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We have used first-principles methods to investigate the factors that control the ground state of
rare-earth nickelates, studying in detail the case of NdNiO3. Our results suggest a complex phase
diagram, with the bulk compounds standing on the edge of various instabilities that can be triggered
by both electronic (e.g., changes in the Coulomb repulsion) and structural (e.g., epitaxial mismatch)
means. In particular, we reveal that several phase transitions can be induced by epitaxial strain in
thin films, and predict that a continuous transformation between insulating spin-density-wave- and
metallic spin-spiral-like solutions occurs at moderate values of the in-plane mismatch. Our results
provide a coherent picture of structural and electronic effects in nickelates, and have implications
for current experimental and theoretical work on these compounds.

PACS numbers: 71.30.+h, 75.30.-m, 71.15.Mb

I. INTRODUCTION

Rare-earth nickelates RNiO3 (where R = Y, Nd, Pr,
La, etc.) display metal-insulator and complex magnetic
and charge-ordering transitions that can be controlled
by properly choosing the R cation.1 Thanks to the devel-
opment of deposition techniques, nickelates can now be
grown as high-quality ultra-thin films or in complex het-
erostructures. This is leading to a torrent of outstand-
ing findings – ranging from size-2 and dimensionality-3

driven metal-insulator transitions (MITs) to exotic in-
terfacial effects4 –, and nickelates are quickly becoming
a major field of research in the functional-oxides commu-
nity. The physical origin of such striking effects is still
debated even for the simplest (bulk) cases, and different
scenarios have been proposed invoking various driving
forces for the transformations.5,6

Here we report on a first-principles investigation of a
relatively simple compound, pure NdNiO3 (NNO), that
we find to be in many ways representative of this family
of nickel oxides. Our results render an intricate phase
diagram with the bulk material standing on the edge of
several instabilities, and show how electronic and struc-
tural factors – which we simulate by a varying Hubbard-
U and thin-film epitaxial conditions, respectively – can
induce profound changes in its ground state. In particu-
lar, our calculations reveal a complex transition sequence
as a function of epitaxial strain, and set the basis for a
detailed understanding of these materials.

II. METHODS

For the simulations we used the Generalized Gradient
Approximation to Density Functional Theory (DFT) –
more precisely, the so-called “PBE” scheme proposed by
Perdew et al.7) – as implemented in the vasp package.8

We used the “projector augmented wave” method to rep-
resent the ionic cores,8,9 solving for the following elec-
trons: Ni’s 3p, 3d, and 4s; Nd’s 5s, 5p, and 6s (Nd’s po-
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FIG. 1. (Color online). 80-atom supercell used in the sim-
ulations. The spin arrangements that we call spin-spiral
[SS, panel (a)] and spin-density-wave [SDW, panel (b)] are
sketched. In panel (a) we indicate the Ni magnetic moments
(µ1 and µ2) discussed in the text and from which all others
can be obtained. These SS and SDW arrangements are ideal
ones, the SS being characterized by µ1 ≈ µ2 and the SDW
by µ2 = 0. The spin order in panel (a) is of the type usually
denoted by ↑↑↓↓, alluding to the sequence that occurs along
any of the principal directions of the perovskite structure.

tential was generated by assuming a +3 ionization state
and leaving three 4f electrons frozen in the core); and
O’s 2s and 2p. Wave functions were represented in a
plane-wave basis truncated at 500 eV, and a 2×4×8 Γ-
centered k-point grid was used for integrations within the
Brillouin zone (BZ) corresponding to the 80-atom cell of
Fig. 1. The calculation conditions were checked to render
converged results.

It is worth noting a couple of additional points regard-
ing our simulations. First, we used a “Hubbard-U” cor-
rection to DFT10 to evaluate the effect that a varying
Coulomb repulsion has on the ground state of the bulk
materials. Note that choosing a sound value of U to treat
nickelates is not trivial, and arguments for using both
large11 and small5 corrections have been given. Thus, to
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FIG. 2. (Color online). U -dependence of key electronic pa-
rameters for bulk NNO: (a) Band gap, where filled circles
indicate that the zero-gap result is a marginal one (i.e., the
density of states has a minimum at the Fermi energy). (b)
Magnetic moments as defined in Fig. 1(a). (c) Difference ∆Q
in the number of electrons around the two types of Ni cations.
We show both the difference in the total number of electrons
as well as the difference in electrons with 3d character. Es-
sentially, the number of electrons associated to an atom is es-
timated by projecting the occupied electronic manifold onto
localized atom-centered orbitals with specific angular momen-
tum. (d) Difference ∆V in the electrostatic potentials expe-
rienced by the two types of Ni cations.

investigate the effect of the epitaxial strain in nickelate
films, we performed all our calculations for two choices of
U : 7 eV (i.e., the relatively large value most frequently
adopted in the literature) and 2 eV.
Second, we worked with the 80-atom cell sketched in

Fig. 1, which is essentially given by the lattice vectors
a = 2ap − 2bp, b = ap + bp, and c = 4cp, where
ap, bp, and cp define the elementary 5-atom perovskite
cell. Our 80-atom cell is compatible with the mono-
clinic (P21/c) phase observed in the bulk materials at low
temperatures,12,13 which can be viewed as a distortion of
an orthorhombic (Pnma) structure caused by the split-
ting of the Ni cations in two rocksalt-ordered sublattices.
Our cell is also compatible with the various magnetic or-
ders proposed to occur in these materials, as e.g. the
spin-spiral (SS) depicted in Fig. 1(a) or the spin-density
wave (SDW) in Fig. 1(b). As a function of epitaxial
strain, we relaxed the atomic structure by (1) using a dis-
torted Pnma configuration (with all symmetries broken)
as starting point and (2) imposing the constraint that the
in-plane lattice vectors a and b match those of a (001)-
oriented cubic substrate with lattice constant asub. By
proceeding in this way, we effectively restricted ourselves
to the consideration of phases that can be obtained as a
relatively small distortion of the bulk structures; we did

not attempt a more careful search for alternative phases
that might be stabilized at large enough values of the epi-
taxial mismatch. Finally, we considered several magnetic
configurations with essentially zero net magnetization;
here we only report the lowest-energy states obtained.14

Most of our simulations were done within the usual ap-
proximation of scalar magnetism; in selected cases, non-
collinear spin arrangements and spin-orbit effects were
considered to better characterize the ground state.

III. RESULTS AND DISCUSSION

A. U-dependence of bulk ground state

Figures 2–4 show the U -dependence of the various
physical parameters characterizing the ground state of
bulk NNO. Three regions are readily identified: (1) For
U > 8 eV, we obtain metallic solutions in which all Ni’s
present localized magnetic moments of about 1.5 Bohr
magneton (i.e., µ1 ≈ µ2 ≈ 1.5 µB), and the spins ar-
range themselves in a SS as the one in Fig. 1(a). (2) For
U < 6 eV, we obtain insulating solutions whose band
gap (Egap) closes continuously as U decreases, becom-
ing zero at U ≈ 1 eV. As regards the magnetic con-
figuration, its most significant feature is that we have
two distinct Ni sublattices: one with non-zero magnetic
moments (µ1 6= 0) whose magnitude varies continuously
with U , and a second one in which the Ni ions present
no localized moment (µ2 = 0); we can describe the re-
sulting configuration as a SDW [Fig. 1(b)]. The splitting
in two Ni sublattices is also evident in the charge dis-
proportionation ∆Q 6= 0 [Fig. 2(c), see discussion below]
and in the relatively large difference (of as much as 1 eV)
in the average electrostatic potential experienced by the
two types of Ni cations [Fig. 2(d)]. Note that this large
potential modulation will have a considerable impact in
NNO’s electronic conductivity, and should be taken into
account when developing models for this compound. (3)
Finally, for intermediate values of U (6 eV < U < 8 eV),
we obtain solutions that we call SS+SDW and which can
be viewed as an interpolation between the previous two
cases, i.e., as U increases the magnetic structure trans-
forms continuously into a perfect SS and the band gap
closes.
For all cases investigated, we find that NNO’s struc-

ture is basically characterized by the well-known tilting
of the O6 octahedra and anti-polar displacements of the
Nd cations, as shown in Figs. 3(a) and 3(b), respec-
tively. However, the structural distortions found to be
most directly linked to the observed electronic transfor-
mations are the following: (1) The breathing-like dis-
tortions of the oxygen octahedra (ubr) depicted in the
inset of Fig. 3(c). These modes result in two rocksalt-
ordered Ni sublattices, with the corresponding O6 groups
being, respectively, expanded and contracted. As regards
the average Ni–O distances we have d̄NiO

1 > d̄NiO
2 , with

d̄NiO
1 ≈ 2.01 Å and d̄NiO

2 ≈ 1.90 Å obtained for U = 7 eV.
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FIG. 3. (Color online). U -dependence of key structural pa-
rameters for bulk NNO: (a) Anti-phase and in-phase rotations
of the O6 octahedra. The anti-phase rotations are about the
x and y pseudo-cubic directions of the perovskite structure
[given, respectively, by the ap and bp described in the text,
and sketched in the inset of panel (d)] and are associated
with the R q-point of the Brillouin zone corresponding to the
5-atom elemental perovskite cell; the in-phase rotations are
about the z pseudo-cubic axis (given by the cp vector de-
scribed in the text) and associated with the M q-point. (b)
Anti-polar displacements of the Nd sublattice, along the x
and y pseudo-cubic directions and associated to the R and
X q-points. To give the distortion in units of polarization,
we multiply its amplitude by the nominal +3 charge of the
Nd cations and divide by the cell volume; we thus obtain a
rough estimate of the magnitude of the local dipoles involved
in the anti-polar pattern. (c) Isotropic-breathing distortion
ubr corresponding to the atomic displacement pattern shown
in the inset. (d) Jahn-Teller-like distortion uJT sketched in
the inset. Note that the x, y, and z components of the various
distortions shown are related in some cases.

(2) The Jahn-Teller (JT) stretching distortion of the O6

octahedra (uJT) depicted in the inset of Fig. 3(d).15 Note
that the magnitude of these modes correlates strongly
with the computed magnetic moments and band gaps;
more precisely, the breathing distortions are important
for U ≤ 7 eV, and almost disappear for U ≥ 8 eV as the
JT modes become significant.

Our results for U <
∼ 8 eV are consistent with the P21/c

experimental ground state of these nickelates.16 More
precisely, Garćıa-Muñoz et al. reported d̄NiO

1 = 1.984 Å
and d̄NiO

2 = 1.910 Å for NNO,13 in good agreement with
our results mentioned above. Additionally, values of
µ1 ≈ 1.5 µB and µ2 ≈ 0.65 µB have been reported for
related compounds YNiO3

17 and HoNiO3,
18 which are

consistent with our results for bulk NNO obtained using
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FIG. 4. (Color online). Representative results for the elec-
tronic partial density of states (DOS) close to the Fermi en-
ergy, for bulk NdNiO3 and various U values. Note that the
DOS associated with individual Ni atoms is scaled for clarity.

U = 7 eV [see Fig. 2(b)]. We also performed simulations
allowing for non-collinear magnetism – which lifts the
P21/c symmetry–, and confirmed that our lowest-energy
solution for U = 7 eV is the multiferroic “N state” dis-
cussed by Giovannetti et al.11

The above mentioned experimental results are the ba-
sis from which a charge order of the Ni atoms is usually
inferred.12,13 More precisely, the charge disproportiona-
tion δ is estimated to be about 0.25 e in NNO,13 where
e is the elemental charge; this would correspond to a dif-
ference ∆Q = Q1−Q2 = 2δ ≈ 0.50 e between the two Ni
sublattices defined in Fig. 1. This interpretation of the
experiments relies on the so-called bond-valence model,19

the underlying physical picture being essentially as fol-
lows: The larger NiO6 octahedra would be associated
with a larger number of 3d electrons at the Ni cation,
whose oxidation state would be +3 − δ (ideally, +2) in-
stead of the nominal +3; such ions would be in a high-
spin configuration and display a large magnetic moment
(ideally, µ1 = 2 µB). Conversely, the small NiO6 octahe-
dra would contain Ni+3+δ cations (ideally, Ni4+); these
ions would be in a low-spin configuration and display
small magnetic moments (ideally, µ2 = 0).
Interestingly, while the computed magnetic moments

and interatomic distances are consistent with experi-
ments, our estimated atomic charges do not fully support
the charge order inferred in the experimental works: As
shown in Fig. 2(c), for U < 8 eV the computed atomic
charges clearly correspond to two Ni sublattices (i.e.,
we have ∆Q 6= 0), but the magnitude of the splitting
(|∆Q| < 0.1 e) is about six times smaller than the values
deduced from the bond-valence analysis of the experi-
mental data.20 Further, the sign of the charge dispro-
portionation obtained from the total number of electrons
around the Ni atoms is opposite to what we would expect
from the above described picture; more precisely, for the
total charge we obtain ∆Q = Q1 − Q2 < 0, implying
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that the Ni atoms located at the center of the larger O6

groups have a relatively small number of electrons bound
to them. On the other hand, if we compute ∆Q by re-
stricting ourselves to the electrons with 3d character, the
obtained splitting has the expected sign (and continues
to be small). These results clearly suggest that a simple
ionic picture is not appropriate to describe and under-
stand NNO in detail, as the strong hybridization of the
nickel and oxygen orbitals may lead to counterintuitive
results. (Such a strong hybridization probably explains
why we count fewer electrons for the Ni atoms located
at the bigger O6 octahedra: the longer Ni–O distances
probably imply that the electrons shared by Ni and O
will be relatively far from the Ni center, which will result
in a smaller number of electrons assigned to such a Ni
cation.) Additionally, the difficulties to reconcile our re-
sults with the usual charge-order picture may indicate a
shift to a Ni-Ni bond-centered charge order, as suggested
in Ref. 11; further investigation is needed to clarify these
issues and their practical implications. In any case, in
the following we will refer to the solutions with µ1 6= µ2

and ∆Q 6= 0 as being “charge-ordered”, to comply with
the generally adopted terminology.
Our solutions for U ≥ 8 eV are qualitatively different.

In this case, all the Ni atoms present large magnetic mo-
ments indicative of a high-spin state.21 From inspection
of the projected density of states (Fig. 4), we may infer an
electronic configuration somewhere between t32g↑e

2
g↑t

2
2g↓

and t32g↑e
2
g↑t

1
2g↓; note that the hybridization between Ni-

3d and O-2p orbitals is very large, which complicates
a precise assignment. Such Ni species seem compatible
with the observed JT distortion. Additionally, let us note
that these structures display small inversion-symmetry-
breaking distortions that result in a polar space group
(Pc, with polar axes along the a and c lattice vectors).22

Nevertheless, our solutions for U ≥ 8 eV are metallic and,
thus, not ferroelectric.

B. Effect of epitaxial strain

Figures 5–9 summarize our results for the effect of
epitaxial strain in NNO films. Once again, three re-
gions are identified: (1) Within a considerable range
around asub ≈ 3.8 Å, and irrespective of the value of U ,
the ground state is essentially that of the bulk material
(P21/c space group).23 The simulations with U = 7 eV
render a SS+SDW solution that can be tuned continu-
ously towards the ideal SS (SDW) configuration by in-
creasing (decreasing) asub. Such a tuning is most clearly
reflected in µ2’s strong dependence on the epitaxial mis-
match. In contrast, the simulations with U = 2 eV ren-
der a SDW state whose magnetic structure varies weakly
with asub. The most significant structural distortions are
the breathing modes that characterize bulk NNO and
correlate with the µ1 6= µ2 splitting. Naturally, in this
case there is a difference between the in-plane and out-
of-plane breathings; the in-plane distortion is favored as
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FIG. 5. (Color online). Key electronic parameters as a func-
tion of epitaxial strain, as obtained from simulations with
U = 2 eV (red squares) and U = 7 eV (black circles), respec-
tively. Details as in Fig. 2.

asub decreases, and the out-of-plane component presents
a complicated and strongly U -dependent behavior. Fi-
nally, for both U = 2 eV and U = 7 eV, the obtained
solutions are insulating throughout most of this region;
the most significant changes in Egap correspond to the
U = 7 eV results, and clearly correlate with the magni-
tude of the splitting in two Ni sublattices.

(2) For large tensile strains (i.e., asub >
∼ 4.0 Å) we get a

solution in which all Ni atoms are essentially equivalent21

and their localized magnetic moments are arranged in a
SS configuration. The disappearance of the two Ni sub-
lattices is reflected in the dominant structural distortions,
which are now of the JT type. Hence, this solution is sim-
ilar to the one obtained for bulk NNO in the limit of large
U ; indeed, the results for U = 7 eV and asub >

∼ 4.0 Å – i.e.,
a metallic phase with µ1 ≈ µ2 ≈ 1.5 µB – are essentially
identical to our bulk results for U ≥ 8 eV. The results for
U = 2 eV are slightly different, as an insulating solution
with µ1 ≈ µ2 ≈ 0.8 µB and small Egap is obtained in
the limit of large strains. The computed partial density
of states (Figs. 8 and 9) suggests that this differentiated
behavior is related with a subtle U -dependence of the
Ni-3d–O-2p hybridization, which determines the nature
of the levels at the Fermi energy and the existence of a
gap.

(3) In the limit of strong in-plane compressions (i.e.,
asub <

∼ 3.65 Å) we get solutions that somewhat resem-
ble those obtained for large tensile strains. All Ni atoms
present large magnetic moments of about 1.25 µB for
U = 7 eV and about 0.75 µB for U = 2 eV. The solu-
tions are metallic and a JT distortion appears. Note also
that, as shown in Fig. 7, in this limit the unit cell of our
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simulated NNO displays a very large aspect ratio, clearly
resembling the so-called supertetragonal phases that can
be strain-engineered in multiferroics like BiFeO3.

24

Let us remark that our results indicate that the ro-
tations of the oxygen octahedra, around both in-plane
and out-of-plane axes, are very robust in NNO. Indeed,
as shown in Fig. 6(a), we do not appreciate any cancel-
lation of specific rotation components in the considered
range of epitaxial strains. Such a result may seem sur-
prising in view of the behavior reported for other materi-
als (e.g., LaNiO3

25 and LaAlO3
26), namely, that in-plane

compression favors the O6 rotations around the out-of-
plane axis and penalizes tilts around in-plane axes. Yet,
let us note that the materials best investigated thus far
have a rhombohedral symmetry (with a rotation pattern
denoted as a−a−a− in Glazer’s notation27), while here
we are considering an orthorhombic compound (a−a−c+

tilting system). Further studies will be needed to assess
the generality of such a differentiated behavior between
rhombohedral and orthorhombic perovskites.
Most experimental works of NNO thin films – es-

pecially for substrates in the range between LaAlO3

(asub = 3.79 Å) and SrTiO3 (asub = 3.91 Å) – in-
dicate that in-plane compression favors a lower MIT
temperature,1,28–30 although the resistivity in the limit
of low temperatures is not always observed to decrease
accordingly.30 In our case, for small epitaxial compres-
sions we obtain a complex structural relaxation that leads
(most clearly for U = 7 eV) to an enhanced charge or-
der and increased Egap; thus, our simulations suggest
that in-plane compression should result in higher low-
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FIG. 7. (Color online). Evolution of the aspect ratio of the
cell of NdNiO3 films as a function of epitaxial strain, as ob-
tained from simulations with U = 2 eV (red squares) and
U = 7 eV (black circles), respectively. The reported aspect ra-
tio (cp/ap) corresponds to the cp and ap pseudo-cubic lattice
constants (see text) as deduced from our relaxed structures.

temperature resistance and, presumably, a higher MIT
temperature. Hence, while it is not totally clear how
to connect our results with experiments, the comparison
suggests that the experimentally observed effects may not
be caused by the mere epitaxial strain, which is captured
exactly in our simulations. Instead, additional structural
constraints that may be relevant for very thin films (e.g.,
O6 rotations/distortions clamped by some substrates, ef-
fect of possible substrate twins, etc.) or extrinsic mech-
anisms (e.g., defects) may play an important role.
Finally, note that for U = 2 eV we obtain the P21/c

paraelectric space group22 for all asub values considered;
thus, the observed transitions are isosymmetric. In con-
trast, the calculations with U = 7 eV render the P21/c
phase only in the 3.70 Å ≤ asub ≤ 3.90 Å range, as
small inversion-symmetry-breaking distortions occur in
all other cases. More precisely, we get the following po-
lar solutions: Pna21 for asub ≤ 3.65 Å (polar axis along
c lattice vector), Pc for 3.95 Å ≤ asub ≤ 4.00 Å (polar
axes along a and c), and Pmn21 for a

sub ≥ 4.05 Å (polar
axis along a). Nevertheless, according to our simulations
all such phases are metallic and, thus, not ferroelectric.

C. Further implications of our results

Our simulations suggest that we can realistically simu-
late NNO by employing a Hubbard-U correction of about
7 eV, as in such conditions we get reasonable agreement
with existing experimental results for the bulk material.14

Our calculations also show that in NNO there is a close
relationship between specific structural distortions, the
spin state of the Ni cations, and the existence of a band
gap. Such a relationship, which is consistent with the ex-
perimental observations, constitutes one of the key effects
discussed in theories for the MIT in nickelates.
In such an entangled situation, an often-posed ques-
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tion is: What is the driving force behind the MIT in
NNO and similar materials? Various electronic mecha-
nisms have been invoked to explain the MIT, accounting
for the experimentally-proposed charge order5 and even
the exotic spin order that develops in these materials.6

Lee et al.6 have also addressed the relationship between
charge and spin orders. Let us briefly discuss what our
simulations suggest regarding these issues.

First, we have found that bulk NNO simulated with
U = 7 eV lies midway between two solutions – i.e., the
ones we call pure SS and pure SDW, depicted in Fig. 1
– with very distinct features. In fact, NNO seems to
stand on the edge of structural and electronic instabil-
ities, and small variations in either U or the epitaxial
mismatch result in profound changes in the ground state
of the material. This large sensitivity suggests it may be
difficult to identify a unique driving force responsible for
NNO’s transformations.

We have found that increasing U results in bulk states
in which all Ni cations are essentially equivalent; such
solutions probably correspond to the the strong-coupling
limit – i.e., U ≫ t, where t is the relevant hopping param-
eter – in which all the Ni cations tend to adopt the same

electronic state resembling that of the isolated ion.31

Interestingly, this U -driven (and obviously electronic-

driven) transition between the µ1 6= µ2 and µ1 ≈ µ2

states carries with it a significant structural transforma-
tion. In particular, the breathing mode – which we iden-
tify with the charge order – disappears.

Our results indicate that similar transitions can be in-
duced by compressing or expanding the lattice in-plane.
In this case, the strong epitaxial mismatch seems to pe-
nalize the occurrence of breathing distortions of the O6

octahedra, something that appears reasonable on geo-
metric and steric grounds. (The breathing distortion cre-
ates relatively-large and relatively-small O6 octahedra,
which seems inadequate to accommodate either the com-
pression or expansion of the lattice.) Then, as a result
of the small-ubr constraint, all Ni ions present the same
electronic configuration. Since the epitaxial mismatch
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FIG. 9. (Color online). Same as Fig. 8, but for U = 7 eV.

is the control parameter for these transformations, we
can interpret them as being structurally-driven. Hence,
our simulations show that both electronic and structural
mechanisms can trigger the manifold changes (structural,
electronic, magnetic, band-gap) associated with transi-
tions in NNO and related materials.
Our results show that the charge order in NNO, and

the associated µ1 6= µ2 splitting, strongly relies on the
existence of an O6-breathing distortion that lowers the
symmetry of the material from orthorhombic (Pnma) to
monoclinic (P21/c). Note that such a requirement goes
beyond the one discussed by Lee et al.6, who concluded
that the orthorhombicity of the perovskite lattice is nec-
essary for the charge order to occur. In addition, we
found that the exotic ↑↑↓↓ arrangement of the spins is
still the preferred configuration among the investigated
ones,14 even in absence of charge order [i.e., for solutions
with µ1 ≈ µ2 and ubr ≈ 0]; we checked that this is the
case for the bulk solutions obtained with U > 7 eV, as
well as for the films subject to large epitaxial strains sim-
ulated with U = 7 eV. This finding supports the claim6

that such a spin order can exist independently from the
charge order. Finally, our results indicate that small val-
ues of U tend to give a very strong charge order (with
µ1 6= 0 and µ2 = 0), while a large U of about 7 eV
is needed to obtain solutions that reproduce better the
experimental situation (i.e., µ1 > µ2 > 0). Hence, we
may not fully rule out the possibility that NNO is in the
weak-coupling regime,32 as using small U values allows
us to reproduce qualitatively many of the observed ef-
fects; at the same time, we obtain the best agreement
with experiment for U values around 7 eV.
Finally, let us note that our preliminary results for

other nickelates (YNiO3, SmNiO3, and PrNiO3) indi-
cate that their qualitative behavior is similar to that of
NNO.33 This suggests that the trends discussed here are
essentially common to the RNiO3 family, ranging from
small (Y) to large (Pr) rare-earth cations.

IV. SUMMARY

In conclusion, our first-principles investigation of
NdNiO3 and similar materials shows that both electronic
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and structural factors profoundly affect their ground
state, evidencing the connections among the many (elec-
tronic, magnetic, structural) effects at play in these com-
pounds. In particular, we predict that complex transfor-
mations – e.g., metal-insulator transitions, both drastic
and continuous changes of the magnetic structure, etc. –
can be induced by means of epitaxial strain in thin films.
We thus hope our findings will stimulate new experimen-
tal studies of these materials, aid in the interpretation of
existing and new results, and contribute to the develop-
ment of realistic model theories of nickelates.
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