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Fig. 1 (Color online) Optical micrograph of a single quasicrystal of
Zn-Mg-Dy alloy (Tsai Lab.).
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Localized — Charge order or Charge glass

Fig. 2 Schematic illustration of a quasiperiodic lattice that contains
a charge degree of freedom. Each lattice point can assume
either a divalent form (light blue circles) or a trivalent one
(dark blue circles), for example. Typically two kinds of
charge motion are possible: an itinerant state and a localized
one. ‘L’ and ‘‘S”’ respectively denote the long segment and
short one in the so-called Fibonacci chain that is a typical ex-
ample of a quasiperiodic lattice.
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Fig. 3 Schematic illustration of a pressure effect on the Yb valence
state.
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Fig. 4 Successive shells of the Tsai-type atomic cluster in a Cd-Yb
icosahedral quasicrystal: (a) 4Cd tetrahedron, (b) 20Cd
dodecahedron, (¢) 12Yb icosahedron, and (d) 30Cd
icosidodecahedron. A Cd-Mg-Yb quasicrystal is obtained
by Mg substitution at the Cd sites.
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Fig. 5 Schematic illustration of the experimental setup for the x-ray
absorption and diffraction measurements under high pres-
sure at SPring-8 BL22XU.
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Fig. 6 Normalized Yb L; XANES spectra of Cd-Yb quasicrystal at
select pressures at room temperature (open circles). Each
spectrum is fitted by the sum (solid line) of the divalent (dot-
ted line) and trivalent (dashed line) components.
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Fig. 7 Pressure dependence of Yb valence in a Cd-Yb quasicrystal
(dark blue circles) and that in a Cd-Mg-Yb quasicrystal
(light blue circles).
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Fig. 8 Relationship between the electronic specific heat coefficient
(y) and the Yb valence in intermediate-valence Yb-based
compounds. Light blue line is to guide the eye. The open
circle denotes the contribution of the higher valence ions in
Yb,Pt;Sn;. Valence regions developed in the studies on a
Cd-Yb quasicrystal and on a Cd-Mg-Yb quasicrystal are
also shown. More detailed information regarding this plot is
given in Ref. 35.
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Fig. 9 The pressure-volume relationship of a Cd-Mg-Yb

quasicrystal (closed circles). The solid line shows a fit of the
Birch-Murnaghan equation of state. Compression curve of a
Cd-Yb quasicrystal is also shown (dotted line, Ref. 39).
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Fig. 10 Normalized Yb L; XANES spectra of Cd-Mg-Yb
quasicrystal at select pressures (open circles). Each spec-

trum is fitted by the sum (solid line) of the divalent (dotted
line) and trivalent (dashed line) components.
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Fig. 11 Yb valence as a function of volume compression in a Cd-
Mg-Yb quasicrystal.
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Abstract Quasiperiodic intermediate-valence systems were prepared by applying pressure to Yb-based
quasicrystals. In these systems, each quasiperiodic lattice point has a charge degree of freedom.
Synchrotron radiation x-ray absorption spectroscopy experiments near the Yb L;-edge demonstrate
that the Yb valence in a Cd—Yb icosahedral quasicrystal increases continuously upon compression from
a divalent state at ambient pressure and reaches 2.33 at 31.7 GPa, where the quasiperiodically arranged
Yb ions take a valence fluctuation state. For the case of a Cd—Mg—-YDb icosahedral quasicrystal, the Yb
valence reaches a value of 2.71 at 57.6 GPa. By following the trend of Yb-based intermediate-valence
crystalline compounds, this large valence increase suggests that the 4f electron system in this quasicrystal
varies from a valence fluctuation regime to a strong correlated electron regime.

#gt May 2012 Vol.25 No.3 @ 183



