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Insulator-metal transition and crossover from negative to positive magnetoresistance
in Cu,IrO; under high pressure
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Quantum spin liquid (QSL) state has attracted a great deal of attention as a precursor of high-temperature
superconductor. The promising QSL candidates such as «-RuCls, Na,IrO; and «-LiIrO; with honeycomb
structure are insulators or semiconductors. An insulator-metal transition (IMT) is necessary for hosting super-
conducting state. However, all of them have a robust insulating state, even under pressure. Here, an alternative
candidate of QSL, Cu,IrOs; is investigated under high pressure and low temperature through x-ray diffraction and
electric properties measurement. A dimerization occurs at 7.1 GPa which is similar to «-RuCl; and «-Li,IrOs,
accompanied with an anomaly of resistance at ~5.0 GPa. The IMT appears under a pressure of ~13.8 GPa,
which is absent in «-RuClj, Na,IrO3 and «-Li,IrO; under pressure. It is related to the crystal structure transition
at ~11.1 GPa, which induces the decline of interlayer distance. Furthermore, a strange crossover from negative to
positive magnetoresistance is observed under pressure of 21.8 to 24.2 GPa at 2 K. This may be due to the valence
change of Cu' to Cu?*, as a result of the decreasing of interlayer distance and the shortening of O—~Cu—O bond

under pressure.
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I. INTRODUCTION

In the past decade, 4d /5d transition-metal compounds with
layered honeycomb structure, for instance «-RuCl; [1-3],
NayIrO3 [4-6], a-LiIrO3 [7-9], and the Cu,IrO; studied
here, have attracted great interest as their promising systems
hosting potential quantum spin liquid (QSL) state referring
to the Kitaev model [10]. Theoretically, QSLs are predicted
to be the precursor of new-typed high-temperature super-
conductor [11]. Generally speaking, 4d/5d transition-metal
compounds have a weaker Coulomb interaction potential U
and a larger bandwidth W comparing with 3d transition-metal
compounds, and a metallic conductivity is expected. How-
ever, strange insulating states appear in «-RuCl;, Na,IrOs,
a-LipIrO3, CuyIrOs, etc. These phenomena come from the
strong spin-orbit coupling (SOC), although they disobey the
U >W Mott criterion [12]. SOC drives the Ru (4d) or Ir (5d)
I, orbitals splitting near the Fermi level and form bands with
effective angular momenta Joi = 1/2 and Jor = 3/2; then,
a small U can open a Mott gap E, in the Je = 1/2 band,
forming an upper Hubbard band (UHB) and lower Hubbard
band (LHB) [6]. In order to get metallic conductive phase
and further possible high-temperature superconductor, an
insulator-metal transition (IMT) should occur modulated by
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external interventions, such as temperature, magnetic/electric
field, doping, pressure, etc. [13—15].

As a “clean” method, pressure can effectively tune the
crystal structure of matters in means of changing lattice pa-
rameters, bond lengths, bond angles, and even space group,
inducing electric structure or crystal structure transitions.
Specifically, pressure can induce the band-structure trans-
formation, band shifting, and band-gap closing. In previous
research, Bastien et al.’s work showed a dimerization accom-
panying with a magnetic collapse under pressure near 0.2 GPa
using magnetization and high-resolution x-ray diffraction
measurements. Theoretical calculations indicated that dimer-
ization enhanced the direct 4d—4d bonding on particular
Ru-Ru links and caused a sharp increasing of the antifer-
romagnetic exchange interaction [2]. Transporting properties
of Sun et al.’s work supported that «-RuCl; had a robust
insulating state upon to 139.7 GPa, although theoretical calcu-
lation predicted a band-gap closure at ~15 GPa [3]. Similarly,
a-LiyIrO3 was confirmed to cause dimerization and magnetic
collapse at the pressures of 3.8 and 4.1 GPa through high-
pressure x-ray diffraction (XRD) and Raman spectroscopy
[7,9]. In electric properties, Na,IrO3 and «-Li IrO3 also show
an insulator up to ~80 and ~55 GPa, respectively [6,16]. New
kinds of Kitaev materials which host IMT under high pressure
are still limited.

In this work, a Cu,IrO;, which has a 2D layered hon-
eycomb structure with IrOg octahedral sharing the edge in
the layer, just the same as Na,IrO; and «-LiyIrO;, is se-
lected for high-pressure study (Fig. 1). It has a monoclinic

©2022 American Physical Society
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FIG. 1. The crystal structure of Cu,IrO; at ambient conditions. (a) the layered honeycomb structure; (b) the ab plane of honeycomb layer.

All the values marked in the figure come from Ref. [17].

space group (C2/c) with lattice parameters of a = 5.39 A,
b=931A, c=11.51A, and g = 99.03° at ambient condi-
tions. Its Ir-Ir—Ir bond angles in the intralayer are even closer
to 120 ° than that in Na,IrOs, therefore in closer proximity
to the geometry of the Kitaev model [Fig. 1(b)]. Differently,
the presence of O—Cu—O dumbbell bonds in the interlayer
connects the honeycomb layers and the interlayer distance is
5.68 A [17] [Fig. 1(a)]. The resistance measurement showed
a semiconducting behavior, and the magnetic susceptibility
as a function of temperature indicated that there is no long-
range magnetic ordering [17]. In the research of Ref. [18],
the muon spin regulation (#SR) and x-ray absorption spec-
troscopy (XAS) suggested a coexistence of Cut/Cu’" and
I+t /Ir3+, which leads to the coexistence of Kitaev QSL
state and static magnetism. The Cu®* /Ir*" ions are separated
in the regions of static magnetism, whereas the Cu*/Ir*+
ions form areas of Kitaev QSL in the honeycomb layer [18].
High-field NMR research demonstrated that its spin suscepti-
bility behaves nearly identically to Na,IrO3, without showing
evidence of magnetic ordering at low temperatures. It was
also shown that the upturn of susceptibility below 7" = 50 K
is from the contribution of defect spins [19]. The nuclear
quadrupole resonance experiment at Ir** sites supported that
spin fluctuations of Ir atoms exhibit no evidence for critical
slowing down toward magnetic long-range order in zero exter-
nal magnetic field. Moreover, the low-energy spin-excitation
spectrum is dominated by a mode that has a large excitation
gap comparable to the Ising interactions, a signature expected
for Majorana fermions of the Kitaev quantum spin liquid [20].
Choi et al.’s work in C,(T) and uSR found no indication of
spin glass down to 260 mK [21]. So, it is worthy to explore
the proximate Kitaev QSL state of Cu,IrO;. More recently,
Fabbris et al.’s work in high-pressure XRD and low temper-
ature showed that dimerization occurred below 8 GPa at both
ambient and low temperature in Cu,IrO3. Under pressure of
15 GPa and at room temperature, another phase transition
appeared, which was induced by large discontinuous reduc-
tion of the Ir honeycomb interplanar distance and was likely
driven by a collapse of the O—Cu—O dumbbell bonds [22].
However, research on electric properties upon compression is
still lacking.

In our work, a dimerization at ~7.1 GPa and a second
crystal structure transition at ~11.1 GPa were observed. For
the transporting measurement, the first transition was ob-
served at ~5.0 GPa and IMT occurred at ~13.8 GPa, which
is consistent with the crystal structure transitions. At 2 K, a
strange crossover from negative to positive magnetoresistance
appeared under pressure of ~21.8 to 24.2 GPa.

II. METHODS

A. Synthesis of Cu,IrO; sample

Polycrystalline Cu,IrO; was obtained through a metathe-
sis reaction between sodium iridate (Na,IrO3) and copper
(I) chloride (CuCl, Aladdin, 97%). The precursor Na,IrOs;
was synthesized by solid-phase sintering of sodium carbonate
(Na,COs3, Aladdin, 99.5%) and iridium oxide (IrO,, Aladdin,
99.9% metal basis, Ir > 84.5%). After a well ground in an
agate mortar, the homogeneous mixture with the mole ratio of
1.15:1 was placed in a covered alumina crucible and heated
in a muffle furnace under 800 °C for 24 h and then at 825 °C
for 12 h. This presintering procedure was repeated twice, 24 h
in total. The final sintering was carried out in a vacuum tube
furnace for 24 h and the powder Na,IrO3 was transferred to a
glove box immediately. Afterwards, Na,IrO3; and CuCl, with
the mole ratio of 1:3, were ground in the glove box, placed
in a covered alumina crucible, and sealed under vacuum in a
quartz tube. The quartz tube was heated to 350 °C and held
for 16 h. The product was washed three times with ammo-
nium hydroxide (NH4OH, Sinopharm, 28%) and twice with
deionized water. After being washed, samples were dried at
70 °C in air-dry oven for 12 h [17].

B. X-ray diffraction at ambient conditions

Powder x-ray diffraction (XRD) measurement at ambient
conditions was performed on a Bruker D8 advance diffrac-
tometer at 60 kV, 300 mA by using Cu K, radiation (A =
1.5406 A), with a scan speed of 5° min™' and a step size of
0.02 ° in 26. The x-ray powder diffraction (XRPD) pattern and
Rietveld refinement by employing the initial structure from
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FIG. 2. (a) The XRD data of Cu,IrO; under the pressure of 2.6 to 18.1 GPa. The bottom plots the calculated standard spectrum of Cu,IrO;
at ambient conditions. The black arrows mark the new peaks emerging during the phase transitions. (b)—(d) show the evolution of lattice
parameters and unit-cell volume as a function of pressure. The lines and arrows are plotted for the guiding of sight except for the unit-
cell volume in (d). The unit-cell volume is fitted by the second-order BM EOS and the black line is the fitting result. By’ is fixed to be 4.
By = 127.4248(18) GPa, V,, = 72.7585(3) A3 in phase I and By = 173.315(34) GPa, V, = 72.2355(5) A? in phase II.

Ref. [17] are plotted in Fig. S1 [23]. The result indicated a
high quality of the as-synthesized sample.

C. High-pressure synchrotron XRD

High-pressure synchrotron XRD experiments were car-
ried out at SPring-8 BL10XU (A = 0.4129 A) in Japan by a
symmetric-typed diamond-anvil cell (DAC) with a diamond
culet of 300 um. A T30l stainless-steel gasket was com-
pressed to the thickness of ~38 um and drilled a center
hole with a diameter of 150 um to be the sample chamber.
Pressure was calibrated by fluorescence of ruby balls with a
size of ~10-um diameter [24] and a mineral oil was used as
pressure-transmitting medium. The two-dimensional diffrac-
tion patterns were collected by an x-ray flat-panel detector and
integrated to 26 versus intensity data using the DIOPTAS soft-
ware [25]. Rietveld refinement of the XRD patterns were per-
formed by applying GSAS+EXPGUI software packages [26].

D. Transporting measurements at high pressure
and low temperature

The high-pressure and low-temperature electronic trans-
port properties of Cu,IrO3; samples were measured through
the Van der Pauw method in DACs made of CuBe alloy. The
diamond culet was 300 um and the Au wires with a diameter
of 18 um were used as electrodes. A T301 stainless-steel
nonmagnetic gasket was pressed to ~32-pum thickness and
then drilled a center hole with a diameter of 180 pum. The
cubic boron nitride (c-BN) was pressed in the hole up to

the pressure of 20 GPa as an insulating layer. A small cen-
ter hole with diameter of 80 um was further drilled as the
sample chamber and NaCl fine powder was loaded serving
as pressure-transmitting medium. A piece of Cu,IrO; with
dimensions of 50 um x 50 um x 10 um (pressed polycrystal
sample) was loaded and ruby balls were just loaded near the
sample as pressure markers [24]. The DAC was placed in the
C-mag system with automatic temperature control.

III. RESULTS AND DISCUSSION

A. Dimerization and crystal structure transitions
under pressure

The synchrotron XRD patterns up to 18.1 GPa were plotted
in Fig. 2. The region of 26 from 5° to 6 ° in Fig. 2 or from
19 ° to 22 ° in Fig. S1(a) showing an asymmetric peak, known
as the Warren line shape, is original from the stacking faults
between layers [17], which is similar as in H3Lilr,Og [27] and
Ag;Lilr;Og [28]. Upon compression to 18.1 GPa, two phase
transitions at ~7.1 to 8.9 GPa and ~11.1 GPa are observed.
For the phase transition from phase I to phase II, three shoul-
ders at 15.7°,9.6°, and 11.6 ° appear at pressures of 7.1, 8.0,
and 8.9 GPa, respectively. As a result, the crystal structure
can no longer be refined with monoclinic space group C2/c.
It requires a triclinic space group P1 in phase II [22]. The
pressure dependence of the lattice parameters and unit-cell
volume is shown in Figs. 2(b)-2(d). The details of Rietveld
refinement at 0 GPa (C2/c) and 8.0 GPa (P1) are shown in
Fig. S1 and Tables S1 and S2 [23]. The huge decrease of ¢ axis
between phase I and phase II is due to the choice of unit cell,
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FIG. 3. (a) The evolution of Ir-Ir bond lengths under pressure
from 2.6 to 8.9 GPa. X1, Y1, and Z1 correspond to the Ir—Ir bond
at different positions shown in (b). (b) The in-plane honeycomb
structure at 0 GPa (C2/c) and 8.0 GPa (P1). The red and blue arrows
mark the dimerization at Z1 position and Y1 position, respectively.

in which Z = 8 and Z = 4, respectively. In Fig. 2(d), the unit-
cell volume is fitted with the second-order Birch-Murnaghan
(BM) equation of state (EOS) [22]:

3B —aB -G
2O [(vo> _(VO> ]
{1+ (Bo—4)[(“//0)_(2/3)—1”, )

where Vj is the ambient volume per formula unit, V is the
volume per formula unit at pressure P given in GPa, By is
the bulk modulus, and By’ is the derivative of bulk modulus.
By’ is fixed to be 4 as the few experimental data points for
each phase. In the fitting results, it gives the bulk modulus
By = 127.4248(18) GPa, V, = 72.7585(3) A3 of phase I and
By = 173.315(34) GPa, Vy = 72.2355(5) A3 of phase II. This
indicates an obvious hardening from phase I to phase II.

In order to provide more information of the phase tran-
sitions, the refined Ir-Ir bond lengths evolution depending
on pressure are shown in Fig. 3(a). At ambient pressure,
Cu,IrO; has a nearly perfect hexagonal lattice, which has
three typed Ir—Ir bonds, marked as X1, Y1, Z1 in Fig. 3(b).
On the contrary, phase II indicates an obvious dimerization,
which also can be observed in similar honeycomb structure,
as in @-RuCly [2], Li;RuO3 [29], and «-LiyIrO5; [7]. Gen-
erally, there are two types of dimerization in honeycomb
structure armchair(herringbone)-type arrangement and ladder
parallel-type arrangement. In Cu,IrOs, dimerization happens

on the Y1 bond and Z1 bond [Fig. 3(b)] according to the
refinement result. At 7.1 GPa, the bond lengths of X1, Y1,
and Z1 are 3.23, 3.03, and 3.01 10\, respectively. Similarly, in
Li;RuO; with a P2;/m space group preserving of C, axis, its
dimerization also exists on both Y1 position and Z1 position.
The length of X1-typed long Ir-Ir bonds is ~3.1 A and the
length of Y1/Z1-typed short Ir—Ir bonds is 2.55 A, leading
to a difference of ~0.55 A. Conclusively, both Cu,IrO; and
Li;RuOj3 have an armchair(herringbone)-type arrangement of
dimers, which is different from the x-ray absorption fine-
structure data in Ref. [22]; this needs more evidence to go
further. Differently, in «-RuCls, its dimerization occurs on Z1-
typed Ir-Ir bonds and induces a great difference between long
Ru-Ru (X1 and Y1, 3.53 A) and short Ru-Ru (Z1, 2.86 A)
of ~0.7A. In a-LiyIrO5, dimerization occurs on either Y1-
typed or Z1-typed Ir—Ir bonds and has a difference of 3.00
(Z1)—2.69 (X1orY1) =0.31 A. The latter two situations be-
long to another arrangement of dimers: ladder parallel. The
different arrangements result in energy difference. According
to the discussion in Refs. [29,30], the choice of arrangement
depends on long-range interaction, such as elastic interaction.

Phase III emerged at 11.1 GPa with several significant
changes of Bragg peaks. Peaks at 4.5°,6.5°,8.9°, and 10.1°
are observed simultaneously. Although we did not refine the
crystal structure successfully, the discontinuous increase of
the Bragg peak at 260~4° means a collapse of interplanar
distance [Fig. 2(a)]. The theoretical calculation in Ref. [22]
had a similar conclusion, showing a decreasing of interlayer
distance at 15.1 GPa [22]. This may result from the buckling
of O—Cu—O dumbbells or shortening of Cu—O bonds under
pressure. Further, dimerization and collapse of interlayer dis-
tance are closely related to the electric properties transferring.

B. Insulator-metal transition and resistance minimal
value under pressure

Dimerization and collapse of interplanar distance accom-
pany the changes of bond lengths and bond angles of Ir—Ir—Ir
and O-Cu-O, having significant impact on the physical
properties. For instance, dimerization in «-RuCl; [2] and
a-LiyIrO5 [7] is accompanied by magnetic collapse [2,9]. To
investigate evolution of electric properties, we continue to
carry out the transporting measurements under high pressure
and at low temperature. Figure 4(a) plots the pressure depen-
dence of resistance from 0 to 26.8 GPa at room temperature.
Resistance decreases under compression initially and the first
anomaly of resistance occurs at ~5.0 GPa, turning to increase
with further increasing of pressure. Then, a huge drop appears
in the small region from 10.0 to 13.8 GPa. At last, a minimal
value of resistance is observed at pressure of 21.8 to 24.2
GPa just as the insets of Figs. 4(a), 4(b), and 4(c) show the
temperature dependence of resistance under pressure of 0
to 26.8 GPa at temperature down to 2 K. Below 13.8 GPa,
resistance increases upon cooling, indicating an insulating
behavior. Compressing upon 13.8 GPa, an IMT occurs and re-
sistance transforms to decrease with reducing of temperature.
It is unlike transporting in «-RuCl3 [3], Na,IrO5 [6,16], and
a-LiyIrO;3 [16], which preserve a robust insulating state under
pressure up to 139.7, 80, and 55 GPa, respectively. Besides, an
upturn of resistance at ~15 K exists in metallic phase, which
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to (a) and the arrows are plotted for the guidance of sight. The anomalies below 25 K marked by orange square are related to Kondo effect.
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guidance of sight. (e) The fitting result of electric scattering model at metallic phase at 30—100 K. » = 1 means the non-Fermi liquid state. The

line is just for the guidance of sight.

is robust against compression. Through carefully checking the
resistance below 15 K, it can be found that the resistance
obeys a logarithmic temperature dependence just as shown in
Fig. S2 [23]. Therefore, this situation can be recognized as
the impact of Kondo effect [31]. Kondo effect is original from
scattering of magnetic impurities. The NMR study shows that
there existed defect spins below 50 K [18]. The SR and XAS
experiment indicated the coexistence of static magnetism and
Kitaev QSL [19]. All of these supported the appearance of
magnetic impurities.

The resistance minimal value at 5.0 GPa is almost coinci-
dent with dimerization, indicating that resistance anomaly is
closely related to dimerization. It is easy to understand that
dimerization induces adjusting of Ir—Ir (Ru—Ru) bond lengths
and Ir-Ir-Ir (Ru—Ru—Ru) bond angles in the honeycomb struc-
ture. These changes result in the reconstruction of d orbitals
and breaking down of original electric ground state. In 4d
compounds «-RuCl;, compression enhances the covalent in-
teraction and valence bond orbital forms accompanied by
the dimerization [2]. In the 5d compounds «-LiIrO3, dimer-
ization occurs together with a breakdown of quasimolecular

orbital (QMO) and the energy-level scheme appears similar to
the dimerized molecular orbital state of Li,RuO;3 [8]. These
indicate that dimerization can lead to the localization of elec-
trons and increasing of resistance once phase transition has
happened.

Accordingly, IMT at 13.8 GPa is closely related to the
second crystal structure transition. On the basis of energy
bond theory, IMT is related to the transitions of energy bands
and band gap. Figure 4(d) plots the band-gap evolution versus
pressure before the IMT. Resistance at high-temperature re-
gion (above 250 K) can be well fitted by the thermal activation
model: p(T) = py x eP/*sT where kg is the Boltzmann
constant and Ej is the band gap. An example fitting at 0 GPa
is shown in Fig S3 [23]. At ambient pressure, the band gap
E, ~ 179 meV. With an increase of pressure, a drastic decline
of E, starts at ~8.6 GPa and the band gap rapidly goes to
closure upon 11.8 GPa. In the simplest scenario of Wilson’s
theory, Wilson distinguished metal, semiconductor, and insu-
lator based on the filling of the conduction band and the width
of the forbidden band (band gap). External condition changes,
particular to high pressure here, can lead to the closure of
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band gap. [32,33] Based on the pillar work of Wilson, Mott
considered the electron-electron correlation and successfully
explained the insulating state in some 3d compounds [34].
The Coulomb interaction can open up a band gap and form
UHB and LHB. The criterion of Mott insulator is the magni-
tudes of Coulomb interaction U and bandwidth W. Further,
4d /5d compounds have a strong spin-orbital coupling, which
can split d orbital into Joir = 1/2 and Jeir = 3/2. Meanwhile,
U opens a band gap in the Jo = 1/2 band, forming UHB
and LHB [12]. In the IMT of Cu,IrOs, pressure induces
the decreasing of interlayer distance, resulting in buckling
of O—Cu-O dumbbells and shortening of Cu—O bonds. This
will enhance the orbital hybridization of Cu 3d orbital and
O 2p orbital, inducing the broadening of bands. Thereby, the
overlap between conduction band and valence band occurs
and eventually the closure of band gap.

At the pressure of 21.8 GPa, a minimum value of resistance
at 300 K is observed. The power-law fitting R(T') = Ry + AT"
is done at 30—100 K in metallic phase as shown in Fig. 4(e).
The magnitude of n stands for the scattering mechanism. The
index n experiences a sharp decline near the minimum value
of resistance. These may indicate a possible transition from
phase III to phase IV. Generally, n = 2 indicates the materials
is a Fermi liquid and n<2 stands for a non-Fermi liquid. Pre-
vious research of non-Fermi liquid showed that the origin may
lie in subtle effects of disorder in the sample and the diffusive
motion of electrons resulting from the interaction among the
itinerant electrons [35]. Therefore, sharp decline of index n
may be related to the transition from Cu™ to Cu®*, which may
also be the origin of the crossover from negative to positive
magnetoresistance in the following discussion. Unfortunately,
our high-pressure XRD patterns did not cover the pressure
region of a possible third transition shown by electric property.
More work on higher-pressure structure of Cu,IrO; needs to
be carried out to confirm the third phase transition.

C. Crossover from negative to positive magnetoresistance

To get more information of a possible third transition,
the magnetoresistance (MR) is investigated under magnetic
field at high pressure and low temperature. Surprisingly, an
exotic crossover from negative to positive magnetoresistance
appears. Just as plotted in Fig. 5, magnetoresistance at 2 K
show a negative behavior with increasing of magnetic field
at pressure of 13.8 GPa. At pressure of 21.8 GPa, it starts
to transform from negative to positive behavior; a minimal
value of magnetoresistance appears at near 50 kOe. Finally, a
completely positive magnetoresistance is realized above pres-
sure of 24.2 GPa. Theoretically, the negative MR is due to
the delocalization of electrons by magnetic field. The increase
in conductivity by magnetic field is proportional to H?7>/2,
where 7, is the energy relaxation time of electrons when the
magnetic field is small [36]. In the previous research of doped
ferromagnetic ZnO, negative MR is attributed to the mini-
mization of magnetic scattering and positive MR originates
from p-p exchange-interaction induced Zeeman splitting in
the conduction band and the suppression of electron hopping
[37]. In Dirac semimetal Cd3As;, negative MR is due to chiral
anomaly, which is closely related to the low charge density
[38]. Just as we stated above, Cu,IrOz contains two kinds
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17.3 GPa (2K)
o 21.8GPa (2K)
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FIG. 5. The changing of magnetic field-dependent MR under
different pressure in metallic phase at 2 K. The lines are just for the
guidance of sight.

of Cu ions with the valence of +1 and +2, inducing static
magnetism and Kitaev spin liquid, respectively. Cu™ locates
in the honeycomb layer and interlayer, while Cu®" lies in the
honeycomb layer only [18]. The magnetic ions Cu* ions are
localized and minimize the magnetic scattering. As a result,
Cu,IrO; shows a negative MR. Pressure shortens the distance
of interlayer and strengthens the Cu—O bonds; gradually Cu™
ions transfer to Cu>* ions. This means the delocalization of
magnetic ions and strengthening of magnetic scattering. Con-
sequently, a crossover from negative to positive MR occurs.
The recent literature by Fabbris er al. [22] also indicated a
crystal structure phase transition near 20 GPa under 10 K,
which is caused by a collapse of interlayer distance. In the
meantime, the theoretical calculation in Fabbris ef al.’s work
also supported the transition from Cu™ to Cu®>* above 15 GPa
[22].

IV. CONCLUSIONS

We have performed high-pressure XRD experiments and
high-pressure and low-temperature transporting property
measurements on polycrystalline Cu,IrOj3. Firstly, a dimeriza-
tion occurred at ~7.1 GPa, which may lead to the formation
of molecular bond state. It is accompanied by a resistance
minimal value in electric property. Then, the second crystal
structure transition induced by decreasing of interlayer dis-
tance at ~11.1 GPa caused the closure of band gap. This
results in an IMT upon 13.8 GPa in electronic property,
which is not observed in the similar compounds of «-RuCls,
Na,IrOj3, and «-LiyIrO5. Lastly, a minimal value of resistance
guided us to find a strange crossover from negative to positive
magnetoresistance at 2 K under 21.8 GPa. It can be attributed
to the transition from Cu™ to Cu®*, both of which coexist at
the ambient pressure in Cu,IrOs;.
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