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Fig. 1 (a) Average crystal structure of PbCrO; (simple cubic struc-
ture, space group: Pm3m) obtained by a traditional crystal
structure analysis. (b) A random Pb-shift model tested for
PDF analysis. (c) A 3ay % 3a, X 3a, superlattice model for lo-
cal structure of PbCrO; obtained by PDF refinements. This
model describes the short-range order in the ‘‘charge glass”’
state of PbCrO;. Small blue spheres denote Cr ions. In (a)
and (b), the large gray spheres denote Pb ions. Large black
and white spheres in (c) represent Pb2* and Pb** ions or
vice versa. Oxygen ions are indicated by the small white
spheres in (a), but are not shown in (b) and (c). Each Crion
is octahedrally coordinated by oxygen ions as shown in (a).
In (b), the Pb position is split into 12 equivalent positions
which are shifted along [110] directions by 0.44 A.
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Fig. 2 Synchrotron x-ray total scattering data of PbCrO;, which
consists of Bragg reflections, diffuse scattering peaks, and
broadly distributed diffuse scatterings. Black labels indicate
the Bragg reflections. Inset shows a magnified view. Blue
labels and arrows denote the diffuse scattering peaks that
reflect the short-range order described by the 3ay X 3ay X 3a,
superlattice.
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Fig. 3 Observed PDF (open circles) of PbCrO; and calculated PDF
(blue line) using the average crystal structural model shown
in Fig. 1(@). In the calculation, the isotropic displacement
parameter of Pb is tuned at the large value of U, =0.086 Az,
Dotted line denotes the difference curve between the ob-
served and calculated PDFs. Two blue arrows indicate the r
ranges within the edge length (3@,) and the body diagonal
length (3,3 ap) of the 3ay X 3a, X 3a, superlattice.
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Fig. 4 Schematic illustration of the rapid acquisition PDF'? meas-
urement setup in BL22XU at SPring—8.
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Fig. 5 Comparisons between the observed PDF (open circles) of
PbCrO; and calculated PDFs for three models: (a) Model I,
an A-site—centered Pb model shown in Fig. 1(a), (b) Model
II, a random Pb-shift model shown in Fig. 1(h), and (c)
Model III, the 3a, X 3a, X 3a, superlattice model shown in Fig.
1(¢) . For the calculation of all models, the isotropic displace-
ment parameter of Pb is fixed to U, =0.02 A2. Dotted lines
in (b) and (c) denote the difference between the observed
PDF and the calculated ones. Blue labels in (a) indicate PDF
peaks that correspond to the Pb—Pb, Pb—Cr, and Pb-O dis-
tances in the Model I. In panel (b), blue labels with the ar-
rows indicate the characteristic PDF peaks of Model II,
which disagree with the observed PDF profile. Blue arrow in-
dicates the r ranges within the edge length (3a,) of the 3a, X
3ay X 3a, superlattice.
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Fig. 6 Crystal structures of PbCrO; (a) in the ambient pressure
phase and (b) in the high pressure phase (simple cubic struc-
ture, space group: Pm3m). Both (a) and (b) show the per-
spective views from the [100] direction. Large gray spheres
and small blue spheres denote Pb and Cr ions, respectively.
Oxygen ions are not shown. In (a), Pb2* and Pb** ions are
not shown distinctively. In the ambient pressure phase (a),
the long and short segments of the neighboring Pb—Pb dis-
tances form a complex arrangement. The long (L) and short
(S) segments are indicated by the blue and pale-blue double-
headed arrows, respectively.
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Fig. 7 Crystal structures of BiNiO; (a) in the ambient pressure
phase (triclinic structure, space group: P1) and (b) in the
high-pressure phase (orthorhombic structure, space group:
Pbnm). Both (a) and (b) are shown from the ¢—axis direc-
tion. Large gray and small blue spheres denote Bi and Ni
ions, respectively. Oxygen ions are not shown. In (a), the
long and short segments of the neighboring Bi-Bi distance al-
ternate along the c—axis direction. The long (L) and short
(S) segments are indicated by the blue and pale-blue double-
headed arrows, respectively.
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A novel ““Charge glass’® state in a perovskite
compound of PbCrO;
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Abstract For almost 50 years, PbCrO3; has been considered to be a typical perovskite oxide with a simple
cubic structure. However, we recently found that it actually exhibits a novel ‘“charge glass’’ state
where Pb ions are disproportionated into Pb2* and Pb4* exhibiting short-range order on the scale
within 20-30 A. Atomic pair distribution function (PDF) analysis of the local PbCrO3 structure via
synchrotron x-ray total scattering data revealed that a rock-salt-type ordering of Pb2* and Pb4+*
gives rise to a complex arrangement of the long and short segments of neighboring Pb—Pb. This lo-
cal atomic arrangement does not extend over a long range and it consequently leads to the charge
glass state.
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