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Optical investigations on Y,_,Bi,Ru,07: Electronic structure evolutions related
to the metal-insulator transition
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Optical conductivity spectra of cubic pyrochlore Y,_,Bi,Ru,0; (0.0=<x=<2.0) compounds are investigated.
As a metal-insulator transition (MIT) occurs around x=0.8, large spectral changes are observed. With increase
of x, the correlation-induced peak between the lower and the upper Hubbard bands seems to be suppressed, and
a strong mid-infrared feature is observed. In addition, the p—d charge transfer peak shifts to the lower energies.
The spectral changes cannot be explained by electronic structural evolutions in the simple bandwidth-
controlled MIT picture, but are consistent with those in the filling-controlled MIT picture. In addition, they are
also similar to the spectral changes of Y,_,Ca,Ru,O; compounds, which is a typical filling-controlled system.
This work suggests that, near the MIT, the Ru bands could be doped with the easily polarizable Bi cations.
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I. INTRODUCTION

Pyrochlore ruthenium oxides A,Ru,0;_5 [A=Bi, TI, Pb,
Y, and L(=Pr-Lu)] are interesting materials, which show nu-
merous electronic properties depending on the A-site ions.
While Bi,Ru,0; and Pb,Ru,0q 5 are good metals, Y,Ru,0,
and L,Ru,0,_s are insulators.'” On the other hand,
T1,Ru,0; shows a temperature-dependent metal-insulator
transition (MIT) around 125 K.* Therefore, it is clear that the
electronic structures, especially near the Fermi level (Ej),
should have some systematic evolutions depending on the
A-site ions. Numerous investigations have been made to un-
derstand how the electronic structures will evolve in these
pyrochlore ruthenates,’ !4 however, there is no real consen-
sus on this issue yet.

One explanation is based on the fact that the different
sizes of the A-site ions will control structural properties, such
as Ru—O—Ru bond angle, which result in bandwidth
changes of the Ru #,, bands. With strong electron-electron
correlation effects,>”1%-12 these changes could result in a
MIT, called the “bandwidth-controlled MIT.” In the early
days, Cox et al. investigated Bi,Ru,0;, Y,Ru,O,, and
Pb,Ru,04 5 by using photoemission spectroscopy and high-
resolution electron-energy-loss spectroscopy and found that
the density of states at Er should decrease in the sequence of
Pb,Ru,04 s, Bi,Ru,05, and Y,Ru,0,.°> They concluded that
Y,Ru,0; should be in the insulating state due to correlation-
induced electron localization, namely the Mott insulator. Lee
et al. calculated the bandwidth of the Ru 7,, bands using an
extended Huckel tight binding method and confirmed that
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the MIT in the pyrochlore ruthenates should originate from
the change of the relative size between the correlation energy
and bandwidth, which was controlled by the A-site ion size.”

The other explanation is based on the fact that Pb or Bi 6p
electrons should have very large wave functions, which
could hybridize with the Ru 7,, wave functions. This hybrid-
ization could result in large bandwidths of the Ru #,, bands
and a net transfer of charge to the Ru lye bands,® ! so the
ruthenates could experience a MIT, called the “filling-
controlled MIT.” Hsu et al. compared the x-ray photoemis-
sion spectroscopy spectra of Pb,Ru,0g¢ 5 and Bi,Ru,0; with
band-structure calculations and argued that the unoccupied
Pb or Bi 6p states should be closely related to their metallic
conductivity through mixing with the Ru 4d states via the
ligand oxygen 2p states.® Later, using the LDA calculation
on A,Ru,0,_s5 (A=Bi, Tl, and Y), Ishii and Oguchi also ob-
tained similar results that the Bi 6p and the T1 6s states could
hybridize with the Ru #,, states and should contribute to the
density of states at E.” Considering the fact that the formal
charge valences of Pb and Bi are +3 just like those of the
other pyrochlore ruthenates, the filling-controlled MIT is
rather surprising. Consequently, it is important to discrimi-
nate whether the metallic state of the pyrochlore ruthenates
originates from the large bandwidth of the Ru 4d bands or
from the filling change.

Optical spectroscopy has been used as a powerful tool to
investigate electronic structures of highly correlated electron
systems.!>!¢ Several optical studies have been already done
on some pyrochlore ruthenates and provided some clues to
understanding of their electronic structure changes.!®!7-19
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Earlier, we compared the optical spectra of Y,Ru,0-,
CaRuO;, SrRuOs;, and Bi,Ru,0,, and we already showed
that Y,Ru,0, should be a Mott insulator and that the metal-
lic states of the perovskites could be understood in the band-
width control picture.10 However, we stated that the metallic
state of the pyrochlore Bi,Ru,0, could not be easily under-
stood. (See comment 32 in Ref. 10.)

In this paper, we report the optical conductivity spectra
o(w) of Y,_,Bi,Ru,0; (YBRO) (x=0.0, 0.5, 1.0, 1.5, and
2.0). YBRO is a good model system to investigate the MIT
mechanism of the pyrochlore ruthenates, since it has both
insulating and metallic end members. In addition, its solid
solution can be easily formed in all the region of x, and a
MIT occurs around x=0.8.>* When the YBRO compound
becomes metallic, the structural symmetry remains as a cu-
bic; however, with increase of x, the Ru—O bond length
decreases and the Ru—O—Ru bond angle increases.” These
x dependences are consistent with those in other pyrochlore
ruthenates.'>'4202! From the room temperature o(w) of
YBRO, we observed that the variation of x could result in
systematic spectral changes, including large peak shifts and
spectral weight redistributions in a wide energy range up to
5 eV. Using these spectral changes, we will address the MIT
of YBRO from the bandwidth- and filling-controlled pic-
tures. To clarify our argument further, we will also compare
o(w) of YBRO with those of Y,_,Ca,Ru,0,, which is a typi-
cal filling-controlled system.??

II. EXPERIMENTAL

Polycrystalline Y,_,Bi,Ru,0; samples were synthesized
using the solid state reaction method.? Since the pyrochlore
phase has a cubic structure, optical constants of the pyro-
chlore ruthenates should be isotropic, so we can determine
their optical constants from the reflectivity measurements of
polycrystalline samples. Before reflectivity measurements,
the sample surfaces were polished up to 0.3 um. We mea-
sured reflectivity spectra from 5 meV to 30 eV using numer-
ous spectrophotometers.'® After the optical measurements,
thin gold films were evaporated on the samples and their
reflectivity spectra were measured again to correct the errors
due to scattering from the sample surfaces.?? From the reflec-
tivity spectra, we performed the Kramers-Kronig (K-K)
analysis to obtain o(w). For this analysis, the reflectivity
below 5 meV was extrapolated with a constant value for the
insulating samples and the Hagen-Rubens relation for the
metallic samples. Note that the dc conductivity values used
for the Hagen-Rubens relation are larger by about two times
the values obtained by the four-probe method, which origi-
nates from the polycrystalline effects in the latter
measurement.”* For a high-frequency region, the reflectivity
value at 30 eV was used for reflectivities up to 40 eV, above
which o™ dependence was assumed. In addition, we also
independently measured o(w) between 0.7 and 4.0 eV using
spectroscopic ellipsometry. The results of the K-K analysis
agreed with the ellipsometry data, demonstrating the validity
of our K-K analysis.”

Sintered polycrystalline samples of Y,_,Ca,Ru,0; were
also synthesized by the solid reaction.?? The sample densities
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FIG. 1. Doping-dependent o(w) of Y,_,Bi,Ru,05 at room tem-
perature up to 10 eV. The indices of each peak appearing in (a) and
(e) indicate the corresponding optical excitations, displayed in
Fig. 2.

were too low for the reflectivity measurements, so we de-
cided to obtain their absorption spectra by measuring trans-
mittance spectra of Y,_.Ca,Ru,0; particles embedded in a
KBr matrix, which is transparent up to around 4 eV. Mix-
tures of Y,_,CaRu,0; and KBr powders were mixed to-
gether thoroughly and pressed into pellets, whose thick-
nesses were about 1 mm. The transmittance spectra were
measured between 0.5 and 4.0 eV, and the absorption spectra
were evaluated by taking logarithms of the transmittance
spectra and dividing them by the pellet thicknesses.?

II1. ASSIGNMENT OF SPECTRAL FEATURES OF
Y,_Bi,Ru,0; BASED ON THE ELECTRONIC
STRUCTURES OF END MEMBERS

Figure 1 shows room temperature o(w) of Y,_,Bi,Ru,0;
(x=0.0, 0.5, 1.0, 1.5, and 2.0) up to 10 eV. For x=0.0, o(w)
shows an insulating behavior with a small optical gap around
0.14 eV and the lowest interband transition around 1.6 eV.?
It also shows strong peaks around 3, 6, and 9 eV. As x in-
creases, two intriguing spectral changes can be observed. (1)
The spectral weight below around 1.0 eV increases, and a
strong Drude-like peak appears for x=2.0. These behaviors
are consistent with the x dependence of dc resistivity.>? (2)
While the strength of the 6 eV peak increases, that of the
9 eV peak decreases and almost disappears for x=1.5 and
2.0.
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FIG. 2. Schematic diagrams of the electronic structures of
Y,_,Bi,Ru,05 (a) corresponds to that for x=0, i.e., Y,Ru,0O;. The
occupied and unoccupied Ru 1,, states are located near Ej, forming
the lower Hubbard band (LHB) and the upper Hubbard band
(UHB), respectively. Outside these Ru #,, states, there are the oc-
cupied O 2p states and the unoccupied Ru e, states and the Y 4d
states. (b) sketches possible electronic structures of the Ru 1y, states
in the intermediate region of x ~ 1.0, when a metal-insulator transi-
tion occurs through a change of the bandwidth. In the bandwidth-
controlled system, a quasi-particle peak (QP) should appear be-
tween the Hubbard bands. (c) sketches electronic structures, when a
metal-insulator transition occurs due to the doping. In the filling-
controlled system, a mid-gap state should appear. (d) corresponds to
electronic structures for x=2.0, i.e., Bi,Ru,0. Compared to (a), the
Bi 6p state replaces the Y 4d state, and the 7,, states form a single
peak centered near Ep. In (a) and (d), possible optical transitions are
also indicated as A, B, C, a, 3, and 7.

In order to understand spectral weight changes more eas-
ily, let us adopt the schematic diagrams for the electronic
structures of the end members, i.e., Y,Ru,0; and Bi,Ru,0;,
which were already presented in Ref. 10, and also displayed
in Figs. 2(a) and 2(d), respectively. For Y,Ru,05, the Ru ion
has its formal valence of 4+ with four 7,, electrons. Since it
is known as a Mott insulator,>! the partially filled 7,, states
split into the lower Hubbard band (LHB) and the upper Hub-
bard band (UHB),>” as shown in the shaded area of Fig.
2(21) 28

The unoccupied e, states are located above the 1,, states
by a crystal field splitting energy of about 3 eV.!° The occu-
pied O 2p states and the unoccupied Y 4d states are located
below the LHB and above the e, states, respectively. On the
other hand, Bi,Ru,0; is close to a band metallic state,’
where the ,, states form a single partially filled band at Ep,
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as shown in the shaded area of Fig. 2(d). Instead of the
unoccupied Y 4d states in Y,Ru,0-, Bi,Ru,0; will have the
unoccupied Bi 6p states, whose bandwidth might be much
larger due to the extended nature of their corresponding
wave functions. Other states, including the O 2p states and
the Ru e, states, should remain nearly the same.

In each diagram, possible charge transfer excitations from
the O 2p states are indicated as transitions A, B, and C, and
possible transitions from the Ru #,, states are indicated as
transitions «, B, and 7. For Y,Ru,0,, the lowest excitation
around 1.6 eV can be assigned to the d—d transition between
the Hubbard bands, i.e., transition «. And, the strong peaks
around 3, 6, and 9 eV can be assigned to transitions A, B,
and C, respectively. For Bi,Ru,05, the coherent peak below
1.5 eV should be attributed to the intraband transition of the
partially filled 7,, band, and the 3 eV peak can be assigned as
transition A. The position of the 6 eV peak should corre-
spond to the energies of transition B and an additional
dipole-allowed transition, i.e., transition y between the Ru by,
states and the Bi 6p states. The contributions from these two
transitions can explain the large strength of this spectral fea-
ture.

The general trends of the high energy spectral changes,
shown in Fig. 1, can be understood based on the electronic
structures of Y,Ru,0, and Bi,Ru,0,. Note that, as the Bi
content increases, the 6 eV peak gains its spectral weight,
and the 9 eV peak loses its spectral weight. These systematic
x dependences confirm our peak assignments that the peaks
around 6 and 9 eV should be related to the Bi ion states and
the Y ion states, respectively. Based on these peak assign-
ments, we can argue that the spectral features in the low
energy region below 5 eV should come from optical transi-
tions related to the Ru #,, and the O 2p states.

IV. POSSIBLE MODELS FOR ELECTRONIC
STRUCTURAL EVOLUTIONS OF Y,_Bi Ru,0:
BANDWIDTH- VS. FILLING-CONTROL

Figures 2(b) and 2(c) show the possible electronic struc-
tures near Eyp for the intermediate compounds between
Y,Ru,0; and Bi,Ru,0; in the bandwidth- and the filling-
controlled MIT pictures, respectively. The electronic struc-
tures in the high energy regions are not displayed, since they
should exhibit normal x dependences; that is, as x increases,
while the O 2p states and the Ru e, states would not be much
affected, the Y 4d states should be replaced by the Bi 6p
states. On the other hand, the details of the Ru 1, states near
Ef should change according to the mechanisms of the MIT.

First, let us consider the bandwidth-controlled MIT, where
the quasi-particle (QP) peak should appear near Ep between
LHB and UHB,?’ as displayed in Fig. 2(b). When the system
becomes more metallic, the QP peak should increase with the
reductions of the Hubbard bands. The corresponding o(w) in
the low energy region should be composed of three spectral
features: (i) a coherent peak centered at zero energy, (ii) an
incoherent excitation between the Hubbard bands, and (iii)
strong p—d transitions located at the higher energies. As
shown in the inset of Fig. 3, o(w) of CaRuO5,'" which is
known to be a correlated metal, exhibits such spectral fea-
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FIG. 3. Doping-dependent o(w) of Y,_,Bi,Ru,05 at room tem-
perature up to 4.5 eV. The spectra for x=0.5, 1.0, 1.5, and 2.0 are
shown with an upward shift by 600, 1200, 1500, and
2600 Q' cm™!, respectively. Inset shows o(w) of CaRuO5 at room
temperature.

tures quite well: namely, the Drude-like peak in the zero
energy limit, the correlation-induced peak around 1.8 eV,
and the p—d transition peaks above 3 eV. As the system
approaches the band metallic state, the coherent peak should
develop, accompanied by the reduction of the incoherent ex-
citation.

Second, let us look into the filling-controlled MIT, where
a mid-gap state should appear just below UHB (above LHB)
for the hole (electron) doping case,”’ as displayed in Fig.
2(c). Different from the QP peak in the bandwidth-controlled
picture, this mid-gap state is not centered around Ef, and it
should provide an incoherent transport behavior in a moder-
ate doping regime due to the disorder-induced carrier
localization.'® In the hole-doping case, o(w) should have two
additional excitations to the mid-gap state from LHB and
from the O 2p states, each of which should appear at lower
energies than transitions « and A, respectively. As the carrier
doping increases, the excitations to the mid-gap state should
become stronger, accompanied by spectral weight reductions
of transitions « and A. It should be noted that the lowest
excitation comes from the transition between the LHB and
the mid-gap state, so that it should have a peak center at a
finite energy. Considering large differences in the electronic
structures near Ep and the corresponding o(w) between the
bandwidth- and filling-controlled MIT pictures, we will be
able to address the possible MIT mechanism of YBRO by
investigating their spectral changes at the low energy region.
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V. DISCUSSIONS ON THE METAL-INSULATOR
TRANSITION MECHANISM OF Y,_,Bi,Ru,0,

A. Spectral changes of YBRO below 4.5 eV

In order to investigate how the electronic structures of
YBRO evolve near E as the MIT occurs, we look into their
o(w) in the low energy region. Figure 3 shows o(w) of
YBRO up to 4.5eV. As the MIT occurs, large spectral
changes are observed for both the d—d and the p—d transi-
tions. For the d—d transitions, while o(w) of the x=0.0 com-
pound exhibits the correlation-induced peak around 1.6 eV,
o(w) of the x=2.0 compound does not show the correlation-
induced peak but exhibits a strong Drude-like peak extend-
ing up to 1.5 eV. For the x=1.0 and 1.5 compounds, strong
incoherent mid-infrared peaks can be observed. On the other
hand, the p—d transition shows a systematic redshift with
increase of x, as indicated by the solid triangles. Considering
the fact that the spectral features in this energy region should
be mainly contributed by the Ru 7,, and the O 2p states, such
systematic spectral changes with x indicate that there should
be significant evolutions of these states near the MIT.

B. Discussions based on the bandwidth-control picture

Let us first discuss the evolution of o(w) of YBRO in the
low energy region based on the bandwidth-control picture.
Considering the x-dependent changes of the Ru—O bond
length and the Ru—O—Ru bond angle,” we can expect that
the Ru #,, bandwidth should increase as x increases. Actu-
ally, the recent photoemission spectroscopy study on the Ru
3d core level by Kim ef al. demonstrated that the electron
correlation strength changes systematically with x, and it
would play an important role in determining the electronic
structures of YBRO.?® In our optical data also, as discussed
in Sec. III, the low energy spectral features of at least two
end members, i.e., the x=0.0 and 2.0 compounds, seem to
exhibit typical behaviors of the Mott insulator and the band
metal, respectively.

However, when we look into the systematic changes of
o(w) between end members, we can find a few intriguing
features deviating from expected changes in the simple
bandwidth-control picture. First, o(w) in the low energy re-
gion of the intermediate compounds with x=1.0 or 1.5 are
much different from that of a so-called correlated metal. As-
suming that the bandwidth-controlled MIT should occur in
YBRO, the x=1.0 and 1.5 compounds could be considered
as correlated metals located between the Mott insulator and
the band metal. Then, according to the diagram in Fig. 2(b),
their o(w) should exhibit a Drude-like peak centered at zero
energy and a correlation-induced d—d transition peak, which
is observed for x=0.0 around 1.6 eV. Instead of such peak
structures, they exhibit just a strong mid-infrared peak
around 1.0 eV for x=1.0 (and 0.5 eV for x=1.5).

Second, the p—d transition peak exhibits an unusual
x-dependent evolution, which is different from typical be-
haviors of the bandwidth-controlled system. We estimated
the energy position w,_, of the peak by fitting o(w) with a
series of the Lorentz oscillators.'® As shown in Fig. 4(a),
w,_; shows a gradual decrease with increase of x. Note that
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the Ru 7,, bandwidth should be largely influenced by the
p—d hybridization between the O 2p and Ru 1,, states. If the
p—d hybridization plays an important role, w,_, should be
largely determined by the Ru—O bond length dg,_o: ©,_4
should be inversely proportional to dg, _.°3> Namely, the
smaller dg,_o would make the larger energy splitting be-
tween the O 2p states and the Ru 1,, states, resulting in larger
w,_4. On the contrary to this expectation, w,_; decreases
with decrease of dg,_¢,> as shown in Fig. 4(b). This indi-
cates that the observed dg,__o dependence of w,_,; could not

p
be simply related to the bandwidth-control effects.??

C. Discussions based on the filling-control picture

In fact, the filling-controlled MIT picture can provide
good explanations for most of the observed spectral changes
of o(w) in the low energy region. As shown in Fig. 3, the
d—d transitions and the p—d transitions for the intermediate
compounds with x=0.5 and 1.0 seem to be broader than
those of end members. And, as x increases, both of them look
like shifting to the lower energies. According to the sche-
matic diagram in Fig. 2(c), which supposes the hole doping
case for the Ru ions, the mid-gap state becomes stronger
with an increase of the hole doping for the Ru ions. Then the
intermediate compounds should have two additional optical
excitations, and each of them should be located just below
transitions « and A of the x=0.0 compound. This explains
why the d—d and the p—d transitions for the intermediate
compounds become broader. If the finite widths of the peaks
are taken into consideration, the apparent redshifts of the d
—d and p—d transitions could be attributed to the increased
spectral weights of such additional excitations.

Moreover, the di,_o dependence of w,_,;, shown in Fig.
4(b), is also consistent in the filling-controlled picture. As x
increases, the amount of hole doping for the Ru ions in-
creases, so dg, o could decrease.'>'* In addition, with the
increase of x, the mid-gap state becomes stronger, resulting
in the apparent redshifts of w,_; as we addressed in the
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FIG. 5. Absorption spectra of Y,_,Ca,Ru,0; at room tempera-
ture. All of the spectra are shown in arbitrary units.

above paragraph. Therefore, w,_, will decrease at smaller
dRu—O'

Although the filling-controlled MIT picture is consistent
with the observed spectral changes of YBRO, it should be
noted that the low frequency spectral distribution of YBRO
is too broad to clearly identify the appearance of the mid-gap
state. In recent photoemission studies, Park er al. observed
an increase of the spectral weight near Ep,'? but the spectral
features in the photoemission spectra were also too broad to
clearly distinguish the appearance of the mid-gap state. The
broad spectral features in the mid-infrared peak and the pho-
toemission spectra might be related to the extended nature of
the Bi 6p orbitals,*!* which are hybridized with the Ru ,,
bands.

D. Comparison with the spectral changes of Y,_,Ca,Ru,07, a
filling-controlled system

To obtain further supports for the possible scenario of the
YBRO MIT mechanism, we investigated absorption spectra
of Y,_,Ca,Ru,0; (YCRO), which shows a MIT around x
=0.5.22 Since Y and Ca ions have different ionic states, as 3+
and 2+, respectively, the hole doping for the Ru 4d states
should occur and increase with the increase of x. Therefore,
the YCRO compounds will work as a model system with a
clear filling-controlled MIT.

Figure 5 shows the absorption spectra of the YCRO com-
pounds between 0.5 and 4 eV. The spectra below 0.5 eV
could not be measured due to the multi-phonon absorption of
the KBr pellet. For the Y,Ru,0; sample, its absorption spec-
trum is quite similar to its o(w), displayed in the bottom of
Fig. 3, demonstrating the validity of our approaches using
transmittance spectra. It is quite interesting to find that
x-dependent changes of the absorption spectra for YCRO
compounds are quite similar to those of o(w) for the YBRO
compounds, shown in Fig. 3. Characteristic spectral features
in YBRO, i.e., the redshifts of the d—d transition peak and
the p—d transition peak, can also be observed in the absorp-
tion spectra of YCRO. These similarities of optical spectra
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between YBRO and YCRO strongly support our proposal
that the MIT of the YBRO should originate from the doping
effects by the Bi cations.

E. Detailed mechanism of the doping effects

As x increases, the Ru by, bandwidth should become
larger through the hybridization between the Bi 6p states and
the Ru 1,, states.3'%? However, our optical investigations
clearly demonstrated that the hole doping will play a more
important role in determining the MIT in the YBRO com-
pounds. How will the Bi substitution result in the hole dop-
ing? According to the LDA calculations on the pyrochlore
ruthenates by Ishii and Oguchi,’ the electron orbitals at the Y
site will not be mixed with the Ru the orbitals, but the unoc-
cupied Bi 6p orbitals should be strongly hybridized with the
Ru #,, orbitals. These results imply that the substitution of
the Y ion with the Bi ion could give rise to the hole-doping
into the Ru 1,, bands. In particular, the extended wave func-
tion of 6p states of the easily polarizable Bi cation makes the
self-doping occur.

According to the LDA calculations by Ishii and Oguchi,’
an antibonding band of the Tl 65 and the O 2p orbitals in
pyrochlore Tl,Ru,0; is expected to cross Ep, which could
provide a self-doping to the Ru #,, states. In our previous
optical studies on TI,Ru,0-,'7!® we reported an incoherent
mid-infrared peak exhibiting unusual temperature depen-
dences. Contrary to the YBRO case, the mid-infrared peak
feature could easily be distinguishable from other peaks, and
its temperature dependences are similar to the doping depen-
dences of the mid-infrared peak in an externally doped Mott
insulator.’*3> Therefore, we explained the temperature-
dependent MIT of TI,Ru,05 in terms of a self-doping effect
for the Ru ions by the easily polarizable Tl cation.!”'® Note
that similar self-doping has been observed for Tl- and Bi-
based high-temperature superconductors.3¢-3°

It should be also noted that the geometrical frustration of
the pyrochlore compounds might play important roles in de-
termining their electronic structures.**=%> In the pyrochlore
structures where the magnetic ions are located at vertices of
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tetrahedra, the antiferromagnetic interaction will experience
a strong geometrical frustration. When the frustration is very
strong, heavy quasiparticles are formed around the Fermi
level by suppressing the short-range antiferromagnetic fluc-
tuations. By decreasing the frustration, the heavy quasiparti-
cle band splits, and the pseudogap begins to develop around
the Fermi level. We expect that such geometrical frustration
effects could also influence the spectral evolutions of YBRO.
Actually, a recent study on the magnetic and electric proper-
ties of YBRO by Tachibana er al. demonstrated that there
exists a strong coupling between charge and spin degrees of
freedom, which could be a characteristic feature of a strongly
correlated and geometrically frustrated system.*> However,
the consideration of such geometrical frustration effects goes
beyond our current investigation. Further studies are strongly
desirable to understand how the geometrical frustration
should modify the electronic structure changes in the
bandwidth-control and the filling-control pictures.**

VI. SUMMARY

We reported the doping-dependent optical conductivity
spectra of the cubic pyrochlore Y,_BiRu,0; (0.0<x
<2.0) and investigated the mechanism of a metal-insulator
transition of these alloy compounds. We reported that the
spectral features below 5 eV exhibit large changes with a
variation of x. We demonstrated that they should be under-
stood in terms of the change in the filling state of the Ru
ions. Together with the previous optical studies on
T1L,Ru,05,'7-13 this work suggests that the metallic behaviors
of some pyrochlore ruthenates, such as Bi,Ru,0; and
TL,Ru,0; (above 125 K), should be understood in terms of
the self-doping for the Ru 4d states by the easily polarizable
cations, i.e., Bi and TI.
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