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Spin-orbit coupling (SOC) plays a vital role in determining the ground state and forming novel electronic
states of matter where heavy elements are involved. Here, the prototypical perovskite iridate oxide SrirOs
is investigated to gain more insights into the SOC effect in the modification of electronic structure and
corresponding magnetic and electrical properties. The high pressure metastable orthorhombic SrlrO; is
successfully stabilized by physical and chemical pressures, in which the chemical pressure is induced by
Ru doping in Ir site and Mg substitution of Sr position. Detailed structural, magnetic, electrical character-
izations and density functional theory (DFT) calculations reveal that the substitution of Ru for Ir renders
an enhanced metallic characteristic, while the introduction of Mg into Sr site results in an insulating
state with 10.1% negative magnetoresistance at 10K under 7 T. Theoretical calculations indicate that Ru
doping can weaken the SOC effect, leading to the decrease of orbital energy difference between J;, and
J3j2, which is favorable for electron transport. On the contrary, Mg doping can enhance the SOC effect,
inducing a metal-insulator-transition (MIT). The electronic phase transition is further revealed by DFT
calculations, confirming that the strong SOC and electron-electron interactions can lead to the emergence
of insulating state. These findings underline the intricate correlations between lattice degrees of freedom
and SOC in determining the ground state, which effectively stimulate the physical pressure between like

structures by chemical compression.
© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Unlike 3d or 4d electrons, 5d electrons are significantly differ-
ent due to the radial distribution function and strong spin-orbit
coupling (SOC) effect [1-9]. The strong SOC of 5d electrons drives
energy level splitting to generate new electronic states, which in-
teract with spatial and temporal symmetry breaking, delivering
new quantum effects and functionalities in the large class of per-
ovskite materials, such as spin Hall effect [10-12], Weyl semimetal
[13-15], Rashba effect [16-18], topological surface states [19], and
magnetic skyrmion [20,21]. The representative 5d compounds, per-
ovskite iridates, have garnered significant interest in SOC sys-
tem. Particularly, Ruddlesden-Popper iridates Sry 11Ir;O3,1 display
metal-insulator transition (MIT) driven by the modulation of band-
width, from strongly insulating Sr,IrO4 to metallic non-Fermi lig-
uid SrlrO3 [22-24]. Of special interest is the strong SOC combined
with the modest electronic correlations, leading to a novel spin-
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orbital Mott insulator with a J;;; ground state [25,26]. Thus, a
slightly perturbation can affect the stability of insulating phase,
such as defect [27], carrier doping [28], magnetic field [29], or ex-
ternal pressure [30-33]. For example, Srylr;_xTxO4 (T = Ru, Rh)
provides the first demonstration of a spin-orbit-controlled MIT
phenomenon [34], which is consistent with theoretical calculations
in the finite SOC systems SryIrO4 (n=1) [35-37]. In addition, the
spin-orbit Mott insulator Sr3lr,O; (n=2), a double-layered per-
ovskite, provides a valuable platform to explore the collapse of
Mott gap under high pressure (HP) [38]. At 59.5GPa, Sr3lr,05
transforms into a confined metal, exhibiting metallicity in the ab
plane but insulating behavior along the c¢ axis, which is similar to
the peculiar metal phase observed in cuprate superconductors. A
small amount of La substitution for Sr in (Sry.xLax)3Ir,07 can also
melt away its insulating gap, and thus lead to a correlated-metallic
state [39]. These findings emphasize the intricate correlation be-
tween SOC and MIT.

Metastable orthorhombic SrlrO; (denoted as O-SrlrOs, space
group of Pnma) is the end member of the Ruddlesden-Popper
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Stny11r,O3n 1 series with n being infinite, which is prepared un-
der HP (5.0 GPa) [40,41]. Nevertheless, the thermodynamically sta-
ble phase of SrlrO3 is in monoclinic structure (named as 6H-SrlrOs,
space group of C2/c) prepared at atmospheric pressure (AP) [42].
The SOC and electronic correlation in SrlrO3 polymorphs manifest
interesting magnetic and electrical properties, providing an ideal
platform for chemical/electronic structure-dependent phase engi-
neering. Previous studies have demonstrated that the 6H-SrlrO3 ex-
hibits metallic conductivity with non-Fermi-liquid behavior, being
the first known paramagnet in ternary iridate oxides [43]. The O-
SrlrOs also exhibits paramagnetic (PM) behavior and metallic re-
sponse with a MIT near 44K with a positive magnetoresistance
(MR) effect at low temperature, where the metallic property is
likely due to the large electron hopping [44]. The 6H-SrlrO3 can be
destabilized by partial Ir substitution with larger size and less elec-
tronegative cations (such as Li, Mg, Fe, Co, Ni, Zn) by the alteration
of electron interactions, resulting in the O-SrlrO; polymorph under
AP [45]. It is noteworthy that, the uneven distribution of electrons
in the degenerate 5d orbital (ty; or eg) of the central ion would
lead to the distortion of IrOg octahedra, which can be altered by
crystal field splitting regulation. Thus, O-SrlrOs provides a fascinat-
ing playground to explore MIT driven by intertwined charge, spin,
and lattice degrees of freedom. For example, the Dirac semi-metal
state (x=0) of Srlr;_xSnyO3 can be suppressed by the locally inter-
posed Sn** (4d'?), leading to an antiferromagnetic (AFM) insulator
ground state [46]. The orbital inactive Sn*+ (4d%) predominantly
promotes the Mott localization of the J;/, state by reducing the ef-
fective one-electron bandwidth, while that of J;, state is merely
moderately changed. Nevertheless, the former attempts at reveal-
ing that the role of SOC in O-SrirO3; have been hindered by con-
currently occurring changes to the filling, thus the direct evidence
for the role of SOC in stabilizing the insulating state still remains
unclear, where the novel MIT is potentially driven by alteration of
the bandwidth for J;, and J3), states.

To address these concerns, we realize the preservation of
metastable O-SrlrO; polymorph by employing physical and chemi-
cal pressures, where the chemical pressure is driven by Ru and/or
Mg doping into Ir and Sr site, respectively. Comprehensive charac-
terizations on the crystal structure, magnetic and electrical proper-
ties and DFT calculations reveal that Ru doping weakens the SOC
to support metallic state, and Mg doping enhances the SOC with
modest electron-electron correlations to stabilize insulating state,
manifesting SOC controlled MIT.

The phase transition from 6H- to O-SrlrOs can be initiated by
elevated physical pressure (prepared at 5.0GPa and 1273K). The
purity of two different polymorphs is firstly investigated by pow-
der X-ray diffraction (PXD) measurements (Fig. S1a in Supporting
information). Rietveld refinements of PXD data of 6H-SrlrO; in
monoclinic C2/c symmetry is displayed in Fig. S1b (Supporting
information). The target HP sample is further investigated using
synchrotron PXD (SPXD) measurements, which intensify the iden-
tification of crystalline structure (Fig. S2a in Supporting informa-
tion). Tables S1 and S2 (Supporting information) show that crys-
tallographic information including selected interatomic distances,
bond angles and bond valence sums (BVS). As a rule of thumb, the
structure of ABO3 compounds can be predicted from the ionic radii
by the Goldschmidt tolerance factor, t=(ry+10)/v2(rg + 7o) [47].
When t is close to 1, cubic symmetry is expected, and distortions
from the ideal cubic structure to tetragonal, orthorhombic and
monoclinic symmetries are anticipated for lowering t values. As
for SrlrO5;, t=0.992 indicate a cubic or pseudo-cubic symmetry.
Nevertheless, the thermodynamically stable phase of SrlrO; adopts
distorted monoclinic 6H polymorph, which is very unusual for
ABO5 with t around 1. Fig. 1a schematically describes the crystal
structure of 6H-SrlrO3, in which corner-shared Ir(1)Og octahedra
and Ir(2),0g9 dimers formed by two face-sharing Ir(2)Og octahedra
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Fig. 1. (a) Comparison of the crystal structures in monoclinic C2/c, orthorhombic
Pnma of SrIrO3; and Pnma-SrRuOs. (b) PXD patterns of Srir;_xRuxO3; (0 <x <1.0) pre-
pared by solid-state reaction combined with high-temperature and high-pressure
synthesis. (c) x dependence of lattice parameter a (A), b (A) and ¢ (A) in or-
thorhombic Srlry_xRu,O3 (0 <x<1.0) refined from SPXD data. (d) PXD patterns of
Sry-yMgyIrO; (y=0-0.4) prepared by solid-state reaction at AP. (e) E-V curve of HP
0-SrlrO; to show the equivalent chemical pressure by Ru or Mg doping.

are alternatively arranged along the c direction, giving a cchcch
stacking sequence. The Ir(2)-Ir(2) distances across face sharing oc-
tahedra are relatively short (~2.75A), implying strong metal-metal
bonding and stretched Ir(2)-O bond within the highly distorted
octahedral dimers in 6H-SrlrO;. Owing to the subtle balance
between strong Ir-Ir bonding and Coulombic repulsion across the
face-sharing octahedra, a reconstructive phase transition would
be ignited in 6H-SrlrO; when dwelled under HP (5.0GPa) and
high temperature, giving the metastable orthorhombic structure
contained only corner-sharing IrOg octahedra (Fig. 1a). Despite
the slight difference in ionic radii of Ir*+ (1, ~ 0.625A) and Ru**
(rra ~ 0.62A), SrRuO; (t=0.994) crystallizes in orthorhombic
symmetry isostructural to the HP O-SrlrO3 (Fig. 1a). Obviously, the
ionic size dependent geometric factor is insufficient to judge the
crystal structure of SrlrO3. This abnormal phenomenon emphasizes
the intricate correlation between SOC (~0.4eV for iridates and
~0.15eV for ruthenates) and lattice.

In contrast to physical pressure, “chemical compression” (also
known as chemical pressure, can be induced by substitution with
smaller ion to simulate the lattice contraction under external HP)
offers a feasible route to mimic the effect of external physical pres-
sure [28,48-50]. There are two main functions of chemical pres-
sure: structural and electronic effects. The former one alters the
crystal structure, such as bond length and bond angle, while the
latter route can adjust the electronic configuration of B-site ions
by isovalent/aliovalent substitution. Both effects can modulate the
structure and properties of materials, particularly in the strong cor-
related 5d systems, where additional SOC effect renders enriched
behaviors. Accordingly, replacing Ir** by Ru** in 6H-SrIrO; is ex-
pected to intercept the metastable O-SrlrO; phase at AP. As shown
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in Fig. S1c (Supporting information), single-phase solid solutions in
the metastable orthorhombic structure of Srir;_xRuyO3 (0 <x<0.5)
can be prepared by substituting Ru*t (4d*) for Ir*t (5d°) with
solid-solution limit of 50%, which is largely ascribed to the key role
of SOC. At high-temperature and high-pressure reaction, the solid-
solution limit can be further improved, and finally single-phase
solid solution with a full proportion can be prepared below 5.0 GPa
(Fig. 1b). The refined crystallographic information from SPXD data
(Fig. S2 in Supporting information) are listed in Tables S1 and S2.
As shown in Fig. 1c, the substituting Ru*t for Ir*t results in a
monotonically decreasing trend in the unit cell parameters (a, b,
and c) with increasing Ru content x, which together with the lin-
ear decrease of the B-O bond lengths and increase of the B-O-B
bond angles, underlying the alteration of physical properties.

Apart from smaller B-site doping, substituting smaller size
Mg?+ (MM, =0.89A) for Sr2+ (Vllrs, =1.26A) on A-sites also
evokes lattice contraction (chemical pressure), which is expected
to destabilize the monoclinic C2/c symmetry and induce a phase
transition to the orthorhombic Pnma symmetry in Sri_yMgyIrO;
as displayed in Fig. 1d. Sr;j_yMgyIrO; crystallizes in the individu-
ally orthorhombic structure with Mg at 20% (SrggMgg,IrO3) ac-
cording to refined crystallographic information from PXD data
in Fig. S1d (Supporting information), which corroborates an or-
thorhombic Pnma structure. Further increasing of Mgt content
(y>25%) results in the appearance of MgO impurity. In order
to evaluate the chemical pressure stemming from volumetric dif-
ference between HP O-SrlrO; and the SrggMgg,IrO; solid solu-
tion, the energy-volume (E-V) curve is calculated by the Mur-
naghan equation of state equations (Eqs. S1-S3 in Supporting in-
formation). The detailed results are shown in Fig. le, which in-
dicates equivalent pressure up to 6.58 GPa for SrpgMgg,IrO3 and
3.51GPa for SrlrggRug4IrOs, further confirming the feasible trap-
ping of metastable phase with chemical pressure at AP. Assisted
by chemical pressure, simultaneous co-doping smaller ionic radii
Mg?*+ and Ru*t in the Sr?* and Ir*t sites can further increase the
solid solution limit at AP, to easier synthesize the O-SrlrOs; than
the solely electron-doped approach in Srlr;_xRuyxOs, seeing PXD di-
agram with 10% and 20% Mg content in Figs. S3 and S4 (Supporting
information). While 20% Mg2+ doping at A-site, the full solid solu-
tion by Ru substitution can be obtained at AP. So, chemical pres-
sure over the Ru/lr sublattice can partially stabilize the O-SrirO3
type solid solution in a limited chemical space when the A-site
compression is simultaneously applied, yielding the HP polymorph
in Sry.yMgylr;_xRuxO3 (0 <y <0.2; 0 <x < 1.0) models.

Ru and/or Mg doping is expected to induce pronounced
changes in a wide range of magnetic properties of single-phase
Sr1.yMgylr;_xRuyO3 (0<y=<0.2; 0<x<10). The Ru doping in-
duces obvious changes in a wide range of M (T) of Srlr;_xRuxOs
(0<x<1.0) with zero-field-cooling (ZFC) and field-cooling (FC)
curves (Fig. 2a). The hysteresis loops M (H) of all series at dif-
ferent temperatures under magnetic field between —5 T and 5 T
are shown in Figs. S5, S6a and b (Supporting information). Initial
negative magnetization on some ZFC curves could be caused by
negative trapped fields inside a magnetometer or the sample in-
sertion procedure [51,52]. Previous studies have demonstrated that
SrRuO3 shows ferromagnetic (FM) ordering with Curie temperature
(Tc) ~160K [53], and O-SrIrOs exhibits metallic conductivity and
Pauli PM [4]. In orthorhombic samples with x=0, 0.2, 0.4 (synthe-
sized at HP), there are no obvious deviation between ZFC and FC
curves, indicating the basic PM. With an increase of the Ru dopant,
the x=0.6, 0.8, 1.0 (synthesized at AP) cases exhibit FM ordering
with rising T¢ at 61.2, 112.9, and 160.2K and effective magnetic
moment [ ~ 2.37, 2.41 and 2.59 ug, respectively (Table S3 in
Supporting information), which attributed to the Ru*t at Ir** site
involved in the long-range magnetic order with strengthened B-
0-B exchange interaction. Fig. S7a (Supporting information) vividly
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Fig. 2. Temperature-dependent magnetization of (a) Srlr;.xRuyO3 (0 <x<1.0) and
(b) SrogMgo,IrO; in ZFC/FC at 0.1 T between 10K and 300K. (c) The evolution of
B-0 bond lengths and B-O-B bond angles in Srlr;_xRuyO3 (0 <x<1.0). (d) BOg oc-
tahedron distortion (X and ®) of orthorhombic SrRuOs, SrlrggRug 403, SrirO; and
SrosMgo2Ir0s.

shows the trend of Tc and g evolution. With the increase of Ir
content, the pe and Tc of Srlr;_xRuxO3 (0 <x<1.0) series gradu-
ally decreased, indicating that the introduction of Ir can weaken
the exchange of adjacent ions. As for the solely Mg dopant in Sr*+
site case, SrggMgg,IrO3 (y=0.2) captures the orthorhombic single
phase and keeps PM similar to O-SrlrO3 (Fig. 2b, Figs. S6¢ and d
in Supporting information). It is worth noting that there is obvi-
ous deviation between ZFC and FC data, which can be attributed to
spin glass-like or short-range ordering transitions. In the case of Ru
and Mg co-doped Sry_.yMgylr;_xRu,Os series, the FM ordering can
be further enhanced with the increase of Ru content (Figs. S7bc
and S8 in Supporting information).

In light of the orthorhombic structure, the distance between the
B-site ions within the corner-shared BOg octahedra ranges from
3.92A (SrRuOs3) to 3.94A (SrlrO;). Thus, the strength of the mag-
netic exchange interactions is expected to be governed by the B-O-
B exchange interactions through the bridging O sites, which can be
reflected by the evolution of B-O-B angle (Fig. 2c). In Srlr;_xRuxO3
(0<x<1.0), the B-O-B angle increases linearly with increasing x
and closer to nearly 180° for x=1.0, leading to a less distorted
lattice with enhanced magnetic super-exchange coupling (Fig. 2d),
where the symbols ¥ and ® represent the summation of devia-
tions from of 6 and 24 distinct 8 angles in the octahedra, respec-
tively [54,55]. In SrogMgg,IrOs, the substitution of Mg2t for Sr2*
leads to the change of ionic potential at A site with the altered
Sr/Mg-O and Ir-O bond lengths and Ir-O-Ir bond angles, giving
rise to larger distortion of the IrOg octahedra, and weakening the
super-exchange interactions between adjacent electronic spins of
Ir-Ir cations (AFM interaction). The measured PM properties agree
well with the expected electronic exchange interactions in these
orthorhombic iridates.

The measurements of electrical properties are further executed
to uncover the effect of local crystal structure on the electronic
transport behavior. The temperature-dependent resistivity p (T)
curves measured at zero-field of representative cases are shown
in Fig. 3a. Clearly, the metallic state of O-SrlrOs, SrlrggRug 403 and
SrRuO3 are maintained, where the resistivity values decrease with
the increase of doping amount of Ru*t. In contrast, the isostruc-
tural SrggMgg,IrO3 exhibits semiconducting behavior, which is
radically different from metallic O-SrlrOs, indicating the appro-
priate level of Mg+ dopant at Sr2t site can induce an exotic
MIT in O-SrlrOs. In addition, compared with the metallic Mg-
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free case Srlr;_xRuxOs, the series of Mg doped SrggMgg1Iri_xRuxO3
(04<x<1.0) and SrggMgg,Ir;_xRuyO3 (0<x<1.0) all transform
into semiconducting response except for samples containing only
Ru at the B site as shown in Figs. S9a and b (Supporting informa-
tion). The corresponding phase diagram of magnetic and electrical
properties related to Mg+ and Ru** doping levels is depicted in
Fig. 4, exhibiting interesting magnetic and electrical variations. In
particular, the MIT phenomenon due to the doping of Mg at Sr site
is highlighted.

To assess the origin of the MIT in the orthorhombic iridates, the
local crystal structure evolution of corner-shared BOg octahedra
of representative samples are schematically described in Fig. 3b.
Clearly, the angles of B-O-B decrease from 162.9° (SrRuOs3), 157.4°
(SrIrO_eRu0_4O3), 154.5° (O-Srlr03) to 153.5° (STO.gMgO.ZII‘O:;), indi-
cating a stronger GdFeOs-type distortion of the IrOg octahedra by
Mg substitution for Sr. The crystal field and SOC are deterministic
of the electronic structure of the 5d° (Ir*t) and 4d* (Ru*t) distri-
bution (Fig. 3c). In 5d° (Ir*+) orbital, four out of five d electrons oc-
cupy the Jo;s=3/2 state, leaving one electron in the J.;=1/2 state.
In 4d* (Ru**) orbital, three out of four d electrons occupy the
Jotf =3/2 state, leaving one electron in the J.=1/2 state. Thus, Ru
doping, which has one more hole than Ir, would reduce the mag-
nitude of the SOC and structural distortion, and add holes to the
thg Orbit.

To gain more insight on the correlations between SOC and
ground state in the iridates, DFT calculations are further performed
to elucidate the effect of SOC on electrical transport property when
Ru and Mg are doped in O-SrlrOs. The band structure of O-SrirO3
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subjected to SOC is shown in Fig. 5a. For iridate Ir*+ (5d°), the
stronger SOC leads to the J;, and J3;, with a large energy differ-
ence Asy ~ 0.47 eV, which is in line with A5y ~ 0.43 eV in O-SrlrO;
from DFT+U method with Uesy=0eV [56]. Conversely, Ru4+
(4d*) with weaker SOC manifests small energy difference (Ayq ~
0.16eV) between J;, and J3j, as the band structure of SrRuO3 sub-
jected to SOC shown in Fig. 5b. Here, SrlrggRug 403 is opted as a
reasonable structure model, which can intensify the understanding
of the influence on SOC effects with Ru doping. The band struc-
ture of SrlrggRug403 subjected to SOC is shown in Fig. 5c. The
competition between SOC interaction and Hund'’s effect leads to di-
luted SOC in Ir site in SrlrggRup403 compared to that in O-SrirOs.
Thus, the weaker SOC combined with more effectively screened
coulomb interactions between O 2p and Ru/Ir 4d/5d electrons can
cause reduction of t,g orbital difference and lower Eg, driving to
the system toward a more robust metallic state. This is consistent
with the above electronic transport measurements. As for the com-
puting model of SrpgMgy,IrO3, a supposed O-SrlrO3 with 20% Mg
dopant concentration in Sr sites is constructed. The band structure
of SrqgMg,IrO5 subjected to SOC is shown in Fig. 5d. The stronger
GdFeOs-type distortion induces J;, and J3j, states further splitting
due to enhanced SOC. Compared with O-SrlrOs, SrggMgg,IrO3 ex-
hibits further energy level splitting induced by the finite coulomb
repulsion energy U (~0.1 eV). Moving down the periodic table from
3d to 4d and then to 5d, the orbitals in the solids that contain
the corresponding d orbitals become increasingly extended and so
does the bandwidth (W3q < W4y < Wsq). As the bandwidth in-
creases, the corresponding on-site Coulomb repulsion decreases in
a sequential manner (Usq > Uyy > Usq) [57]. So, the 5d orbits
have smaller on-site Coulomb interaction U than the 3d and 4d
orbits. Thus, the electron correlation should contribute less to the
energy band structure, giving rise to the metallic ground states in
many 5d transition metal oxides (TMOs) described by the band
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theory of solid. However, some 5d TMOs, such as SrpIrQy4, Sr3lr, 07,
and Ba,;NaOsOg, have insulating ground states, which can be at-
tribute to the key role of electron correlation effects U [58-60]. To
achieve the insulating bands, the on-site Coulomb interactions U is
considered in the Hamiltonian to drive the localization of charge
carriers [61]. Thus, the band structure is further calculated com-
bined SOC and on-site Coulomb interactions, where electron cor-
relation Uef () Values are tested from 0.5eV to 3eV. When the
Ueir(ir) value is 0.5 and 1.0eV, the electronic structures are metallic
from GGA+SOC+U method (Fig. 5e and Fig. S10a in Supporting in-
formation). As the Ues (i) value is adjusted to 2.0 and 3.0eV, finite
indirect band gaps of 0.18 and 0.50eV can be observed in Fig. 5f
and Fig. S10 (Supporting information), respectively. It is seen that
the occupied electronic states of Ir 5d electrons become isolated
and localized. Thus, the band structure derived from GGA+SOC+U
calculations is consistent with our experimental results, demon-
strating that the insulator behavior can be ignited by combining
SOC and the on-site Coulomb interactions. That is, electron cor-
relation U and SOC effect are non-negligible factors in MIT phe-
nomenon in DFT calculations. Electron-electron Coulomb repulsion
interactions (U) for Ru 4d orbitals are considered in GGA+SOC+U
method with U (ry)=2.9€V as used to predict metallic behavior
of SrRuOs [62]. When the Uet iy value is 2.0eV and Ugr gy Value
is 2.9eV, the electronic structure is metallic from GGA+SOC+U
method (Fig. S11 in Supporting information) in SrlrggRug 403 case,
which aligns with our experimental observations, confirming the
existence of metallic behavior in the context of Ru doping. All in
all, the ground state in strong correlated 5d elements systems is
governed by the cooperative effect involving SOC, electron-electron
correlations, and crystal field effect, which are expected to raise
exotic physical properties in strong correlated iridate oxides.
Bond-angle distortion in transition-metal ABO3; perovskites
would reduce the effective d-electron hopping energy and/or
the electron bandwidth, via the reduced hybridization between
transition-metal d and oxygen p states. In fact, the variation of
bond angle with the change of A-site ionic size occasionally causes
drastic electronic changes, such as the bandwidth-controlled Mott
transition and the colossal MR. The metastable HP O-SrirO; per-
ovskite is an exceptional compound among known iridates in
terms of its unusual positive MR (PMR) effect (12% at 20K and
7 T) [44]. To assess the influence of resistivity in SrggMgg,IrO3
under magnetic field, the temperature dependence of resistivity is
measured at 7.0 T. As shown in Fig. 6a, the resistivity decreases
with applied magnetic field, indicating negative MR (NMR) ef-
fect. According to the relationships of MR [MR=(py - po)/p0l
and temperatures, we consequently investigate the NMR in the
orthorhombic SrygMgq,IrO; perovskite (Fig. 6b), giving maximum
NMR (-10.1%) at 10K under 7 T. In general, a variety of MR behav-
ior can be observed by changing the temperature, magnetic field,
doping level, and so on. Therein, the NMR is induced by the re-
duction of scattering and field suppression of localization, while
the PMR can be arising from Zeeman spin splitting and spin-orbit
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Fig. 6. Temperature dependence of the (a) resistivity and (b) MR of SrqgMgg,IrO3
between 10K and 300K measured at 0 and 7 T.
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scattering [63,64]. In the orthorhombic SrypgMgg,IrO3, NMR at low
temperatures can be ascribed to the reduced scattering ignited by
disorder-induced localization under magnetic field. Due to the p-
d exchange in Mg-doped O-SrlrO3 system, charge carrier is sur-
rounded by the polarized magnetic ion electron cloud, thus the
spin magnetic moment will be arranged in parallel with the di-
rection of external magnetic field, leading to the enhancement of
charge carrier mobility. Therefore, the resistivity will decrease with
the increase of magnetic field. As temperature increases, the mag-
netic moment alignment is gradually disordered due to intensi-
fied thermal motion of the molecules, leading to the decrease of
NMR. Similar phenomenon has been reported in other oxides [65-
67]. The NMR of SrogMgy,IrO; tends to be stable above 150K,
which can be attributed to reduced effect of magnetic field on
electron scattering, resulting in a weakened temperature depen-
dence of MR.

In conclusion, we have captured metastable orthorhombic O-
SrlrO; by both physical and chemical pressures, and investi-
gated the correlation between lattice and SOC in determining
the ground state in SOC system. In chemical pressure strategy,
Sri_yMgylry xRu,03 with Ru*t doped in Ir*+ site and/or Mg?+
doped in Sr?* sites can stabilize the orthorhombic metastable O-
SrlrO; phase. The Ru-doping keeps ferromagnetic metallic state,
while the Mg-dopant successfully traps paramagnetic semicon-
ducting state with NMR compared to the pristine paramagnetic
and metallic O-SrlrO;3 with PMR. Co-doping smaller ionic radii
Mg2*+ and Ru*t in the Sr?* and Ir*t sites can further increase the
solid solution concentration and regulate the magnetic and electri-
cal properties. The exotic electronic phase transition is further un-
covered by the DFT calculations, emphasizing the key role of co-
operative effect involving SOC, electron-electron correlations, and
crystal field effect in determining the ground state of these iridate
oxides. The present findings provide a plausible strategy for stabi-
lizing metastable phases by regulating electronic structure through
chemical pressure.
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