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Unusual Mott transition associated with charge-order melting in BiNiOg3
under pressure
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We study the electronic structure, magnetic state, and phase stability of paramagnetic BiNiO3
near a pressure-induced Mott insulator-to-metal transition (MIT) by employing a combination of
density functional and dynamical mean-field theory. We obtain that BiNiO3 exhibits an anomalous
negative-charge-transfer insulating state, characterized by charge disproportionation of the Bi 6s
states, with Ni®T ions. Upon a compression of the lattice volume by ~4.8%, BiNiOj is found to
make a Mott MIT, accompanied by the change of crystal structure from triclinic P1 to orthorhombic
Pbnm. The pressure-induced MIT is associated with the melting of charge disproportionation of
the Bi ions, caused by a charge transfer between the Bi 6s and O 2p states. The Ni sites remain to
be Ni*™ across the MIT, which is incompatible with the valence-skipping Ni**/Ni** model. Our
results suggest that the pressure-induced change of the crystal structure drives the MIT in BiNiOs.

The Mott metal-insulator transition driven by corre-
lation effects has been an outstanding problem in con-
densed matter physics over many decades [I]. In re-
cent years, increasing attention has been drawn to the
rare earth nickelate perovskites RNiOg (R = rare earth,
R3*) with a high oxidation state of nickel, Ni** 3d7 [2-
4]. RNiOj compounds (except for LaNiOs) exhibit a
sharp metal-insulator transition (MIT) upon cooling be-
low Tyt [5]. The phase transition is accompanied by a
structural transformation from an orthorhombic (Pbnm,
GdFeOs-type) to monoclinic (P2;/n) crystal structure,
with a cooperative breathing distortion of NiOg octahe-
dra [5].

Based on the Ni-O bond lengths analysis and X-ray
absorption spectroscopy, a partial Ni(3+0)+ charge dis-
proportionation of Ni ions was proposed to occur in the
insulating RNiO3 phases [B, [6]. By contrast, further elec-
tronic structure calculations explain the insulating state
of RNiOj3 in terms of bond disproportionation, with al-
ternating Ni ions which (nearly) adopt a Ni?* 348 (Ni?*
ions with local moments) and 3d®L? (nonmagnetic spin-
singlet) electronic configuration (L denotes a hole in the
O 2p band) [3, 8, B]. The transition temperature Tyt
is strongly related to the degree of structural distortion
of RNiO3, determined by the size of R-ions. With de-
crease of the R-ionic radius, the Ni-O-Ni bond angle,
which determines the degree of overlapping of the Ni 3d
and O 2p orbitals (and hence the Ni 3d bandwidth), be-
comes smaller and Tyt is increased. In accord with this,
the least distorted LaNiOjs is found to be a correlated
metal [5, [9]. In this context, the replacement of La3*
with a larger ion, such as Bi**, should in principle result
in a metal with (nearly) cubic perovskite structure. By
contrast, BiNiOg has been found to be an insulator with
a highly distorted perovskite structure (triclinic, P1) and
unusual valence ordering of the A-site Bi ions [I]. In par-
ticular, based on X-ray and neutron diffraction, it was
proposed that Ni ions adopt a Ni?T state, with an elec-

tronic configuration Bij tBid tNi?+ 03 [1 [T 12].

BiNiOj is known due to its colossal negative thermal
expansion across the pressure-induced MIT, as suggested
caused by a Bi/Ni charge transfer [I3]. Under ambient
conditions, BiNiQOgj crystallizes in a triclinic perovskite
crystal structure (space group P1, a subgroup of P2 /n)
with two inequivalent Bi and four Ni sites [II] (see Sup-
plementary Fig. S1 [14] and Ref. [12] therein). It is
an insulator with an energy gap of 0.68 eV [I]. Be-
low the Néel temperature of T ~ 300 K, BiNiOs is a
G-type antiferromagnet with a near-antiferromagnetic
alignment of Ni** S =1 spins, implying a predom-
inant role of the antiferromagnetic Ni-O-Ni superex-
change [1,[12,[16]. Moreover, similarly to the small R-ions
RNiOg3 the (charge-disproportionated) paramagnetic in-
sulating phase of BiNiOg3 extends well above Ty, imply-
ing the crucial importance of correlation effects [3 [8 [I7].
BiNiO3 shows a Mott insulator-to-metal phase transi-
tion (in the paramagnetic phase) under pressure (above
~4 GPa) or upon substitution of the A-site Bi ions with
La [10, I8]. In close similarity to RNiOs, the MIT is
accompanied by the change of crystal structure from the
triclinic P1 (insulating) to orthorhombic GdFeOjs-type
Pbnm (metallic) phase, with a volume collapse of ~3%
and melting of charge disproportionation (Ni and Bi sites
are equivalent in the Pbnm structure of BiNiOg). Based
on the powder X-ray absorption and neutron diffraction,
it was proposed that the melting of charge dispropor-
tionation leads to a charge transfer from Ni*T to Bi®t,
so that the electronic state of the Pbnm metallic phase
can be described as Bi**Ni** O3 [11], 20]. This valence
distribution however is in odd with photoemission spec-
troscopy results for Pbnm BiNiOjs that reveal that the
nickel valence is far from being Ni3* [10].

The electronic properties of BiNiO3 have recently been
calculated using band-structure methods supplemented
with the on-site Coulomb correlations for the Ni 3d states
within density-functional theory (DFT)+U [2I] and dy-
namical mean-field theory (DMFT) [22] methods [23].



However, these studies have mostly been focused on
the valence skipping model, with a valence transition
between the charge-ordered insulating [Bij tBi)t][Ni®*]
and the uniform metallic [Bi*T][Ni3*] state, assuming a
long-range magnetic ordering. In fact, however, the MIT
transition in BiNiOj is known to occur in the paramag-
netic state, implying the importance of electronic cor-
relations. Moreover, a recent electronic structure study
of BiNiO3 using DFT and slave rotor methods suggests
that BiNiOg is a self-doped Mott insulator [24].

In this paper, we explore the evolution of the elec-
tronic structure, magnetic state, and phase stability of
paramagnetic BiNiO3 near the pressure-induced Mott
MIT. We employ a fully self-consistent in charge density
DFT+DMFT approach [2] implemented with plane-wave
pseudopotentials [3, 4] which makes it possible to cap-
ture all generic aspects of the interplay between the elec-
tronic correlations, magnetic states, and crystal structure
of BiNiO3 near the Mott MIT [28]. The DFT+DMFT
calculations explicitly include the Bi 6s, O 2p, and Ni
3d valence states, by constructing a basis set of atomic-
centered Wannier functions within the energy window
spanned by the s-p-d band complex [29]. This allows us
to take into account a charge transfer between the Bi 6s,
O 2p, and Ni 3d states, accompanied by the strong on-
site Coulomb correlations of the Ni 3d electrons. We use
the continuous-time hybridization-expansion (segment)
quantum Monte-Carlo algorithm in order to solve the
realistic many-body problem [7]. We take the average
Hubbard U =6 eV and Hund’s exchange J = 0.95 eV
as estimated previously for RNiOsz [8, [0]. We use the
fully localized double-counting correction, evaluated from
the self-consistently determined local occupations, to ac-
count for the electronic interactions already described by
DFT.

In Fig. [l we display our DFT+DMFT results for the
phase equilibrium and local magnetic moments of Ni ions
of paramagnetic BiNiOs. In these calculations, we adopt
the crystal structure data for the ambient pressure tri-
clinic P1 and high-pressure orthorhombic Pbnm struc-
tures (taken at a pressure of ~7.7 GPa) from experi-
ment [I1], and evaluate the DFT+DMFT total energies
as a function of lattice volume. Overall, our results for
the electronic structure and lattice properties of BiNiOgz
agree well with experimental data [I, I0HI3]. In par-
ticular, the triclinic P1 phase is found to be thermo-
dynamically stable at ambient pressure, with a total-
energy difference between the ambient-pressure and high-
pressure phases of ~160 meV/f.u.. The calculated equi-
librium lattice volume Vy = 248.8 A3 and bulk modulus
Ky =149 GPa (K’ = dK/dP is fixed to K’ = 4). Inter-
estingly, all the Ni sites (the insulating P1 phase has four
inequivalent Ni sites) are nearly equivalent and are in the
Ni?* state. The Ni%* state is also confirmed by the eigen-
values analysis of the reduced Ni 3d density matrix, which
suggests that the Ni ions are in the 1/0.63|d%)4+/0.32|d®)
state (all the rest contributions are below 0.05). More-
over, the calculated local (instantaneous) magnetic mo-
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FIG. 1: (Color online) Total energy (top) and local mag-
netic moments (bottom) of paramagnetic BiNiOs obtained
by DFT+DMFT for the ambient-pressure P1 (AP) and high-
pressure Pbnm (HP) phases as a function of the unit cell
volume at a temperature 7' = 387 K.

ment /(m?) ~ 1.67 up, agrees with the high-spin S =1
state of the Ni®T ions.

Our calculations for the insulating P1 phase of BiNiO3
give a self-doped Mott insulator [31] with an energy gap
of ~0.3 eV (see the left panel of Fig. , in agreement
with the resistivity and photoemission experiments [T}, [10]
(see also Supplementary Fig. S3). In particular, the en-
ergy gap lies between the occupied and unoccupied Ni e,
states, strongly mixed with the O 2p and the empty Bi2
6s states (the Bil 6s states are fully occupied). The O 2p
states are about -3.6 eV below the Fermi level, but have a
substantial contribution both above and below Er. The
latter is due to the strongly covalent B 6s—O 2p bonding,
suggesting creation of a ligand hole caused by a charge
transfer between Bi 6s and O 2p. While the occupied Bil
and Bi2 65 states are seen to be localized deep below Ep,
at about -10 eV, the empty Bi2 6s states appear right at
the bottom of the conduction band, with a sharp reso-
nant peak at ~0.4 eV. The top of the valence band has
a mixed Ni 3d and O 2p character, with a resonant peak
in the filled e, bands located at about -0.4 eV below the
Fermi level, which can be ascribed to the formation of a
Zhang-Rice bound state [32)].

Our result for the insulating P1 phase is charac-
terized by a remarkable charge disproportionation of
the Bi 6s states (due to the appearance of two differ-
ent Bi sites with sufficiently different oxygen environ-
ment in the insulating phase). In fact, while the Bil
6s states are almost completely occupied, the Bi2 6s
Wannier occupancy is only about 1.56. This implies a
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FIG. 2: (Color online) Orbitally-resolved spectral functions of
BiNiO3 calculated within DFT4+DMFT using the maximum
entropy method for the ambient-pressure P1 (left panel) and
high-pressure Pbnm (right panel) structures for different unit
cell volumes at a temperature 7" = 387 K.

charge difference of ANpg;.gs ~ 0.42, i.e., it is about 21%
of the ideal Bi3T-Bi®* value. Interestingly, the corre-
sponding Bi 6s charge difference is in agreement with
a charge disproportionation of ~0.2 (i.e., of ~20% of
the ideal valence skipping) found in the low-temperature
charge-ordered phases of the mixed-valent oxides, such
as Fe3Oy4 [33], and of ~0.2-0.3 charge disproportionation
of the Ni ions in RNiOs [5]. Moreover, previous esti-
mates for the bond-disproportionated insulating phases
of the bismuth perovskites BaBiO3 and SrBiO3 show a
small charge disproportionation between the Bi ions of
~0.3 [34]. We also verified our result for ANp;gs by
calculating the corresponding charge difference within
the Bi-ion radius of 1.31 A, a typical value for the Bi**
ion. Nevertheless, we find that the result is robust, with
ANgigs ~ 0.34. While all the Ni’s are in the Ni?T state
(and, as we will show below, the Ni?>T state remains sta-
ble above the MIT in the metallic Pbnm phase) this sug-
gests the stabilization of the charge disproportionated
Bi13t (Bi2®t9* L27%) 5 valence configuration in the in-
sulating P1 phase of BiNiO3. We argue that the obtained
valence configuration can be rationalized as being inter-
mediate between the two limits: the pure valence skip-
ping Bi*T-Bi®* and the Bi-O bond disproportionation
Bi*T-[Bi** L?] models.

Interestingly, the energy gap of the triclinic BiNiOg
phase is seen to increase upon (an uniform) compres-
sion (while decreasing and even closing upon expansion)
of the unit cell volume (see the lower panel of Fig. [2)).
This counter-intuitive change of the energy gap value
in a Mott insulator is accompanied by a remarkable in-
crease of charge disproportionation of the Bi ions (un-
der pressure), suggesting the importance of a Bi 6s-O 2p
charge transfer. In particular, our results show that the
Bi 65 charge disproportionation becomes larger in the P1
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FIG. 3: (Color online) Bi 6s occupations for the

ambient-pressure (AP) P1 phase of BiNiOj calculated by
DFT+DMFT as a function of lattice volume (top). ANp;
denotes the corresponding Bi 6s charge disproportionation
(ANgB; = Ngi1 — Ngi2). Bottom: the Ni ey, and O 2p crystal
field levels for the AP and high-pressure Pbnm BiNiOs [35].

crystal structure of BiNiOgz upon decrease of the lattice
volume (see Fig. [3)). Upon compression, the Bi2 6s or-
bital occupation gradually decreases, whereas the Bil 6s
states are fully occupied, with a nearly constant occu-
pation Npji16s ~ 1.97. In addition, our DFT+DMFT
calculations using different Hubbard U values (U =5 eV
and 8 eV) show that the energy gap increases upon in-
creasing of U, in agreement with the behavior of a Mott
insulator. Interestingly, the Bi 6s charge disproportiona-
tion becomes larger for the larger U values, by ~5% upon
increasing of the U value from U = 6 eV to 8 eV.

This behavior is consistent with the change of the crys-
tal field levels of the Ni ey, O 2p, and Bi 6s states under
pressure (see Fig. . In fact, the O 2p levels are found to
shift deep below the Ni e, states under pressure, whereas
the Bi 6s states go up in energy. The change of the O 2p
and Bi 6s crystal field levels leads to the enhancement of
the Bi 6s5-O 2p hybridization under pressure, supporting
the hybridization-switching mechanism proposed by Paul
et al. [24]. Our results suggest that the Pl-structured
BiNiOj3 is an unconventional Mott insulator in which the
correlated insulating state is in much respect controlled
by an s-p level splitting between the uncorrelated A-site
Bi 6s and ligand O 2p states.

Upon further compression the Pl-structured BiNiO3
becomes metallic below ~ 0.5V, with the (instanta-
neous) local moment of ~ 1.36 ug. The MIT is accom-
panied with a collapse of local moments due to delo-
calization of the Ni 3d electrons, as seen from the be-
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FIG. 4: (Color online) Local spin correlation function x(7) =
(- (1)m-(0)) of the Ni 3d states calculated by DFT+DMFT
for the ambient-pressure P1 (AP) and the high-pressure
Pbnm (HP) structures of BiNiOg for different volumes.

havior of local spin susceptibility x(7) = (/1 (7)m(0))
(see Fig. ). In fact, x(7) is seen to decay fast with
the imaginary time 7. In agreement with this, the
fluctuating moment is only of ~0.75 up (evaluated as

Mioe = [T fol/Tx(T)dT]l/z), that differs sufficiently from
the instantaneous moment. While the Bi 6s charge dis-
proportionation is large in the highly-compressed metal-
lic P1 phase, ANpi.¢s ~ 1.04, this suggests that the Bi 6s
charge ordering alone cannot explain the insulating state
of BiNiOgs. In agreement with this, our results for struc-
tural optimization of the P1 phase within nonmagnetic
DFT give a metal with no evidence for the Bi 6s charge
disproportionation (all the Bi sites are found to have
nearly same oxygen environment), implying the crucial
importance of strong localization of the Ni 3d electrons
due to correlation effects [3].

Most importantly, our DFT+DMFT results provide a
clear evidence that BiNiO3 undergoes a structural tran-
sition from the triclinic insulating P1 to orthorhombic
metallic Pbnm structure below ~ 0.95V; (above 8 GPa),
in agreement with experiment [IIHI3]. We found that
the transition pressure depends very sensitively on the
choice of the Hubbard U value, with P, ~ 1 GPa and
15 GPa for U = 5 €V and 8 eV, respectively. The calcu-
lated bulk modulus (U = 6 V) is Ky ~ 143 GPa, i.e.,
Ky is found to decrease by ~4% upon the MIT into the
metallic state. The latter is rather uncommon for a Mott
MIT, indicating the importance of lattice effects at the
MIT in BiNiOj3 [3].

The Pbnm phase of BiNiOj is a correlated metal, char-
acterized by a Fermi-liquid-like behavior with a weak
damping of quasiparticles at the Fermi energy and by
a substantial mass renormalization of % ~ 2.5 of the Ni
eg bands. The Ni e, states show a quasiparticle peak
at the Fermi level, with the upper Hubbard band at
~ 1.0 eV (see Fig. [2| and Supplementary Fig. S3). The
calculated Ni-ion local magnetic moment of 1.3 up dif-
fers sufficiently from the fluctuating one ~ 0.5 pup, imply-
ing delocalization of the Ni 3d electrons at the transi-

tion. Indeed, our result for the local susceptibility shows
itinerant-moment-like behavior, similar to that of the
highly-pressurized P1 phase (see Fig. [4). The Pbnm
phase is found to be metallic for all studied here unit cell
volumes, as well as even for a large Hubbard U = 12 eV.
The pressure-induced MIT is found to be accompanied
by a collapse of the lattice volume by ~ 5.2%, result-
ing in the melting of charge disproportionation of the
Bi sites. Thus, in the Pbnm phase all the Bi sites
are equivalent, whereas the Bi 6s states are fully oc-
cupied, i.e., Bi**. Moreover, our analysis of eigenval-
ues of the reduced Ni 3d density matrix suggests that
the Ni sites are in a Ni?T state, with an atomic con-
figuration ~ 1/0.56|d®) + 1/0.30/d). We also notice a
minor, below ~10%, contribution due to the d’ atomic
state, v/0.09|d”). Based on this result, we conclude that
no change of the valence state of the Ni?T ions occurs
across the pressure-induced MIT in BiNiOs, i.e., the
Ni?* state remains stable. The latter is in a sharp con-
trast with the valence skipping Bi/Ni model proposed
earlier for BiNiOg [I1] 20]. Our results suggest a novel
microscopic mechanism of a Mott MIT under pressure
which is controlled by a charge-transfer between the A-
site Bi 6s and ligand O 2p states. The pressure-induced
MIT in BiNiOj3 is accompanied by a transition from
the charge-disproportionated Bilg_‘g (B12(3+6)+L2_5)0,5 to
the charge-uniform Bi**L? valence state. The Bi 6s
charge disproportionation (in the insulating P1 phase)
occurs together with the MIT, which follows rather than
produces the structural transition. We therefore con-
clude that the pressure-induced MIT and the concomi-
tant melting of the Bi 6s charge ordering in BiNiOg is
driven by the crystal structure transition. The latter
highlights the complex interplay between the electronic
structure and lattice effects in the vicinity of a Mott MIT
in RNiOj nickelates [3].

In conclusion, we employed the DFT+DMFT ap-
proach to determine the electronic structure and phase
stability of paramagnetic BiNiO3 across the pressure-
induced Mott MIT. Our results for the Pl-structured
BiNiO3 under pressure propose a new mechanism for
a correlation-driven metal-insulator transition, in which
the Mott insulating state is (in much respect) controlled
by the s-p level splitting between the uncorrelated A-site
Bi 6s and ligand O 2p states. We show that the pressure-
induced MIT in BiNiOj is associated with the melting of
charge disproportionation of the Bi ions and is accompa-
nied by delocalization of the Ni 3d electrons. The phase
transition results in a charge transfer between the Bi 6s
and O 2p states, while the Ni sites remain to be Ni%*.
Our results suggest that the pressure-induced change of
the crystal structure drives the MIT in BiNiO3. We ar-
gue that the RNiO3 compounds (with R =rare earth and
Bi) obey an intrinsic instability driven by the interplay
of electron correlations and lattice effects, depending on
the R-ion radius. It is associated with a crossover from
charge disproportionation of the perovskite B-site Ni-
ions (realized for the R-ions with the ionic radii smaller



than that of La) to that of the A-site R-ions (for large
R-ions), with LaNiOs being in between.
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The crystal field levels for the Ni e, states taken here
as a reference energy are evaluated from the first mo-
ments of the interacting lattice Green’s function as A =
diag[Zx HPFT (k) + ReX(iwn — o0)]. Here, HPFT (k) is
the effective low-energy s-p-d Hamiltonian in the Wan-
nier basis set. X(iw, — 00) is a static Hartree contribu-
tion from self-energy X (iwn).



Supplemental Material

Under ambient pressure, BiNiO3 adopts a highly dis-
torted perovskite (triclinic) crystal structure with space
group P1 (see Supplementary Fig. . It has two in-
equivalent Bi and four Ni sites and is characterized by
the cooperative breathing Bi-O distortions of the lattice.
The Bi sites are arranged in chains along the ¢ axis, with a
checkerboard pattern in the ab-plane. The Pl-structured
BiNiOgj is an insulator with an energy gap of ~ 0.68 eV
as estimated from the electrical resistivity [IJ.

Under pressure above ~ 4 GPa, BiNiO3 undergoes a
structural transformation to the orthorhombic GdFeOs-
type (Pbnm) crystal structure, which has a single type
of Bi and Ni ions. The phase transition is accompanied
by a Mott insulator-to-metal transition and is associated
with suppression of the breathing distortions of the lat-
tice (all the Ni and Bi sites become equivalent in the
Pbnm phase).

Here, we employed the DFT+DMFT approach to ex-
plore the electronic properties and phase stability of para-
magnetic BiNiOg under pressure using the DET+DMFT
method [2] implemented with plane-wave pseudopoten-
tials [3, [4]. We start by constructing the effective low-
energy Hamiltonian [HP5T(k)], which explicitly con-

tains the Bi 6s, Ni 3d,0,(;fld O 2p valence states, us-
ing the projection onto Wannier functions [5]. For this
purpose, for the partially filled Bi 6s, Ni 3d, and O
2p orbitals we construct a basis set of atomic-centered
symmetry-constrained Wannier functions [6]. The Wan-
nier functions are constructed over the full energy range
spanned by the s-p-d band complex using the scheme of
Ref. [6]. We obtain the s-p-d Hubbard Hamiltonian (in

the density-density approximation)

R R 1 L .
H = ZH?,EE(k) T3 Z U3g Miachiper — Hpe,
k,o

i,00",af

where 7; o» is the occupation number operator for the
i-th Ni site with spin ¢ and (diagonal) orbital indices
«. In Supplementary Fig. we show our results for
the band structure of BiNiOg calculated within nonmag-
netic DFT in comparison with the Wannier Bi 6s, Ni
3d, and O 2p band structure for the ambient-pressure
P1 and high-pressure Pbmn phases of BiNiOz. Our re-
sults for the leading Wannier hopping integrals between
the Bi 6s and neighbor ions in the ambient-pressure P1
and high-pressure Pbnm phases of BiNiO3 are summa-
rized in Table All the calculations are performed in
the local basis set determined by diagonalization of the
corresponding Ni 3d occupation matrices.

In order to solve the realistic many-body problem,
we employ the continuous-time hybridization-expansion

quantum Monte-Carlo algorithm [7]. The Coulomb in-
teraction has been treated in the density-density approx-
imation. The elements of the U matrix are parametrized
by the average Coulomb interaction U and Hund’s ex-
change J for the Ni 3d shell. For all the structural
phases considered here we have used the same U = 6
eV and J = 0.95 eV values as was estimated previ-
ously for RNiOs [8, @]. The spin-orbit coupling was
neglected in these calculations. Moreover, the U and
J values are assumed to remain constant upon varia-
tion of the lattice volume. We employ the fully local-
ized double-counting correction, evaluated from the self-
consistently determined local occupations, to account for
the electronic interactions already described by DFT,
Hpe = U(N — %) — J(N, — %), where N, is the to-
tal Ni 3d occupation with spin o and N = Ny 4+ N,.
Here, we employ a fully self-consistent in charge density
DFT+DMFT scheme in order to take into account the
effect of charge redistribution caused by electronic corre-
lations and electron-lattice coupling.

In Supplementary Fig. [S3 we show the spec-
tral functions of paramagnetic BiNiOgs calculated by
DFT+DMFT in comparison with photoemission (PES)
and X-ray absorption (XAS) spectra taken at room tem-
perature [I0]. Our calculations are performed in the
paramagnetic state at a temperature 7" = 387 K, above
the Néel temperature T ~ 300 K. To calculate the spec-
tral functions, we employ the Padé analytical continu-
ation procedure for the self-energy. In our calculations
we adopt the experimental crystal structure data (atomic
positions for the orthorhombic phase are taken from the
experiment at a pressure of ~7.7 GPa [LI]).

The calculated spectral functions are in overall good
agreement with the experimental spectra. In particular,
in the insulating triclinic phase, the energy gap lies be-
tween the occupied and unoccupied Ni e, states, strongly
mixed with the O 2p and the empty Bi2 6s states (the Bil
65 states are fully occupied). Our results indicate that all
the Ni sites (the insulating P1 phase has four inequivalent
Ni sites) are nearly equivalent. A sharp peak at about
-1.5 eV originates from the occupied Ni ¢, states, which
form a lower Hubbard band at -9 eV. The PES spectral
weight lying at about -3 and -5 eV is mainly due to the
O 2p states, the hump at -10 eV is predominantly due
to the Bi 6s states. In the metallic orthorhombic phase,
the peak at the Fermi level and the spectral weight at
the bottom of the conduction band are predominantly
formed by the Ni e, and O 2p states. The Ni e, upper
Hubbard band appears at ~ 1.0 eV. The peak at about
-1.5 eV is due to the occupied Ni to, states. In contrast
to the insulating phase, all the Bi states are occupied and
are located at about -10 eV.
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FIG. S1: (Color online) Crystal structure of the triclinic P1 (left) and highly-pressurized orthorhombic Pbnm (right) phases
of BiNiO3. The oxygen atoms are depicted by small red balls. The figure was prepared with the VESTA program [12].
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FIG. S2: (Color online). Band structure of BiNiOs calculated within nonmagnetic DFT for the ambient-pressure P1 (left
panel) and high-pressure Pbnm (right panel) phases in comparison with the Wannier bands corresponding to the constructed
Bi 6s, Ni 3d, and O 2p Wannier functions (red dashed lines). The Fermi level is at zero energy.
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FIG. S3: (Color online). Orbitally-resolved spectral functions of paramagnetic BiNiO3 calculated within DET+DMFT for the
ambient-pressure P1 (left panel) and high-pressure Pbnm (right panel) phases of BiNiO3. Photoemission (PES) and X-ray
absorption (XAS) spectra are shown for comparison [I0]. The DFT+DMFT calculations are performed at a temperature
T = 387 K (above Tx ~ 300 K). The Fermi level is at zero energy.
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