrease with increasing size of the molecules (Table II).

BPU. — »
ll \\ — I' ‘
J hsgn 56"’ .
i‘ ,I’ ‘\”\ bs S ,'
' ) —
) v
t 1}
h v
' 1
3p. '\ 3p
(a) (b)

FIGURE 6 Orbital correlation diagrams for the stabilizing effect of Rydberg 4s AO’s on the
antibonding 3po* interaction. The combination (b) of the initially constructed antibonding 3po* and
4sa* MO’s (a) leads to a stabilized lowest antibonding MO.
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Ab initio calculations of electronic transition energies and excited states wave
functions have been performed for a series of polysilanes in order to answer the
following questions:

(1) What is the reason for the bathochromic shifts of UV absorption bands of
linear polysilanes with increasing length of the chains?

(2) What is the assignment of the bands in the UV spectra?

(3) What causes the differences in the UV spectra of linear and cyclic
polysilanes?
(4) What kind of influence has permethylation on the UV spectra?

Linear polysilanes Si,H,,.,. The use of vacant valence orbitals is unsuitable for
the description of excited states not only within the framework of HMO theory"!
but also for ab initio calculations'®'* as shown in Figure 7. The calculated
excitation energies turn out to be too high and the bathochromic shift with
increasing chain length by far is overestimated due to the strong stabilization of
the LUMO’s (3po*). The use of atomic functions of the types 4s and 4p causes
drastic stabilization of the empty orbitals which now exhibit constant energies
slightly above the ionization limit. Thus, lowest unoccupied orbitals (LUMO) are
artefacts of unsufficient theories because their energies tend towards the
ionization limit with increasing expansion of the basis set. Improved virtual
orbitals (IVO), however, which are singly excited MO’s, are found below the
ionization limit and, therefore, represent bound states. With increasing chain
length they are slightly destabilized, but this trend appears to be weaker
compared to the corresponding HOMO’s.

In Table IV the four lowest excited states are characterized by excitation
energies and orbital transitions for Si,H,,., (n=2,...,5). In all cases the
excitations occur from the corresponding HOMO’s of the type o(Si-Si)3p. The

I LUMO 3po*

LUMO 4s,bp

0
IP-limit

—_
IVO 4s,b4p

L1

Lao — HOMO 3po
n= 2 3 4 5

FIGURE 7 HOMO, first excited MO (IVO), Rydberg-like LUMO, and valence LUMO in linear
polysilanes Si H,,, ., (n=2,3,4,5).
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TABLE IV

Calculated Koopmans transition energies and their assignment to UV spectra of
linear polysilanes

AE (eV) Assignment AE (eV)
Molecule calc. (Orbitals) exp.* £
SiH, Ty 8.81 F, = A, (4s) 8.9
9.81 F, (4p) 9.6
Si,Hg Dy 6.92 A Ay (4s0) o >6.4
7.23 A, (4s0%)
7.41 E, (4pr)
7.92 A, (4po) fb.
SiyHyg Cy 6.54 B, — A, (4s0%) >6.4
6.81 A, (4s,4po™)
6.85 B, (4s, 4po)
6.94 B, (4pn) fb.
n-Si,H;, Ca 6.28 A, = A, (4s,4pa*) fb.
6.42 B, (4s0*) 5.96 8010
6.51 B, (4s,4po*)
6.58 A, (4pn)
n-SisH,, C, 6.14 B, — A, (4s0%) 5.68 6220
6.20 A, (4s0*)
6.38 B, (4po)
6.41 B, (4px) fb.

* Reference 11.

frequently discussed bathochromic shift observed in the UV spectra of linear
polysilanes usually is considered as a unique spectral property due to the
silicon-silicon bond acting as a chromophore, probably by employing vacant
d-orbitals of the silicon atom.'"'®* However, ab initio calculations do not show any
participation of d-orbitals in low-lying excited states. Additionally the present
calculations seem to belie any unique electronic properties of the silicon—silicon
bond. According to Figure 8, excitation energies of linear polysilanes and the
homologous alkanes exhibit nearly the same shift to lower energies with
increasing length. Only the absolute values of the transition energies differ by
3eV, what also is reflected by the ionization potentials. For n =3 the lowest
excited orbitals are of the type o*(Si-Si)4s. Excited x(Si-Si)4p MO’s are found
in third or fourth place 0.3-0.4 eV above the lowest excited MO’s. Even in short

E
(eV)
0 - ------- ionization lirmit
lowest
.. excited state
-5 BE XS0 AE, X=C)
-0 ground state
e X SI
K X=C

15 X, XoPy YFy %Pl YoPiy

FIGURE 8 Lowest Koopmans ionization potentials and electronic transition energies AE of linear
alkanes and silanes X, H,,,, (n=1,2,3,4,5).
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chains the excited states are energetically separated by only 0.1 eV, what explains
the observed UV continuum.

Cyclic polysilanes (SiH,),. Compared to linear polysilanes cyclosilanes exhibit
some interesting features (Table V). As well as the first ionization potentials the
lowest excitation energies also increase with increasing ring size. The five- and
six-membered rings show low-lying excited states with -excitations from the
HOMO-1. The lowest excited MO of the hypothetic four-membered ring is
4s, 4p-o in character, the 4p-m MO appears in third place. The five-membered
ring has a lowest excited MO with 4s,4p-0* character. The same situation is
found for the six-membered ring in boat conformation. However, in chair
conformation the lowest excited MO is composed of axial 4p AO’s in order to
form a n*-like MO. Numerous symmetry-forbidden transitions (fb.) facilitate the
assignment of the UV absorption bands. In the five-membered ring with C,
symmetry all transitions are symmetry-allowed. The two measured absorption
maxima at 5.68 and 6.23 eV can be assigned to the calculated A’— A’ transitions
at 5.89 and 6.34 eV, respectively. The six-membered ring shows two conformers
with comparable energies. For the chair conformation (D;y symmetry) the four
lowest transitions are symmetry-forbidden so that the measured peak at 6.36 eV
must be assigned to the B,— A, transition from the HOMO-1 in boat
conformation (C,, symmetry) calculated at 6.65eV.

TABLE V
Calculated Koopmans transition energies and their assignment t~ UV spectra of cyclic
polysilanes
AE (eV) Assignment AE (eV)
Molecule calc. (Orbitals) exp.” €
c-SiyHg D4, 5.83 By, — A, (48, 4po) fb.
5.85 E, (4s, 4p) non-bond.
6.06 A,, (4pr) fb.
6.36 By, (4s, 4po™) fb.
c-SisH,, C, 5.89 A’ — A’ (4s,4po*) 5.68 3000
6.19 A" (4s,4po*)
6.25 A" — A’ (4s,4pa*)
6.34 A’ — A’ (4s,4po*) 6.23 14000
6.58 A" (4s,4po*)
c-SigH,, Dsy4 6.50 A= A (dpu,rt®) fo.
6.73 E, (4s, 4po) fb.
6.73 A,, (4s0*) fb.
6.77 E; — Ay (4p.*) fb.
6.98 E, (4s, 4po)
c-SigH,, C,, 6.55 A; — A (4s,4po*) fb.
6.65 B, — A, (4s,4po*) 6.36 6000
6.74 A; = A (4s,4po*) fb.
6.79 B, (4s, 4po)
6.79 B, (4s,4po*)
6.82 B, = A, (4s,4po*)
6.85 B, (4s, 4po) fb.
6.87 B, (4s, 4po”)

*This work.
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Permethylated polysilanes. Introducing methyl groups into polysilanes sig-
nificantly reduces their excitation energies.'”'® The effect of permethylation on
the excited states of Si,Hg, SiaHg, and c-SijHyg is shown in Figure 9, together with
the assignment of experimentally obtained UV maxima. Doubly occupied orbitals
in the ground state, in particular, exhibit much stronger destabilization than
singly excited orbitals. The destabilization of the former was already discussed by
involving antibonding o*(Si~C) contributions in the chapter about the PE
spectra. Excited 4p-m orbitals are less destabilized by methylation than excited
4s,4p-o or o* orbitals (compare Fig. 9). Therefore, 4p-m orbitals in Si,Me,
Si;Meg, and Si;Meg now are found in second place 0.2-0.3 eV above the lowest
excited MO’s which show 4s-o character. For SijMe;g two peaks with very low
intensity were measured at 4.04 and 4.89eV. Those are assigned to Dy,-
symmetry-forbidden transitions which have lost their strict forbiddeness by the
rotation of methyl groups. The B,,— E, transition is assigned to the peak with
high intensity at 5.38 eV.

Recently published transition energies of permethylated polysilanes using a
semi-empirical method of linear combination of sp* hybridized atomic orbitals do
not reflect general features of UV spectra such as the manifold of states and
assignment.'” Ab initio calculations where additional diffuse functions are
included do not indicate any silicon 3s contribution, neither in the HOMO’s nor
in excited orbitals. However, the semi-empirical method mentioned above could
allow to fit some experimental data correctly, independent of the quality of the
underlying theory, if the parameters are chosen appropriately.

ACKNOWLEDGMENT

The authors are deeply indebted to Prof. H. Bock and Dr. B. Solouki at the University of Frankfurt,
West Germany, for recording the PE spectrum of octamethylcyclotetrasilane.

E
&)

B B, By bstpo*

=A, Lsipo*
2 A,g 4po . By 4pm :x_':TBd.prt*
b Egbprpt B2 Lsupon=" | Abso
Ay l.soﬂ~ .
") Ay bso

- A‘g 4so 6 5,88

5 1617) (5681

5 692 6,54

b6.4) 06,4)
7
Ls,
8 1 A
of By
| 9
-0 A L Bz -
g
SiHg  SisMeg Si;Hg  SijMey ¢-Si Hg ¢-Si Meg

FIGURE 9 Effect of methylation on excited states of Si,Hg, Si;Hg, and ¢-SigHy, and assignment of
experimentally obtained UV maxima*'® (experimental values in brackets).
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