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Here we report the effect of structural and superconductivity properties on Ru-doped CuIr2Te4 telluride
chalcogenide. X-ray diffraction results suggest that CuIr2−xRuxTe4 maintains the disordered trigonal structure
with space group P3̄m1 (no. 164) for x � 0.3. The lattice constants, a and c, both decrease with increasing
Ru content. Temperature-dependent resistivity, magnetic susceptibility, and specific heat measurements are
performed to characterize the superconducting properties systematically. Our results suggest that the optimal
doping level for superconductivity in CuIr2−xRuxTe4 is x = 0.05, where Tc is 2.79 K with the Sommerfeld
constant γ of 11.52 mJ mol−1 K−2, and the specific heat anomaly at the superconducting transition, �C/γ Tc, is
approximately 1.51, which is slightly higher than the Bardeen-Cooper-Schrieffer value of 1.43 and demonstrates
bulk superconductivity in our CuIr1.95Ru0.05Te4 compound. The values of the lower {Hc1(0)} and upper {Hc2(0)}
critical field calculated from isothermal magnetization {M(H)} and magnetotransport {ρ(T, H )} measurements
are 0.98 and 2.47 kOe, respectively, signifying that the compound is clearly a type-II superconductor. Finally, a
“domelike” shape superconducting transition temperature (Tc ) vs x content phase diagram has been established.
A low substitution (x = 0.03) of Ru for Ir leads to the disappearance of the charge density wave transition, while
Tc rises and reaches a maximum value of 2.79 K at x = 0.05, followed by a decrease of Tc as x increases. This
feature of the competition between the charge density wave we have established and the superconductivity could
be caused by tuning the Fermi surface and density of states with Ru chemical doping.

DOI: 10.1103/PhysRevB.100.174504

I. INTRODUCTION

The group of AB2X4 materials, with metallic A and B
elements and X a chalcogen (O, S, Se, Te), has attracted much
attention since it offers a versatile range of relevant physical
properties. Generally speaking, the oxyspinels (AB2O4) are
semiconductors with antiferromagnetic interactions, whereas
the sulfospinels exhibit a much richer physical property,
such as metallic conduction, ferromagnetic, superconductiv-
ity, and semiconductivity as well as antiferromagnetic inter-
actions and so on [1–8]. Especially, the copper chalcogenide
(CuB2X4) spinels have attracted remarkable attention due to
their peculiar superconductivity and magnetism.

Copper chalcogenide, CuIr2S4, for example, exhibits
a temperature-induced metal-insulator (M-I) transition at
226 K, which is highly possibly attributed to the dimerization
between Ir ions and the Jahn-Teller effect [9–13]. However,
the isostructural CuIr2Se4 spinel remains metallic at ambi-
ent pressure, while above 4 GPa it exhibits semiconductive
behavior in the temperature range of 7–300 K [9,14]. On
the other hand, CuRh2S4 and CuRh2Se4 spinel are well
known as superconductors with Tc = 4.35 K and Tc = 3.50 K,
respectively [15–19]. Strikingly, copper chalcogenide spinel
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CuV2S4 superconducts at 4.45–3.20 K and shows three charge
density wave (CDW) states (TCDW1 = 55 K, TCDW2 = 75 K,
TCDW3 = 90 K) [20,21].

It is well known that chemical doping can efficiently tune
the crystal and electronic structures of copper chalcogenide
spinels, leading to the formation of novel physical proper-
ties. For example, the M-I transition was decreased with the
increase of Se substitution for S at the X site of CuIr2S4

or Rh substitution for Ir at the B site of CuIr2S4 [22,23].
Besides, on Zn substitution for Cu in the Cu1−xZnxIr2S4 solid
solution, the M-I transition can be suppressed and supercon-
ductivity appears, with a maximum Tc of 3.4 K near x = 0.3
[24]. Moreover, the superconductivity can be observed for
Cu(Ir1−xPtx )2Se4 (0.1 � x � 0.35) with a maximum Tc =
1.76 K near x = 0.2 with Pt substitution for Ir in the CuIr2Se4

solid solution [25].
Unlike CuB2X4 sulfo or seleno compounds with cubic

spinel structure, CuB2X4 copper chalcogenide telluro com-
pounds tend to possess lower-dimensional structure. Recently,
some reports suggested that low dimensionality leads to spe-
cial electronic structures and allows relatively strong fluctua-
tions, which may enhance superconductivity, even though the
charge density wave (CDW) sometime competes, especially in
the quasi-one-dimensional case [26]. Intrigued by this issue,
we recently have systematically studied the properties of
CuIr2Te4, which adopts a disordered trigonal structure with
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space group P3̄m1 [27], and found the coexistence of the
superconducting (Tc = 2.5 K) and CDW (TCDW = 250 K) in
the copper telluride chalcogenide CuIr2Te4 [28]. According to
our previous calculation study, we find both orbital projected
band structure and density of state; the bands near the Fermi
energy EF mainly come from Te p and Ir d orbitals, similar
to that of CuIr2S4 in spinel structure [28]. Therefore, it is
reasonable to tune superconductivity properties by tuning the
Fermi energy EF of CuIr2Te4 telluride chalcogenide with
chemical doping. In this article we report the synthesis and
physical properties of the B-site substitution solid solution
CuIr2−xRuxTe4 (0.0 � x � 0.3). The structural properties of
the telluro compounds CuIr2−xRuxTe4 (0.0 � x � 0.3) were
characterized via x-ray diffraction (XRD). We characterize
the effect of Ru substitution on the superconducting transition
through temperature-dependent resistivity, magnetic suscep-
tibility, and specific heat measurements. All measurements
consistently confirm that the optimal doping level for su-
perconductivity in CuIr2−xRuxTe4 is x = 0.05. The specific
heat anomaly at the superconducting transition, �C/γ Tc,
is approximately 1.51, which is slightly higher than the
Bardeen-Cooper-Schrieffer BCS value of 1.43 and demon-
strates bulk superconductivity in our CuIr1.95Ru0.05Te4 com-

pound. A “domelike” shape electronic phase diagram between
charge density wave (CDW) and superconducting transition
temperature Tc vs Ru doping content x has been established
experimentally for this system. The CDW was immediately
suppressed even with a small amount of Ru doping at x =
0.03, while the superconducting transition temperature (Tc)
increases and reaches a maximum value of 2.79 K at x = 0.05,
followed by a decrease of Tc as x increases. With discovery of
this doping superconductor of CuIr2Te4, we found the effec-
tive method to improve the Tc and it also provides guidance
for us to study other doping systems. This feature of the
competition between CDW and the superconductivity could
be induced by tuning the Fermi surface and density of states
with Ru chemical doping.

II. EXPERIMENTAL SECTION

Polycrystalline samples of CuIr2−xRuxTe4(0.0�x � 0.30)
were synthesized in two steps by a solid-state reaction
method. First, the mixture of high-purity powders of Cu
(99.9%), Ir (99.9%), Ru (99.999%), and Te (99.999%) in
the appropriate stoichiometric ratios was heated in sealed
evacuated silica glass tubes at a rate of 1 °C/min to 850 °C and
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FIG. 1. Structural and chemical characterizations of CuIr2−xRuxTe4. (a) The powder XRD pattern with Rietveld refinement for
CuIr1.95Ru0.05Te4. (b) The evolution of lattice parameters a and c of CuIr2−xRuxTe4 (0.0 � x � 0.30). (c) Powder XRD patterns (Cu Kα)
for the CuIr2−xRuxTe4 samples studied (0.0 � x � 0.30). Inset shows the enlargement of peak (001).
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TABLE I. Rietveld refinement structural parameters of
CuIr1.95Ru0.05Te4. Space group P3̄m1 (no. 164), a = b =
3.9360(1) Å and c = 5.3917(2) Å, Rp = 6.29%, and Rwp = 9.90%,
Rexp = 3.71%.

Label x y z Site Occupancy

Ir 0.00000 0.00000 0.00000 1a 0.945(2)
Ru 0.00000 0.00000 0.00000 1a 0.045(2)
Te 0.33330 0.66670 0.2494(3) 2d 1.000
Cu 0.00000 0.00000 0.50000 1b 0.500

held there for 96 h. Subsequently, the as-prepared powders
were reground, repelletized, and sintered again, by heating at
a rate of 3 °C/min to 850 °C and holding there for 72 h. The
identity and phase purity of the samples were determined by
powder x-ray diffraction (PXRD) using a Bruker D8 Advance
ECO with Cu Kα radiation and a LYNXEYE-XE detector. To
determine the unit cell parameters, profile fits were performed
on the powder diffraction data in the FULLPROF diffrac-
tion suite using Thompson-Cox-Hastings pseudo-Voigt peak
shapes [29]. Measurements of the temperature-dependent
electrical resistivity (four-point method), specific heat, and
magnetic susceptibility of the materials were performed in a
DynaCool Quantum Design Physical Property Measurement
System (PPMS). There was no indication of air sensitivity of
the materials during the study. Tc determined from suscep-

tibility data were estimated conservatively: Tc was taken as
the intersection of the extrapolations of the steepest slope of
the susceptibility in the superconducting transition region and
the normal state susceptibility; for resistivities, the midpoint
of the resistivity ρ(T ) transitions was taken, and, for the
specific heat data, the critical temperatures obtained from the
equal area construction method were employed.

III. RESULTS AND DISCUSSION

Figure 1 shows the powder x-ray diffraction patterns
at room temperature and fitting unit cell parameters for
CuIr2−xRuxTe4 (0.0 � x � 0.30). X-ray diffraction (XRD)
results indicate that the solubility limit for Ru substitution
in CuIr2Te4 is x = 0.30. With higher Ru contents, the cu-
bic RuTe2 phase is obviously found as an impurity. Fig-
ure 1(a) and Table I show the detailed refinement results
of the representative CuIr1.95Ru0.05Te4 sample. Most of the
reflections can be indexed in the P3̄m1 space group and
the tiny impurity is attributed to the unreacted Ir. We also
confirmed that the molar percentages of impurity (Ir) for
CuIr2−xRuxTe4 (0.03 � x � 0.30) via the Rietveld refine-
ment of powder x-ray diffraction patterns were 1.46, 1.82,
2.5, 2.6, 2.6, and 2.8 %, respectively. Due to the obtained
Ir impurity present being < 3 mol %, we ensure that the
real x value in CuIr2−xRuxTe4 (0.03 � x � 0.30) is very
close to the assumed one. The lattice parameters are ob-
tained to be a = 3.9360 (3) Å and c = 5.3917 (5) Å for the

(a)

(c) (d)

(b)
CuIr2-xRuxTe4

CuIr2-xRuxTe4 CuIr1.97Ru0.03Te4

CuIr2-xRuxTe4

FIG. 2. Transport characterization of the normal states and superconducting transitions for CuIr2−xRuxTe4. (a) The temperature dependence
of the resistivity ratio (ρ/ρ300 K ) for polycrystalline CuIr2−xRuxTe4 (0.0 � x � 0.30). (b) The temperature dependence of the resistivity ratio
(ρ/ρ300 K ) for polycrystalline CuIr2−xRuxTe4 at low temperature. (c) Magnetic susceptibilities for CuIr2−xRuxTe4 (0.0 � x � 0.30) at the
superconducting transitions; applied dc fields are 20 Oe. (d) Magnetic susceptibility of CuIr1.97Ru0.03Te4 as a function of temperature at
applied field of 1 T.
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CuIr1.95Ru0.05Te4 sample (Table I). The inset pattern shows
that the CuIr1.95Ru0.05Te4 sample adopts a disordered trigonal
structure, which embodies two-dimensional (2D) IrTe2 layers
and is intercalated by Cu between the layers, with Ir partially
replaced by Ru. We further determined the unit cell pa-
rameters of the CuIr2−xRuxTe4 (0.03 � x � 0.30) by fitting
the powder x-ray diffraction patterns, which are shown in
Fig. 1(b). With the increasing Ru doping contents, the lattice
parameters a and c decrease linearly by following the Vegard’s
law. For example, the lattice parameter a decreased from
3.9397(5) Å (x = 0) to 3.9238 (2) Å (x = 0.30); meanwhile,
the lattice parameter c decreased from 5.3965 (3) Å (x = 0)
to 5.3776 (6) Å (x = 0.30). The enlargement of the (001)
peak in Fig. 1(c) shows obvious right shift with the increasing
contents of Ru substitution for Ir. This phenomenon was
also according with the decline of fitting lattice parameter
c in Fig. 1(b) by the means of the crystal plane spacing
formula.

We next perform the temperature dependence of the elec-
trical resistivity ρ(T) and magnetic susceptibility M(T) mea-
surements for CuIr2−xRuxTe4 (0.0 � x � 0.30). Figure 2(a)
shows the temperature dependence of the normalized elec-
trical resistivities (ρ/ρ300K ) for the polycrystalline samples
of CuIr2−xRuxTe4 (0.0 � x � 0.30). At low temperatures
[see Fig. 2(b)], a clear, sharp drop of ρ(T) is observed in
the CuIr2−xRuxTe4 samples (0.0 � x � 0.20) except for the
highest doping content sample CuIr1.7Ru0.3Te4, signifying the
onset of superconductivity at low temperatures. The transition
temperature (Tc) slightly increases and reaches a maximum
value of 2.79 K at x = 0.05, followed by a decrease of Tc

as x increases. This trend is also clearly seen in the sus-
ceptibility data [Fig. 2(c)]—the onset of the negative mag-
netic susceptibility signaling the systematical superconduct-
ing state for CuIr2−xRuxTe4. The superconducting volume
fraction can be estimated approximately to be 96%, which re-
veals the high purity of the CuIr2−xRuxTe4 (0.0 � x � 0.20)
samples. In addition, it is obviously seen that there are no
CDW humps for the Ru-doped compounds CuIr2−xRuxTe4

(0.03 � x � 0.30) in the temperature-dependent resistivity
results, indicating that the CDW state can be suppressed
even by small-amount substitution of Ru for Ir in the host
compound CuIr2Te4, as shown in Fig. 2(a). To further prove
it, we adopt the measurement of the magnetic susceptibility at
applied field of 1 T for the smallest doping content compound
CuIr1.97Ru0.03Te4. As shown in Fig. 2(d), unlike the pristine
sample CuIr2Te4, the susceptibility exhibits no change around
250 K, which consistently indicates the CDW transition has
been suppressed completely with small-amount Ru doping
at x = 0.03. This significant feature of the interplay between
CDW and the superconductivity could be attributed to modi-
fying the Fermi surface and density of states with Ru chemical
doping.

Temperature-dependent measurements of the magnetiza-
tion under incremental magnetic field M(H) were applied to
determine the low critical field μ0Hc1(0). Figure 3 show the
temperature dependence of the lower critical field (μ0Hc1)
for the selected CuIr2−xRuxTe4 (x = 0.05, 0.10, 0.15) com-
pounds. The bottom left corner insets display the mag-
netic susceptibilities at low applied magnetic fields at var-
ious temperatures for CuIr2−xRuxTe4 (x = 0.05, 0.10, 0.15)

CuIr1.95Ru0.05Te4

CuIr1.85Ru0.15Te4

CuIr1.9Ru0.1Te4

(a)

(b)

(c)

FIG. 3. Temperature dependence of the lower critical fields
(μ0Hc1) for CuIr2−xRuxTe4 (x = 0.05, 0.10, 0.15). Bottom left cor-
ner inset shows magnetic susceptibility at low applied magnetics
fields at various temperatures for CuIr2−xRuxTe4 (x = 0.05, 0.10,
0.15). Top right inset shows M-Mfit vs H.

samples. The top right insets show M − Mfit vs H plots. For
example, Fig. 3(a) shows how the μ0Hc1(0) for the optimal
CuIr1.95Ru0.05Te4 compound was determined. First, applied
field magnetization measurements M(H) were performed at
1.8, 2.0, 2.2, and 2.4 K to calculate the demagnetization factor
(N). With the hypothesis that the beginning linear response to
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TABLE II. Comparison of superconducting parameters in AB2X4 superconductors.

Material CuIr1.95Ru0.05Te4 CuIr1.9Ru0.1Te4 CuIr1.85Ru0.15Te4 CuIr1.8Ru0.2Te4 CuIr2Te4 CuRh2S4 CuRh2Se4 Cu0.7Zn0.3Ir2S4 CuIr1.6Pt0.4Se4

Tc(K) 2.79 2.75 2.70 2.39 2.50 4.7 3.5 3.4 1.76
γ (mJ mol−1 K−2) 12.26 12.05 26.9 21.4 16.5
ß(mJ mol−1 K−4) 1.87 1.97 1.41
�D(K) 193.6(2) 190.3 (1) 258 218 212
�C/γ Tc 1.51 1.50 1.89 1.68 1.58
λep 0.65 0.63 0.66 0.63 0.57
N (EF )(states/eVf.u.) 3.15 3.10 4.45
−dHc2/dT (T/K) 0.125 0.112 0.100 0.095 0.066 0.614 0.181 2.62
μ0Hc2(0)(T ) 0.247 0.216 0.189 0.158 0.12 2.0 0.44 3.2
μ0HP(T )(T ) 5.24 5.12 5.02 4.45 4.65 8.74 6.51 6.32 3.27
μ0Hc1(0)(T ) 0.098 0.095 0.091 0.028
ξGL(0)(nm) 36.3 39.1 41.7 45.5 52.8 0.96

the magnetic field is perfectly diamagnetic (dM/dH = − 1
4π )

for this bulk superconductor, we obtained the values of de-
magnetization factor N, of 0.55 – 0.75 (from N = 1

4πχV + 1),
where χV = dM/dH is the value of the linearly fitted slope
for the bottom left corner inset of Fig. 3(a). The experimental
data can be fitted with the formula Mfit = a + bH at low mag-
netic fields, where a is an intercept and b is a slope from fitting
the low magnetic field magnetization measurements data. The
top right corner inset of Fig. 3(a) shows the M(H )-Mfit data
vs the magnetic field (H). μ0H∗

c1 was determined at the field
when M deviates by ∼1% above the fitted data (Mfit ), as is the
common practice [30]. We can calculate the lower critical field
μ0Hc1(T ) in the consideration of the demagnetization factor
(N), via using the relation μ0Hc1(T ) = μ0H∗

c1(T )/(1 − N )
[31–33]. The main panel of Fig. 3(a) reveals μ0Hc1(T ) as
the function of temperature for CuIr1.95Ru0.05Te4. We esti-
mated μ0Hc1(0) by fitting the μ0Hc1(T ) data via the formula
μ0Hc1(T ) = μ0Hc1(0)[1 − (T/Tc)2], which is shown by the
black solid lines. The obtained zero-temperature lower critical
field μ0Hc1(0)’s for CuIr1.95Ru0.05Te4, CuIr1.9Ru0.1Te4, and
CuIr1.85Ru0.15Te4 are 0.098, 0.095, and 0.091 T, respectively
(Table II), which are higher than that of the pristine compound
CuIr2Te4.

With the purpose of estimating the critical field μ0Hc2(0),
we examined the temperature-dependent electrical resistivity
at various applied fields ρ(T, H ) for CuIr1−xRuxTe4 (x =
0.05, 0.10, 0.15, and 0.2) samples. Figure 4 exhibits the ρ(T,
H) measurement data for CuIr1−xRuxTe4 (x = 0.05, 0.10,
0.15, and 0.2). Inset of Fig. 4 shows upper critical field
values μ0Hc2 plotted vs temperature (T) with Tc obtained
from resistivity at different applied fields. The μ0Hc2 vs T
curve near Tc of CuIr1−xRuxTe4 (x = 0.05, 0.10, 0.15 and
0.2) samples show the good linear fitting, which is rep-
resented by the solid line. The values of the fitting data
slopes (dHc2/dT ) of CuIr1−xRuxTe4 (x = 0.05, 0.10, 0.15
and 0.2) samples are shown in Table II. We can estimate
the zero-temperature upper critical fields [μ0Hc2(0)] of 0.247,
0.216, 0.189, and 0.158 T for CuIr1−xRuxTe4 (x = 0.05,
0.10, 0.15, and 0.2) from the data, respectively, using the
Werthamer-Helfand-Hohenberg (WHH) expression formula
μ0Hc2(T ) = −0.693Tc(dHc2/dTc) for the dirty limit super-
conductivity [33–37]. The obtained μ0Hc2(0) values for
CuIr1−xRuxTe4 (x = 0.05, 0.10, 0.15, and 0.2) are all higher

than that of the pristine compound CuIr2Te4. Especially, the
CuIr1.95Ru0.05Te4 with the highest Tc is two times higher
as compared to the pristine CuIr2Te4, as summarized in
Table II. In addition, the Pauli limiting field [μ0HP(T )] of
CuIr1−xRuxTe4 (x = 0.05, 0.10, 0.15, and 0.2) can be cal-
culated from μ0HP(T ) = 1.86Tc. The calculated values of
μ0HP(T ) were also larger than that of the host compound
CuIr2Te4. Then, with this formula μ0Hc2(T ) = 0

2πξ 2
GL

, where
φ0 is the flux quantum, the Ginzburg-Laudau coherence length
[ξGL(0)] was calculated ∼36.3 nm for CuIr1.95Ru0.05Te4

(Table II).
Temperature-dependent specific heat measurements were

performed with the exception of magnetic susceptibility and
resistivity measurements to confirm that superconductivity
is an intrinsic property of CuIr1.95Ru0.05Te4. The inset of
Fig. 5 shows Cp/T vs T 2, where the data were fitted above
the critical temperature to Cp = γ T + βT 3, where βT 3 is
the phonon contribution (Cph.) and γ T is the electronic
contribution (Cel.) to the specific heat. By fitting the data,
we obtain the value of β and γ as 1.87 mJ mol−1 K−4

and 12.26 mJ mol−1 K−2, respectively. Figure 5 (main panel)
shows the electronic specific heat divided by temperature
(Cel./T ) vs T for CuIr1.95Ru0.05Te4 from 2.0 to 3.8 K under
zero magnetic field, in which a large peak can be seen in
the specific heat. Cel . is obtained by subtracting the phonon
contribution to the specific heat: Cel. = Cp − βT 3. The Tc

is estimated to be 2.72 K for these data using an equal-
area entropy construction (red solid lines), which is close
to the critical temperature from the resistivity and magnetic
susceptibility measurements. The normalized specific heat
jump value �C/γ Tc obtained from the data (inset of Fig. 5)
was 1.51 for CuIr1.95Ru0.05Te4, which is higher than the
Bardeen-Cooper-Schrieffer (BCS) weak-coupling limit value
(1.43), confirming bulk superconductivity. Then we obtain
the Debye temperature by the formula �D = (12π4nR/5β )1/3

using the fitted value of β, where n is the number of atoms
per formula unit and R is the gas constant. Thus, we can
estimate the electron-phonon coupling constant (λep) by using
the Debye temperature (�D) and critical temperature Tc from

the inverted McMillan formula: λep= 1.04+μ∗ln( �D
1.45Tc

)

(1−1.62μ∗ )ln( �D
1.45Tc

)−1.04

[33]. This resultant λep is calculated to be 0.65. The electron
density of states at the Fermi level [N (EF)] can be calculated
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CuIr1.95Ru0.05Te4

CuIr1.85Ru0.15Te4

CuIr1.9Ru0.1Te4

CuIr1.8Ru0.2Te4

(a)

(c) (d)

(b)

FIG. 4. Low temperature resistivity at various applied fields for CuIr1.95Ru0.05Te4 (a), CuIr1.9Ru0.1Te4 (b), CuIr1.85Ru0.15Te4 (c), and
CuIr1.8Ru0.2Te4 (d). Inset shows μ0H (T ) at different Tc, red solid line shows linear fitting to the data to estimate μ0Hc2.

FIG. 5. Heat capacity characterization of CuIr1.95Ru0.05Te4.
Electronic heat capacity divided by temperature (Cel./T ) vs T mea-
sured from 2.0 to 3.8 K under zero applied magnetic field. Inset:
Cp/T vs T 2 shown for the low-temperature region and fitted to a line.

from N (EF) = 3
π2k2

B (1+λep)
γ with the γ and λep. We got

the values N (EF) = 3.15 states/eV f.u. for CuIr1.95Ru0.05Te4

and N (EF) = 3.10 states/eV f.u. for CuIr2Te4 (Table II). This
result indicates that the higher density of electronic states at
the Fermi energy matched the higher transition temperature
due to the Ru doping into CuIr2Te4.

To further understand the effect of doping on supercon-
ducting transition temperature, we have established the elec-
tronic phase diagram plotted Tc vs x doping content for
CuIr2−xRuxTe4 (0.0 � x � 0.30), as shown in Fig. 6. All the
Tc were obtained from the temperature dependence of the
normalized (ρ/ρ300 K ) resistivities and magnetic susceptibility
data. From the phase diagram we can easily find that the Tc vs
x contents present a “domelike” shape. Using Ru chemical
doping as finely controlled tuning parameters, the CDW state
has been immediately suppressed; meanwhile superconduct-
ing transition temperature (Tc) rises to the first peak (x = 0.05)
and then decreases until it reaches its minimum value at
x = 0.3. On the basis of these results, we can conclude that
this feature of the competition between CDW and the super-
conductivity could be induced by tuning the Fermi surface and
density of states with Ru chemical doping. Nevertheless, the
reason why the CDW state can be suppressed by Ru doping so
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SC

CDW

TCDW

Tc×20

SC

T 
(K

)

FIG. 6. The electronic phase diagram for CuIr2−xRuxTe4

(0.0 � x � 0.30). Inset shows an enlarged phase diagram for Tc.

quickly has not yet been studied. Extensive theoretical study
to understand the present experimental results is required.

IV. CONCLUSION

Here the solid solutions CuIr2−xRuxTe4 (0.0 � x � 0.3)
have been successfully synthesized via solid-state reaction
to study the effect of the B-site substitution on the super-
conductivity. The structural and superconductivity properties
for this system were evaluated systematically by means of
powder x-ray diffraction (PXRD), magnetization, resistiv-
ity, and specific heat measurements. PXRD analysis reveals
that CuIr2−xRuxTe4 (0.0 � x � 0.3) crystallized a disordered
trigonal structure with space group P3̄m1 (no. 164). Spe-

cific heat, isothermal magnetization {M(H )}, and magne-
totransport {ρ(T, H )} measurement results signify that the
optimal doping content compound CuIr1.95Ru0.05Te4 is a
type-II superconductor with Tc ≈ 2.79(1) K, a lower critical
field Hc1(0) = 980 Oe, and an upper critical field, Hc2(0) =
2470 Oe. Finally, we established a “domelike” electronic
phase diagram, in which the CDW-superconducting transition
temperatures are plotted as a function of Ru doping content
x. We can easily find that the CDW has been suppressed
immediately at x = 0.03 and the superconducting transition
temperature (Tc) rises to the peak (x = 0.05) and then de-
creases until it reaches its minimum value at x = 0.3, which
displays a good material platform for further study of the
competition between CDW and superconductivity.
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