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The electronic structure of the polysilene chain is studied by means of the ab initio crystal orbital
calculations. The electronic structure of polysilene is not metallic at the Hartree-Fock level and the
effect of the inclusion of the d orbitals on silicon is small. These conclusions are completely different

from the recent work of Springborg.

In a recent article, Springborg predicted that polysi-
lene the silicon analog of polyacetylene is metallic.l:2
Springborg, using the linear-muffin-tin-orbital method,
concluded that the polysilene chain has a one-
dimensional overlapping band at the Fermi level, arising
from the considerable lowering of the antibonding o* to
a point below the n* and the n-like valence band, even
in the dimerized geometrical structure (bond alternating
form). Because extensive studies of the parent disilene
and polysilene oligomers have shown that the orbital or-
dering is always highest occupied molecular orbital = and
lowest unoccupied molecular orbital 7*, we think it is un-
likely that the polysilenic system would differ so greatly.

Our recent ab initio Hartree-Fock crystal orbital cal-
culations are in complete disagreement with Springborg’s
work. The geometry is optimized at the double-zeta (DZ)
basis-set level® using the energy gradient method.* The
final electronic structure is further refined by adding a
set of polarization functions on each atom (DZP basis
set): p-type orbitals on hydrogen and d-type orbitals on
silicon.? The lattice summation is taken up to the near-
est tenth neighbors with the cellwise cutoff scheme.® 41
k points or half the Brillouin zone are taken for the nu-
merical integration of the density-matrix elements.

The optimized geometrical structure obtained here is
the dimerized form and the geometrical parameters are
Rgi=si=4.091 a.u., Rsj_g;=4.343 a.u., Rs;—y=2.790 a.u.,
£SiSiSi=123.5°, and £/HSiSi=117.7°.%

Figure 1 shows the electronic band structure of polysi-
lene with DZ and DZP basis sets by the Hartree-Fock
method. Although the Hartree-Fock method is not a
suitable quantitative method for determining the exact
energy levels of the bands of polysilene, the band order-
ing is reliable. At issue here is whether the ¢* band is
the conduction-band bottom or not. The Hartree-Fock
method shows that the orbital order for the valence-band
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top and conduction-band bottom is # and 7*, respec-
tively. Since the 7* band will always be higher than the
7 band and the o* band remains above 7*, we can con-
clude, by avoiding any comparison of the energy levels of
the bands, that the o* band cannot cross the 7 band. In
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FIG. 1. The energy band structures of the polysilene
chain. (a) DZ basis set, (b) DZP basis set.
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addition, support for the Hartree-Fock method provided
by a first-principles pseudopotential local-density func-
tional (LDF) calculation on bond alternating polysilene
by Takeda also shows that the ¢* and 7 bands do not
overlap.” Polysilene should not be metallic.

The Hartree-Fock results also disagree with Spring-
borg’s claim of the importance of d-type orbitals for the
correct description of polysilene. The contribution of d-
type orbitals to the o* band is only 1%, and does not
effect the band structure as seen in Fig. 1(b).
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In conclusion, the electronic structure of polysilene in
its dimerized form is not metallic at the ab initio Hartree-
Fock level. The effect of the inclusion of d orbitals on the
silicon is small.

The author is grateful to Dr. Nobuo Matsumoto and
Dr. Jim Maxka for stimulating discussions and sugges-
tions. The author also thanks Dr. Kyozaburo Takeda for
supplying the results of LDF calculations prior to publi-
cation.
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