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Silicon clathrate compounds are Si analogs of carbon cluster Cy; those consist of polyhedral cages of Six and Siy,, which
are linked three dimensionally by sharing faces. The Barium containing silicon clathrate compound, NaBa,Si;, shows super-
conductivity below 4 K. This is the first superconductor with & sp®-Si network. Silicon clathrate compounds are prepared
from Zintl phases containing [Si]*” cluster arions. Another kind of Zintl phase, CaSi; contains corrugated Si layers with
Ca atoms between them. A layer structured polysilane (SiH), was derived from CaSi, by removing Ca in a concentrated HCI
solution at — 30 °C. The polysilane is a semiconductor with a band gap of about 2.5 eV.
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Fig.2 The structures of silicon clathrates: (a) M.Sis type and
(b) M,Siys type. The building units of gach clathrate
are shown on the right hand side: (¢} 12-and 14-hedra for
M.,Siy and (d} 12-and 16-hedra for M,Sip The ployhe-
dra share the faces to fill the space of the crystals.
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Table 1 Silicon and germanium clathrate compounds.

Formula Lattice constant
a (nm)

Network Trapped — Melal
metal  radivs (nm)

M.Siy type Silicon Na 0.190  NasSig 1.019
K 0.235  KiSiy 1.026

Rb 0.248  RbsSiy, 1.027

Germanium K 0235  K,Geg 1.066

Rb 0.248  RbGe, 1.070

M.Si type Silicon Na 0.190  NaSiw 1462
Cs 0.267  Cs:Sise 1.464

Germanium Na 0190 NaGey 1.540

Fig. 3 The structure of BaSi,.
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Fig.4 Schematic illustration of the crystal structure of
Na,Ba.Sle. Ba atorms (large circles) occupy the center of
the large tetrakaidecahedral cages and Na atoms (srall
circles) mainly occupy the center of smalier dodecahe-
dral cages.
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Fig. 5 Temperature dependence of resistivities of the com-
pressed polyerystalline samples of NaBa,Si, and
K.Ba,Si...
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Fig. 6 Structural mode! of Na,Ba,Si,, derived from the W,0
type structure.
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Fig. 7 “5i NMR spectrum of Na,Ba,Si, at 90 K.
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Fig. 8 Superconducting critical temperature (7) of Na,Ba,Sis
vs. Na content of the sample.
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Fig. 9 ESR spectra of Na,Si,5 at 4 K.

0

SrEr )
& el 27 I3 o
£ 4 NP o
8 3
k= 2 6 10 14 18
e 37 TR T
=
5 -
& -
L5} = .
A -

. e
e
17/;f
0

0 10 20 30 40 50
7107 K!

Fig. 10 Reciprocal temperature dependence of the ESR inten-
sity. Inset: an Arrhenius plot Anvs 77",
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Fig. 11  Schematic structural models of siloxenes derived from CaSi,; Kautsky and Weiss siloxenes.

Fig.12 Schematic illustration of layer structured polysilane,
(SiH)..
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Fig. 13 Optical absorption spectra of polysilane, (SiH),,
annealed at different temperatures in vacuum: (a) as-
prepared, (b) 300, (c) 400, (d) 700 and () 900 °C.
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