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Infrared study of the electronic structure of the metallic pyrochlore iridate Bi2Ir2O7
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We investigated the electronic properties of a single crystal of metallic pyrochlore iridate Bi2Ir2O7 by means
of infrared spectroscopy. Our optical conductivity data show the splitting of t2g bands into Jeff ones due to
strong spin-orbit coupling. We observed a sizable midinfrared absorption near 0.2 eV which can be attributed
to the optical transition within the Jeff,1/2 bands. More interestingly, we found an abrupt suppression of optical
conductivity in the very far-infrared region. Our results suggest that the electronic structure of Bi2Ir2O7 is
governed by the strong spin-orbit coupling and correlation effects, which are a prerequisite for theoretically
proposed nontrivial topological phases in pyrochlore iridates.
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I. INTRODUCTION

Transition metal oxides (TMOs) have been the topic of
intensive research due to a wide range of enigmatic electronic
properties.1 The electron-electron correlation effects are
believed to be the driving factor for intriguing phenomena
observed in 3d TMOs; these include but are not limited
to Mott transition, high-Tc superconductivity, and colossal
magnetoresistance.2,3 In the case of 4d and 5d TMOs, the
on-site Coulomb repulsion energy U becomes smaller than
that in the 3d counterparts because 4d and 5d orbitals are
spatially more extended. A distinguishing feature of 5d TMOs
is that the energy scale of the spin-orbit coupling is comparable
to U . In view of complex interplay between the electronic
correlations and the spin-orbit coupling, the 5d TMO Ir oxides
have been intensively studied. Indeed, a plethora of perplexing
phenomena have been discovered in 5d iridates such as a
weakly correlated Mott state with magnetic instability,4

metal-insulator transition,5–7 and charge density instability.8

Recently, the pyrochlore iridates R2Ir2O7 (R: rare-earth
ions) have attracted much attention due to a metallic spin liquid
behavior originating from generic geometrical frustration and
possible topologically nontrivial states.9–16 It was also pointed
that the pyrochlore iridates could provide a unique opportunity
to study electronic properties governed by electronic correla-
tions, spin-orbit coupling, and band topology.13 The strength
of electronic correlations in R2Ir2O7 systems can be controlled
by the size of R3+ ions, which affects the effective bandwidth
of the 5d Ir band by changing the Ir-O-Ir bond angle.17 Indeed,
the R2Ir2O7 compounds show the insulator-to-metal transition
with the increasing size of R from Y (or Gd–Lu) to Pr.14,18–21

With the advantage of the tunability of their ground states,
R2Ir2O7 is emerging as a test bed for new theoretical ideas
pertaining to nontrivial topological states such as correlated
topological insulators and topological Weyl semimetals.13–16

In this paper, we investigated the electronic structure
of metallic pyrochlore Bi2Ir2O7. We studied single-crystal

samples by means of infrared spectroscopy. So far, there have
been few spectroscopic studies of the electronic structure
of pyrochlore iridates21,22 and no such data were reported
for Bi2Ir2O7. Very recently, high-quality single-crystalline
Bi2Ir2O7 samples have become available for spectroscopic
experiments. Our IR data indicate the importance of electronic
correlations and spin-orbit coupling for determining the
electronic properties of Bi2Ir2O7. Interband transitions above
1 eV in our optical data can be assigned in the scheme of
electronic structure by taking account of strong spin-orbit
coupling. The optical conductivity spectra of this compound
show distinct mid-IR absorption near 0.2 eV, and, more
interestingly, the abrupt suppression in the very-far-IR region.
We discuss the relevance of our findings to the hypothesis of
nontrivial topological states.13–16

II. EXPERIMENT

Single crystals of Bi2Ir2O7 were grown by a self-flux
method, by slowly cooling a melt with a slight excess of Bi2O3.
For the sample measured in this study, Bi2O3 (99.8% pure) and
IrO2 (99.99% pure) were combined in a 50-ml Pt crucible in a
molar ratio of 40:60.23 The reagents were placed in a 50-ml Pt
crucible and put into a furnace. The material was heated from
room temperature to 850 ◦C for 10 h, then to 1100 ◦C for 125 h.
The furnace was then allowed to cool back to 850 ◦C over 125
h and then the crucible was decanted, and the furnace was
allowed to cool to room temperature. Crystals with dimensions
up to approximately 400 μm were readily extracted from the
crucible. The crystals have truncated octahedron morphology,
with the [100] direction perpendicular to the square faces.
There is no evidence of the material being sensitive to air.
The synchrotron x-ray refinement revealed that our samples
are of a single phase, and the crystalline structure is a cubic
with the space group Fd3̄m.23 Information on the structural
properties is provided in the appendix. The lattice parameter is
10.316 0(11) and 10.312(7) Å at 294 and 150 K, respectively,

195143-11098-0121/2013/87(19)/195143(7) ©2013 American Physical Society

http://dx.doi.org/10.1103/PhysRevB.87.195143


Y. S. LEE et al. PHYSICAL REVIEW B 87, 195143 (2013)

which indicates that the lattice parameter changes negligibly
with temperature variation. The details of sample preparation
and characterization will be published elsewhere.24

Electrical resistivity measurements were performed from
300 to 1.4 K using a Quantum Design PPMS in the standard
four-probe geometry. To obtain reliable dc resistivity data, the
measurements were performed for three samples with different
sizes, including the same particular crystal used for infrared
spectroscopy. We found the dc resistivity data of all the samples
to be quite consistent. As shown in the inset of Fig. 2(a), the
dc resistivity curve shows a positive slope with the increasing
T , which is indicative of the metallic state of our sample. The
metallic state of Bi2Ir2O7 is expected because the ionic size
of Bi3+ (1.17 Å) is larger than that of Pr3+ (1.126 Å) in a
metallic compound Pr2Ir2O7.25 In addition, the 6p orbital of
Bi3+ lies near the Fermi level and hybridizes strongly with
the Ir 5d bands, which makes the 5d bandwidth wider.26 The
residual resistivity ratio (RRR) is found to be 1.4. A similar
RRR value, ∼1.1, is found in another study on the Bi2Ir2O7 thin
films.27 This small value is in accord with the weak temperature
dependence of our reflectivity spectra, which will be discussed
later. The small RRR is also observed in Bi2Ru2O7, a metallic
4d pyrochlore compound (RRR ∼ 1.2).28

Reflectivity spectra R (ω) at nearly normal incidence were
measured at temperatures from 10 to 293 K. The surface area
of the sample used for reflectivity measurement is about 0.4 ×
0.4 mm2. Due to the very small sample size, the measurement
frequency range is limited to above 150 cm−1 (∼0.02 eV).
An in situ gold coating technique was employed for reference
spectra.29 The complex optical conductivity spectra σ (ω) =
σ1 (ω) + σ2 (ω) were obtained from the measured R (ω) using
the Kramers-Kronig (KK) transformation.

III. RESULTS AND DISCUSSION

Figure 1 shows reflectance data for Bi2Ir2O7. In Fig. 1(a),
R (ω) spectra exhibit a high level in the far-IR region and
approach unity at the lowest frequencies, which is indicative
of the metallic state. The hump structure in R (ω) is observed in
the mid-IR region near 0.4 eV, followed by gradual decrease
of the reflectivity level with the increasing frequency up to
2 eV. Additionally, the high-energy peak structure is resolved
near 3 eV. While we do not see any discernible temperature
dependence in R (ω) above 1.0 eV, the far-IR reflectivity level
becomes higher with decreasing temperature, as shown in the
inset of Fig. 1(a). The overall temperature dependence in R (ω)
is quite weak, which is consistent with the small RRR observed
in our transport measurement.

Direct information about the electronic structure can be
obtained in optical conductivity data that are derived from
KK transformation of R(ω). For the purpose of KK analysis,
appropriate extrapolations of R(ω) are needed. Due to the
limitation on the very far-IR measurement, we face ambiguities
in extrapolating R (ω) to the zero frequency. The most common
method of the reflectivity extrapolation for metallic compound
is the Hagen-Rubens (H-R) relation R (ω) ∼ 1 − √

ωρDC/π ,
where ρDC is the DC resistivity. We plotted the H-R lines
calculated using the DC resistivity values obtained from the
transport measurement [dot-dashed lines in Fig. 1(b)]. A clear
difference is found between the measured reflectivity values

FIG. 1. (Color online) (a) Temperature-dependent reflectivity
spectra R (ω) of Bi2Ir2O7. (b) Far-IR R (ω) below 0.04 eV. The
solid lines represent the experimental data. Two extrapolation lines,
denoted as EP1 and EP2, are represented by the dotted and dashed
lines, respectively. The dot-dashed lines are the H-R lines with
ρDC = 104 and 145 m� cm for the 10 and 295 K data, respectively.

and the H-R lines near 0.02 eV. This discrepancy highlights
the highly unconventional, low-frequency electrodynamics of
Bi2Ir2O7.

We examined a couple of different low-frequency extrapo-
lation schemes for the KK transformation in order to discern
the possible role of extrapolations in the optical conductivity
data. First we attempted to impose the H-R extrapolation.
We note that the H-R relation is expected to be valid only
at very low frequencies below the scattering rate of mobile
charge carriers.30 We therefore assumed that the measured
R (ω) meets the H-R lines near 0.001 eV, outside the attainable
experimental region [dashed lines in Fig. 1(b)]. We extended
the reflectivity curves below 0.02 eV, continuing the slope
of the reflectivity spectra. At the lowest frequencies (below
0.001 eV) we employed the H-R form with the measured
ρDC. We denote this extrapolation procedure as EP1. An
alternative procedure (denoted EP2) involved the extension
of the measured R (ω) with the H-R form [dotted lines
in Fig. 1(b)]. However, this latter procedure required an
assumption of ρDC values that exceed experimental results
by a factor between 4 and 5.

In Figs. 2 and 3 we display the optical conductivity
data of Bi2Ir2O7 obtained using both extrapolation methods,
EP1 and EP2. We first note that ambiguities caused by
extrapolations have only a mild impact on the form of the
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FIG. 2. (Color online) (a) Temperature-dependent optical con-
ductivity spectra σ1 (ω) of Bi2Ir2O7. Three interband transitions are
denoted with peak α, peak β, and peak γ from the lowest peak energy.
Inset: DC resistivity curve of Bi2Ir2O7. (b) Schematic diagram of the
band structure for Bi2Ir2O7. Peaks β and peak γ denote the transition
from Jeff,3/2 to Jeff,1/2 and eg bands, respectively.

conductivity spectra in the frequency region where actual data
exist [Fig. 3(a)]. None of the gross features seen in Fig. 2(a) are
sensitive to extrapolations. The conductivity spectra reveal two
interband transitions near 1.2 eV and above 3 eV; we labeled
these features peak β and peak γ , respectively. We observe
substantial spectral weight below 0.5 eV with a noticeable
resonance near 0.2 eV, labeled peak α. The overall form
of σ1 (ω) in Bi2Ir2O7 is typical for TMOs: clear interband
transitions and low-energy spectral weight.2,3

Figure 3 details the far-IR conductivity: the region where
KK-generated spectra of σ1(ω) depend on the choice of

FIG. 3. (Color online) (a) Far-IR σ (ω) below 0.08 eV. The thick
and thin solid lines represent the optical conductivity data calculated
using EP1 and EP2 extrapolations, respectively. The dotted lines
represent the optical conductivity data in the extrapolation region.
The circle symbols on the y axis indicate the dc conductivity values
estimated from the transport measurement. The sharp features near
0.08 eV are optical phonons which show quite weak temperature
dependence. (b) Optical conductivity data in photon energy of 0.08–
1 eV for clear view of peak α.

the low-frequency extrapolation. We calculated the optical
conductivity data with different extrapolations (EP1 and EP2)
and displayed the calculated data in the measurement and
extrapolation regions separately with the solid and dotted lines
in Fig. 3(a), respectively. Apart from the difference in the
absolute value of the conductivity (about 10% at 0.02 eV), the
overall features of σ1 (ω) are similar for either extrapolation.
With decreasing temperature the conductivity in the far-IR
region increases in accord with the metallic state of our sample.
However, the magnitude of optical conductivity at the lowest
measured frequencies are much higher than the dc conductivity
(solid circles on the y axis) estimated from the transport
measurement shown in the inset of Fig. 3(a): at 10 K, σ1(ω =
0.05 eV) = ∼ 5000 �−1cm−1 and σDC = ∼1000 �−1 cm−1.
Obviously, one expects that the frequency-dependent optical
conductivity extrapolates to the dc conductivity as the fre-
quency goes to zero. In order to reconcile our dc and ac results,
we are forced to conclude that there is a drastic suppression of
the conductivity in the very far-IR and terahertz regions. Inter-
estingly, this unusual behavior is well reproduced by the optical
conductivity data obtained with the EP1 extrapolation. We note
that the unusual electrodynamics without a coherent feature is
one of characteristics of strongly correlated materials.3

One possible origin of the very-low-frequency suppression
in σ1 (ω) of Bi2Ir2O7 is localization effects driven by disorder
associated, for example, with oxygen or cation deficien-
cies. The diffusive transport due to localization leads to
the positive slope in σ1 (ω) from the zero frequency: a
common occurrence in disordered transition metal oxides.31–34

In addition, we note that the Bi ions in Bi2Ir2O7 have the 6s

lone electron pair. The lone pair may induce the displacement
of Bi ions in random directions. This could lead to randomness
of the hybridization between Bi 6p and Ir 5d orbitals.35,36

As another possibility, we note that the similar unusual
low-frequency behavior of the conductivity was recently
observed for the polycrystalline Nd2(Ir,Rh)2O7.21 The σ1(ω) in
the insulating phase of Nd2Ir2O7 shows the drastic suppression
below 0.1 eV. With increasing Rh ion concentration as the
system becomes more metallic, this anomaly of conductivity
shifts down to about 0.04 eV. It was suggested that this behavior
should be attributed to the topological Weyl semimetal phase,15

which has been theoretically proposed as a possible ground
state of pyrochlore iridates.13–16 The Weyl semimetal phase
has linearly dispersing excitations at the Fermi level inside a
three-dimensional system, described by the “Weyl equation,”
i.e., the two-component analog of the Dirac equation. Wan
et al. first suggested that this Weyl semimetal phase could
be realized in pyrochlore iridates.15 In the semimetal phase
where the charge gap is closed but the coherent peak is
absent, the optical conductivity is predicted to increase as the
frequency increases from ω = 0. Therefore, the spectral form
of our far-IR conductivity data may suggest that the Weyl
semimetal phase could be relevant for the ground state of
Bi2Ir2O7. We note that Qi et al. reported on non-Fermi liquid
behavior of both electronic and thermodynamics properties of
single-crystalline Bi2Ir2O7,23 which might also be relevant to
the nontrivial topological phase.

Even though the Weyl scenario of the optical absorption is
appealing, it is nevertheless inconsistent with the suppression
of the optical conductivity at ω > 0.1 eV. As shown in Fig. 3,
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the low-frequency peak with a sizable spectral weight may
originate from electronic transitions unrelated to the Weyl
semimetal state. A similar issue is relevant to the interpretation
of data in Ref. 22. Thus the Weyl scenario leaves unaccounted
the low-frequency spectral weight observed in our experiments
and also results reported in Ref. 22. To clarify the lowest
frequency electronic response of Bi2Ir2O7, further experiments
such as terahertz and photoemission spectroscopy studies
on high-quality single-crystalline samples with high energy
resolution are required.

We now turn to the discussion of the electronic structure of
Bi2Ir2O7. Since the valency of the Ir ions is 4 + , there are five
electrons for the Ir 5d orbitals. Due to the crystal-field splitting
in the IrO6 octahedron, the Ir 5d bands are divided into two
bands, t2g and eg . The strong spin-orbit coupling further splits
the t2g bands into fourfold-degenerate Jeff,3/2 and doubly de-
generate Jeff,1/2.4,14,22,23 The former is located at a lower energy
than the latter. Thus the Jeff,3/2 band is fully occupied with
four electrons and the Jeff,1/2 band is half-filled. According
to this scheme shown in Fig. 2(b), one expects two interband
transitions, from the Jeff,3/2 band to the Jeff,1/2 and to eg bands,
respectively. We assign peak β to a Jeff,3/2 → Jeff,1/2 transition
and peak γ in our data to a Jeff,3/2 → eg transition. We empha-
size that without strong spin-orbit coupling the two interband
features would merge into a single transition from the t2g to eg

bands. We therefore conclude that spin-orbit coupling plays a
crucial role in determining the electronic structure of Bi2Ir2O7.

In contrast to peaks β and γ , the existence of peak α is
rather enigmatic. We found that peak α is well fitted with
a Lorentz oscillator located at 0.23 eV for the 10 K σ1(ω).
We also attempted to fit our IR data by using two Drude
modes with different scattering rates, and found that this
fitting does not fully account for the mid-IR absorption in our
conductivity spectra. It is rather surprising that the well-defined
resonance exists at such a low energy in the mid-IR range.
In many correlated materials the spectral weight due to
intraband processes, which resides mainly in the far-IR range,
is strongly suppressed and is transferred to higher frequencies
in the mid- and near-IR.3,37–39 The tendency of the electron
localization can be quantified with the spectral weight ratio39,40

SWintra/SWtot. The total spectral weight (SWtot) includes the
spectral weight of the intraband absorption (SWintra), as well
as the incoherent part in the mid- and near-IR. In our spectra
of Bi2Ir2O7, SWtot was estimated by integrating the σ1(ω) up
to 1 eV, and SWintra was estimated by subtracting the intensity
of the fitted mid-IR resonance from SWtot. We found the
SWintra/SWtot value of our material to be about 0.5, which
is rather similar to those in many correlated metals.3,41

The mid-IR absorption in TMOs has been interpreted in
various ways: correlation effects, electron-phonon coupling,
formation of midgap states, charge-density-wave instability,
and unidirectional charge separation.2,42–44 The origin of the
mid-IR resonance in Bi2Ir2O7 is yet to be understood. So
far, the electron-phonon coupling has not been given careful
consideration in pyrochlore iridates. One possibility is the
formation of a charge density wave. In this context we note a
profound effect of the density wave on the electronic properties
of a 5d pyrochlore Cd2Os2O7

45 system, resulting in the
insulating state at T below 226 K. We also note that the similar
mid-IR absorption was observed in 4d Bi-related pyrochlore

(Bi,Y)2Ru2O7 and was attributed to the midgap state formed
by the effective doping of the Bi bands near the Fermi level.46

The midgap state has been found in some doped Mott/charge-
transfer insulators with large band gaps, which is not the
case for our iridate pyrochlore. Another possible origin of the
mid-IR absorption in Bi2Ir2O7 is the formation of the Hubbard
bands within the Jeff,1/2 band due to on-site Coulomb repulsion
U .4,5 While the magnitude of U for 5d Ir oxides is expected to
be below 1 eV,5 the bandwidth of the Jeff,1/2 band formed by
the spin-orbit coupling can also be narrow.4,5 Therefore one
can expect that Coulomb effects could play a critical role in
determining the electronic structure of Ir oxides. The obser-
vation of the insulator-metal transition in R2Ir2O7 compounds
suggests the importance of the Coulomb interaction.18–21

In order to get insights into the nature of peak α in σ (ω) of
Bi2Ir2O7, it is instructive to discuss the evolution of the infrared
response of the Ruddlesden-Popper (RP) series Srn+1IrnO3n+1,
where insulator-to-metal transition occurs with increasing n.
In an insulating Sr2IrO4, the interband transition within the
Jeff,1/2 bands across the Mott gap is observed at 0.5 eV, in
addition to a higher energy of interband transition from the
Jeff,3/2 to the Jeff,1/2 bands at 1 eV.4,5 The Hubbard band
transition in the Jeff,1/2 bands shifts to a lower energy down
to 0.2 eV for the semimetallic n = 2 phase and appears to
persist in the three-dimensional correlated metal SrIrO3 with
n = ∞, even if it is quite weak. Clearly, these 0.2-eV optical
transition features in (semi)metallic Ir oxides in the RP series
are quite consistent with peak α in our conductivity spectra
of pyrochlore Bi2Ir2O7.5,47 From this common aspect of
(semi)metallic iridates, peak α in Bi2Ir2O7 might be assigned
as the correlation-induced interband transition. However, at
the moment the correlated metallic state in Bi2Ir2O7 is not
reproduced in the theoretical calculations.22,23 We note that
even the previous LDA + U calculation with U � 2 eV did
not address the correlation-induced band splitting in metallic
pyrochlore iridates.23 Further systematic theoretical studies
are required to elucidate the role of the correlation effect in the
low-frequency electronic response in Bi2Ir2O7.

IV. SUMMARY

We performed infrared measurements on metallic py-
rochlore iridate Bi2Ir2O7 single crystals and investigated its
electronic structure by analyzing optical conductivity. The
two interband transitions from Jeff,3/2 to Jeff,1/2 and eg states
are observed at 1.5 and just above 3 eV, respectively. The
optical conductivity spectra below 1 eV show a narrow
midinfrared absorption near 0.2 eV. Our studies show that
the electronic response of this compound is governed by the
strong spin-orbit coupling and the correlation effects. We note
that these two ingredients are prerequisite of the nontrivial
topological ground state in pyrochlore iridates. We also suggest
the possible existence of the lowest frequency suppression in
the optical conductivity of our compound, which might be a
common feature of metallic pyrochlore iridates.
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TABLE I. Crystallographic parameters for Bi2Ir2O7 compounds.

Crystal data
Formula Bi2Ir2O7 Bi1.94(1)Ir2O6.91(3) (synch)

Space group Fd-3m Fd-3m

a (Å) 10.314(3) 10.312(7)
V (Å3) 1197.3(5) 1196.6(12)
Z 8 8
Crystal size (mm) 0.10 × 0.10 × 0.10 0.002 × 0.005 × 0.10
Temperature (K) 294(2) 150(2)
Density (g cm−3) 11.070 10.910
θ Range (◦) 5.59–33.67 3.73–30.92
μ (mm−1) 112.297 125.486

Data Collection and Refinement
Collected reflections 6470 2306
Unique reflections 170 85
Rint 0.072 0.1102
h 2 � h � 15 –13 � h � 13
k 0 � k � 10 –13 � k � 13
l 0 � l � 10 –13 � l � 13
�ρmax (e Å−3) 1.658 2.180
�ρmin (e Å−3) –1.563 –4.001
Goodness of fit 1.287 1.199
Extinction coefficient 0. 23(10) 0. 00033(8)
R1(F ) for Fo

2 > 2σ (Fo
2)a 0.0256 0.0391

Rw(Fo
2)b 0.0845 0.0814

aR1 = ∑ ||Fo| − |Fc||/
∑ |Fo|.

bwR2 = [
∑

w(F 2
o − F 2

c )2/
∑

w(F 2
o )2]1/2; w = 1/[σ 2(F 2

o ) + 0.0443P 2 + 35.4143P ] at 294 K for Bi2Ir2O7 and w = 1/[σ 2(F 2
o ) +

0.0353P 2 + 2.7862P ] at 150 K for Bi1.94(1)Ir2O6.91(3).
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APPENDIX: X-RAY DIFFRACTION ANALYSIS ON Bi2Ir2O7

Crystallographic data were collected initially at room
temperature on a Nonius Kappa CCD single-crystal diffrac-
tometer using Mo Kα radiation (λ = 0.7207 3 Å). The crystal
structure of Bi2Ir2O7 was solved by direct methods using
SIR9748 and refined using SHELXL97.49 The final model contains
anisotropically modeled atomic displacement parameters and
extinction corrections. Crystallographic parameters, atomic
positions, and anisotropic thermal parameters are given in
Tables I and II.

Diffraction images collected on the Nonius diffractometer
showed very low intensity peaks resulting from high ab-
sorption of Mo Kα radiation by the sample. Consequential
refinement of crystallographic models contained unreasonably
large and directionally anisotropic thermal parameter values

for the oxygen atoms. Increasing sample size and x-ray beam
exposure time proved to be an inefficient means of solving this
problem, and so single-crystal diffraction data were also col-
lected at the Advanced Light Source at the Lawrence Berkeley
National Laboratory for further structural elucidation.

Crystallographic data were also collected at 150 K on a D8
goniostat equipped with APEXII CCD detector at beamline
11.3.1 at the Advanced Light Source at the Lawrence Berkeley
National Laboratory using synchrotron radiation tuned to
λ = 0.774 9 Å. Frames were measured for 3 s at 0.5◦ intervals

TABLE II. Atomic positions and displacement parameters for
Bi2Ir2O7.

Wyckoff
Atom position x y z Occ. Ueq (Å2)

Bi2Ir2O7

Bi 16d 1/2 1/2 1/2 1.00 0.0136(9)
Ir 16c 0 0 0 1.00 0.0150(10)
O1 48f 0.340 (2) 1/8 1/8 1.00 0.069(11)
O2 8b 3/8 3/8 3/8 1.00 0.056(17)

Bi1.94(1)Ir2O6.91(3)

Bi 16d 1/2 1/2 1/2 0.971(3) 0.0149(8)
Ir 16c 0 0 0 1.00 0.0049(7)
O1 48f 0.3305(5) 1/8 1/8 1.00 0.0097(12)
O2 8b 3/8 3/8 3/8 0.91(3) 0.023(4)

Note: The top set is modeled from the data taken at LSU, the bottom
set is modeled from the data taken at the ALS.

195143-5



Y. S. LEE et al. PHYSICAL REVIEW B 87, 195143 (2013)

of ω with a maximum 2θ of ∼60◦. Data were collected using
the APEX2 program and processed using the SAINT program
routine within the APEX2 software. The data were corrected
for adsorption and beam corrections based on the multiscan
technique as implemented by SADABS. Structural models were
refined using the SHELXL9749 program. Structural models were
corrected for extinction and refined with anisotropic atomic
displacement parameters. Crystallographic parameters, atomic
positions, and anisotropic thermal parameters are given in
Tables I and II.

Bi1.94(1)Ir2O6.91(3) adopts the pyrochlore structure type
(Fd3̄m space group) and has the lattice parameter a =
10.312(7) Å. Upon refinement of the model solved from data

collected at the Advanced Light Source, it was found that
occupancies on the Bi and O2 sites return slight deviations
from full occupancy, giving the compound the chemical
formula Bi1.94(1)Ir2O6.91(3). The occupancy is similar to the
previously reported structure solved from neutron diffraction
data.50 The increased radiation intensity at the Advanced Light
Source proved crucial in determining the oxygen vacancies
present in this compound, as no partial occupancy on any
site was discernible for all crystallographic models solved
using data collected on the laboratory instrument. Values for
Bi-O and Ir-O bond distances are in agreement with previously
reported distances50 and indicate that Ir is in the + 4 oxidation
state and that Bi is in the + 3 oxidation state.
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