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Abstract

In a pressure-temperature (P-T) diagram for synthesizing IrTe, compounds, the
well-studied trigonal (H) phase with the Cdl,-type structure is stable at low pressures.
The superconducting cubic (C) phase can be synthesized under higher temperatures and
pressures. A thombohedral phase with the crystal structure similar to the C phase can be
made at ambient pressure; but the phase contains a high concentration of Ir deficiency.
In this paper, we report that a rarely studied monoclinic (M) phase can be stabilized in
narrow ranges of pressure and temperature in this P-T diagram. The peculiar crystal
structure of the M-IrTe; eliminates the tendency to form Ir-Ir dimers found in the H
phase. The M phase has been fully characterized by structural determination and
measurements of electrical resistivity, thermoelectric power, DC magnetization, and
specific heat. These physical properties have been compared with those in the H and C
phases of Ir; s Te,. Moreover, magnetic and transport properties and specific heat of the
M-IrTe, can be fully justified by calculations with the density-functional theory

presented in this paper.



1. Introduction

The 5d transition metal dichalcogenide IrTe; has attracted significant interest due
to the close interplay between structural instability, charge/orbital density wave
(CDW/ODW), and superconductivity in the presence of a strong spin-orbit coupling
(SOC).""" If synthesized under ambient pressure, the stoichiometric IrTe; crystallizes in
a trigonal (H) phase with the CdI,-type crystal structure at room temperature.® Upon
cooling, the IrTe, undergoes a structural transition at 280 K from the high temperature
H phase (space group P-3m1) to a low temperature triclinic phase (space group P-1).’
This structural transition can be suppressed by either partially substituting Ir with other

transition metal ions (e.g. Pt, Pd) 6.7

or intercalating Cu into the layered IrTe;
structure.'® As the doping content increases, the structural transition is suppressed and
disappears completely where superconductivity emerges. The competition between the
structural transition and superconductivity has also been confirmed by applying
hydrostatic pressure on a doped superconducting IrTe,;* pressure stabilizes the
low-temperature triclinic phase and suppresses superconductivity. A variety of
mechanisms have been proposed to rationalize the trigonal to triclinic phase transition,
such as the formation of a charge-orbital density wave (CDW/ODW),” the bonding
instabilities associated with the Te-5p states,'’ and the formation of Ir-Ir dimers.’

Whatever the correct model, there is no doubt that an electron-lattice interaction is very

strong in the H phase of IrTe,.

Motivated to study the structure-property relationship in IrTe,, we have chosen to
study the monoclinic phase, an alternative phase of IrTe; stabilized under high pressure.
By using a diamond anvil cell, Leger et al.'* have studied the H phase up to 32 GPa at
ambient temperature. While most of peaks in the diffraction pattern can still be indexed
with the H phase, two extra peaks occurring at P > 7.7 GPa were tentatively assigned to
a monoclinic phase. As the sample was heated up with a laser at 20 GPa, an abrupt
phase transition to a cubic phase was observed. A single phase of monoclinic IrTe, was
synthesized in a large volume apparatus and the structure was determined by a sound

refinement of the diffraction pattern by Jobic et al. B An Ir;Teg with rhombohedral
2



symmetry and a high concentration of Ir deficiency in a general formula Ir; Te, can
also be synthesized under ambient pressure.14 All three crystal structures of Ir; s Te; can
be characterized by different stacking sequences of layers of edge-shared or
corner-shared IrTes octahedra. As shown in Fig.1, the H-IrTe, is composed of stacking
layers of edge-shared IrTes octahedra along the ¢ axis; Ir ions are connected across
shared octahedral-site edges to become a regular close-packed triangular lattice
projected along the c¢ axis (Fig. 1a). The cubic Ir;<Te; (space group Pa-3) has a 3D
framework of corner-shared octahedra (Fig.1b). We define the 3D structure consisting
of corner-shared octahedra as the C phase throughout the paper. The M-IrTe, has
segments of the H phase connected by corner-shared octahedral (Fig.1c). It is clear that
the pressure effect on synthesizing M-IrTe, is to increase the population of

corner-shared octahedral with a decrease of Ir deficiency.

The physical properties of both the H and C phases of IrTe, have been
well-studied.'” '""** The C-Ir,.<Te, is a superconductor with T, =1.8 - 4.7 K depending
on the Ir nonstoichiometry x. It has been shown that the C-Ir; 4\ Te, with Ir vacancies can
be synthesized under a broad range of pressure.'* ** An octahedral-site distortion
becomes more severe as pressure increases. Since the Fermi level cuts into to the band
primarily from Te-5p and Ir-5d orbitals in the C-Ir;Te,, transport properties are
significantly influenced by Ir vacancies. For stoichiometric C-IrTe,, a broader
conduction band gives rise to metallic conductivity.** Previous experimental and
theoretical studies on either the C or the H phase of IrTe, have indicated a strong
electron-lattice coupling. In contrast, as far as we know, only the material synthesis and
the structural information of the M-IrTe, have been reported. It is important to complete

the study on all three phases of [rTe; and to make comparisons between them.

In this paper, we report the phase diagram of [rTe, as the material is synthesized
under high temperature and high pressure. The M-IrTe;, is stabilized within narrow
ranges of pressure and temperature. Measurements of electrical resistivity and
thermoelectric power reveal that the M-IrTe; is a non-Fermi-liquid metal. In addition,

specific heat and DC magnetic susceptibility data indicate that the M-IrTe; is
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diamagnetic with no phase transition from room temperature down to 1.8 K. We also
investigated the crystal structure of M-IrTe; by in-situ X-ray powder diffraction under
high pressure. The observed physical properties of the M-IrTe, are consistent with

predictions from density-functional theory (DFT) calculations.

2. Experimental details

The H-IrTe, phase was prepared by firing a stoichiometric mixture of Ir (Alfa,
99.99%) and Te (Alfa, 99.999%) powders at 1000 °C for 2 days sealed in an evacuated
quartz tube. The M-IrTe, phase in the present study was synthesized under high
pressure and high temperature (HPHT) with a Walker-type multi-anvil module
(Rockland Research Co.). The starting material of the H-IrTe, or a mixture of Ir and Te
powders with a ratio of 1:2 were pressed into a small pellet of height 4.2 mm and
diameter of 1.8 mm and loaded in a BN capsule, which prevents any direct contact
between the Pt heater and the sample. The capsule together with two LaCrO3 end disks
were placed inside a Pt heater with a height of 9.8 mm and inner diameter of 2.2 mm,
which was inserted into a MgO octahedron with a LaCrOj; sleeve. The whole assembly
was kept under a high pressure of 3 - 5.5 GPa and high temperature of 650-1400 °C for
several hours before quenching to room temperature.

The phase purity of the high-pressure products was examined by powder X-ray
diffraction (XRD) at room temperature with a Philips X pert diffractometer (Cu Ka
radiation). The crystal structure of M-IrTe, under pressure was studied with a diamond
anvil cell (DAC) mounted on a Bruker P4 diffractometer with Mo radiation. The culet
size of diamond anvil is 0.5 mm. The sample and a small amount of Au powder as the
pressure manometer together with a mixture (4:1) of methanol and ethanol as the
pressure medium were loaded in a 0.25 mm hole drilled in a preindented stainless steel
gasket. The diffraction was collected with an image plate placed at 152 mm behind the
sample and integrated into intensity versus 20 with a software fit2d. The setup provides
an access angle 40 =90°. Lattice parameters and atom positions were obtained by
refining the XRD patterns with softwares of FULLPROF and JADE. Detailed

information of XRD patterns collected with the DAC and the refinement can be found
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in Supplemental Material*® Resistivity and specific-heat data were collected with a
Physical Property Measurement System (PPMS), Quantum Design (QD). DC
magnetization was measured with a superconducting quantum interference device
(SQUID) magnetometer, QD. Thermoelectric power measurements were performed in
a homemade setup. The first principles calculations were performed by using the
general potential linearized augmented plane wave (LAPW) method with local
orbitals”’ as implemented in the WIEN2k code”®. We used the standard LAPW basis
with addition of local orbitals for the semicore states. This is an all electron full
potential method that self-consistently treats both valence and core states. We included
spin-orbit. The generalized gradient approximation (GGA) of Perdew, Burke and
Ernzerhof (PBE)29 was employed. The LAPW sphere radii were 2.4 Bohr for both Ir
and Te. We used well converged basis sets defined by the criterion RK,,,x=9, where R is
the sphere radius and K. is the interstitial plane wave cutoff. The transport
calculations were done within the constant scattering time approximation using the
BoltzTraP code.”® A very dense 24x16x24 grid of k-points in the Brillouin zone was

used for this purpose.

3. Results and discussion
3.1 Products from the HPHT synthesis

We have used the H-IrTe, or a mixture of Ir and Te powder in 1:2 ratio as the
starting material and performed the synthesis under many combinations of pressure and
temperature as indicated in the diagram of Fig. 2. The M-IrTe, was stabilized in a small
area of the diagram; the detailed information of these high pressure products is listed in
Table 1. By sintering at 1000 °C and ambient pressure, the H-IrTe, was obtained as a
black powder with a trigonal symmetry as reported previously.® Within a pressure range
of3.5<P<4.5GPaand at T <800 °C, a nearly pure M-IrTe, phase was obtained. At P
= 4.5 GPa, we found a structural evolution from the H phase (if the H phase is used as
the starting material) to the M phase and then to the C phase as the sintering

5



temperature increased. The H phase remains stable up to 650 °C; it transforms into the
M phase at T > 700 °C. However, high-pressure products always show a two-phase
coexistence of the M and the C phases once the H phase disappears at T > 700 °C. The
volume fraction of the C phase increases as the sintering temperature further increases.
At T=1300 °C, we have obtained a sample with the majority phase of C-IrxTe; and
a tiny amount of Ir. The synthesis at higher pressures and temperatures appears to favor
the C phase. This observation is consistent with a report in the literature.?* On the other
hand, the C-phase samples with a high concentration of Ir deficiency can be
synthesized under ambient pressure."* The Ir deficiency decreases as the synthesis
pressure increases. The C phase obtained in this work shows the lowest Ir deficiencies
as far as we know. This assertion will be further elaborated below where we present the

physical properties.

Fig. 3 shows the result of Rietveld refinement of the XRD pattern of the M-IrTe;
synthesized at 4.5 GPa and 740 °C. The XRD pattern shows the two-phase coexistence.
The majority phase can be indexed with a monoclinic structural model (space group
C2/m, No. 12) and lattice parameters of a = 19.9455(6) A, b = 3.9964(1) A, ¢ =
5.3133(2) A, and B = 90.771(2)°, which agrees well with the M phase reported in the
literature."> The impurity phase can be indexed and refined with the C phase structural
model. The refinement indicates that our M-IrTe, samples always included up to 5%
C-IrTe, phase. The two-phase mixture might result from the HP assembly used in our
work. As described above, the Pt heater is relatively short so that it produces a large
temperature gradient at the sample’s location. Because the M phase can be stabilized in
a narrow range of temperature, it is practically impossible to synthesize a sample bar
with a single M phase in our HPHT assembly. The refined atomic parameters of the
M-IrTe,; shown in Table 2, are also consistent with predictions from the DFT calculation
presented in this work. The normalized cell volume (per formula unit) V = 70.58 A’ of
the M-IrTe; is between that of H-IrTe, (72.22 A’) and that of C-IrTe, (66.25 A?), which
is consistent with the structural change with increasing pressure from the layered phase
with only edge-shared octahedra in the H phase to a mixture of edge-shared and
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corner-shared octahedra in the M phase and then to the 3D structure with corner-shared
octahedra only in the C phase.

Li et al.* have calculated the equation of state for all possible polymorphs of IrTe,.
However, as far as we know, no experimental structural study under pressure has been
performed for the M-IrTe,. The work by Leger ef al.’”’ has shown an evolution of two
peaks as a function of pressure, which is insufficient for them to refine the structure and
to obtain the equation of state. We have carried out an in-situ high pressure structural
study up to 8 GPa by using a DAC at room temperature. Fig. 4 shows lattice parameters
of the M phase under pressure. All parameters except  decrease monotonically with
increasing pressure. Although with relatively large error bars, § appears to increase as
pressure increases. An increase of £ indicates that pressure enlarges the structural
distortion. The crystal structure of the M phase remains stable to the highest pressure in
this study, which is in line with the calculation by Li et aZ.*> The bulk modulus By =
106 £ 4 GPa of the M-IrTe, was obtained by fitting the V versus P plot with the
Birch-Murnaghan equation,”’ which is lower than 132(9) GPa in the H phase and
126(5) GPa in the C phase.'?

3.2 Results of physical property measurements

Fig. 5 shows the temperature dependence of electrical resistivity p(T) and
thermoelectric power S(T) of M-IrTe, from 1.8 to 300 K. p(T) exhibits a linear
temperature dependence from 100 K to 400 K, the highest temperature in this work. A
similar p(T) has been reported in the C-Ir;Tes from 20 to 700 K excluding a narrow
temperature range at Ty.'* The first-order transition in the H phase leads to an obvious
anomaly in p(T) near 280 K. However, a nearly linear p(T) from 30 K to 200 K is still
visible."! Therefore, a linear p(T) is a common feature for the three different phases of
Ir; xTe;. In addition, a sharp drop in the p(T) was observed at ~3K. The onset
temperature of the drop shifts to lower temperatures under external magnetic fields (the
top inset of Fig. 5a) and the resistivity does not reach zero at 1.8 K, which indicates
filamentary superconductivity. Considering that our M-IrTe, samples have a small

fraction of C-IrTe, impurity and the C phase becomes a superconductor below 3K, **
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we could attribute filamentary superconductivity to the C-IrTe, impurity phase in the
sample. The filamentary superconductivity in the sample is completely suppressed
under a magnetic field H= 3 T. The resistivity p versus T is plotted as an inset of Fig. 5;
the M phase does not show a Fermi-liquid behavior to the lowest temperature. In fact, a
shallow minimum of p(T) is nearly visible. One may question whether the overall p(T)
of our M-phase samples could be dominated by the presence of the C phase impurity.
This concern can be eased by the observation that the p of the C phase is about five
times higher than that of the M phase and also the highly resistive C phase occupies less
than 5 % of the sample’s volume. The metallic M phase can also be characterized by the

linear relationship of S verse T in Fig. 5b as predicted from the Mott diffusive formula.

Fig. 6 shows the temperature dependence of magnetic susceptibility y(T)
measured with zero-field cooling (ZFC) and field cooling (FC) from 1.8 to 300 K in an
applied magnetic field of H = 0.5T. The ZFC and FC y(T) curves overlap and show a
temperature-independent diamagnetism for T > 15 K. As a matter of fact, all three
phases of Ir;sTe, show a diamagnetism due to the dominant contribution from the

. . 11, 14
diamagnetism of the core electrons.

The diamagnetism is offset by a smaller
positive value of the Pauli paramagnetism from electrons near the Fermi energy. The
x(300K) for all three phases of Ir;.<Te, are listed in Table 3. Based on the tabulated
value of diamagnetism from core electrons, we were able to calculate the Pauli
paramagnetism for all three phases, which together with y from specific heat allow us to
infer values for an effective paramagnetic Wilson ratio Ry, = /%o for the conduction
electrons of these phases as shown in the Table 3. It should be kept in mind that these

compounds are far from ordered magnetism, which reflects the importance of the Te-p

states in the electronic structure near the Fermi energy.

Fig. 7 shows the specific heat C,(T) data of M-IrTe; in the temperature range
from 0.05 to 300 K in magnetic fields of H =0, 5T and 9T. No obvious field effect was
observed in the plot over a broad temperature range. Fitting with the formula for
specific heat Cp/T = y+fT? gives a field independent y=1.8(1) mJ/(mol K*) and af

= 0.42(4) mJ/(mol K*) and therefore a Debye temperature 8p = 240(8) K from the curve
8



with H=0. By using H-IrTe, as the starting material, we were also able to synthesize
single-phase C-IrTe; at P> 4.5 GPa and 1300 °C. None of the C phases in the literature
is chemically stoichiometric. The C-Ir; 4 Te, synthesized under ambient pressure has the
highest Ir deficiency with x=0.25"* The Ir deficiency x decreases as the synthesis
pressure increases. The C phase with Ir deficiency is a superconductor; T, increases
monotonically with decreasing x. A plot of T, versus 1-x from samples in the literature
is shown in Fig. 8(a).”* Although there is a symmetry change from the rhombohedral
phase of Irp7sTe, synthesized under ambient pressure to the cubic phase of Ir;4Tes
( 0.05 < x< 0.15) synthesized under high pressure, data of T, versus 1-x can be fit
linearly. The C-Ir;Te, synthesized in this work shows the highest T, as far as we know.
By extrapolating the fitting line, we can estimate an x=0.03-0.055 for our C-Ir;«Te;
sample. Moreover, we have refined the XRD pattern to determine the concentration of
Ir in the C- phase. The result indicates the highest Ir deficiency x in the C-Ir; < Te; is 0.06
+ 0.01. The concentration of Ir vacancies from the structural study is consistent with
that obtained above. The behavior of resistivity drop under different magnetic fields
and a clear anomaly in the C, at low temperatures confirm bulk superconductivity in the
C-phase sample. As shown in Fig. 8(b), the electronic contribution yto the C, was

extracted by suppressing superconductivity under a magnetic field H= 8 T.

Table 3 illustrates local structures and physical properties of Ir;4Te, in three
different phases. The Wilson ratio R,~=1 holds for free electrons. A larger R,, for all
three Ir;Te, indicates a correlation-enhanced magnetism. A slightly higher Ry, =3.03
for the M phase than those for the H and C phases is still within the measurement
uncertainty since a relatively larger error bar is expected in determining a much smaller
yfor the M phase. The data in Table 3 make easier a discussion that correlates electronic
properties with the structural evolution. The trigonal arrangement of Ir inside a layer for
the H phase makes highly degenerate electronic state that is unstable against Ir-Ir
dimerization below T; the transition opens up a gap in d, and dy, bands associated
with orbitals on Ir, but leaves the d,, unchanged.”” In the M phase, however, only the
structural segment of two edge-shared octahedra rows remains. The Ir-Ir distances in an
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Ir triangle in edge-shared octahedra rows are no longer identical, which eliminates the
band degeneracy and therefore the structural instability for Ir-Ir dimerization. The 3D
structure of the C phase creates a higher band degeneracy as seen from a relatively
higher % However, it appears to cost a much higher elastic energy with a major

structural reconstruction to form dimmers in this 3D structure.
3.3 Calculation of the band structure

We calculated the electronic structure of the M-IrTe, within density-functional
theory (DFT) as shown in Fig. 9. The optimized crystal structure is close to the
experimental result; the atomic positions and local bond lengths and bond angles are
listed in Table 2 and 3 for a side-by-side comparison. The density of states (DOS)
shows that the N(Ef) is 0.54 eV per IrTe, formula unit, in which the Ir-4d electron
contribution is only about 0.18 eV~ (Fig. 9a). The Te-p states dominate the electronic
structure near the Fermi energy Er. The very low N(Ep) indicates that the M-IrTe; is far
from a ferromagnetic instability. The electronic contribution to the specific heat was
calculated as % = 1.26 mJ/(mol K*). An enhancement factor A= 0.4 can be derived from
the equation 7 = (1+A)y based on the experimental result ¥ = 1.8 mJ/(mol K?).
Moreover, as a result of the structural distortion in M-IrTe,, some modest nesting
features associated with flat parts of Fermi surface predict that the M-IrTe; is an
anisotropic metal (Fig. 9b). The conductivity anisotropy was calculated by using the
expression for o/t, where o is the conductivity and 7 is a scattering time, which is
assumed isotropic. The calculation gives a highly anisotropic conductivity in the M
phase, which remains to be verified by measuring a single crystal sample of the M
phase. The calculated thermoelectric power is also anisotropic with a large negative
value in the lower conduction direction (-20.4uV/K at 300 K) along the ¢ axis but a
small value in higher conduction direction (0.9uV/K at 300 K) within the ab plane. The
total thermoelectric power S = -3.3 uV/K for the polycrystalline sample is obtained
with the formula S = (64S+0,S,+0.S,)/(6,+0,+0,), which matches the experimental

result remarkably well.
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4. Conclusion

The monoclinic phase of IrTe,, an alternative crystal structure to the well-known
trigonal and cubic phases, can be stabilized in narrow ranges of pressure and
temperature in the P-T diagram. Like the H phase, the M-IrTe; is a diamagnetic metal to
the lowest temperature. The monoclinic structure contains blocks of edge-shared IrTes
octahedra similar to the H phase. However, the intrinsic structural distortion of the M
phase lifts the degeneracy found in the H phase. As a result, the metallic M phase
remains stable to the lowest temperature. The superconducting C- Ir;4Te has been
obtained by syntheses in broader ranges of temperature and pressure. T, increases as the
Ir deficiency decreases. We have obtained a C-Irgg;Te; sample with T, = 5.4 K
synthesized under 4.5 GPa and 1300 °C. A smaller =9 mJ/(mol Kz) for the C-Irg97Tes
than that y= 11 mJ/(mol KZ) for Ir;Tes made under ambient pressure indicates that the Ir
vacancies instead of the density of state entering the BCS expression of T plays a
dominant role to determine the transition temperature in this possible BCS
superconductor. The band structure and physical properties of the M phase have been
calculated with the density functional theory. The calculation gives highly anisotropic
transport properties. While it is difficult to confirm them with a polycrystalline sample,
the overall conductivity and thermoelectric power for polycrystalline samples match
well the experimental results.
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(a) H-IrTe, (b) C-IrTe,

(c) M-IrTe,

Fig. 1 (Color online) Structures of different IrTe, phases. (a) the H phase of IrTe,.
(b) the C phase of IrTe;. (c) the M phase of IrTe;.
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M-IrTe,. (e) the plot of V versus P and the fitting curve with the Birch-Murnaghan
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Fig. 5 (a) (Color online) Temperature dependence of the resistivity p(T) for the
M-IrTe;; insets (upper) a zoom-in plot of p(T) under different fields; (lower) a plot of p

versus T?under H= 3T (b) Temperature dependence of the thermoelectric power S (T)

for the M-IrTe,.
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Fig. 6 (Color online) Temperature dependence of magnetic susceptibility y (T) of
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Fig. 9 (Color online) DFT calculations of electronic structure for the M-IrTe,. (a)

Density of states (DOS). (b) Fermi surfaces with nesting features.
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Table 1. A summary of the IrTe, products synthesized under HPHT conditions.

Sample Starting material  Pressure (GPa) Time (hour) Phases
Temperature (°C)

1 H-IrTe, 4.5 770 4.5 M-IrTe, (94%) + C-IrTe, (6%)
2 H-IrTe, 4.5 740 4.5 M-IrTe, (97%) + C-IrTe, (3%)
3 H-IrTe, 4.5 680 4.5 M-IrTe, (63%)+ H-IrTe, (29%)+ C-IrTe, (2%)
4 Ir+Te 4.5 1000 4.5 M-IrTe, (10%) + C-IrTe, (90%)
5 H-IrTe, 4.5 1300 45 C-IrTe,
6 H-IrTe, 5.5 750 45 H-IrTe, (10%)+ C-IrTe, (90%)
7 H-IrTe, 5.5 1300 4.5 C-IrTe,
8 H-IrTe, 3.5 750 4.5 M-IrTe, (93%) + C-IrTe, (7%)
9 H-IrTe, +Ir (2%) 4.5 750 0.5 M-IrTe, (94%) + C-IrTe, (4%) +Ir (2%)
10 Ir+Te Ambient 1000 48 H-IrTe,

Pressure

Table 2. Atomic coordinates and isotropic thermal factors for the M-IrTe, from

X-ray powder diffraction data® and calculations.

Atom Site x (exp.) X (cal.) y (exp.) y(cal) z(exp.) z(cal) B (Az)
Irl 4i 0.3397(2) 0.3401 0 0 0.5024(8) 0.5 0.6(1)
Ir2 2a 0 0 0 0 0 0 0.3(1)
Tel 4 0.4560(3) 0.4556 0 0 0.2760(9) 0.2792  0.5(1)
Te2 4i 0.2193(3) 0.2205 0 0 0.7395(9) 0.7477  0.6(1)
Te3 4i 0.1199(2)  0.1217 0 0 0.2202(8) 0.2106  0.6(1)

* Discrepancy factors: Rp = 6.64%, Rwp = 8.53%, Rexp = 3.53%, x2 =5.82, Rprgg-factor =4.67,

Rf—factor =2.73.

Space group C2/m (No. 12), a = 19.9455(6) A, b = 3.9964(1) A, ¢ = 53133(2) A, B =

90.771(2)°, V=423.48(2) A’, Z=6.
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Table 3.Local structures and physical properties of Ir; Te; in three different phases.

Phase H-IrTe, M-IrTe, C-IrTe,
Space group P-3m 1 (No. 164) C2/m (No. 12) P a -3 (No. 205)
a=3.9280A,
a=19.94554, b=3.9964A, ¢c=5.3133A, p = 90.771°, Z=6, | a=6.4320A, 7=4,
Lattice parameters ¢=5.4050A, Z=1,
V/Z=70.58A° V/Z=66.52A° 2
V/Z=72.22A 2
EXP DFT
“Tel | 2.6273 -Tel 2.5993
Te2 | 2.6436x2 -Te2 2.6727x2
Irl Irl
“Te2 | 2.7268 -Te2 2.7399
Ir-Te “Te3 | 2.6043x2 -Te3 2.6280x2 | 2.6578
2.6399
A) <Irl-Te> 2.6417 <Irl-Te> 2.6567
“Tel | 2.6359x4 -Tel 2.6482x4
12 12
“Te3 | 2.6481x2 -Te3 2.6592x2
<Ir2-Te> 2.6400 <Ir2-Te> 2.6519
3.9280 (T > Ty);
3.9964 3.9964
Intralayer | Ir-Ir (A) | 3.119 (T<Ty) Irl-Ir] Irl-Irl 4.5481
4.0981x2 4.1123x2
3.905-4.030 (T < T,)’
Irl Irl
3.7010 3.7426
<Te-Te> octahedron octahedron
3.5280 3.7541
(A) Ir2 Ir2
3.7289 3.7456
octahedron octahedron
Tel-Irl-Te2 | 179.732 Tel-Irl-Te2 | 178.123
Te-Ir-Te Te2-Irl-Te3 | 170.894 Te2-Irl-Te3 | 169.188
180 180
©) Tel-Ir2-Tel | 180 Tel-Ir2-Tel | 180
Te3-Ir2-Te3 | 180 Te3-Ir2-Te3 | 180
Ir-Ir (A) | 5.4050 Ir2-Ir2 53133 Ir2-Ir2 53133 6.4320
Interlayer | Te-Te
3.5280 Tel-Tel 2.9384 Tel-Tel 2.9207 2.8921
A)
By (GPa) 132(9)" 106(4) 126(5)"
n#£2 (Irg.97Tey)
p=po +AT" n#2
n#2 (IrsTeg)™
0.51 (Irg97Te2)
P30k (MQ cm) ~0.3" 0.12
~0.5 (IrsTeg)™
o (emu mol ") -0.5x10 4" -1.0x10™* ~3.5%10"* (Ir;Teg) "
% (emu mol ") -1.75x107* -1.75x10°* -6.65x10 " (Ir; Tes)
p (emu mol ') 1.25%10°* 0.75%x107* 3.15%107 (IrsTeg)
" 9 (Irg.97Te)
y(mJ mol ' K 4 1.8
11 (Ir;Teg)"
Ry 227 3.03 2.08 (Ir;Teg)
262 (Ir0_93Te2)24
Op (K) 151" 240

249 (IrsTeg)"
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