Monoclinic distortion in the insulating phase of PrNiOj3
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Abstract

Single crystals of PrNiO3 perovskite were grown under 4.5 GPa with NaCl and KCI flux. The electron diffraction
and single crystal synchrotron X-ray diffraction experiments clearly detected the presence of a monoclinic distortion
(space group P21 /n) below the metal-insulator transition temperature Tir, which implies the splitting of the Ni

sites in the crystal in the insulating state.
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1. Introduction

RNiOs perovskites (R= La to Lu, Y) are well known
to undergo a bandwidth-controlled metal-insulator
(MI) transition [1]. However, the origin and the mech-
anism is still mysterious, and much effort are being
made to solve this issue. Except for LaNiOs, which is
metallic down to the lowest temperature, RNiOs per-
ovskites exhibit temperature driven MI transition at
T, and a further long-range antiferromagnetic (AF)
ordering at Tx. In PrNiOs, both MI transition and AF
ordering occur simultaneously at Zir [1]. Since there
is nominally one electron in the Ni ey orbital, a Jahn-
Teller distortion associated with an orbital ordering
is expected in the insulating state. However, no such
distortion has been observed for PrNiOs so far [2].
Another possibility is the existence of a charge dispro-
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portionation of Ni (e.g. 2Ni?t — Ni?+% 4 Ni®=%) as
found in CaFeOs [3]. Indeed, orthorhombic to mono-
clinic distortion indicating the occurrence of a charge
disproportionation was observed recently in RNiOs
with Y and small lanthanides (R = Ho to Lu) [4], and
more recently even in NdNiOgs [5].

In this paper, single crystals of PrNiOs were grown
under high pressure, and electron diffraction (ED), sin-
gle crystal synchrotron X-ray diffraction (SXRD) and
powder SXRD measurements were performed above
and below Twi. Monoclinic distortion was found in
PrNiOgsbelow Ty for the firs time.

2. Experiments

Single crystals of PrNiOsz were grown as follows.
PrsO11 and NiO were sealed in a Pt capsule (¢ 10 mm
x 15mm) with a flux mixture of KCI, NaCl, KClO4
and NaClOg4. The last two served also as oxidizers. The
sample was slowly cooled from 1400°C to 1200°C in
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Fig. 1. The electric resistivity ity of a singe crystal of PrNiOs.

about 4 hours under pressure of 4.5 GPa. The flux was
washed away with water, to obtain glossy and dark
brown single crystals. The typical size of the crystals
were about 0.5 X 0.5 x 0.5 mm?.

The electric resistivity of a piece of single crystal
was measured with 4-probe method, and the magnetic
susceptibility of above grown crystals was measured
under magnetic field of 1000 Oe.

The ED measurements were done at the room tem-
perature (RT) and at about 20 K. The SXRD measure-
ments of PrNiO3 were performed on a piece of single
crystal at Photon Factory, and on a powder sample at
SPring-8, both at RT and 90 K. The wave length of
the X-ray used for the measurements on single crystal
and powder sample were 0.690 Aand 0.55129 A, re-
spectively. All the SXRD data were collected on imag-
ing plates. The crystal structure at both temperatures
were refined by the Rietveld analysis of the powder
SXRD data.

3. Results and Discussion

The electric resistivity of the single crystal clearly
showed the existence of the MI transition around
128 K, which is shown in Fig. 1. The AF ordering of
the Ni moment was also seen in the magnetic suscep-
tibility at 128.5 K. These are in good agreement with
T reported previously for powder samples [2].

The ED and single crystal SXRD pattern at RT
showed that the sample was twinned. This is possi-
bly because PrNiOj3 crystallizes in thombohedral R3c
symmetry at high temperatures. On cooling the sam-
ple to 90K, however, 0kl (k =odd) reflection peaks,
forbidden in Pbnm symmetry, appeared in both mea-

surements, indicating the lowering of the symmetry
from orthorhombic Pbnm to monoclinic P2;/n. This
means that the unique Ni site in orthorhombic metallic
phase is split into two inequivalent sites in the insulat-
ing phase. It appears to mean that the charge dispro-
portionation found in other RNiOs perovskites (Nd,
Y, Ho to Lu) occurs in PrNiOs as well.

The crystal structure refinements were performed
based on Pbnm and P2;/n symmetries for the data
taken at RT and 90 K, respectively. The crystal struc-
ture at room temperature was in good agreement with
the previous study [2]. But at 90 K, the mean Ni-O
bond distances for the two Ni site differed, which may
be a sign of charge disproportionation of Ni. However,
the difference in the two mean Ni-O bond distances was
very small compared to that in YNiOs (about an order
of 2). The MI transition in PrNiOs might be caused not
by charge disproportionation alone, but also by orbital
ordering as well. Further charge density distribution
analysis by Maximum Entropy Method (MEM) is un-
der way to confirm whether charge disproportionation
and orbital ordering coexist below Tir.

4. conclusion

The single crystals of PrNiOs were grown by flux
method under high pressure. The crystal structure of
PrNiO3 above and below Tyt was closely examined by
SXRD and ED measurements, and monoclinic distor-
tion with P21 /n symmetry was clearly found below Tax
for the firs time. Structure refinement and charge den-
sity study by MEM/Rietveld analysis are under way
to find out whether orbital ordering and charge dispro-
portionation coexist in the insulating phase below Tii.
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