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Fig. 1 (Color online) The crystal structures of (a) triclinic and (b)
orthorhombic phases of BiNiOs. The unit cell is {2z X /24
X 2a, in which a represents the lattice parameter of a cubic
perovskite.
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Fig. 2 (Color online) The pressure-temperature phase diagram for
BiNiO; determined by neutron powder diffraction (NPD)
and synchrotron X-ray absorption (XAS) techniques. The
blue line represents the phase boundary between T and O
phases.
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Fig. 3 (Color online) (a) Temperature dependence of SXRD pat-
terns of BigygsLagsNiO; indicating temperature induced
phase transition from T to O phases. (b) Temperature de-
pendence of the unit cell volumes of T and O phases drawn
as open and closed circles on heating. The crosses show the
weighted average volume in the transition region. Thermal
expansion coefficients over the linear regions are indicated.
(¢) The dilatometric linear thermal expansion of
BijgsLag ¢sNiO3 on heating and cooling showing a 30 K tem-
perature hysteresis.
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Fig. 4 (Color online) Temperature dependences of the unit cell
volumes of the T and O phases, the phase fraction of the or-
thorhombic phase, and the weighted average volume of
BLNO with x=0.05, 0.10, and 0.20 determined by NPD
technique.
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(Color online) (a) XAS spectra for BigosLag osNiO; at10 K.
(b) Temperature dependence around the Ni K-edge for
BLNO with x=0.05, 0.10, and 0.20. Insets show magnified
views. Solid and open circles represent heating and cooling
processes, respectively.
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Fig. 6 (Color online) Temperature dependence of the dilatometric
linear thermal expansion of Bi; ,LnNiO; (Ln=La, Nd,
Eu, Dy; x=0.05, 0.075, 0.10) on heating and cooling.
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Fig. 7 (Color online) Temperature variation of the magnified pow-
der XRD (Cu Ka) patterns around the prominent peaks of
BNFO (x=0.05, 0.075, 0.10, 0.15, and 0.20) on heating.
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(Color online) Temperature dependence of the dilatometric
linear thermal expansion of BNFO.
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perature is suppressed to 0. Inset is the photo of the compo-
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Fig. 11 (Color online) Ni L-edge XAS spectra of BNFO with x=0,
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Fig. 12 (Color online) Temperature variation of the S’Fe Moss-
bauer spectra of BNFO with x=0.10 (a) and 0.15 (b) sam-

ples and the Isomer shift (IS) upon heating (c), (d).
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Abstract

Investigations of crystal structures and electronic states by means of synchrotron radiation X-ray

diffraction, X-ray absorption and photoemission spectroscopies are quite useful for the detection
of tiny structural change and determinations of ionic valence states. The colossal negative thermal
expansion (NTE) in Big gsLag 0sNiO3 we reported in 2011 originates from the oxidation of Ni from 2
+ to 3+ accompanied by the shrinkage of Ni-O bond as a result of intermetallic charge transfer
between Bi ions disproportionated into 3+ and 5+ and divalent Ni ion. High-resolution synchro-
tron X-ray diffraction in transmission geometry with reliable intensity ratio even for a compound
with heavy elements such as Bi is indispensable for the determination of such a valence change by
bond valence sum calculations based on structural parameters determined by Rietveld analysis.
Element selective synchrotron radiation spectroscopies are necessary for the direct observation of
valence state change, the key of NTE. In this review, we describe the colossal NTE in BiNiO3 based
materials and its origin revealed by synchrotron diffraction and spectroscopies.
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