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● Research Outline
Si clathrate can become a new kind of silicon
semiconductor material

Our research is trying guest free Si clathrate
preparation and properties evaluation for new Si
materials.

Si clathrates have a rich variety of compositions
interesting physical properties that are directly related
to their structural and chemical properties. They have
crystalline structures with Si cages such as Si20, Si24 and
Si28, and various framework structures are known,
which include type I and type II structures. A atom in
which alkali or alkaline-earth metals were included is
typically encapsulated in each cage. In type II clathrates
the concentration of the inclusion atoms can be varied
resulting in compositional variations (NaxSi136: The Na
atoms can be removed from the cages, thereby varying
the Na content [x] from 0 to 24.) that directly affect the
physical properties. Upon removal of Na out of the
cages, the Si clathrates become a semiconductor.
Moreover, based on simulations, it was known that
type II Si clathrates without guest elements are stable as
compared with amorphous Si. The band gap of guest
free type II Si clathrate was calculated as 1.9 eV, which
is larger than that of diamond structure Si (Eg = 1.1 eV),
and predicted to be a direct gap. Thus, guest free type II
Si clathrates are a novel and promising photoelectric
material. However, the characterizations of Si clathrates
have not been well conducted due to the materials are
prepared only as powdery structures.
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Figure 1. Calculation of band gap.
(guest free type II Si clathrate)
[Moriguchi et al., Phys. Rev. B62,
7138 (2000).]
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Figure 2. Synthetic method of guest free type II Si clathrate.
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