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Metal-insulator transition of (SrIrO;),/(NdNiQO;); superlattice under strain
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We investigate the magnetic and electronic properties of strongly correlated perovskite (SrIrOs), /(NdNiO;);
superlattice by density-functional theory calculations. The semiconducting ground state of the superlattice
adopts a metal-insulator transition (MIT) under compressive epitaxial strain. This MIT is induced by the large
reduction of breathing distortion and octahedra antiferrodistortive distortion in the superlattice compared to
the NdNiO; under epitaxial strain. Furthermore, it is found that this breathing distortion couples to the 7T-type
antiferromagnetic ordering with two types of magnetic order on Ni sublattices, leading to a magnetic state
without the degenerate switched magnetic direction when the breathing distortion is unchanged. Our results
provide a mechanism of MIT in superlattice and a possible way to tune the magnetic order by breathing

distortion.
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I. INTRODUCTION

Transition-metal oxides exhibit rich phase diagrams, in-
cluding different forms of electronic order (charge, orbital,
magnetic) and metal-insulator transitions (MITs) [1,2], which
are fundamental paradigms of modern condensed-matter
physics and are essential for recently proposed device ap-
plications. Many transition-metal oxides can undergo MIT
triggered by chemical composition, spin-orbital ordering,
temperature, strain, and other methods [3—7]. The strong elec-
tron correlations in transition-metal oxides are believed to
be related to high-temperature superconductivity [8,9], colos-
sal magnetoresistance [10,11], next-generation neuromorphic
computing [12,13], and other important and potentially useful
phenomena. Rare-earth nickelates (RNiO3, R = rare earth),
including bulk and thin films and heterostructures, have
recently attracted large interest [14,15], because of the in-
teresting MIT (apart from LaNiOs) [16-20] and various
potential applications [21]. The MIT in RNiO3; compounds
concurrently occurs with a structure phase transition from
orthorhombic Pbnm in the high-temperature metallic phase
to monoclinic P2;/n in the low-temperature insulating phase
[22-25]. This symmetry lowering from high-temperature
phase to low-temperature phase is accompanied by the ap-
pearance of a breathing distortion of the oxygen octahedra
with expanded and compressed NiOg octahedra arranged in
rocksalt-like pattern. In addition, for RNiO; with R= Nd
and Pr, the Néel temperature is equal to the metal-insulator
transition temperature and RNiO3; compounds go directly
from paramagnetic metal to antiferromagnetic (AFM) insula-
tor (spin order identified by a Bragg vector ¢ =(1/4, 1/4, 1/4)
in pseudocubic notation) [26,27]. The magnetic moments vary
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between Ni atoms in the center of expanded octahedra and
compressed octahedra [28,29] and the interplay between the
breathing distortion and magnetic ordering has been studied
based on density-functional theory [30,31].

Understanding the underlying mechanism of the MIT is a
crucial subject of condensed-matter physics, however, which
is still a subject not fully understood. This difficulty in fully
understanding MIT and strong electron correlation usually
gives rise to complex many-body phenomena and close cou-
pling of charge, spin, orbital, and lattice degrees of freedom.
Identification of the important key interactions that influence
the metal-insulator transitions in correlated materials has con-
sequently remained elusive.

Here, by means of first-principles calculations,
we investigate electronic and magnetic properties in
(SrIrO3), /(NdNiO3); (SIO; /NNO3) superlattice. Our results
reveal that the ground state of SIO;/NNOj; superlattice
is characterized by a semiconducting 7-type AFM state
with a split of the electronic states of two different Ni
sublattices. A MIT occurs in SIO; /NNOj superlattice under
compressive strain, which is structurally triggered by the
reduction of octahedra antiferrodistortive (AFD) distortions
and breathing distortion. We furthermore find the interplay
between breathing distortion and the complex AFM ordering.

Computational method

First-principles calculations were performed within the
density-functional theory, as implemented in the Vienna ab
initio Simulation Package [32,33]. An energy cutoff of 550 eV
was used, and the set of projector-augmented wave potentials
[34,35] was employed to describe the electron-ion interaction.
Valence electron configurations, 4s> 4 p® 55 for Sr, 543 65! for
Ir, 552 5p% 652 for Nd (the extra 4f electrons are frozen in the
pseudopotentials), 3d 8 452 for Ni, and 2s% 2 p4 for O were
considered. Electronic relaxations converged within 1077 eV

©2024 American Physical Society
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(a) atomic structure

FIG. 1. Sketch of the atomic structure, lattice distortions, and complex colinear antiferromagnetic orderings. (a) Atomic structure of
SIO; /NNOs superlattice. (b) Antiphase rotations of oxygen octahedra about [100] and [010] direction (R,y). (c) In-phase rotations of oxygen
octahedra about [001] direction (M.). (d) Breathing distortion of the Og octahedra in Ni sublattices (Boc). (e) T-type AFM, (f) E-type AFM,
(g) S-AFM1, and (h) S-AFM2 orderings. (i) The ground-state AFM ordering in bulk NdNiO; (O-AFM). The green, yellow, orange, gray, and

red spheres represent the Sr, Ir, Nd, Ni, and O atoms, respectively.

and ionic relaxation was performed until the residual force
was less than 1 meV/A. We used the Perdew-Burke-Ernzerhof
parametrization revised for solids (PBEsol) functional with
Hubbard U correction [36-38] (selecting U =2 eV for Ir
[39,40] and U = 2 eV for Ni [18,41]) for electronic structure
calculations. Recently, Binci er al. [42] proposed density-
functional theory (DFT)4-U +V approach. This fully ab
initio methodology can also describe the rare-earth nickelates
correctly and capture the features well established by exper-
imental characterizations. A +/2 x 24/2 x 4 supercell with
80 atoms was used [shown in Fig. 1(a)], and a I'-centered
6 x 3 x 2 k-point mesh was adopted. Different magnetic or-
derings, including ferromagnetic (FM), and complex T-type,
E-type, and S-type AFM orderings, were considered [shown
in Figs. 1(e)-1(i)]. Symmetry-adapted mode analysis allowing
the extraction of lattice-distortion amplitudes has been per-
formed with the BILBAO crystallographic server [43,44]. The
modes are normalized to their amplitude in the 7-type AFM
ground state.

II. RESULTS

A. Magnetic and electronic properties

We study the stability of AFM orderings in NdNiO; (NNO)
and SIO; /NNOj; superlattice first. Different AFM configura-
tions are considered. As shown in Fig. 1, T-type, E-type, and
S-type orderings, which are based on 11| spin chains in
the (ab) plane with different stackings along the ¢ axis, are
considered in our calculations. In NNO, the initial settings
of S-type AFM and T-type AFM ordering will be optimized
to O-AFM ordering. The oxygen octahedron without a black
arrow indicates that the magnetic moment of the Ni atom in
the octahedron is 0. Figure 2 shows the energy differences
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FIG. 2. Energy differences of different magnetic orders for
SIO; /NNOj superlattice (bottom panel) and NNO (top panel) as a
function of in-plane lattice constant (aiy).
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TABLE I. The in-plane lattice constants correspond to ground state, magnetic phase transition from 7-AFM to S-AFM, magnetic phase
transition from S-AFM1 to S-AFM2, largest band gap, and MIT in SIO, /NNOj superlattice.

Ground state T-AFM to S-AFM

S-AFM1 to S-AFM2 Largest band gap MIT

an(A) 3.822 3.851

3.802 3.851 3.755

of different magnetic structures as a function of apy. The
in-plane lattice constants corresponding to ground state, mag-
netic phase transition from TAFM to SAFM, magnetic phase
transition from SAFM1 to SAFM2, largest band gap, and MIT
in SIO;/NNOjs superlattice are summarized in Table 1. The
ajN of the ground state of SIO; /NNO; superlattice (3.822 A)
is larger than that of NNO (3.783 10%) since the lattice constant
of bulk SrIrOj; is larger than that of bulk NNO. In NNO,
the O-AFM ordering is lower in energy than E-type AFM
ordering and is always the ground state within the considered
range of epitaxial strain. While in SIO;/NNOs superlattice,
the T-type AFM ordering is favored when the apy is smaller
than 3.851 A and the S-type AFM ordering becomes more
energetically favorable than 7-type AFM ordering when the
anN is larger than 3.851 A, implying a magnetic phase tran-
sition from S-type AFM to 7-type AFM. The E-type AFM
ordering is higher in energy over the whole range of epitaxial
strain. Note that S-type AFM has two configurations, namely
S-AFM1 and S-AFM2, and only the magnetic order in the
second layer (close to SIO layer) is different. There is a mag-
netic phase transition from S-AFM1 to S-AFM2 occurring
at aiy = 3.802 A. S-AFM1 is more stable when ap\ is larger
than 3.802 A while it is S-AFM2 when apy is smaller than
3.802 A. We also study the SIO,/NNO, superlattice. The 2/2
superlattice has metal ground state and keeps metal state when
in-plane lattice constant is within the range of 3.82 to 3.90 A,
which indicates that there is no MIT in 2/2 superlattice.

It is noteworthy that the energy difference for tensile strain
in the superlattice case is quite small, which is a reliable
result. Taking the BiFeOs (BFO) as an example, MacDougall
et al. [45] showed evidence for phase coexistence of G-type
and C-type antiferromagnetic-order parameters in 7-like mon-
oclinic phase of BFO in experiments. Diéguez et al. [46]
showed that energy splitting between the C-AFM and G-AFM
ordering is about 5 meV/f.u. in T phase of BFO (c/a aspect
ratios approaching 1.3) based on first-principle calculations,
which is quite small. As for rare-earth nickelates, Varignon
et al. [18] showed that the energy difference between S-AFM
and 7-AFM ordering is 0.5 meV/f.u. in NdNiO3. We believe
that the energy differences of several meV per formula unit
between different magnetic orderings under tensile strain in
the superlattice may yield a reliable result.

We also study electronic structures of SIO;/NNOs su-
perlattice. Figure 3 shows the band gap of SIO;/NNO;
superlattice with T-type AFM and S-type AFM ordering as
a function of ayy, together with the band gap of ground phase
of NNO for comparison. One can see that the band-gap of
NNO is always larger than that of SIO;/NNOj superlattice
in all considered epitaxial strains. To distinguish the ground
state and metastable state, we use open and solid symbols to
represent band gaps for metastable and ground states, respec-
tively, in Fig. 3. Superlattice with 7-AFM ordering possesses

the largest band gap when apy is 3.851 A, and superlattice
with S-AFM ordering possesses the largest band gap when
aN is 3.831 A. NNO has the largest band gap when apy is
3.822 A. When aiN is smaller than 3.755 A for superlattice
with 7-AFM ordering, the band gap is zero, implying that
MIT occurs when apy is 3.755 A. When arn 1s smaller than
3.802 A for superlattice with S-AFM ordering, the band gap
is zero, which is consistent with the magnetic transition from
S-AFM1 to S-AFM2 at apy = 3.802 A. In contrast, the band
gap is always nonzero for all the considered epitaxial strains
for NNO.

The electronic structures are investigated to find out the
details of MIT of SIO;/NNOj3 superlattice. The d,,, d,., and
d,, orbitals of Ni ions are fully occupied for NNO and super-
lattice. Figure 4 shows the projected density of states of e,
states from Ni ions. The top panels and bottom panels show
the projected density of states of e, orbitals of Ni sublattice
located within the center of shrunken and expanded Og oc-
tahedra (denoted as Ni; and Niy), respectively. Figures 4(a)
and 4(b) display the projected density of states of Ni—e,
states of NNO at an = 3.783 A and the insulating state of
SIO; /NNOj superlattice at ayy = 3.822 A, respectively. One
clearly sees the band gap is 0.46 eV for NNO and 0.14 eV for
superlattice. From the total amount of occupied valence states
[Figs. 4(b) and 4(c)], Ni; occupies many more e, electrons
than Ni,. Figure 4(c) shows the projected density of states of
Ni—e, states of the metallic state of SIO;/NNOj superlattice
at ayy = 3.744 A. The d; and d,2_,» orbitals cross the Fermi
level and the projected density of states for spin-up state
and spin-down state are asymmetric, explicating that the net
magnetic moment in the metal state is nonzero.

0.5 ,

|

I

0.4 :

|

§ 1

" 0.3 1——NNO-OAFM [

8 |-0——=—SI0/NNO,-TAFM |
on

T2 SIO,/NNO;-SAFM !

5] |
m

0.1 i

|

|

004 oot :

3.75 3.80 3.85 3.90
ap (R)

FIG. 3. Band gaps of NNO and SIO; /NNOj as a function of apy.
The open and solid symbols represent the metastable and ground
states.
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FIG. 4. Projected density of states of Ni—e, states of (a) NNO at aiy = 3.783 A, (b) insulating state of SIO; /NNOj; at ay = 3.822 A, and
(c) metallic state of SIO, /NNO; superlattice at aiy = 3.744 A. Projected density of states of the e, states for Ni ions with the shrinking Og
octahedron centered (Ni; ) and the expanding O octahedron centered (Ni,) are shown in the top panel and bottom panel, respectively.

Let us now investigate the charge and magnetic moment
of Ni atoms and Ir atoms in SIO;/NNOjs superlattice. The
magnetic moments of Ir atoms and Ni atoms in SrlrOs,
NdNiOj3, metal state of SIO;/NNO3, and insulator state of
SIO; /NNO; are summarized in Table II. Take the first NiO,
layer as an example: for the insulating state at ajy = 3.822 A,
there are two Ni; ions with atomic charge of 9.4le and
magnetic moment of 0.53 uB, while the other two Ni, ions
possess atomic charge of 9.24¢ and magnetic moment of
1.23 1B, and these two kinds of Ni sublattices are arranged
alternately along [100] and [010] directions. The SIO layer
of SIO; /NNOj; superlattice will restrain the contraction and
expansion of the NiOg octahedron along [001] direction. For
metallic state at apy = 3.744 A, there are two Ni; atoms with
charge of 9.41e and magnetic moment of 0.74 B, while the
other two Ni, atoms possess charge of 9.34¢ and a magnetic
moment of 1.02 uB. Differences in the amount of charge and
magnetic moment between the two types of Ni sublattices
diminish as the apy decreases, which further confirms that
Boc distortion in SIO; /NNOj3 superlattice subsides during
the MIT. Compared to the ground state of NNO, the mag-
netic moment of Ni, ions is 1.19 uB, which is very close

to that in SIO; /NNOj3 superlattice. The magnetic moment of
Ni; ions is nearly null in NNO and the magnetic moment
of Ni; in SIO;/NNOj superlattice is much larger, which il-
luminates charge transfer from Ir atoms to Ni atoms. It is
noteworthy that our computed magnetic moments on both Ni
sublattices appear to be in contradiction with the conclusion
of the charge analysis. This contradiction can be explained
by the fact that Ni; cations receive a significant fraction of
electrons coming from the surrounding oxygens which are
weakly spin polarized. The details of the contradiction are
investigated in Ref. [18]. For the IrO, layer in the insulator
state, four Ir atoms both have magnetic moment of 0.79 uB,
indicating that the Boc distortion is nearly null in the IrO,
layer. As a result of the charge transfer from Ir atoms to
Ni atoms, Ir cations have larger magnetic moment than that
of bulk SrIrO3 (0.35 uB). Ir cations have atomic charge of
8.38e¢ in the insulator state and have atomic charge of 8.45¢
in the metal state, which demonstrates that charge transfer
from Ir atoms to Ni atoms weakens when transitioning from
insulator to metal. SrIrO; layer plays two roles in MIT in
(SrIrO3); /(NdNiOs3); superlattice. First, the bulk SrIrO; is
metallic, making MIT in (StrIrOs),/(NdNiOs); superlattice

TABLE II. Magnetic moment of Ir atoms and Ni atoms in SrlrO3;, NdNiO3, metal state of SIO; /NNO3, and insulator state of SIO; /NNOs.

SrIrO; NdNiO; SIO; /NNO;(metal) SIO; /NNOjs(insulator)
my /uB 0.35 0.66 0.79
my;/uB 1.19/0 0.74/1.02 0.53/1.23
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FIG. 5. (a) Energies of SIO,;/NNO; superlattice with T-AFM ordering and no strain as functions of normalized-distortion amplitude
of lattice distortion of Boc, Ryy, and M,. The high-symmetry structure without any lattice distortion is the structure with zero normalized-
distortion amplitude. (b) Energies of SIO; /NNO; with 7-AFM and FM orderings as a function of amplitude of Boc distortion. (c) Energies
of SIO;/NNOs as a function of amplitude of Boc distortion when freezing different amplitudes of R,, and M, distortion. (d) Band gaps of
SIO; /NNOs as a function of amplitude of single distortion (Boc/Ryy,/M;) (black triangles), amplitude of R,, = M, when fixing Boc = 1 with
(red squares), as well as amplitude of Boc distortion when fixing R,, = M, = 1 (blue circles).

much more possible to occur. Second, charge transfer from
Ir atoms to Ni atoms can suppress the breathing distortion in
NdNiOs; layers, which makes the band gap of NdNiOs; layers
become smaller and even closed. We will analyze the impact
of breathing distortion on the MIT in detail later. We also
perform DFT 4 U 4 SOC calculations for ground state and
metallic state of (SrlrO3),/(NdNiOs3); superlattice. We find
that the impacts of spin-orbit coupling (SOC) on magnetic
moment and charge transfer from Ir atoms to Ni atoms are
very small. Therefore, strong SOC is not important for the
MIT effect in superlattices.

B. Structural distortions of the ground state

To understand the effects of structural distortions on the
electronic properties, we now investigate the structural dis-
tortions compared to the high-symmetry perovskite structure
with space group of P4mm. As shown in Figs. 1(b)-1(d),
the SIO; /NNOj superlattice possesses three main lattice dis-
tortions, namely in-plane antiphase oxygen octahedra AFD
distortions (Ry,), out-of-plane in-phase oxygen octahedra

AFD distortions (M), and a breathing distortion of the Og
octahedra in Ni sublattices (Boc) which results in two differ-
ent Ni sublattices. As illustrated in Fig. 5(a), Ry, and M, of
SIO; /NNO; with 7-AFM show large instabilities and a large
energy gain when their amplitudes are nonzero, resulting in
characteristic symmetric double-well potentials. These wells
remain double-well shape for all considered magnetic order.
In contrast, the Boc distortion possesses a single-well shape
of energy-distortion curve, rather than a double-well curve,
which indicates that a positive sign of Boc is stable rather than
a negative sign of Boc. The single-well shape also indicates
a coupling between the Boc distortion and 7-AFM order.
Figure 5(b) shows the energy of the superlattice with 7-AFM
order as a function of amplitude of Boc distortion, as well as
that with FM magnetic order. One can confirm that the energy
of the FM order is higher than the 7-AFM order and shows a
symmetric single well.

We further analyze the interplay between Boc distortion
and AFM ordering. Considering that there are two inequiv-
alent Ni sublattices in SIO;/NNOj; superlattice, we can use
two spin vectors S; and S, to characterize the spins on Ni;
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FIG. 6. (a) The differences in volume between expanding NiOg octahedra and shrinking NiOg octahedra as a function of the ay for NNO
and SIO; /NNOj; superlattice. (b) AFD distortions of NiOg octahedra about x, y, and z axes as a function of gy for NNO and SIO; /NNO;

superlattice.

and Ni, sublattices, respectively. S; and S, are themselves
three-dimensional spin vectors. S; and S; can be combined
to form a complex vector Y = Sy — iS,, which is actually
the Fourier coefficient of the spin-density wave. There are
two inequivalent AFM orderings, namely ¥; = S — iS; and
Yy = 81 +iS;. The coupling between Boc distortion and 7-
AFM ordering can be given by S; - S; - Boc, which leads to
asymmetric single-well energy as a function of Boc distor-
tion. Therefore, the structure with ¥y magnetic ordering and
+1 Boc is degenerate with the structure with yr, magnetic
ordering and —1 Boc. This coupling between Boc distortion
and complex AFM ordering is not found in classical simple
magnetic ordering (namely A-, C-, and G-type AFM and FM).
The interplay between Boc distortions and the complex AFM
order also has been found in rare-earth nickelates, namely the
T-AFM ordering becomes energetically more favorable due to
the suppression of the NiOg octahedron with the onset of the
breathing-mode distortion [31].

Figure 5(c) shows the energy of SIO;/NNOj superlat-
tice as a function of the amplitude of Boc distortion with
freezing Ry, and M, at three different amplitudes, namely
R,y =M, =1,0.7,and 0.5. It is single well for the very small
Ry =M;[ Ry =M, =0inFig. 5(b) and R,, = M; =0.51in
Fig. 5(c)], while the curves turn to asymmetric double well
when R,, =M, =0.7 and 1 [Fig. 5(c)]. We also calculate
the energy associated with Boc distortion with freezing R,
and M, distortion in FM ordering, which exhibits a symmet-
ric single-well shape. The single-well shape in FM ordering
illustrates that the asymmetric double-well shape in T-AFM
ordering is caused by the interplay between Boc distortion and
the 7-AFM ordering instead of a trilinear coupling between
Boc, Ryy, and M, distortions.

To reveal the impact of different distortions on
the band gap, Fig. 5(d) displays the band gaps as a
function of the amplitude of lattice distortion. One can
clearly see that SIO;/NNOj superlattice remains in a metal
state when considering one single distortion (R,,, M, or
Boc) increasing individually. Figure 5(d) also displays the

band gaps as a function of the amplitude of R,, = M. when
condensing Boc = 1 (which is the magnitude of the ground
state). The band gap of SIO; /NNOj3 superlattice opens when
the amplitude of R,, and M, distortions are larger than 0.4
and increases with the increase of the amplitude of R,, = M..
Figure 5(d) further displays the band gaps as a function of the
amplitude of Boc distortion when fixing R,, = M, =1 (the
magnitude of Ry, and M, is that in the ground state). Band
gap of SIO; /NNOj superlattice opens when Boc distortion is
nonzero, and increases when the amplitude of Boc distortion
increases. These results indicate that the MIT in SIO; /NNO3
superlattice is induced by the decreasing of R,,, M;, and Boc
distortion.

C. Evolution of structural distortions during
metal-insulator transition

We then consider the structural distortions of NNO and
SIO; /NNOj superlattice under epitaxial strain. Figure 6(a)
shows the volume difference between the Ni;-site octahedron
and the Ni,-site octahedron as a function of apy, which in-
dicates the magnitude of B¢ distortion. Boc distortion of
NNO and SIO;/NNO; superlattice decreases with the de-
crease of an. Boc distortion of NNO is always larger than
that of SIO;/NNO; superlattice, which is consistent with
the larger band gap of NNO than SIO;/NNO; superlattice
(Fig. 3). Boc distortion of SIO;/NNOj; superlattice exhibits
a sharp drop at aiy = 3.753 10\, which is consistent with MIT
at apy = 3.753 A and the fact that small Boc distortion leads
to small band gap [Fig. 5(d)].

Figure 6(b) shows the average AFD distortions of NiOg
octahedra. AFD distortions along three axes of NNO are al-
ways larger than that of SIO;/NNO; superlattice, which is
consistent with the larger band gap of NNO than SIO; /NNO3
superlattice. AFD distortions along x- and y axes decrease
with the decrease of ay both in NNO and SIO; /NNOj su-
perlattice while AFD distortion along z axis first decreases
and then increases with the decrease of apny both in NNO
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and SIO;/NNOs superlattice. Since the band gap decreases
as the amplitude of AFD distortions and breathing distortion
decrease, we can conclude that the decrease of octahedral ro-
tations around x- and y axes as well as decreases of amplitude
of Boc distortion jointly lead to transition of SIO;/NNO;
superlattice from insulator to metal.

III. DISCUSSION

As proposed by Zaanen, Sawatzky, and Allen, the model
called the ZSA scheme [47] correctly explained the ground
state of many transition-metal oxides. This ZSA model clar-
ified that electronic band gap depends on the ratio of the
Coulomb interaction U and the charge-transfer energy A.
Then, the insulator can be classified into the Mott-Hubbard
insulator and charge-transfer insulator. In the former MIT is
controlled by the Coulomb interaction U, corresponding to
the process d" 4+ d" — d"~' + d"*!, while in the latter MIT
is controlled by the charge-transfer energy A, corresponding
to the process d" — d"*'L (L denotes a ligand hole). Further-
more, Mizokawa et al. [48,49] proposed an extension of the
ZSA diagram including the negative charge-transfer insulator
which is characterized by small or even negative A value.
Strong 3d-ligand hybridization in negative charge-transfer
insulator opens a band gap which corresponds to charge fluc-
tuations mainly of the p-p type, d"L +d"L — d" + d"L>.
The SIO;/NNOj superlattice is the negative charge-transfer
insulator and the MIT in superlattice is induced by the strong
hybridizations between O—2p and Ni—3d states. The insulat-
ing ground state of SIO;/NNOj superlattice is characterized
by a split of the electronic states of two different Ni sublat-
tices, which possess similar amounts of charge but distinct
magnetic moments. The high-spin state Ni atoms located in
the center of the larger NiOg octahedra possess 1.23 uB mag-
netic moment and correspond to the 3+ state (considering
the charge transfer from Ir atoms to Ni atoms). The low-spin
state Ni atoms located in the center of the smaller NiOg

octahedra possess 0.53 B magnetic moment and correspond
to the d®L? state. The low-spin state Ni atoms also have a
fully occupied t26g shell and share about two ligand holes from
the surrounding oxygen octahedron. For the metal state, the
difference in two Ni sublattices diminishes and two localized
bands transition to a continuum of states, leading to the clos-
ing of the band gap.

IV. SUMMARY

In summary, we investigated the magnetic and electronic
properties of SIO;/NNOj; superlattice under strain by first-
principles methods and analyzed the structural distortion
by symmetry-adapted mode analysis. The ground state of
the superlattice is semiconducting with 7-type AFM order-
ing, breathing distortion, and octahedra AFD distortions. At
compressive strain, the octahedra breathing distortion and oc-
tahedra AFD distortions in superlattice are reduced, leading
to a MIT at —1.8% strain. We further found that the breath-
ing distortion couples with T-AFM ordering, which implies
that the breathing mode is the degree of freedom to tune the
magnetic properties. Our results shed light on the mechanism
of MIT nickelate and give insights into the coupling between
magnetic order and structural distortions.
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