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ABSTRACT This study demonstrates the design and synthesis of Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) 

system by partial substitution of Ir with Zr acting as a negative chemical pressure. With the doping 

of Zr, the cell parameters significantly expand, signifying an effective negative chemical pressure. 

The experimental results found evidence that the charge density wave (CDW)-like order is 

immediately quenched by subtle Zr substitution for Ir and a classical dome-shape Tc(x) that peaked 

at 2.80 K can be observed. The optimal Cu0.5Ir0.95Zr0.05Te2 compound is a BCS-type 

superconductor and exhibits type-Ⅱ SC. However, high Zr concentration (x > 0.1) can provoke 

disorder, inducing the reappearance of CDW order. The present study shows that the Cu0.5Ir1-

xZrxTe2 (0 ≤ x ≤ 0.15) system may provide a new platform for further understanding of multiple 

electronic orders in transition metal dichalcogenides. 

 

INTRODUCTION 

The strong coupling of the spin, orbit and lattice under pressure induces novel phenomena 

into solid-state materials, such as ferromagnetism, multiferroic, superconductivity (SC), etc1-13. In 

the category of origin, pressure can be classified into inner chemical pressure and external physical 

pressure. High external pressure has become a powerful means to create and control high-

temperature SC. Recently, a sensational achievement with this method is the achievement of room 

temperature SC in the carbonaceous sulfur hydride, at the expense of high pressure of ≈ 270 GPa14. 

However, rare experimental teams can achieve such high pressure. Chemical pressure as internal 

pressure is another efficient method for tailoring functional materials and even inducing alluring 

quantum states. It is often regarded as exerted force due to the lattice strain by heterogeneous 

substitution in the lattice. Furthermore, the influence of negative pressure (expansion of lattice) 
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and positive pressure (compression of lattice) may offer novel insights for the structural 

instabilities, which are valuable to turn the SC or other exceptional phenomena in solid materials. 

In cuprates and the iron-based high-Tc superconductors, SC is induced by doping charge 

carriers into the pristine compound to suppress the charge density wave (CDW) or 

antiferromagnetic state15-20. The same is true for the low dimensional transition metal 

dichalcogenides (TMDCs) superconductors where SC is observed through intercalation or 

substitution of the pristine CDW compounds21-25. Again, the Tc can be modified over a wide doping 

range with a highest Tc at the optimal doping content. Revealing this evolution also serves as a 

pre-requisite for uncovering the origin of high-Tc in unconventional superconductors. Doping due 

to injection of charge carriers (holes or electrons), chemical pressure (positive or negative), and 

related non-magnetic point-like disorder modify the Fermi surface resulting in affect 

superconducting critical temperature (Tc) and CDW transition temperature (TCDW). 

Two-dimensional layered compound IrTe2 displays a structural phase transition from a high 

temperature trigonal to a low temperature monoclinic phase at around 280 K 26-28. Previous studies 

have shown that the phase transition can be suppressed and SC was induced by chemical doping 

28-31. Due to the weak interlayer force, Cu can be intercalated in IrTe2 layers and a small amount 

of Cu intercalation also suppresses the phase transition and emerges SC in CuxIrTe2
32. Moreover, 

when x = 0.5, an anomaly in the temperature dependence of resistivity and magnetic susceptibility 

is observed 26. Recently, quasi-two-dimensional Cu0.5IrTe2 features not only a 𝑇𝐶𝐷𝑊
𝐶𝑜𝑜𝑙𝑖𝑛𝑔

 ~ 186 K 

with characteristic CDW-related hump in resistance, but also a Tc ~ 2.5 K33. The energy bands near 

the Fermi level of Cu0.5IrTe2 are derived from Ir d and Te p orbitals and locates at a flat plateau. 

Recently, studies show that the substitution of Ru or Ti ions for Ir in Cu0.5IrTe2 suppress the CDW-
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like state and form a dome-shape superconducting region34,35. The decrease in the volume of the 

lattice parameters due to the substitution of Ru or Ti ions may be interpreted as a positive chemical 

pressure. Nevertheless, it is still a lack of study of negative chemical pressure induced by Ir-site 

substitution in the Cu0.5IrTe2 system. To introduce high negative chemical pressure inside 

Cu0.5IrTe2, a facile and straightforward approach is to substitute Ir with larger Zr atoms. Also, Zr 

has been used as a dopant to enhance the up critical field (Hc2) in MgB2 superconductor and 

improve critical current density (Jc) in copper-based superconductors (e.g., Gd2Ba4CuO7-δ, 

YBa2Cu3O7-δ)
36-39. The further theoretical calculation indicates that Zr doping can improve the 

superconducting properties of metal-hydride YH2 in the absence of applied pressure40. In such 

circumstances, it remains the meaningful issue as to whether the SC and CDW can be turned by 

introducing negative chemical pressure in Cu0.5IrTe2 system. 

Here, we report the effect of large Zr atoms substitution for Ir on the physical properties of 

Cu0.5Ir1-xZrxTe2, where the increase of x in Cu0.5Ir1-xZrxTe2 1) expands the lattice constant, hence 

inducing the effective negative chemical pressure (Pch ≤ 0); 2) suppresses the CDW order 

immediately; 3) forms a dome-shaped superconducting phase diagram vs. doping x; 4) drives the 

system toward disorder at critical Zr concentration of x = 0.125 and causes the reappearance of 

CDW order. These findings add new members for the chalcogenide superconductors and also 

might provide new sights into design new superconducting compounds. 

 

EXPERIMENT 

Polycrystalline compounds of composition Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) were synthesized 

by the solid-state reaction method. Before mixing the raw materials, we will purify the Cu powders 
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at 600 oC for 6 - 12 hours under 5% H2 + 95% Ar atmosphere. Then Cu (99.99%), Ir (99.99%), Zr 

(99.9%), and Te (99.99%) powder with the ratio of 0.5 : 1-x : x : 2.05 were mixed together and 

sealed in the evacuated quartz tubes. The samples were put in a box furnace at 850 oC for 5 days. 

The obtained powders were then ground, pelletized, and heated under the same condition for 

several times. Powder x-ray diffraction (XRD) was examined by Cu Kɑ1 radiation on MiniFlex, 

Rigaku. Rietveld refinements were performed with the Fullprof Suite software. The electrical 

resistivity measurements were carried out with a standard four-contact method on a Quantum 

Design physical property measurement system (PPMS). The magnetic measurements and heat 

capacity measurement were carried out on the same instrument. 

 

RESULTS AND ANALYSIS 

The powder XRD patterns of Cu0.5Ir1-xZrxTe2 polycrystalline samples are displayed in Figure 

1. All the peaks are perfectly indexed with a tetragonal structure (P3̅m1 space group), except for 

several tiny peaks due to the unreacted impurity Ir in low concentration Zr doped samples (0 ≤ x 

 0.05). This confirms that no structural phase transition happens in Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) 

system. The refined unit cell parameters are plotted as a function of Zr content in Figure 1. For 

the pristine Cu0.5IrTe2, the a and c lattice parameters are found to be 3.9397(5) Å and 5.3965(3) Å, 

respectively26. With increasing Zr content, both a and c expand, which causes the shift of primary 

(001) peak towards lower Bragg angle, as displayed in the top left corner inset of Figure 1. The 

increase in the lattice parameters is as expected since the atomic radius of Zr (160 pm) is larger 

than that of Ir (135.5 pm)41. Therefore, Zr doping in the Cu0.5IrTe2 compound is like the application 

of negative pressure on the system. Moreover, the maximum doping amount of Zr is 0.15 in this 
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system since impurity Ir3Te8 impurity is detected when x > 0.15. Figure 2 displays the Rietveld 

refinement of the representative Cu0.5Ir0.9625Zr0.0375Te2 compound. The inset in Figure 2 shows the 

Cu0.5Ir1-xZrxTe2 crystal structure, in which Cu intercalated between two-dimensional (2D) layers 

consisting of covalently bonded Ir and Te atoms, and Zr partial substitutes Ir. We further used 

SEM-EDXS to check the elements distribution in our samples (see Figure S1). The SEM-EDXS 

results suggest that the ratios of our obtained samples are close to the target-designed compounds 

(see Table S1). 

 

Figure 1. Powder XRD patterns of Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) samples. The left inset shows a shift to 

low angles of the (001) peak as a function of the Zr content. The right inset shows the evolution of the 

lattice parameters indicating an expansion of the unit cell. 
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Figure 2. Observed and calculated XRD patterns of Cu0.5Ir0.9625Zr0.0375Te2. Inset displays the crystal 

structure for Cu0.5Ir1-xZrxTe2 samples with space group P3̅m1. 

Table 1. Superconducting transition temperature (Tc), residual resistance ratio (RRR), and CDW transition 

temperature (TCDW) of polycrystalline Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) samples. 

Zr content (x) Tc (K) RRR (R300 K/R3 K) TCDW (K) (cooling) 

0 2.42 4.14 186 

0.025 2.65 5.00 - 

0.0375 2.70 5.15 - 

0.05 2.80 5.08 - 

0.075 2.74 4.35 - 

0.1 2.70 4.55 - 

0.125 2.49 2.41 232 

0.15 2.17 2.92 239 
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Figure 3. (a) Temperature dependence of normalized ρ/ρ300K of Cu0.5Ir1-xZrxTe2 system. (b) Temperature 

dependence of normalized ρ/ρ300K of Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) samples at 1.8 - 3.2 K. 

 

The temperature dependence of resistivity for the Cu0.5Ir1-xZrxTe2 system are shown in Figure 

3a, b. On the cooling below room temperature, the undoped sample CuIr2Te4 exhibits a metallic 

behavior but undergoes a CDW-like hump around 186 K due to partial opening of a gap at the 

Fermi surface and the consequent reduction in density of states (DOS). CDW transition 

temperature TCDW was assigned as the minimum of the temperature derivative of resistivity (dρ/dT), 

which is displayed in the inset of Figure 3a. When Zr is introduced into the system, the CDW-like 

hump is rapidly quenched upon slight Zr doping (x = 0.025). Small amount of Zr doping can 
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suppress the CDW order and enhance the Tc. If we notice that the electro-negativity of Zr (1.33) is 

much smaller than that of Ir (2.2)42, it can be foreseen that the substitution of Ir by Zr weakens the 

chemical bonding of Ir-Te, thereby might improving the itinerancy of conduction on the IrTe2 

layer. One of the results is that the concentration of conduction electron will increase, which 

suppressing the instability of CDW and the enhancement of SC. Similarly, the phenomenon of 

modifying CDW and SC states by weakening the chemical bonding are also observed in the 

Eu3Bi2S4-xSexF4 system43. 

Figure 3b shows ρ(T) below 3.2 K of all the Cu0.5Ir1-xZrxTe2 samples. The Tc was taken as 

the midpoint of the resistivity transitions. We can see that the Tc increases slightly and reaches the 

maximal value (2.8 K) at x = 0.05, accompanied by a decrease in Tc for higher Zr doping content 

x. The superconducting transition width (∆Tc) is quite large in both two last doping compounds (x 

= 0.125, 0.15) where the coexistence of CDW order and SC can be observed. Generally, the CDW 

will induce a band gap, thereby reducing the average DOS at the Fermi surface, which is 

unfavorable to SC45. Furthermore, the absence of CDW order samples (0 < x ≤ 0.1) have a large 

residual resistivity ratio (RRR = R300K/R3K) than that of the pristine sample and exhibit sharper 

superconducting transition at Tc. The Tc and RRR values of Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) samples 

are summarized in Table 1. When x  0.125, interestingly, the CDW-like hump reappears, and 

TCDW increases upon increasing x. The increase of Zr concentration x in Cu0.5Ir1-xZrxTe2 will lead 

to the increment of the lattice parameters in the sample, followed by the increase of the strain, 

grain boundaries, and other crystallographic defects. The aforementioned factors all can affect 

RRR. Correspondingly, the lower values of RRR = 2.41, and 2.92 for the x = 0.125, and 0.15 

samples imply more disorder in these two samples, which is likely to cause the reemergence of the 
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CDW. The rapid decrease of RRR caused by negative chemical pressure is also found to promote 

the CDW order in 2H-NbSe2-xTex system46. 

We further carried out Hall measurements of three different Cu0.5Ir1-xZrxTe2 (x = 0.0325, 

0.075, 0.1) samples. As shown in Figure S2a, the hall traces show liner dependence on the 

perpendicular magnetic field at different selected temperatures form 2 - 200 K. The nearly identical 

slope of different samples indicates that the carrier concentration does not show obvious change 

with increasing Zr doping. Moreover, the carrier density shown in Figure S2b of the Zr doped 

samples are comparable to that of undoped Cu0.5IrTe2
44. Thus, the Hall results suggests that the 

carriers are not doped by Zr substitution in this system. 

Figure 4a displays the temperature dependence of the resistivity of Cu0.5Ir1-xZrxTe2 system. 

As a multiband electronic system with local CDW fluctuations above TCDW, the carrier scattering 

mechanism arises from collective excitations blow the CDW and from local CDW fluctuations 

above the CDW. Above TCDW, resistivity ρ(T) follows the relation of ρ(T) ~ AT + B. If temperature 

is immediately below TCDW, ρ(T) ~ CT2, while ρ(T) ~ DT5 when the temperature is below ~ 20 

K46. The T5 is caused by normal electron-phonon scattering, whereas the T2 arises due to the 

scattering of electrons by collective excitations of CDW. The linear term A and B above TCDW are 

caused by electron-phonon scattering and phase disorder impurity-like scattering due to local 

CDW fluctuations. Figure 4b displays the electronic scattering mechanism for the 

Cu0.5Ir0.875Zr0.125Te2 compound. The inset of Figure 4b displays the detail resistivity fitted with 

ρ(T) ~ DT5 at the temperature range of Tc to 15 K. And the term B fits of resistivity for Cu0.5Ir1-

xZrxTe2 (0 ≤ x ≤ 0.15) samples are summarized in Figure 4c. Obviously, the resistivity is linear at 

high temperatures in Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) samples. For comparison, the RRR value of 

Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 0.15) samples are also displayed in Figure 4c. It can be clearly visible 
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that the trend of the change of RRR value and term B with the Zr content is just the opposite. 

Furthermore, the rapid decline in the RRR value and the rapid increase in the term B value exactly 

where the CDW order reappears, implying strong sensitivity of CDW to Zr substitution for Ir with 

a negative chemical pressure and possibly to disorder. 

 

Figure 4 (a) Temperature dependence of the resistivity for Cu0.5Ir1-xZrxTe2 system. (b) Electronic scattering 

mechanism for Cu0.5Ir0.875Zr0.125Te2. (c) Zr content dependence of the residual resistance ratio (RRR) and 

the term B of fitting resistivity. 

 

Correspondingly, the diamagnetic signals appear in magnetic susceptibility 4πꭓ(T) curves at 

10 Oe (see Figure 5a). The zero-field-cooling (ZFC) 4πꭓ(T) curves display strong diamagnetic 

responses because of the Meisner effect, indicating bulk SC for our studied polycrystalline Cu0.5Ir1-

xZrxTe2 (0 ≤ x ≤ 0.1) samples. The diamagnetic response is weakened when x > 0.1, in good 

agreement with large ∆Tc in the resistivity measurement. Furthermore, to confirm the presence of 

a CDW-like transition in the polycrystalline Cu0.5Ir0.85Zr0.15Te2 compound, magnetic susceptibility 
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has been carried out under the applied fields of 10 KOe as presented in Figure 5b. The magnetic 

susceptibility with cooling and heating displays a distinct hysteresis associated with the formation 

of CDW-like transition, which is in good agreement with the CDW hump found in resistivity 

measurement. The TCDW ≈ 240 K obtained from the midpoint of sudden hysteresis transition, which 

is also consistent with the resistivity data. 

 

Figure 5 Magnetic characterization for Cu0.5Ir1-xZrxTe2 system. (a) The zero-field cooling magnetic 

susceptibilities for Cu0.5Ir1-xZrxTe2 samples under the applied field 10 Oe. (b) Magnetization curves 

measured under 10 KOe for Cu0.5Ir0.85Zr0.15Te2. 
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Figure 6 (a) Low temperature resistivity of Cu0.5Ir0.95Zr0.05Te2 at various applied fields. (b) The μ0Hc1(0) 

and μ0Hc2(0) for Cu0.5Ir0.95Zr0.05Te2. 

 

The upper critical field μ0Hc2(0) is obtained through measuring the field dependence of Tc in 

resistivity. The temperature-dependent electrical resistivity under various magnetic up to 0.08 T is 

illustrated in Figure 6a for the Cu0.5Ir0.95Zr0.05Te2 compound. The Tc is gradually suppressed to a 

lower temperature as the field increases. For calculating the μ0Hc2(0), the Tc at 50 % criteria of the 

normal-state resistance have been used. It is evident from Figure 6b that μ0Hc2(0) varies linearly 

with the temperature and can possibly be best fitted with Ginzburg-Landau equation given by 
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𝜇0𝐻𝑐2(𝑇) = 𝜇0𝐻𝑐2(0) ∗
1−(𝑇/𝑇𝑐)2

1+(𝑇/𝑇𝑐)2
. Fitting with the 50 % ρN criteria data can yield μ0Hc2(0) = 0.197 

T. Furthermore, we can acquire the μ0Hc2(0) value of 0.158 T for Cu0.5Ir0.95Zr0.05Te2 via using the 

WHH formula μ0Hc2 = -0.693Tc
𝑑𝐻𝑐2

𝑑𝑇𝑐
 for the dirty limit SC38. The slopes, dHc2/dT, are obtained 

from linear fitted Cu0.5Ir0.95Zr0.05Te2 sample for data 50 % criteria of ρN. Additionally, we fit the 

Pauli limiting field (0H
P(T)) of Cu0.5Ir0.95Zr0.05Te2 by the formula 0H

P(T) = 1.86Tc, which is 

shown in Table 2. We can calculated the Ginzburg Landau coherence length ξGL(0) from the 

μ0Hc2(0) by the formulation
2

02 2/ GLcH 
, where Φ0 represents the quantum flux (h/2e). We 

obtain ξGL(0) = 45.6 nm.  

Table 2. Comparison of physical performance of Cu0.5IrTe2-based superconductors. 

Compound Cu0.5Ir0.95Zr0.05Te2 Cu0.5Ir0.9625Ti0.0375Te2
28 Cu0.5Ir0.975Ru0.025Te2

27 Cu0.5IrTe2
26

 

Tc (K) 2.80 2.84 2.79 2.50 

γ (mJ mol-1 K-2) 12.57 14.13 12.26 12.05 

ß (mJ mol-1 K-4) 1.86 2.72 1.87 1.97 

ΘD (K) 193.9(9) 170.9(1) 193.6(2) 190.3(1) 

ΔC/γTc 1.45 1.34 1.51 1.50 

λep 0.61 0.64 0.65 0.63 

N (EF) (states/eV 

f.u) 
3.31 3.67 3.15 3.10 

0Hc2(T) (50 % ρN 

WHH theory) 
0.158 0.212 0.247 0.12 

0H
P(T) 5.21 5.28 5.19 4.65 

0Hc1(T) 0.039 0.095 0.098 0.028 

ξGL(0) (nm) (50 % 

ρN WHH theory) 
45.6 39.3 36.3 52.8 

 

To further convince that SC is an intrinsic property of the optimal doping composition 

Cu0.5Ir0.95Zr0.05Te2, we also perform the temperature-dependent specific heat measurement under 

0 and 0.08 T magnetic fields, as shown in Figure 7. The curve of Cp/T vs T2 exhibits significant  
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Figure 7. Detailed characterization of the superconducting transition in the highest Tc compound 

Cu0.5Ir0.95Zr0.05Te2 through specific heat measurements under 0 and 0.08 T magnetic fields. Inset: the 

electronic contribution to the specific heat at the temperatures near the Tc at zero magnetic field. 

 

jumps at low temperature under 0 T, signifying the bulk nature of SC and the high quality of the 

sample. Following equal-entropy construction, the estimated Tc is 2.75 K, which is in agreement 

with resistance and magnetic susceptibility measurements. Besides, at temperatures between Tc 

and 10 K, the specific heats are well described as T-linear electronic contribution and a sum of a 

T3 phonon contribution. The curves can be fitted using the formula Cp = γT + βT3, where the γ 

represents Sommerfeld’s coefficient and β is the phonon specific heat coefficient. The value of β 

and γ is calculated to be 1.56 mJ mol-1 K-4 and 12.57 mJ mol-1 K-2, respectively. And the normalized 

specific heat jump (∆C/γTc) value is further deduced to be 1.45, which is close to the weak-coupling 

limit value 1.43 of Bardeen-Cooper-Schrieffer (BCS) theory, proving bulk SC in our studied 

Cu0.5Ir0.95Zr0.05Te2 compound. On the other hand, the Debye temperatures (ΘD) further can be 
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determined to be 185.7 K based on the expression ΘD = (12π4nR/5β)1/3, where n is the number of 

atoms per formula unit and R represents ideal gas constant. Assuming μ* = 0.13, the electron-

phonon coupling constant (λep) is further calculated as 0.61 from the McMillan 

equation:   λep=
1.04+μ* ln(

𝛩𝐷
1.45Tc

)

(1-0.62μ*) ln(
𝛩𝐷

1.45Tc
)-1.04

47. Following the formula N(EF) = 
3

π2kB
2 (1+λep)

γ , the γ and λep 

values can give rise to the electron DOS at the Fermi level (N(EF)) = 3.31. 

 

Figure 8. Electronic phase diagrams of Cu0.5Ir1-xZrxTe2, Cu0.5Ir1-xTixTe2 (ref. 35), and Cu0.5Ir1-xRuxTe2 (ref. 

34) systems. 

 

A schematic phase diagram of Cu0.5Ir1-xZrxTe2 drawn based on the experimental results is 

shown in Figure 8. With increasing Zr concentration, both the SC and CDW phases were 

substantially affected. CDW order first quenches at x = 0.025, and Tc gradually increases from 

2.50 K to 2.80 K as x ~ 0.05. Once x is above 0.05, the Tc gradually decreases down to the largest 

Zr-doped content and a classic dome-like Tc can be observed in the Cu0.5Ir1-xZrxTe2 system. With 

increasing Zr content up to 0.125, interesting, the CDW phase reappears. It can be clearly seen that 
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the CDW phase locates near both ends of the dome-shape SC phase, suggesting a complex 

interplay between the two phases, potentially supporting the Cooper pairing and CDW instabilities 

competing directly for the Fermi surface. The opening of the gap in the CDW state would 

significantly reduce the DOS at the Fermi surface, leading to the suppressing the SC in BCS 

scenario. 

In TMDCs, the interaction between the SC and the CDW displays a complex phase diagram 

and even presents different phase diagrams from the same pristine compound through different 

tuning methods. Typically, competition, cooperation, or insensitivity between the CDW and the 

SC are considered to exist in TMDCs determined by various modulation methods11-13, 20, 25. 

Relatedly, it is worth discussing the distinct features of the phase diagrams of the Cu0.5IrTe2 system 

with other chemical doping. In the same Ir-site doping, the difference between Zr and Ru/Ti 

substitutions can be seen clearly in the phase diagram, combining Zr and Ru/Ti substitutions 

corresponding to negative and positive chemical pressure, respectively34,35. The CDW order in 

Cu0.5Ir1-xZrxTe2 reappears for x ≥ 0.125. This shows a clear contrast to the Cu0.5Ir1-xRuxTe2 and 

Cu0.5Ir1-xTixTe2 system, where the CDW order is quickly suppressed and vanishes in all Ru/Ti-

substituted compounds. Besides, in the Te-site doping, the CDW order in the Cu0.5IrTe2-xIx system 

also reemerges at x ≥ 0.4544. It should be noted that I substitute Te causes the cell parameters to 

expand, i.e., it creates negative chemical pressure41. One possibility is that the high negative 

chemical pressure easier induces the disorder in the Cu0.5IrTe2 system. Negative chemical pressure 

causes an increase in the c-axis lattice parameter so that the coupling between the layers in 

Cu0.5IrTe2 could become weaker and the system becomes more two-dimensional, which could 

explain the reemergence and enhancement of the CDW instability in high Zr doping regions. 

Therefore, high negative chemical pressure seems to reemerge the CDW order in the Cu0.5IrTe2 
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system. Besides, the first suppression and then the reemergence of CDW order near the end of 

dome-shape SC phase diagram was also observed in the 2H-TaSe2-xSx system, in which the 

disorder played an important role in the interplay of CDW and SC23. Finally, due to the highly 

complex disorder effects and impurity scattering in multiband SC as well as the coexistence of SC 

with a CDW order, the term dirty limit in the Cu0.5IrTe2 system may describe qualitatively quite 

different scenarios and its meaning for superconducting properties must be specified carefully. 

 

CONCLUSIONS 

In brief, we have designed and discussed the physical properties of Cu0.5Ir1-xZrxTe2 (0 ≤ x ≤ 

0.15) samples. XRD data indicates that the crystal lattice was significantly expanded by Zr 

substitution, signifying the negative chemical pressure effect. Upon Zr concentration, the CDW 

state was suppressed immediately and a classical dome-shaped Tc(x) in doped regime can be 

observed. The optimal superconducting composition is Cu0.5Ir0.95Zr0.05Te2, which is identified as a 

type-Ⅱ superconductor with Tc ~ 2.8 K. Once x is above 0.05, the Tc gradually decreases down to 

the largest Zr-doped content. When x ≥ 0.125, the CDW order reemerges, and the TCDW increases, 

indicating strong competition between two phases. The increase in TCDW is directly correlated with 

crystallographic disorder and disorder induced scattering of the local CDW fluctuations.  
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Supporting Information  

The Supporting Information is available free of charge. 

SEM, EDXS mappings and the element ratios of Cu0.5Ir1-xZrxTe2 samples from EDXS results. Hall 

traces of three different Cu0.5Ir1-xZrxTe2 (x = 0.0325, 0.075, 0.1) samples and carrier density of the 

three different Cu0.5Ir1-xZrxTe2 (x = 0.0325, 0.075, 0.1) samples as a function of temperature. 
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Figure S1. SEM and EDXS mappings of Cu0.5Ir1-xZrxTe2 samples. 

 

Table S1. The element ratios of Cu0.5Ir1-xZrxTe2 from EDXS results. 

Element ratio 

Sample  

Cu Ir Zr Te 

Cu0.5IrTe2 
[1] 0.485 0.980 0 1.965 

Cu0.5Ir0.975Zr0.025Te2 0.480 0.971 0.027 2.030 

Cu0.5Ir0.95Zr0.05Te2 0.483 0.932 0.056 2.035 

Cu0.5Ir0.9Zr0.1Te2 0.490 0.875 0.108 2.017 

Cu0.5Ir0.85Zr0.15Te2 0.486 0.838 0.161 2.026 

 

 



 29 

 

Figure S2 (a) Hall traces of three different Cu0.5Ir1-xZrxTe2 (x = 0.0325, 0.075, 0.1) samples. (b) 

Carrier density of the three different Cu0.5Ir1-xZrxTe2 (x = 0.0325, 0.075, 0.1) samples as a function 

of temperature. 

 

 

 

 

 

 

 

 

 

 

 


