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Local structural displacements across the structural phase transition in IrTe2 : Order-disorder of
dimers and role of Ir-Te correlations
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We have studied local structure of IrTe2 by Ir L3 -edge extended x-ray absorption fine structure (EXAFS)
measurements as a function of temperature to investigate origin of the observed structural phase transition at
Ts ∼ 270 K. The EXAFS results show an appearance of longer Ir-Te bond length (R ∼ 0.05 Å) at T < Ts . We
have found Ir-Ir dimerization, characterized by distinct Ir-Ir bond lengths (R ∼ 0.13 Å), existing both above
and below Ts . The results suggest that the phase transition in IrTe2 should be an order-disorder-like transition of
Ir-Ir dimers assisted by Ir-Te bond correlations, thus indicating important role of the interaction between the Ir
5d and Te 5p orbitals in this transition.
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Recently, the layered 5d-transition-metal dichalcogenide
IrTe2 has been in the limelight after the observation of
superconductivity in Ir1−x Ptx Te2 with Tc of about 3 K.1
This observation was followed by several studies revealing
superconductivity due to intercalation addition and/or substitution by different metals in the parent IrTe2 .2–4 It has
been argued that the superconductivity might be induced
by Ir vacancies or excess Te in the sample.5 On the other
hand, the parent IrTe2 exhibits a first-order structural phase
transition5–8 at Ts ∼ 270 K from the trigonal (P -3m1) at
T > Ts to a lower-symmetry phase at T < Ts , accompanied
by an anomalous electrical and magnetic transport.1 Since the
superconductivity is induced with concomitant suppression of
structural phase transition, the origin of this transition in IrTe2
remains one of the intriguing physical problems.1–5,8–11
The structural phase transition in IrTe2 has been argued to
be similar to the one observed in the spinel-type CuIr2 S4 ,12
showing Ir-Ir dimerization. A recent angle-resolved photoemission spectroscopy (ARPES) study13 has shown that,
in the trigonal phase (T > Ts ), the Fermi surface consists
of a flower-shaped outer part and six connected bead-like
inner parts, consistent with the band-structure calculations.
In the low-temperature phase (T < Ts ) the flower shape
of the outer Fermi surface does not change appreciably;
however, the topology of the inner Fermi surface reveals
straight portions, suggesting possible Fermi-surface nesting.13
The perfect or partial nesting of Fermi surface can induce a
charge density wave (CDW) and hence a superstructure, as
observed by electron diffraction below the structural phase
transition.2 However, the gap opening expected for a CDW
was not observed,14 suggesting that the structural transition
in IrTe2 may not be of conventional CDW type but could
involve Te 5p orbitals.5 Therefore, the two main issues to
be addressed are (i) is the structural phase transition driven
by some kind of dimerization? and (ii) what is the role
of Ir and Te bonding (i.e., Ir 5d and Te 5p hybridization)
in the phase transition? To affront these questions we have
studied the local structure of IrTe2 by Ir L3 -edge extended
x-ray absorption fine structure (EXAFS) measurements as a
function of temperature, providing direct information on the
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first-order atomic correlation functions across the structural
phase transition. We have found clear evidence of dimerization
in IrTe2 characterized by two different Ir-Ir distances separated
by ∼0.13 Å. The dimerization survives even above the phase
transition temperature; however, two distinct Ir-Te distances
(R ∼ 0.05 Å) at low temperature merge in a single distance
above the transition, highlighting the importance of the (Ir
5d)-(Te 5p) hybridization.
The IrTe2 samples were prepared by solid-state reaction starting from stoichiometric amounts of Ir and Te.
Details on the sample preparation and characterization are
given elsewhere.1 Temperature-dependent Ir L3 -edge (E =
11 215 eV) x-ray absorption measurements, in the range 20
to 300 K, on powder samples of IrTe2 , were performed in
transmission mode at the beamline BM26A15 of the European
Synchrotron Radiation Facility (ESRF), Grenoble (France).
The synchrotron radiation emitted by a bending magnet
source was monochromatized using a double crystal Si(111)
monochromator. Several scans were collected at a given temperature to ensure the spectral reproducibility. The EXAFS oscillations were extracted using the standard procedure based on
the spline fit to the pre-edge subtracted absorption spectrum.16
Figure 1 shows EXAFS oscillations (multiplied by k 2 ),
extracted from Ir L3 -edge x-ray absorption spectra, measured
on IrTe2 at several temperatures. The oscillations are clear
up to high k range even at high temperature. Apart from
the thermal damping, the EXAFS oscillations reveal some
apparent changes across the structural phase transition temperature of about 270 K. For example, ∼13 Å−1 the double
peak structure becomes single-peak like, different from an
expected thermal damping. Similarly, around 14 Å−1 the
asymmetric shape of the peak becomes more symmetric above
Ts . The differences can be further seen in the partial atomic
distribution function around the photoabsorbing atoms, given
by the Fourier transform (FT) of the EXAFS oscillations.
Figure 2 shows the FT magnitudes of the EXAFS oscillations. The FTs are performed in the k range of 3 to
17 Å−1 using a Gaussian window. The main peak in the
FTs is due to six near-neighbor Te atoms at ∼2.6 Å. The
next-nearest neighbors are the Ir atoms (at ∼3.8 Å) and their
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FIG. 1. (Color online) Ir L3 -edge EXAFS oscillations (weighted
by k 2 ) at several temperatures. Apart from a temperature-dependent
damping, some small changes can be seen across T = 270 K (see,
for example, k around 14 Å−1 ).

Ir-Ir

contributions appear around ∼3.5–4.5 Å. The weak signal of
the latter indicates that the system is characterized by a large
intrinsic disorder, consistent with polymeric networks.9 The
large intrinsic disorder is also apparent from highly damped
FT intensity of higher shells.
The local structure parameters as a function of temperature
are determined by standard EXAFS modeling based on the
single-scattering approximation.16 In the present case, we used
a model with two Ir-Te and two Ir-Ir bond lengths, similar to the
low-temperature-diffraction observations.2,11,17 The EXCURVE
9.275 code (with calculated backscattering amplitudes and
phase-shift functions) was used for the EXAFS model fits.18
The radial distances Ri and the corresponding Debye–Waller
factors σi2 were allowed to vary in the least-squares fits. The
coordination number for the near neighbors Ni were obtained
by a constrained refinement with the total number of near
neighbors being equal to known values from diffraction studies
describing the long-range structure. For the present analysis,
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FIG. 2. (Color online) Fourier transform magnitudes of the EXAFS oscillations (weighted by k 2 ) at several temperatures (symbols)
together with model fits (solid lines). The fit range in the R space is
indicated by a bracket on the top.
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FIG. 3. (Color online) Temperature dependence of two Ir-Te
distances (Ir-Te1 and Ir-Te2 ) as a function of temperature (upper
panel). The mean bond length Ir-Tem is also included. The relative
probability of the Ir-Te2 bond length is shown in the lower panel.
The dashed lines are to guide the eyes and show a clear transition at
∼270 K. The inset shows the temperature dependence of the Ir-Te
bond length MSRD. The solid line in the inset is a Einstein model fit
with the θE = 231 ± 20 K for T < Ts .

the number of independent data points, Nind ∼ (2kR)/π 16
were about 25 (k = 13 Å−1 and R = 3 Å), for a maximum
of twelve parameters fits. The uncertainties in the local
structure parameters were determined by creating correlation
maps and analyzing five different scans. The model fits in real
space using four shells are shown in Fig. 2 as solid lines.
Figure 3 shows the temperature dependence of local Ir-Te
bond lengths (see, e.g., the upper panel of Fig. 3). There
are two Ir-Te distances (∼2.69 Å and ∼2.64 Å) below the
structural phase transition temperature Ts ∼ 270 K, that appear
to merge in a single distance (∼2.65 Å) above Ts . The relative
probability of the longer distance, which is 20% to 30% of the
total number of Ir-Te bonds below the transition temperature,
drops down to zero while heating across the transition (see
lower panel of Fig. 3). This observation is in fair agreement
with diffraction studies that show almost one third of the
(two out of six) Ir-Te bonds to be longer.2,11,17 The longer
Ir-Te distance appears consistent with the recent structural
studies11,17 where the deformation of the IrTe6 octahedron is
identified with about 2% variation of the Ir-Te distance across
the structural phase transition.
The Debye–Waller factors measured by EXAFS describe
mean-square relative displacements (MSRD) unlike the one
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FIG. 4. (Color online) The Ir-Ir distances (Ir-Ir1 and Ir-Ir2 ) are
shown as a function of temperature (upper panel). The MSRD for the
two Ir-Ir bond lengths are shown in the lower panel. The solid lines
show Einstein-model fits with θE = 200 K. The MSRD of the Ir-Ir1
bond length shows an anomalous drop around the structural phase
transition.

measured in diffraction studies, providing information on
mean-square displacements (MSDs). Therefore, MSRD provides information on the bond-length fluctuations and has been
particularly useful to understand local atomic displacements
across phase transitions (see, for example, Refs. 19–22). The
measured MSRD is sum of temperature independent and
temperature dependent parts [i.e., σi2 = σ02 + σ 2 (T )]. In the
present case, the MSRD of the two Ir-Te distances are similar,
given by the Einstein model23 with the θE = 231 ± 20 K. If
one distance model is used, the MSRD of Ir-Te bond-length
(Ir-Tem ) shows anomalous temperature dependence across the
phase transition (see, e.g., inset of Fig. 3). Therefore, the Ir-Te
bond-length correlations (shown by R, Ir-Te2 probability
and the MSRD anomaly) are directly tied to the first-order
structural phase transition in IrTe2 .
Figure 4 shows the temperature evolution of Ir-Ir bond
lengths. Unlike Ir-Te, the two Ir-Ir bond-lengths remain almost
temperature independent and the splitting persists even above
Ts . The presence of two different Ir-Ir distances is consistent
with the diffraction studies at low temperature;1,6,8 however,
unlike the diffraction studies, distinct Ir-Ir bond lengths at

the local scale persist even above the transition temperature.
Here, we should recall a recent systematic diffraction study by
Cao et al.8 showing the low-temperature symmetry of IrTe2
being triclinic rather than the earlier proposed monoclinic.7
In addition, the newly established low-temperature diffraction
structure8 shows that the probability of the short Ir-Ir bond
length is about 1/5; that is, in excellent agreement with the
present results revealing the probability for the shorter bonds
(Ir-Ir1 ∼ 3.83 Å) to be ∼20%.
Interestingly, the MSRD of the shorter bond length shows
an anomalous change around Ts (Fig. 4). Indeed, the MSRD of
the two Ir-Ir bond lengths can be described by the correlated
Einstein model23 with a similar Einstein temperature (θE =
200 ± 15 K) up to the structural phase transition, albeit with
different σ02 (∼0.002 and ∼0.005, respectively). Close to Ts
the MSRD of the shorter Ir-Ir bond length (Ir-Ir1 ) shows an
abrupt decrease down to the values similar to the one for the
longer (Ir-Ir2 ) bond. This abrupt change in the MSRD provides
an indication of some electronic topological change associated
with the transition. It is worth noting that the ARPES studies
reveal a clear change in the Fermi-surface topology across the
transition.13 Nevertheless, the results reveal that there are local
Ir-Ir dimers in IrTe2 , and they have a clear role in the structural
phase transition, further supported by the unusual temperature
dependence of the MSRD of the Ir-Ir1 bond lengths.
Let us discuss the implication of the present findings in
relation to the highly debated question on the origin of the
structural phase transition in IrTe2 . In the beginning, the firstorder structural phase transition was thought to be similar to
that in spinel CuIr2 S4 , in which the structural transition occurs
from cubic to tetragonal due to the orbitally induced Peierls
state below Ts .1,14 Actually, a superstructure was observed at
low temperature and it was argued that the structural phase
transition in IrTe2 is of CDW type.2 However, the absence
of a CDW gap across the phase transition does not support
the conventional density-wave-like Fermi-surface instability
being responsible for the structural phase transition,14 but the
crystal-field effect should have a prominent role in splitting
the Te pxy and Te pz energy levels and reduction of the
kinetic energy of the electronic system.5 Similarly, it was also
suggested that the interlayer and intralayer hybridizations play
important roles in the structural phase transition, rather than the
instability of Ir t2g orbitals. A weak interlayer orbital hybridization causes the phase transition while stronger hybridization
suppresses it.3 Furthermore, the first-order structural phase
transition has been related with polymeric networks of covalent
Te-Te bonds in the adjacent Te layers, going under a reversible
depolymerization below the transition temperature.9 These
arguments are consistent with the studies on pyrite-type IrTe2
as a function of pressure, underlining the importance of Te-Te
bond polymerization in the structural phase transition.24 On
the basis of a detailed study of low-temperature structure and
first-principles calculations, it has been shown that a local
bonding instability associated with the Te 5p states is likely
the origin of the structural phase transition in IrTe2 .8 Yet, more
pressure-effect studies on IrTe2 are found to be analogous to
those of spinel CuIr2 S4 ,10 again keeping the debate wide open
on the roles of Te 5p versus Ir 5d orbitals to drive the structural
phase transition. In this context, our findings provide important
information on the origin of the phase transition. We find that
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both Ir-Te and Ir-Ir bonds are active players in driving the
structural phase transition in IrTe2 . Indeed, the experimental
results suggest that Ir-Ir dimers are present across the structural
phase transition while Ir-Te bond lengths split only below the
transition temperature. Since the charge superstructure appears
below the transition temperature,2 it should be related to the IrIr dimers which are getting ordered. Therefore, it appears that
the structural transition should be of order-disorder-like transition of Ir-Ir dimers driven by the Fermi-surface nesting14 or by
local singlet formation, where the ordering of dimers is assisted
by the interaction between the Ir 5d and Te 5p orbitals. This
situation is somewhat similar to the metal-insulator transition
in VO2 , where V-V dimer formation is assisted by the Jahn–
Teller-like interaction between the V 3d and O 2p orbitals.25
In summary, the local structure investigation of the IrTe2
system provides detailed insight into the nature of the firstorder phase transition occurring in the system at ∼270 K. The
results reveal that the Ir-Te distances are split in two at low tem-
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