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The layered honeycomb lattice iridate Cu2IrO3 is the closest realization of the Kitaev quantum spin liquid,
primarily due to the enhanced interlayer separation and nearly ideal honeycomb lattice. We report pressure-
induced structural evolution of Cu2IrO3 by powder x-ray diffraction (PXRD) up to ∼17 GPa and Raman
scattering measurements up to ∼25 GPa. A structural phase transition (monoclinic C2/c → triclinic P1̄) is
observed with a broad mixed phase pressure range (∼4 to 15 GPa). The triclinic phase consists of heavily
distorted honeycomb lattice with Ir-Ir dimer formation and a collapsed interlayer separation. In the stability
range of the low-pressure monoclinic phase, structural evolution maintains the Kitaev configuration up to 4 GPa.
This is supported by the observed enhanced magnetic frustration in dc susceptibility without emergence of any
magnetic ordering and an enhanced dynamic Raman susceptibility. High-pressure resistance measurements up to
25 GPa in the temperature range 1.4–300 K show resilient nonmetallic R(T ) behavior with significantly reduced
resistivity in the high-pressure phase. The Mott 3D variable-range-hopping conduction with much reduced
characteristic energy scale T0 suggests that the high-pressure phase is at the boundary of localized-itinerant
crossover. First-principles density functional theoretical (DFT) analysis shows that monoclinic P21/c phase of
Cu2IrO3 is energetically lower than its C2/c phase at ambient pressure and both the structures are consistent
with experimental XRD pattern. Our analysis reveals structural transition from P21/c to P1̄ structure at 7 GPa in
agreement with experiment and uncovers the interplay between oxidation states, spin, Ir bond dimerization and
their relevance to electronic band gap.

DOI: 10.1103/PhysRevB.107.085105

I. INTRODUCTION

In the last decade, for possible experimental realizations
of Kitaev quantum spin liquid (QSL) ground states [1,2], the
quasi-two dimensional (2D) honeycomb iridates and ruthen-
ates have attracted tremendous research interest [3–11]. In
these d5 systems, presence of strong spin-orbit coupling
(SOC) leading to pseudo spin Jeff = 1/2 and the edge-sharing
octahedral network gives rise to anisotropic Ising exchange
interaction, the key ingredient of the Kitaev model [1]. The
prime candidates for this model suffer from the concomi-
tant isotropic Heisenberg exchange (often beyond nearest
neighbor) and the off-diagonal exchange components (due
to nonideal honeycomb lattice), resulting in undesired long-
range magnetic order at low temperature, viz., the zigzag
antiferromagnetic (AFM) order in Na2IrO3 [3], α-RuCl3 [8],
and incommensurate spiral AFM order in α-Li2IrO3 [11].
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However, the observation of fractional magnetic excitations
in neutron, Raman, and resonant inelastic x-ray scattering
measurements have firmly established these materials as prox-
imate quantum spin liquid systems [9,12–14]. Efforts to bring
the candidate materials closer to Kitaev limit by suppress-
ing the magnetic order have been successful by isoelectronic
cation doping [15,16] and by application of magnetic field
[17–19]. In comparison, similar efforts to tune the various
exchange interactions by tuning the crystal structure through
application of external pressure have not been successful for
these compounds. The 2D honeycomb lattice undergoes dis-
tortion even at a moderate pressure leading to Ir-Ir dimer for-
mation [20–24], that either destroys the Ir4+ Jeff = 1/2 con-
figuration [20] or causes magnetic collapse with emergence of
a spin-singlet VBS state [21,22]. While Na2IrO3, α-Li2IrO3,
and α-RuCl3 exhibit resilient nonmetallic character up to
very high pressures, the significant drop in resistivity in the
high-pressure phases hints for drastic electronic structural
modification with possible insulator-metal crossover [25–27].

In a novel approach to reach the Kitaev limit by replac-
ing the honeycomb iridate interlayer octahedra by dumbbells
has led to the synthesis of a new class of compounds,
Cu2IrO3, H3LiIr2O6, and Ag3LiIr2O6 [28–30]. Although the

2469-9950/2023/107(8)/085105(14) 085105-1 ©2023 American Physical Society

https://orcid.org/0000-0002-8253-2144
https://orcid.org/0000-0001-9832-000X
https://orcid.org/0000-0003-4524-1783
https://orcid.org/0000-0002-3334-7540
https://orcid.org/0000-0001-9901-0847
https://orcid.org/0000-0002-7039-0839
https://orcid.org/0000-0002-4157-361X
http://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevB.107.085105&domain=pdf&date_stamp=2023-02-06
https://doi.org/10.1103/PhysRevB.107.085105


SRISHTI PAL et al. PHYSICAL REVIEW B 107, 085105 (2023)

structural modifications in these materials result in ∼20 −
30% enhanced interlayer separation and more ideal honey-
comb configuration, all of these compounds are prone to
disorders. While structural disorder in Ag3LiIr2O6 is synthe-
sis related with a scope to improve [31], interlayer proton
disorder in H3LiIr2O6 [32–35] and presence of mixed valent
Cu+/Cu2+ within intralayer CuO6 octahedra [36,37] are of
fundamental nature. Interestingly, recent advances to explore
the nature of the ground state in Cu2IrO3 have confirmed
that the Cu2+ impurity spins, 5% in present batch of samples
[38], only nucleate regions of random singlet states, which are
phase separated from the dynamically fluctuating QSL back-
ground (∼90% of the total sample volume) [36,37]. Moreover,
the spin-liquid nature of the ground state of this material has
been further substantiated by the observed fractional excita-
tions in Raman scattering and NQR measurements [38,39].
More recently, optical phonons renormalization below the
Kitaev temperature scale of ∼120 K has been quantitatively
attributed to the interaction of phonons with the Majorana
fermions [38]. Recent high-pressure studies on the Cu2IrO3

system [40,41] have detected two pressure-induced structural
transitions at ∼7 GPa and 11–15 GPa. While the first tran-
sition is reported to be to a triclinic α − P1̄ followed by
Ir-Ir dimerization, the high-pressure structure after the sec-
ond transition was only predicted by DFT based evolutionary
structure search method and could not be uniquely determined
by a successful refinement of the PXRD pattern. Interestingly,
high-pressure resistivity measurements on this system [41]
have shown that the second structural transition is associated
with an insulator to metal transition. However, DFT calcula-
tions [40] could not capture the same and predicted opening
up of a gap of ∼0.3 eV in the dimerized phase. Hence, the
effect of hydrostatic pressure in this proximate Kitaev QSL
candidate is yet to be examined thoroughly, thus motivating
this present study.

We report here the structural, vibrational, magnetic, and
electronic properties of Cu2IrO3 up to ∼25 GPa using a com-
bination of PXRD, Raman scattering, magnetic susceptibility,
resistivity measurements, and density functional theoreti-
cal calculations. A structural phase transition (monoclinic
C2/c → triclinic P1̄) is observed in a broad mixed-phase
pressure range (∼4 to 15 GPa). The triclinic phase consists of
heavily distorted honeycomb lattice with Ir-Ir dimer formation
and a collapsed interlayer separation. In the stability range
of the low-pressure monoclinic phase (up to ∼4 GPa), struc-
tural evolution with pressure drives the system marginally
towards the Kitaev limit. This is further supported by the
observed enhanced magnetic frustration in dc susceptibility
without emergence of any magnetic ordering and an enhanced
dynamic Raman susceptibility. High-pressure resistance mea-
surements show resilient nonmetallic temperature dependence
up to 25 GPa, but with significantly reduced resistivity in
the high-pressure phase. The Mott 3D variable-range-hopping
conduction with much reduced characteristic energy T0 in-
dicates enhanced density of states at Fermi level suggesting
the high-pressure phase to be at the boundary of localized-
itinerant crossover. Our DFT calculations capture a pressure
dependent structural transition at ∼7 GPa from P21/c to P1̄
structure, which involves dimerization of Ir-Ir bonds in 2D
honeycomb layers of Cu2IrO3. We show that average valency

of Ir in Ir-Cu honeycomb layers is responsible for the the-
oretically predicted [40] metallicity in Cu2IrO3 at ambient
pressure, while Cu2IrO3 is an insulator having an energy
band gap of 0.3 eV (as extracted from the high T Arrhenius
fit of our resistivity data). We develop this understanding
by ensuring +4 oxidation state of Ir by substituting Cu in
honeycomb layers with Li atoms. Our theoretical P1̄ struc-
ture of Cu2IrO3 at higher pressures differs from the observed
high-pressure structures, the latter having greater degree of
distortions and enhanced dimerization. The pressure depen-
dence of calculated frequency (ω) of Raman-active phonon
modes at different pressures qualitatively agrees with ob-
served pressure-dependent Raman spectra.

II. EXPERIMENTAL AND COMPUTATIONAL DETAILS

High quality polycrystalline samples of Cu2IrO3 were pre-
pared by topotactic cation exchange reaction of Na2IrO3 with
CuCl. The samples are from the same batch as used in recent
temperature-dependent Raman study [38] and the results of
detailed characterization by magnetic susceptibility and muon
spin resonance are reported previously [37].

High-pressure powder x-ray diffraction measurements
on Cu2IrO3 at room temperature have been performed at
the XPRESS beam line (λ = 0.49585 Å) of the Elettra
Synchrotron, Trieste, Italy. Two measurement runs were
performed by mounting finely ground sample in a membrane-
driven symmetric diamond anvil cell (DAC): (i) run1 up to
10.7 GPa in finer pressure steps with methanol-ethanol-water
(MEW) (16:3:1) as pressure transmitting medium (PTM) and
(ii) run2 up to 17 GPa in larger steps with silicone oil as PTM.
The 2D diffraction images were recorded on a DECTRIS
PILATUS3 S 6M detector and these were converted to I vs 2θ

diffraction profiles using the Dioptas software [42]. Rietveld
refinements were performed for obtaining the high-pressure
structural parameters using EXPGUI software [43]. For high-
pressure Raman experiments, a small piece (∼150 micron) of
Cu2IrO3 was loaded inside a Mao Bell type DAC. Solid NaCl
crystal was used as the PTM rather than the ethanol+methanol
mixture as the latter gave an enhanced low frequency back-
ground. Raman spectra were recorded at room temperature in
a backscattering geometry using Horiba LabRAM HR Evolu-
tion Spectrometer with a DPSS laser of wavelength 532 nm
and using 1.5 mW laser power. The spectra were collected
by a thermoelectric cooled charge coupled device (CCD)
(HORIBA Jobin Yvon, SYNCERITY 1024 × 256).

High-pressure resistance measurements at low temper-
atures have been performed on a pressed pellet of the
polycrystalline sample of ∼10 µm thick and ∼100 µm lat-
eral dimensions. The resistance was measured using standard
(quasi-) four probe method with suitable excitation current
(depending on resistance range) and with ac lock-in de-
tection technique. A Stuttgart version DAC was used for
measurements under quasi-hydrostatic pressures up to 25 GPa
using finely powdered NaCl as the PTM. The DAC was
placed inside a KONTI-IT (Cryovac) cryostat. The high-
pressure magnetic susceptibility (χ ) in a dc field of 10 mT
was measured in a SQUID magnetometer (S700X Cryogenic
Ltd.) using nonmagnetic Cu-Be cells; a piston-cylinder cell
(CamCool) for measurements up to 1.1 GPa and a DAC
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FIG. 1. (a) X-ray diffraction patterns (intensity arbitrarily shifted) of Cu2IrO3 at various high pressures from two different runs (plots up
to 10.7 GPa are with MEW as PTM and displayed patterns of higher pressures are with silicone oil as PTM). Rietveld refinement of the x-ray
diffraction profiles of Cu2IrO3 (b) at 0.7 GPa with C2/c structure, (c) at 5.8 GPa with mixed phases, C2/c and P1̄ structure, and (d) at 17 GPa
with P1̄ structure. (e) Monoclinic (C2/c) structure honeycomb layer at 0.7 GPa. (f) Distorted honeycomb layer in triclinic P1̄ structure at
17 GPa. The Ir-Ir bond lengths and Ir-Ir-Ir angles are labeled for both structures.

(Mcell-ultra from EasyLab) for measurements up to ∼4 GPa,
with daphne oil as PTM. The thermomagnetic responses of the
empty pressure cells were measured separately and subtracted
from corresponding data. The pressures inside the DACs were
calibrated by conventional ruby luminescence method. For
χ measurements in piston-cylinder cell, pressure was de-
termined from the known P-dependent superconducting Tc

variation of Sn [44].
Our first-principles calculations are based on density

functional theory (DFT) as implemented in VASP package
[45–47] and interaction between valence electrons and ions
was modelled using projector-augmented-wave (PAW) po-
tentials [48,49]. Perdew-Bruke-Ernzerhof (PBE) parametriza-
tion of exchange correlation energy functional within a
generalized-gradient approximation (GGA) was used for
treating electronic exchange-correlations [50,51]. An energy
cut-off of 500 eV was used to truncate the plane wave ba-
sis sets used to represent Kohn-Sham (KS) wave functions.
Brillouin zone (BZ) integrations were sampled on a uniform
mesh of 4 × 2 × 4 k points with a Gaussian smearing width
of kBT = 0.04 eV. Self-consistent numerical solution of the
Kohn-Sham equation was obtained iteratively to converge
total energy within 10−6 eV/cell. Structures were relaxed to
minimize total energy, until magnitudes of Feynman-Hellman
forces on each atom are less than 10−3 eV/Å. In these calcu-
lations we included effects of spin orbit coupling (SOC) and
on-site correlations with Hubbard-U [52] parameters (Ueff )
2 eV and 6.5 eV for Ir 5d and Cu 3d orbitals, respectively

[40]. Dynamical matrix and phonon spectrum at � point
were obtained using frozen phonon method implemented in
PHONOPY package [53]. SOC was not included in phonon
calculations to reduce computation time. SPGLIB package
[54] was used extensively to determine symmetry groups of
various structures.

All the structures were visualized using VESTA [55]
package and Brillouin zone was drawn using XCrySDen
package [56].

III. RESULTS AND DISCUSSION

A. X-ray diffraction

High-pressure x-ray diffraction measurements at room
temperature show a structural phase transition of the quasi-2D
honeycomb lattice compound Cu2IrO3. Ambient monoclinic
structure (SG: C2/c, z = 8) is found to be stable up to
∼4 GPa, beyond which emergence of several new Bragg
peaks [shown by “*” in Fig. 1(a)] indicate occurrence of
a structural phase transition, with low pressure monoclinic
structure persisting up to ∼15 GPa. Also, much reduced
Bragg peaks intensities of the low-pressure monoclinic phase
are shown by “×” at 7.3 and 10.7 GPa in Fig. 1(a). Mixed
phase patterns are shown in color. The mixed phase region
in the pressure range 4-15 GPa may be described as an in-
homogeneous phase with coexisting domains of C2/c and P1̄
structures. The structural transition is found to be completely
reversible, as shown in top profile of Fig. 1(a) at ∼0.1 GPa
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released from 17 GPa. Based on the diffraction pattern at
17 GPa where monoclinic phase peaks disappear completely,
the high-pressure structure is indexed as triclinic (SG: P1̄,
z = 8) where atomic positions are estimated using the Pow-
derCell software [57] and further refined by Rietveld method
[43]. Figure 1 shows the Rietveld fit of the diffraction patterns
in three pressure ranges: (b) monoclinic C2/c phase below
4 GPa, (c) mixed phase of monoclinic C2/c and triclinic
P1̄ in the range of 4 to 15 GPa and (d) triclinic (P1̄) phase
above 15 GPa. Because of the broadened and overlapped
peaks in the triclinic phase, the mixed phase Rietveld analysis
does not result in good fit (as apparent from the obtained
higher Rwp). Therefore, for more accurate lattice parameter
determination, Le-Bail profile fitting analyses were performed
without attempting to refine atomic positions. While in the
low P monoclinic structure the 2D honeycomb lattice remains
nearly isotropic [Fig. 1(e)], this becomes quite distorted in the
high-pressure triclinic structure [with four different Ir-Ir bond
lengths in the unit cell, the shortest one being ∼2.41 Å as
shown in Fig. 1(f)] with possible formation of Ir-Ir covalent
dimers. An enhanced structural disorder in the high-pressure
triclinic phase is also apparent from the intrinsic broadened
Bragg peaks compared to the monoclinic phase. The low
angle (2θ = 5◦) single Bragg peaks (002) of both the phases
help identifying the mixed phase range and also the c-axis
collapsed nature of the triclinic structure (see Supplemental
Material, SM [58]). Moreover, a strongly enhanced intensity
of the 2θ = 6◦ peak is a clear signature of heavily distorted
honeycomb lattice in the triclinic phase. However, due to the
inability to refine the O positions in the structural analysis
of the high-pressure phase, we cannot comment on the dis-
tortion (bend/buckling) of the intralayer IrO6 octahedra and
interlayer O-Cu-O dumb-bells in the high P structure.

In Figs. 2(a) and 2(b) are plotted the changes in lattice
parameters of both the phases as a function of pressure. Al-
though the monoclinic c1 parameter (c1 = cmono/2) increases
monotonically upon increasing the pressure, the interlayer
separation remains mostly unchanged up to 4 GPa due to
the increased β angle and decreases gradually at higher pres-
sures (see SM [58]). The collapsed interlayer spacing in the
high-pressure triclinic phase is apparent. The in-plane lat-
tice parameters (a = amono, b1 = bmono/

√
3) show anisotropic

compression resulting in increased distortion in the honey-
comb lattice up to 4 GPa, which reduces anomalously at
higher pressures leading to a large distortion above 8 GPa.
The monoclinic β angle increases monotonically up to 8 GPa
and marginally decreases at higher pressures. As shown in
Figs. 2(c) and 2(d), the Ir-Ir bond distances decrease by ∼1%
up to 8 GPa, whereas the Ir-Ir-Ir bond angles increase by 0.2–
0.4◦ up to 4 GPa and then reach to ambient pressure values at
∼9 GPa. This implies that the high-pressure monoclinic phase
is close to the regular Kitaev honeycomb lattice with reduced
Ir-Ir bond distances. This along with unchanged inter-layer
separation results in octahedral elongation along the trigonal
axis (⊥ to the ab plane) bringing this towards Oh symmetry.

High-pressure triclinic phase (P1̄) can be identified at
4.2 GPa, although with a low phase fraction (see SM [58])
causing its lattice parameters determination with large un-
certainty [Figs. 2(a) and 2(b)]. At pressures above 9 GPa,
with increasing phase fraction, the lattice parameters show

FIG. 2. [(a), (b)] Pressure dependence of the lattice constants
across the structural transition. Solid symbols are for low pressure
monoclinic structure (C2/c) and open symbols (also indicated by
prime legends) for high-pressure triclinic structure (P1̄). Dashed
lines are guides to eye for each plot. For both structures, b1 = b/

√
3

and c1 = c/2. (c) Interlayer (honeycomb) separation d-inter is plot-
ted as a function of P. Variations of (d) Ir-Ir bond distances and (e)
Ir-Ir-Ir bond angles in the low P monoclinic structure with pressure.
(f) Unit-cell volume as a function of pressure in across the structural
transition. Dashed cyan lines are the Birch-Murnaghan equation of
state fit for both the phases (see text for details).

systematic pressure dependence. The structural transition is
found to be completely reversible and the observed volume
discontinuity between two phases at 9 GPa is ∼12%. While
P1̄ is a direct sub-group of C2/c (hence a continuous tran-
sition is possible), the experimentally observed transition is
nonetheless of first order that is apparent from the large
mixed phase region and a substantial volume discontinuity
at a transition pressure. The structural details of the ambient
monoclinic phase and high-pressure triclinic phase at 17 GPa
and at 5.8 GPa are listed in Table S1 within the SM [58].

B. Raman scattering results

The vibrational spectra of Cu2IrO3 for ambient C2/c mon-
oclinic symmetry, is comprised of 39 Raman active �-point
phonon modes, �Raman = 18Ag + 21Bg. Among these six
Raman modes at 84, 94, 510, 551, 605, and 659 cm−1 [marked
M1-M6 in Fig. 3(b)] along with a quasielastic scattering
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FIG. 3. (a) Raman spectra of Cu2IrO3 at selected pressure values
for pressurizing to 25.4 GPa and depressurizing (denoted by R) back
to 1.1 GPa. Asterisks (*) denote the new peaks emerging at the
monoclinic to triclinic transition. (b) Phonon fits to the Raman profile
at selected pressures. Black curves denote the experimental data.
Individual phonon modes and the cumulative fits are shown by blue
and red curves, respectively. The green curves are the NaCl peaks
(used as the PTM). M1*-M3* denote the new modes appearing in
the high P structure over the existing ones (M1-M6).

(QES) background below 150 cm−1 were observed in our
ambient Raman spectrum.

Figure 3(a) portrays the pressure evolution of the Ra-
man spectra of Cu2IrO3 while pressurizing up to 25.4 GPa
and upon decompression to 1.1 GPa. All the phonon modes
including the QES signal have been fitted with Lorentzian
line-shapes for the entire pressure range as shown in Fig. 3(b).
The similar local symmetry of the edge-sharing RuCl6 or
IrO6 octahedra of the honeycomb planes in neighbor Kitaev
compounds α-RuCl3 [24] and α-Li2IrO3 [13] allows qualita-
tive assignment of the Raman modes in Cu2IrO3. While the
low-frequency M1, M2 modes are primarily related to the
vibration of the in-plane Ir network, the high-frequency M3-
M6 modes correspond to the vibration of the IrO6 octahedra
including Ir-O-Ir-O ring breathing, Ir-O-Ir-O plane shearing,
and breathing of the upper and lower oxygen layers.

The ambient Raman spectral features remain unchanged
under pressure up to ∼6 GPa with expected blueshift of the
phonon modes beyond which the spectra show pronounced
changes. At 6.8 GPa, a new mode at 140 cm−1 (marked as
M1*) emerges near the low frequency mode M2, while a
simultaneous significant change is also noticed in the high
frequency band. The weak shoulder peak M4 at 551 cm−1

starts gaining intensity significantly above this pressure. This
is followed by the appearance of other two modes, one weak
mode at 457 cm−1 (M2*) and other at 622 cm−1 (M3*)
(clearly visible above 10 GPa), and disappearance of the M1
and M2 modes above ∼11 GPa. Appearance of new modes
clearly indicates a structural transition to a lower symmetry,
supporting the monoclinic to triclinic transition evidenced by
our high-pressure XRD results.

FIG. 4. (a) Pressure evolution of phonon frequencies of Cu2IrO3.
Black squares denote the phonon modes of the low P monoclinic
phase. Blue squares are the new modes appearing at the onset of
the structural transition. Red-solid lines are the linear fits of phonon
frequencies with pressure ( dω

dP values mentioned). (b) Pressure de-

pendence of the dynamic Raman susceptibility χ
dyn
R . Red-solid lines

in are guide to eyes.

The emergence of the M1* mode (140 cm−1) at a higher
frequency than that of M1 and M2, indicates considerably
reduced intralayer Ir-Ir bond length, consistent with the high-
pressure triclinic crystal structure. The emergence of the M3*
mode and M4 mode gaining intensity with pressure can be
due to lifting of the degeneracy of the IrO6 vibrations due
to octahedral distortion and/or symmetry breaking by the
dimer formation. Upon decompression from 25 GPa, the Ra-
man spectra regains its ambient features [Fig. 3(a)], showing
reversibility of the structural transition. Figure 4(a) depicts
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the pressure evolution of the mode frequencies along with
linear fits. All modes exhibit expected blueshift in frequency
with increasing pressure due to reduction in the unit cell
volume. The M3 and M4 modes clearly show that the slopes,
dω
dP , change across the structural transition. The phonon fre-
quencies (ω), dω

dP values, and the corresponding Grüneisen
parameters γi = B0

ω
dω
dP of both the phases are listed in Table

S2 within the SM [58]. The bulk moduli, B0 = 203(8) GPa
for low-pressure monoclinic phase, and B0 = 208(13) GPa for
the high P phase, are obtained from our high-pressure XRD
results (see Fig. S3 within the SM [58]). The shaded region of
∼7 − 11 GPa shown in Fig. 4(a) represents the presence of the
mixed phase where the new modes (M1*-M3*) develop grad-
ually and above which the old M1 and M2 modes disappear. A
slightly different mixed phase pressure range compared to that
(∼4 − 15 GPa) in XRD results can be attributed to different
sensitivities of two probes.

Quantum spin systems with strong spin-orbit coupling of-
ten give rise to significant light scattering from the fluctuations
in the spin density [59,60] resulting in quasielastic Raman
response. The dynamic response from the spin system can be
quantified in terms of the dynamic Raman susceptibility χ

dyn
R

obtained by integrating the Raman conductivity χ ′′(ω)
ω

using
the Kramers-Kronig relation

χ
dyn
R = lim

ω→0
χ (ω, k = 0) = 2

π

∫
χ ′′(ω)

ω
dω. (1)

The dynamic Raman tensor susceptibility χ ′′(ω) = I (ω
n(ω)+1

[n(ω) is the Bose thermal factor] represents the imaginary part
of the general susceptibility tensor χ (r, t ) [61].

Figure 4(b) illustrates the pressure dependence of the dy-
namic spin susceptibility χ

dyn
R of Cu2IrO3 with integration

carried out from 50–1000 cm−1 after subtracting the phonon
spectra. χ

dyn
R increases with pressure in the monoclinic phase

(up to ∼9 GPa). We speculate that pressure-induced structural
evolution towards a regular Kitaev configuration in the mon-
oclinic phase (as discussed below) increases the fluctuations
in the exchange coupled Ir spin sites resulting in the enhance-
ment of χ

dyn
R . The significant drop in χ

dyn
R at higher pressures

can be attributed to the reduced fluctuations (released frustra-
tion) in the distorted high-pressure triclinic structure.

C. Magnetic susceptibility

Figure 5(a) shows zero-field-cooled (ZFC) dc susceptibil-
ity (χ ) at ambient pressure measured using 1 T field. The χ (T)
fits well over the entire temperature range with a Curie-Weiss
(CW) term and a Curie term (that becomes prominent at low
temperature),

χ (T ) = χ0 + C

(T − �CW )
+ Cimp

T
. (2)

The CW behavior indicates dominant AFM interaction
(�CW = −115 K and μeff = 1.63 μB), while the Curie term
due to defect spins becomes prominent below ∼20 K. Con-
sidering that the defect spins in Cu2IrO3 are due to presence
of mixed valent Cu+/Cu2+ in the honeycomb layer (and con-
sequently affecting a neighboring Ir atom valency and its spin
configuration), it is believed that these spins may not be free

FIG. 5. (a) Zero-field-cooled dc susceptibility measured at 1 T
field. The χ (T ) curve has been fitted (red-solid line) with combina-
tion of Curie-Weiss term (green line) and a Curie term (blue line)
(see text). Inset: 1/χ vs T plot with linear extrapolation of 1/χ from
high T (shown by green line) showing deviation from the CW law
at low temperatures. (b) Field cooled susceptibility (at 10 mT field)
plots as a function of temperature up to 4 GPa. The χ (T ) curves at
high pressures have been fitted by two terms as in (a). The pressure
variation of the CW temperature in the first term is shown as inset.

(unlike the interlayer noninteracting spins in Herbertsmithite
resulting from antisite disorder [62]). Low temperature χ (T )
was thus shown previously to follow a sub-Curie fit (χ = Cimp

T α ,
α = 0.26), that was explained by bond-disordered QSL state
(by the formation of random spin-singlets) as a result of the
above quenched disorder [37]. Presence of defect spins at low
T in our sample is also evident from the observed nonlinear
M(H ) at low temperatures (see SM [58]).

Magnetic properties up to 4 GPa (in the stability range of
the C2/c phase) have been investigated in two arrangements:
A piston-cylinder pressure cell (with 20-mg sample) for stud-
ies up to 1.1 GPa and a miniature diamond anvil cell for
studies at higher P. At each pressure, empty cell background
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moment was measured and subtracted carefully to obtain the
sample magnetic moment. No long-range magnetic order has
been detected below 100 K at high pressures. In Fig. 5(b), we
plot the dc susceptibility in the T range 2–100 K at various
pressures up to 4 GPa. At higher P, the overall χ gets sup-
pressed systematically. The χ (T ) data, fitted by Eq. (2), shows
a pressure-induced systematic increase of the CW temperature
[inset of Fig. 5(b)]. In absence of any magnetic ordering, this
indicates that spin frustration increases with pressure in the
low-pressure monoclinic phase resulting from the structural
modification, as discussed later (in agreement with systematic
increase of Raman dynamic susceptibility).

D. Electrical transport measurements

To understand the effect of pressure on the electronic prop-
erties of Cu2IrO3 we have performed resistance measurements
up to 25 GPa. In order to remove possible resistance contri-
bution of grain boundaries, we measured room temperature
resistance in three pressure cycles up to 12 GPa. While the
R(P) variation in first and second cycle differ significantly,
this remained almost unchanged in second and third cycle,
indicating negligible grain boundary contribution in the pres-
sure cycled sample (as shown in Fig. S6 within the SM [58]).
Since at low pressures the resistance increases by six orders
of magnitude at low T , a quasi four-probe measurement was
performed below ∼8 GPa and standard four probe at higher
pressures to improve the signal-to-noise at all pressures. The
R(T ) data at each pressure were collected in slow warming
cycle (∼1 K/min) to avoid thermal drift.

Figure 6(a) shows the resistance variation with temper-
ature (1.4–300 K) on the pressure cycled Cu2IrO3 sample
(as discussed above) at various pressures. The R(T ) curves
remain almost unchanged up to 4.5 GPa, with systematic
decrease in R at higher pressures for T < 50 K. In the low
pressure range R(T ) obeys 3D Mott variable range hopping
(VRH) conduction R

R0
= exp[( T0

T )1/4] in the temperature range
50–300 K [see Fig. 6(b)]. At low T (<50 K), a significantly
reduced resistance deviating from the VRH fit can be noticed,
indicating suppressed scattering channels for the charge carri-
ers, which is yet to be understood. With increasing pressure,
the increased Ir-Ir overlap enhances the carrier hopping re-
sulting in further reduction in low temperature resistance. The
Mott gap estimated from the high T Arrhenius fit (∼0.3 eV),
remains nearly unchanged up to 4.5 GPa (see the SM [58]).

At higher pressures, a conspicuous change in the R(T )
can be noticed. Upon increasing pressure to 17.5 GPa, the
resistance at 10 K decreases by six orders of magnitude,
indicating dramatic change in its electronic structure [see
inset in Fig. 6(a)]. Although the resistivity at this pressure
reduces to ∼10 m� cm, typical for a poor metal, a non-
metallic T dependence ( d�

dT < 0) is observed over the entire
T range. With further increase of pressure, the resistance
monotonically decreases with nonmetallic R(T ) persisting up
to 25 GPa, the highest pressure of this investigation. A similar
effect of pressure on resistance has earlier been reported on
its parent compound Na2IrO3 [25,26], where rapid collapse of
resistance at 4 GPa was identified with possible subtle struc-
tural modification. In Cu2IrO3, R(T ) above 4.5 GPa does not
follow either Arrhenius or Mott VRH conduction behavior.

FIG. 6. (a) Semilog plot of resistance variation with temperature
R (T) on the pressure cycled Cu2IrO3 sample at various pressures.
Inset shows change in sample resistance with pressure at 10 K and
100 K, resistance decreases rapidly above ∼5 GPa. Resistance plot-
ted as a function of T −1/4, and fitted curves (cyan dashed lines) with
(b) 3D Mott VRH conduction term below 4.5 GPa, (c) combination
of two VRH terms with two distinct T0 parameters corresponding to
low P and high P phases in the P range ∼5 − 15 GPa and (d) the
VRH conduction of high P phase above 15 GPa. For P > 15 GPa
(d), a better fit (red-dashed line) is obtained by adding a metallic
conduction component with the VRH term (see main text).

Because of a clear structural transition in Cu2IrO3 with mixed
phases in 4 to 15 GPa, we attempted to explain the temperature
dependence of R above 4.5 GPa using two phase model (see
the SM [58]). A fit with Arrhenius conduction by invoking
defect states [63] or a combination of Arrhenius and 3D VRH
conduction were not successful. However, a combination of
two 3D Mott VRH conduction terms with distinct energy
scales,

1

ρ(T )
= σ (T ) = f σ0 exp

[
−

(
T0

T

) 1
4

]

+ (1 − f )σ0
′ exp

[
−

(
T0

′

T

) 1
4

]
(3)

( f being the low-pressure phase fraction as determined from
our XRD results), is seen to fit the R(T ) curves well down to
∼10 K [Fig. 6(c)]. This can be understood in terms of distinct
VRH energy scales T0 = T0LP and T0

′ = T0HP of the low P and
high P phases and their systematic P dependence [Fig. 7(b)].

As the structural transition is completed at 15 GPa and
only the high-pressure triclinic phase (with heavily distorted
honeycomb lattice) is present above this pressure, R(T ) plots
above 15 GPa can be fit reasonably well with the second term
of Eq. (3) [see the cyan dashed line in Fig. 6(d)]. However, in
this pressure region, R(T ) fit is found to improve significantly
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FIG. 7. (a) Room temperature resistivity of pressure cycled poly-
crystalline Cu2IrO3 sample as a function of pressure. Resistance was
measured while increasing P in continuous mode at a slow rate up
to 13 GPa and then in larger steps up to 25 GPa. The peak shaped
ρ(P) behavior in the mixed phase region can be decomposed into two
ρ(P) curves (shown by dashed and dotted lines) of the two phases.
(b) Variation of T0 parameters of the 3D Mott VRH conduction
for two phases across the transition. Inset shows that the carrier
localization lengths increase with increasing pressure in both phases
(assuming unaffected DOS at Ef at high pressures).

[see red dashed line in Fig. 6(d)] (also see Fig. S8 within the
SM [58]) by including metallic conduction term along with
the 3D Mott VRH conduction (with energy scale T0HP ),

σ (T ) = σ0HP exp

[
−

(
T0HP

T

) 1
4

]
+ σ0

m

[
1

1 + AT + BT 2

]
.

(4)

While the VRH conduction dominates at high temperature
(T > 50 K), the metallic conduction takes over at lower tem-
peratures. Note that with much reduced characteristic energy
scale (T0HP ) of the VRH term, the high P phase is already
on the verge of metallization (Ea ∼ 10 meV, see Fig. S7c
within the SM [58]). The inclusion of additional metallic
conductivity can perhaps be justified due to the presence of
Cu2+ defects in the honeycomb layer, adding excess density
of states at the Fermi level, which gets noticeable in the high
P phase [36]. It is pertinent here to note that semimetals often
exhibit mixed carrier (nonmetallic and metallic) conduction
[64,65].

In Fig. 7 we summarize the results of our resistance mea-
surements. Figure 7(a) shows the plot of room temperature

resistivity ρ(P) up to 25 GPa. Upon increasing P up to
∼5 GPa (primarily in the low P phase), the ρ decreases
monotonically. With the emergence of triclinic phase above
this pressure, ρ first increases rapidly up to 9 GPa above which
its decreases sharply. The increase of ρ above 5 GPa can be
due to increased phase fraction of the high P phase (nano
domains) having large resistivity. As the domains grow in
size, ρ decreases rapidly above 9 GPa. The interplay between
domain size, phase fraction, and intrinsic resistivity of the
high P phase may result in this nonmonotonic ρ(P) in the
mixed phase region.

In Fig. 7(b) are plotted the VRH T0 values (in log scale) as
a function of P. The characteristic energies of the two phases
(T0LP and T0HP ) decrease with pressure. Inset of Fig. 7(b)
shows the variation of the Mott localization length (ξ ) in
both phases as a function of pressure using the equation T0 =
21.2

kBξ 3g , g being the nonvanishing density of states at the Fermi
level. Mott localization length (ξ ) has been estimated as-
suming g to be similar to that of ambient pressure Na2IrO3

(∼ 10−5 eV−1 Å−3) [66]. In the low P monoclinic phase,
ξ = 0.7 nm and ξ/r ∼ 2, r being the Ir-Ir intersite distance,
indicating significant intersite hopping. For this phase, ξ starts
increasing above 5 GPa. A much lower T0HP of the high-
pressure triclinic phase gives ξ = 12 nm at 9 GPa, assuming
an unchanged DOS at the Fermi level (as the disorder states
may remain unaffected in the high P phase). An order of
magnitude increase of the localization length clearly indicates
the high P phase to be of more itinerant character. However,
a significant increase of DOS may also be responsible for the
reduction of T0HP . While a detailed band structure calculation
will certainly help to identify its origin, a much reduced T0HP

clearly indicates the high P phase to be close to a localized-
itinerant crossover.

E. Density functional theoretical analysis

1. Ground state at P = 0 GPa

At ambient conditions in experiment, Cu2IrO3 occurs in
the monoclinic C2/c phase [28] with 8 formula units (f.u.)
per conventional unit cell. In a recent study, Fabbris et al.
[40] showed another structure (P21/c with 4 f.u. per unit cell)
to be also consistent with the experimental XRD pattern but
lower in energy (7 meV/f.u.) than the earlier reported C2/c
structure. Performing complete structural (atomic positions
and lattice parameters) relaxation of both the structures (C2/c
and P21/c), we confirm P21/c to be the ground state struc-
ture with energy lower than that of the C2/c structure by an
amount of 13 meV/f.u. (consistent with Ref. [40]). Our esti-
mate of lattice parameters for the ground state structure P21/c
(a = 6.00 Å, b = 9.49 Å, c = 5.43 Å, α = 90.0◦, β = 107.9,
γ = 90.0◦) agrees well with those reported earlier [40] (see
SM [58] for details). As most of the Kiteave QSL candidates
exist in the C2/c space group, we selected this phase for the
experimental data analysis over P21/c. It should be noted that
the two structures can be transformed in to one-another by
symmetry operations. They only differ in the atomic positions
of one Cu atom in the CuO2 dumbbells, which lie in the
interlayer honeycomb planes. However, atomic arrangement
in the honeycomb layer is exactly the same in both the space
groups. Therefore, these two structures cannot be uniquely
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FIG. 8. (a) Conventional unit cell of Cu2IrO3 in P21/c structure with 2D honeycomb layers formed by Cu-Ir atoms (see Fig. S12 within
the SM [58]) and connected by O–Cu–O dumbbells. (b) Orbital projected electronic density of states of Cu2IrO3 at 0 GPa showing metallic
nature with a pseudo gap. (c) Electronic structure (see Fig. S10 within the SM [58] for high symmetry path and Brillouin zone) of pristine
Cu2IrO3 (black) and Li-substituted Cu2IrO3 (blue) at 0 GPa. Li-substitution at honeycomb layer of Cu2IrO3 (Cu of 2b site is substituted with
Li) opens up a band gap of 0.46 eV. (d) Orbital projected electronic density of states of Li-substituted Cu2IrO3 at 0 GPa showing insulating
behavior similar to earlier reports [36].

distinguished from XRD pattern. Hence, the results of struc-
tural analysis based on P21/c will remain unaltered from the
presented results based on the C2/c structure.

Experimentally, an electronic bandgap of ∼0.3 eV is ob-
served in the C2/c phase of Cu2IrO3 at P = 0 GPa. In
contrast, calculated electronic band structure and orbital pro-
jected electronic density of states (PDOS) at P = 0 GPa (see
Fig. 8) show that in P21/c structure Cu2IrO3 is metallic with
a pseudo gap. It is argued that metallicity arises in calculated
electronic structure because the mixed valence states of Cu-Ir
(Cu in Cu+2/+1 and Ir in Ir+4/+3 state) atoms [36,37] in the
honeycomb layer are averaged in calculations. At P = 0 GPa,
Cu2IrO3 can have an insulating ground state only if Ir (with
SOC and on-site electronic correlation) is in +4 oxidation
state (see Ref. [67] for details). To force Ir in Ir+4 state, we
substituted Cu atoms of the honeycomb layers with Li atoms
in the optimized structure of Cu2IrO3 [36] (Cu and Li have
comparable atomic radii 132 nm and 128 nm, respectively; see
Fig. S12 of SM [58]). Unlike Cu, Li exists only as Li+1 enforc-
ing +4 oxidation state for Ir. This rules out the possibility of
average oxidation states of Cu and Ir in the honeycomb layer
and thus, opens up a band gap of ∼0.46 eV comparable to its
experimental value (0.3 eV). The optimized P21/c structure
of Cu2IrO3 has a net magnetic moment of 2.87μB/cell with
Ir and Cu magnetic moments of 0.16 − 0.22μB and 0.7μB,
respectively, which are consistent with the values reported
earlier [40].

2. Dimerization of Ir-Ir bonds at high pressures

At ambient conditions, P21/c structure of Cu2IrO3 con-
sists of 2D honeycomb layers of Ir-Cu atoms with interlayer
connectivity by O–Cu–O dumbbells (see Fig. 8 and Fig. S13

within the SM [58]). P21/c structure has four point symmetry
operations viz., identity: I , inversion: i, screw axis ‖ to y axis:
{C2y|0 0.5 0.5}, and glide plane ⊥ to y axis: {σy|0 0.5 0.5}
(numbers in the curly parenthesis denote fractional trans-
lation). Our experimental XRD pattern suggests significant
dimerization of Ir-Ir bonds in 2D honeycomb layers in the
high-pressure triclinic P1̄ phase, which breaks the glide plane
{σy|0 0.5 0.5} and screw axis {C2y|0 0.5 0.5} symmetries of
P21/c phase while retaining the identity and inversion sym-
metries. In unconstrained (full cell) structural optimization, at
high pressures (P > 7 GPa), P21/c structure relaxes to P1̄
phase. Hence, it is not possible to determine the difference in
enthalpies of P21/c and P1̄ structures at high pressure. This
structural transition appears to be a second order phase transi-
tion (not involving discontinuous volume change). However,
we find this transition is affected by a coupling of localized
ordering field (like spin and dimerization) with strain [see
Fig. 10(i)], and such strain-phonon coupling is well known to
cause the first order character of a structural phase transition
through a symmetry allowed quartic term that is negative.

Our estimates of lattice parameters and Ir-Ir bond lengths
at P = 7 GPa reveal (see Fig. 9) dimerization of Ir–Ir bonds.
However, calculated high-pressure P1̄ phase differs from the
experimentally observed phase at high pressures (see the SM
[58] for details). While resistivity measurements show that
band gap of Cu2IrO3 reduces with increasing pressure, we
find opening of an electronic bandgap after the structural
transition to P1̄ phase, which enhances with pressure (see
Fig. 10 for the pressure dependence of electronic orbital
projected DOS), similar to that reported in the earlier study
of Fabbris et al. [40]. On the other hand, calculated PDOS
of Li substituted Cu2IrO3 shows a band gap of ∼0.46 eV
at P = 0 GPa, which remains essentially unchanged with
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FIG. 9. (a) Pressure variation of Ir-Ir bond lengths in the honeycomb layer of Cu2IrO3 showing dimerization of some Ir-Ir bond with
pressure. after the transition to P1̄ at P ∼ 7 GPa. (b) Evolution of optimized lattice parameters α, β, γ of Cu2IrO3 with pressure. Inset shows
pressure evolution of scaled lattice parameters (with respect to ambient a0, b0, c0, V0) a, b, c, and volume V . The vertical-dashed lines around
7 GPa in (a) and (b) denote the boundary between the low pressure P21/c and high pressure P1̄ phases.

increase in pressure till 12 GPa (see Fig. S12 within the SM
[58]). From experimental XRD pattern, we observe that Ir–Ir
bond lengths at P = 0 GPa have variance of ∼4% [Fig. 2(d)],
whereas the optimized structure exhibits about 1% variance in
bond lengths (Fig. 9). As we showed earlier, the band gap is
sensitive to Ir–Ir bond length variance associated with mixed
valence/oxidation states of Ir and Cu, this is a possible reason
for the discrepancy between experimentally and theoretically
obtained band gaps at P = 0 GPa. The difference between the

calculated pressure dependence of band gap and experimental
results is probably because of a high degree of dimerization
and associated distortions in the Cu–O dumbbells due to vari-
able valence of Ir and Cu in Cu2IrO3, which are absent in the
optimized P1̄ phase at high-pressure.

As shown in Fig. 10(i), we find a significant change in total
magnetic moment of Cu2IrO3 during structural transition (in-
volving dimerization of Ir atoms in the 2D honeycomb lattice),
which reveals a strong spin-phonon coupling in the system.

FIG. 10. Orbital projected electronic density of states of pristine Cu2IrO3 at pressures P (a) 0 GPa, (b) 2 GPa, (c) 5 GPa, (d) 7 GPa, (e)
8 GPa, (f) 10 GPa, and (g) 12 GPa. Up to 7 GPa, Cu2IrO3 is metallic with a pseudo-gap at Fermi level and states near the Fermi level are
dominated by Ir 5d orbitals. After 7 GPa, bandgap opens up and and values are mentioned in the plots. (h) Pressure dependence of electronic
band gap. (i) Pressure variation of total magnetic moment of Cu2IrO3 (green) and individual moments of the four Ir atoms in the unit cell
(black, red, yellow, and blue).
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FIG. 11. Pressure variation of some of the calculated frequen-
cies of �-point Raman-active phonon modes of Cu2IrO3 in the
low-pressure P21/c phase and high-pressure P1̄ phase. Numbers
near the lines denote slopes dω

dP (mode symmetries are indicated in
parentheses).

We find a notable enhancement in the magnetic moments of Ir
atoms arising from change in its oxidation state to +4. This
is responsible for a band gap is obtained in the calculated
electronic structure of high pressure P1̄ phase (see the SM
[58] Fig. S15 for details).

3. Pressure dependent Raman spectra

Frequencies of zone center phonons (calculated without
inclusion of SOC) of the P21/c phase at P = 0 GPa (see
Table S8 within the SM [58] for details) confirm its dynam-
ical stability. Our calculated P dependence of Raman active
phonons (see Fig. 11) agrees qualitatively with experiment.
As our calculation could not capture experimentally observed
high-pressure P1̄ phase, our estimates of dω

dP do not quite
compare well with experimentally observed values.

IV. DISCUSSION

In the stability range of the monoclinic structure (C2/c)
of Cu2IrO3 (for P < 4 GPa), application of hydrostatic pres-
sure does not reduce the interhoneycomb separation, whereas
intralayer Ir-Ir bond length decreases by more than 1%. This
reduction has no effect on the Ir-O-Ir angles in Ir hexagons,
but brings the IrO6 octahedra towards ideal Oh symmetry by
elongating along the trigonal symmetry axis (⊥ ab plane) (see
the SM [58]). This can possibly increase Kitaev exchange
(K ) with respect to Heisenberg exchange [68,69]. Although
an increased d-d overlap and slightly deviated Ir-Ir-Ir angles
from the ideal 120◦ may increase Heisenberg exchange J
(nearest neighbor and beyond), the enhanced effective K/J

exchange ratio is expected to drive the system towards the
Kitaev limit at higher pressures [70]. This is supported by
our observed systematic increase with pressure of the CW
temperature in the dc magnetic susceptibility as well as the
dynamical Raman susceptibility [Fig. 4(c)]. The decrease of
room-temperature resistivity with increasing pressure in the
low P phase is due to increased Ir-Ir hopping as a result of the
above structural modifications. In this pressure range, R(T )
follows a 3D Mott VRH carrier conduction with characteristic
energy scale T0LP ∼ 5 × 107 K, in agreement with other iri-
date compounds [26,66], that also decreases only marginally
with increasing pressure [Fig. 7(b)].

At higher pressures (P > 4 GPa), the system undergoes
structural transition into a triclinic structure (P1̄) with heav-
ily distorted honeycomb lattice (with four distinct Ir-Ir bond
distances, shortest Ir-Ir bond length ∼2.41 Å) and with ∼8%
decrease in interlayer separation. As the above Ir-Ir bond
length is shorter than that in iridium metal, a highly covalent
bond formation is expected resulting in Ir-Ir dimerization.
Our XRD analysis indicate that we do not observe inter-
mediate α − P1̄ triclinic phase as reported by Refs. [40,41]
above 7 GPa, which involves formation of Ir-Ir dimers (with
two distinct Ir-Ir bonds). Rather, our observed XRD pattern
of high-pressure phase agrees with the previously reported
[40,41] high-pressure pattern after the second transition above
∼11 − 15 GPa (α′ − P1̄). Although Ref. [40] theoretically
predicted the possible structures, which are inconsistent with
the observed pattern, both the previous studies [40,41] were
unsuccessful in indexing and refining the crystal structure
of this new high pressure phase with collapsed interplanar
distance. In the present paper, we have indexed this unknown
structure giving detailed structural parameters. Results of our
resistance measurements show that the carrier conduction in
the high P triclinic phase is of Mott VRH type with much
reduced energy scale (T0HP ) (weak localization) compared to
the low P phase, which progressively decreases on increasing
pressure, thus approaching itinerant character (due to either
increased localization length or enhanced DOS at the Fermi
level). This can be understood in terms of band broadening
at higher pressures as well as Ir-Ir covalent bond formation
[25,27]. In Li2IrO3 and Na2IrO3, a similar reduced resistivity
has been observed at a much higher pressure (above 45 GPa).
As the high-pressure phase fraction is low (<50%) up to
∼9 GPa, our attempt to measure magnetic susceptibility of
the high-pressure phase has not been successful. Investigation
of possible ordering of bond singlets in the pure high-pressure
phase suggests a need to do magnetic measurements above
15 GPa.

At further higher pressures (P>15 GPa), R(T ) shows
persistent nonmetallic behavior as seen in similar layered
honeycomb compounds, attributed to the crossover of Mott
insulator to itinerant behavior due to formation of additional
states at the Fermi level [25,27]. Recently, Jin et al. [41] have
reported insulator to metal transition above 13.8 GPa where
a metallic behavior is observed with a resistance minimum
at ∼15 K. Although the results of the present study on poly-
crystalline Cu2IrO3 show persistent nonmetallic behavior up
to 25 GPa, detailed R(T ) analysis indicates possible metal-
lization in the higher pressure triclinic structure. The different
pressure dependence of R(T ) curves as compared to that
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reported by Ref. [41] may be attributed to different levels of
Cu+/Cu2+ disorder in the Cu2IrO3 samples. The presence of
mixed carrier conduction in the high-pressure triclinic phase
can also be due to large pressure inhomogeneity over the sam-
ple area that demands further investigations. While persistent
nonmetallic state is common in layered perovskite iridates
[71], Sr3Ir2O7 exhibits pressure-induced anisotropic metal-
lization [72]. A nonmetallic T dependence with significantly
low resistivity can originate from such anisotropic metalliza-
tion in the high-pressure phase of polycrystalline Cu2IrO3

(with possible metallization only in honeycomb layer). Ex-
ploration in this regard requires single crystal Cu2IrO3 (not
yet available), but will be of immense help for better under-
standing of layered honeycomb iridates in general.

In summary, quasi-2D layered honeycomb Kitaev can-
didate Cu2IrO3 undergoes pressure-induced structural phase
transition (monoclinic C2/c → triclinic P1̄) with a broad
mixed phase pressure range (∼4 to 15 GPa). The triclinic
phase consists of heavily distorted honeycomb lattice with
Ir-Ir dimer formation and a collapsed interlayer separation.
In the stability range of the low-pressure monoclinic phase,
structural evolution with hydrostatic pressure brings the sys-
tem closer to Kitaev limit, as indicated by the enhanced
CW temperature from magnetic susceptibility, nonemer-
gence of long-range magnetic order and enhanced dynamic
Raman susceptibility. High-pressure resistance measurements
up to 25 GPa show resilient nonmetallic R(T ) behavior with
drastically reduced resistivity in the high-pressure phase.

A Mott variable-range-hopping conduction with much re-
duced T0 indicates that the high-pressure phase is close to
the localized-itinerant border. Using first-principles calcula-
tions, we presented a pressure-induced structural transition
in Cu2IrO3 from P21/c phase to P1̄ phase around 7 GPa.
We find that Ir-Ir bonds in the 2D honeycomb layer get
dimerized in P1̄ phase, which is in line with our experi-
ments. Magnetic moments are enhanced and electronic band
gap opens up with such dimerization, revealing a strong
spin-phonon coupling, that arises from change in oxidation
state of Ir. Thus, our calculations provide evidence for in-
terplay between oxidation state of Ir, its spin and Ir-Ir bond
dimerization, fluctuations of which are probably responsible
for same discrepancy between simple DFT and experiment.
Our calculated P-dependence of Raman-active phonon modes
agree qualitatively with the experimental Raman spectroscopy
results.
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