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Al-1r approximant crystal, which is a precursor of the aluminum-based
icosahedral quasicrystal, have a semimetallic band structure. We found that the bottom of the
conduction band is the d orbital of Ir, and the top of the valence band is the p-like orbital of the

cluster with eight Al and one Ir. In order to open the band gap, Ir is replaced by Ru with higher d
orbital energy than Ir and Al is partially replaced by Si with lower sp orbital energy than Al. As
a result, the semiconductor band structure was realized as expected.
In order to confirm the prediction by experiment, a single phase is prepared in the vicinity of
the calculated composition. From the measurements of thermoelectric properties (Seebeck coefficient,
electrical conductivity, thermal conductivity), it was experimentally confirmed to be a
semiconductor for the first time in the aluminum-based approximant crystals.
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