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Abstract 

We report high pressure structural studies (52 GPa) at room temperature combined with 

magnetic [(M(T):1GPa] and electrical resistivity [(ρ(T):0-21GPa)] measurements down to 2K on 

Fe0.99Ni0.01Se0.5Te0.5 superconductor using  designer diamond anvils (D-DAC) pressure cell. The 

M(T) data shows huge enhancement of superconducting transition temperature (Tc) from 8.62 to 

14.8 K (1 GPa) and ρ(T) reveals maximum enhancement of Tc ~ 30.5 K at 3 GPa (dTc/dP= ~ 7.19 

K/GPa) followed by moderate decrease of Tc up to 19 K at 7.5 GPa, further increasing pressure 

Tc gets vanished at 10.6 GPa. The reduction of Tc due to the occurrence of structural transition 

that is likely associated with possible reduction of charge carriers in the density of states in Fermi 

surface. The high pressure XRD measurements shows tetragonal phase exists up to 7 GPa, 

followed by mixed-phase which is visible between 7.5 GPa to 14.5 GPa. The structural 

transformation occurs at 15 GPa from tetragonal (P4/nmm) to NiAs -type hexagonal phase 
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(P63/mmc) and it is stable up to 52 GPa were confirmed from the equation of state (EOS) and it 

can be correlated with variation of Tc under pressure for Fe0.99Ni0.01Se0.5Te0.5 chalcogenide 

superconductors. 
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Introduction 

The discovery of high-temperature superconductivity in iron-chalcogenides (FeSe) [1], exhibits a 

PbO type tetrahedral crystal lattice, which is generated much scientific attention due to its 

simplest crystal structure among various other Fe-based superconductors [2]. The 

superconducting phenomenon of this layers FeSe compound exhibiting edge-sharing FeSe4 

tetrahedron has created remarkable attention in the effects of internal (chemical) and external 

pressure on these 11 type systems [3-5]. The ion substitution is a convenient technique for 

creating efficient internal pressure, which has been widely used in the iron and cuprate based 

superconductors [6,7]. On the other hand, the highest superconducting transition temperature (Tc) 

is observed at 9 K in Se deficient FeSe [8-9] and the partial substitutions of Te in the Se site 

[Fe(Se1−xTex)0.82] gives a large increment of Tc up to ~ 14 K  [10]. Further, the chemical pressure 

generated by the doping with similar valance and different atomic radius elements such as S, Se 

and Te in FeSe1-xTex [10-11]. Among the various possible substitutions, the partial replacement 

of transition-metal (Tm) ion substitution such as Ni ~ 8.7 K [12-14], Co ~ 11 K [15,16], Mn~ 5 

K [17] at the Fe site in Fe1-xTmxSe0.5Te0.5 compound gives answers for most informative queries 

such as the pairing symmetry and the low-energy excitations. Moreover, a huge enhancement of 

Tc up to 37 K at 8.9 GPa with pressure coefficient of 9.1 K/GPa has been reported in FeSe 

layered material [3]. However, the effect of chemical and external pressure is not comparable in 

enhancing the superconducting properties of the undoped FeSe system.  



The external pressure is one of the major tools to study the superconducting properties 

more efficiently and changing the following parameters such as the bond lengths, bond angles 

and lattice constants, which may vary the charge carrier in the density of states at the Fermi 

surface. In 2009, Horigane et al., correlated structural distortion with their change in Tc of Te 

doped α-FeSe compounds [18, 19] and such study gives a stimulated interest to focus on the 

detailed investigations on both electronic and structural properties of these materials under very 

high pressures and low temperatures. Furthermore, numerous high-pressure studies have been 

reported on optimally Te-doped FeSe system (FeSe0.55Te0.45), and the Tc is found to enhance 

sharply up to 23 K at 2.3 GPa, further, an increase of pressure leads to decrease of Tc in the 

monoclinic phase and get completely suppressed at 11.9 GPa [20–23]. Further application of 

pressure in this material (11.9 GPa to 15 GPa) ρ(T) exhibits a metallic behaviour up to 15 GPa. 

Gresty et al., and Stemshorn et al., reported two new observations under pressure in the same 

compound, namely, a distorted monoclinic (above 3 GPa)  and amorphization (above 11.5 GPa) 

[20,24]. However, various theoretical and experimental investigations exhibit the change in 

magnetic ordering, superconducting, and electronic properties which might be depending on the 

variation of chalcogen height in FeSe1-xTex compounds [25–27]. Further, tetragonal to 

orthorhombic structural phase transition occurs at 90 K [28], and superconductivity emerged at 

9.3 K without long-range magnetic ordering has been reported in Fe1.01Se [28-29]. The powder 

XRD measurements on undoped FeSe under high pressure gives detailed structural information 

to understand the variation of superconducting Tc of this system. Further, it is found that both Fe-

Se-Fe bond angle (α) decreased from 104.53˚ to 103.2˚ and Tc significantly increases to 37 K 

with the application of pressure up to 9 GPa, while FeSe4 tetrahedron changes from the regular 

tetrahedron to disorder one [3,4]. On the other hand, FeSe exhibits the rapid increase of Tc up to 



2 GPa due to a decrease of anion height with the application of pressure. Further, enhancing 

pressure, the anion height reaches a minimum value of 1.42 Å at 6 GPa. Above 6 GPa, an 

increase of anion height has been correlated with the decrease of Tc. Furthermore, Tc got 

suppressed at higher pressures 10.2 GPa where the structural phase transition occurs from 

tetragonal to hexagonal phase [30,31]. Therefore, the detailed experimental investigation on the 

structural, magnetic, and transport properties under high pressure helps to understand the 

electronic and structural changes of this compound. This correlated effect expected to help us for 

understanding the behaviour of pressure effect on Tc and also to make a comparison with the 

transition-metal doped FexTm1-xSe0.5Te0.5 samples.  

To our knowledge, this is a first report on detailed studies of the structural evolution of 

Fe0.99Ni0.01Se0.5Te0.5 single crystalline material under pressure (52 GPa) using Diamond Anvil 

Cell (DAC) and synchrotron source at RT. Also, the electrical resistivity measurements under 

pressure have been performed using both piston-cylinder pressure cell up to ~3 GPa (down to 2 

K) and Designer-Diamond Anvil Cell (D-DAC~21 GPa) down to 12 K. The tetragonal P4/nmm 

structure starts change to P63/mmc -NiAs hexagonal phase at ∼15 GPa. These results are 

discussed and correlated with the pressure dependence of Tc, normal state resistivity ρ(T) and 

magnetic [M(T) & M(H)] measurements.  

Results and discussions 

Structural Properties 

Figure 1(a) shows the X-ray diffraction spectra of Fe0.99Ni0.01Se0.5Te0.5 at RT with an 

initial pressure of 0.5 GPa and it shows a phase pure sample, and there is no detectable 

contamination of any impurity phases. It shows a tetragonal structure (space group P4/nmm) with 

lattice parameters: a= 3.79075 Å, c= 6.02839 Å, and the calculated volume (V0): 86.627 Å3, 



which are very close to the value, reported by Maheshwari et al., [14] at ambient pressure. The 

diffraction patterns remain almost unchanged with the application of pressure up to 7 GPa, and 

above which the intensity of diffraction peaks reduces. Further, some additional peaks have also 

appeared simultaneously at the shoulder of the major diffraction peaks which indicates a 

structural transition begins from tetragonal to hexagonal phase at 7.5 GPa as shown in Figure 

1(b). While increasing the application of pressure, the observed additional peaks are very well 

indexed with the NiAs – hexagonal (P63/mmc) structure [20] and it starts appearing more and 

found that both tetragonal and hexagonal phases co-exist between 7.5 –14 GPa. Further, the 

application of pressure, structural phase transition occurs from tetragonal to NiAs-hexagonal 

(P63/mmc) type at 15 GPa and the lattice parameters a= 3.727 Å, c=5.168 Å, and volume (V0) 

63.39 Å3 are shown in Figure. 1(c). The hexagonal structure remains unchanged with an increase 

of pressure from 15 GPa to 52 GPa [Figure. 1(d)] and it is the highest pressure attained in our 

experiment and lattice parameters are found to be a= 3.490 Å, c= 5.021 Å, and V=52.97 Å3, as 

shown in Figure. 1(d). The structural transition observed at 15 GPa is reversible while the 

pressure is released to ambient pressure, as evidenced by the Rietveld refinement spectrum 

shown in Figure 1(e) for Fe0.99Ni0.01Se0.5Te0.5. Figure 2 shows refined powder x-ray diffraction 

pattern of NiAs –type hexagonal phase observed at 52 GPa. The solid line represents the 

calculated values using the Rietveld refinements of a hexagonal (P63/mmc) phase. 

The evolution of lattice parameters of the tetragonal phase (a-axis and c-axis) with the 

application of pressure of Fe0.99Ni0.01Se0.5Te0.5 are shown in Figure.3 (a) and it reveals that large 

anisotropic compressibility exhibits up to 14 GPa. These results show a systematic moderate 

decreasing trend with the application of pressure is observed due to the existence of van der 

Waals interlayer gap between the Fe2(Se,Te)2 layers in the system. The decrease of c/a an axial 



ratio in the tetragonal phase brings the tetrahedral layers closer to each other under pressure and 

it causes instability which leads to the structural change from tetragonal to NiAs- type hexagonal 

phase observed at 15 GPa as shown in Figure.3 (a). Further, the sudden change in the lattice 

parameters a- and c- were confirms structural transitions at 15 GPa. The fitting analysis shows 

considerable volume change (-6.8 % at 15 GPa) on transformation from tetragonal P4/nmm to the 

NiAs-hexagonal (P63/mmc) phase and it is shown in Figure.3(b). The hexagonal phase is stable 

between 15 GPa to 52 GPa as evidenced from Fig.1(d) and Fig.3(b). A similar structural phase 

transition has been reported previously on Fe(Se0.8S0.2) and FeSe superconductors by other 

groups [3,32-35]. The unit cell volume drops around 15 % has been associated with the structural 

phase transition reported for the parent FeSe systems. Several structural studies indicate that 

pressure-induced tetragonal phase to β-FeSe phase at room temperature [3,4], which is similar to 

that of the Fe0.99Ni0.01Se0.5Te0.5 superconductors [4]. On the other hand, Tc enhanced much larger 

than the parent materials under pressure. However, Fe1.03Se0.57Te0.43 system undergoes a 

discontinuous transformation of the low-temperature orthorhombic to the monoclinic phase 

above 3 GPa and it remains stable up to 14 GPa [20]. 

Magnetic Properties 

The isothermal magnetization as a function of temperature M(T) measurements was carried out 

near Tc region with an applied magnetic field of 15 Oe in ZFC mode under pressure up to 1 GPa 

for single-crystalline Fe0.99Ni0.01Se0.5Te0.5 is shown in Figure.4. A sharp diamagnetic signal 

signals corresponding to superconducting transition temperature (Tc) is observed at ∼ 8.6 K at 

ambient pressure and it is almost matches with the offset Tc of ~9 K obtained from electrical 

resistivity measurements for the same samples as shown in Figure.4. An application of pressure, 

Tc increases from 8.6 K to 14.7 K at ~ 1 GPa and found the positive pressure coefficient of ~ 



6.05 K/GPa and it is shown as inset of Figure.4. The observed positive pressure coefficient is 

higher than the pressure effect on FeSe0.5Te0.5 superconductor reported earlier [22,36]. The 

magnetic measurements under pressure above 1 GPa could not be measured due to the limitation 

in the pressure cell.  

The isothermal magnetization M(H) studies under various fixed temperatures    (3 K, 6 K, 

9 K, 12 K, and 15 K) up to ~1 GPa for Fe0.99Ni0.01Fe0.5Te0.5 single crystal analysis is shown in 

Figure. 5 (a) and found to be a typical type-II superconductor.  Figure.5 (b) shows the M-H curve 

at 3 K exhibits a wide-open loop up to the applied field of 0.5 Tesla. The lower critical field 

(Hc1) can be defined as the deviation from the linear M(H) curve is shown in the inset of Figure. 

5 (b) and found to be Hc1 ~130 Oe for Fe0.99Ni0.01Fe0.5Te0.5 superconductor which is less than the 

parent compound FeSe0.5Te0.5~ (~230 Oe) [37] and Fe0.99Co0.01Se0.5Te0.5 (~440 Oe) [38]. Further, 

it decreases from 130 Oe to 50 Oe on increasing the temperature from 2 to 9 K and Hc1 is get 

suppressed nearer to Tc. Further, the width of the M(H) loops decreases with the increase of 

temperature suggest that the Fe magnetic moment is riding over the diamagnetic signal and the 

results exhibit some positive magnetic background near Tconset. However, the obtained results of 

M(H) curves at low-temperature are exhibit FM dome hysteresis which is due to the ordering of 

the Fe magnetic moments [39]. Above Tc, the samples exhibits in the ferromagnetic state, and 

these M(H) curves show a good approximation with above Tc of M(T) curve and its associate 

with the magnetic background of Fe0.99Ni0.01Fe0.5Te0.5 sample which coexists with the 

superconducting signal at lower temperatures T < Tc. 

Transport properties 

Figure.6 (a) shows the temperature dependence of the electrical resistivity [ρ(T)] of 

Fe0.99Ni0.01Se0.5Te0.5 under various applied pressures up to 20.6 GPa normalized to the resistivity 



value at 200 K. The ρ(T) under high pressures were measured using hybrid piston-cylinder 

hydrostatic pressure cell and a designer diamond anvil cell (D-DAC) up to 3 GPa and 3 - 20.6 

GPa respectively. The in-situ pressure value in D- DAC is recorded during each ρ(T) 

measurements at low-temperatures around Tc region using the Ruby fluorescence technique. The 

ρ(T) at ambient pressure exhibits semi-metallic nature and the resistivity value increased slowly 

from 0.197 mΩ-cm (ρ300K) to 0.223 mΩ-cm (ρ130K-upturn). Further, reducing temperature 

resistivity reaches the maximum value ρ40K=0.236 mΩ-cm and followed by a sudden drop to 

zero resistivity at Tc=9 K. Further, application of pressure, ρ300K and ρ40K values are decreased to 

0.062 mΩ-cm, and 0.054 mΩ-cm respectively at 20.6 GPa, On the other hand, observed upturn 

in the low-temperature region (130K to Tc) shows semi-metallic nature at ambient pressure and 

becomes metallic and also upturn at low temperature is get completely suppressed at 1.5 GPa. 

Further, application of pressure up to 20.6 GPa, the normal state resistivity decreases, and 

enhancement of metallic nature is observed and it is due to the alignment of distorted structure 

and resulting in an increase of the number of charge carriers at the Fermi level of this system 

[40]. In general, there is a trend in the decrease of electrical resistivity with pressure that would 

imply the reduction of net electron–phonon scattering and it indicate that the densities of states 

(DOS) is reduced at the Fermi surface and leads to enhancement of metallic behaviour in 

Fe0.99Ni0.01Fe0.5Te0.5. Besides, Tc is determined as an intersection of two extrapolated lines drawn 

through 90% and 10% of the resistivity transition curve (as indicated in the figures. 6 (b). At 

ambient pressure, a sharp Tc is observed at ~ 9 K. By the application of pressure up to 3 GPa, the 

Tc increases from 9 K to 30.5K (dTc/dP=+7.19 K/GPa) and then Tc slowly decreases to 19 K 

(dTc/dP=-2.56 K/GPa) at 7.5 GPa is shown in Figure.6 (b). The positive pressure coefficient on 

Tc observed from both ρ(T) and M(T) measurements are found to be the same value up to 1 GPa 



as shown in inset of Figure.4, and it is slightly higher than with earlier reported values on iron-

based chalcogenide superconductors such as FeSe0.5Te0.5 (~ 5.8 K/GPa) and FeSe0.5Te0.5 (~ 4.1 

K/GPa) reported by V.P.S. Awana et al., and S.I. Shylin et al., [22,35,41-42] which are 

compared with parent materials and listed in table.1. However, Tc reduces marginally above 3 

GPa and some trend has been reported by others on similar materials [20,22]. The compression 

of the lattice under pressure is expected to deform the Fe-Se/Te tetrahedra and considerable 

changes on the critical parameters like the tetrahedral angle and anion height which has a 

subsequent effect on change in Tc [22]. The gradual decrease of Tc (>3 GPa) with a large 

transition width might be due to induced magnetic fluctuation by spin instability [9] and 

structural distortion under high pressure [42].  

In this connection, the suppression of superconductivity is correlated with XRD 

measurements and its structural transition under high pressure. At 7.5 GPa, NiAs hexagonal 

phase peaks start appearing in additions to the tetragonal phase, on the other hand, Tc reaches at 

19 K. Further application of pressure up to 10.9 GPa, superconductivity get vanished till 12 K of 

the measurable temperature range of the low-temperature systems and Tc decreases due to the 

appearance of mixed phase. Furthermore, the mixed TH-Phases completely transform into NiAs 

hexagonal phase at 15 GPa (Figure.1.c) and the value of electrical resistivity continues to 

decrease with the application of pressure up to 20.6 GPa. Therefore, we conclude that 

Fe0.99Ni0.01Se0.5Te0.5 sample becomes metallic and do not exhibit superconductivity behaviour 

until 12 K up to 20.6 GPa. The evolution of Tc from ρ(T) under various pressures is more clearly 

shown in Figure. 6(b). Figure.7 shows the phase diagram of (Tc vs. pressure) of 

Fe0.99Ni0.01Se0.5Te0.5 superconductor measured from both ρ(T) and M(T) studies under pressures  

up to 20.6 GPa and correlate with high-pressure structural analysis up to 52 GPa. It reveals that 



the Tc increases up to 3 GPa followed by decreasing trend up to 7.5 GPa, and then becomes non-

superconducting in the measurable range down to 12 K of the measuring system. The ρ(T) 

measurements on present samples (Fe0.99Ni0.01Se0.5Te0.5) does not shows superconductivity above 

14 GPa, however, undoped FeSe loses its superconducting signal around ~ 12 GPa [33]. Further, 

both cases, it’s due to the occurrence of structural transition from tetragonal (P4/nmm) to 

hexagonal (P63/mmc) phase, which was completed above 15 GPa at room temperature as shown 

in Figure.7. The parent and doped FeSe shows phase diagram on a dome shaped and beyond the 

optimum doping or pressure leads to decrease of Tc and the similar dome-shaped behaviour 

exhibit in some other superconductors such as cuprates [43], Fe- based [44], BiS2 based [45] and 

heavy fermion [46] superconductors. Further, the magnitude of resistivity decreases with the 

application of pressure suggests that hybridization between Fe and Se under pressure exhibits a 

strong electron correlation effect on FeSe0.5Te0.5 superconducting systems [42]. This argument, 

cannot exclusive explanation for the pressure dependence of Tc related with hSe/Te which might 

exceed the optimal value at higher pressure. Therefore, external pressure changes the lattice 

parameters favouring the superconducting Tc and its enhancement. The modification of band 

structure and Fermi surface under pressure which may play an important responsibility in iron 

pnictides and chalcogenides. However, the external pressure is affecting the charge carrier in the 

density of states and the topology of the Fermi surface. Hence, the charge transfer that appears 

from chalcogenide to the iron layer could also be induced by external pressure. Here, we 

conclude that the pressure effect on Tc of iron chalcogenides cannot be reduced by only one 

parameter (hSe/Te) [30] and, further, its needed neutron diffraction studies for the better 

understanding of magnetic phase and it’s a variation of Tc. 

 



Conclusions 

In Summary, we have demonstrated by a combined magnetic, transport, and structural study of 

Fe0.99Ni0.01Fe0.5Te0.5 which undergoes a pressure- induced transition from the tetragonal to NiAs 

–hexagonal phase at ~ 7.5 GPa. The P63/mmc phase becomes a major phase above 15 GPa. The 

high-pressure resistivity and magnetization studies of Fe0.99Ni0.01Fe0.5Te0.5 show that the external 

pressure sharply enhances the Tc from 9 to 30 K at the pressure rate of +7.19 K/GPa and it 

decreases with further increasing pressure above 3 GPa. We found a pressure-induced structural 

transformation from tetragonal to the NiAs-hexagonal phase where superconductivity is 

suppressed at 15 GPa in Fe0.99Ni0.01Se0.5Te0.5. Therefore, the additional parameters of electronic 

structure and a possible charge transfer under pressure are related to the corresponding change of 

Tc must be considered. And, the negative pressure coefficient on Tc above 3 GPa may be due to 

magnetic instability along with structural change at higher pressure. Our high-pressure results 

above 3 GPa indicate that the decrease in pressure coefficient that reduces the charge carriers at 

density of stats resulting in lowering the Tc and additional studies are required to understand the 

role of magnetic fluctuation studies using neutron diffraction studies under pressure. 

Experimental Sections 

The single crystalline of Ni-doped Fe1-xNixSe0.5Te0.5 (x=0.0, 0.01, 0.03, 0.05, 0.07, 0.10 and 

0.20) was grown by a self-flux melt growth method. The detailed structural and morphological 

studies were carried out on well-characterized single crystals and it has been reported earlier by 

Maheshwari et al., [14]. It is found that an increase of Fe concentration at site Ni leads to a 

monotonic decrease of Tc followed by suppression of superconductivity occurs in FeSe0.5Te0.5 

superconductor. Here, we have chosen Fe0.99Ni0.01Se0.5Te0.5 sample for our detailed high pressure 



and low-temperature investigations due to the highest Tc achieved in 1 % doped Ni-doped 

sample.   

Materials Characterization 

The temperature dependence of dc magnetization M(T) down to 2 K (Zero Field Cooling - ZFC 

method) and field-dependent magnetization M(H) measurements up to 0.5 T under various fixed 

temperatures were investigated under various applied pressures up to ~1 GPa (Easy Lab 

Technologies M cell) using Physical Property Measurement System – Variable Sample 

magnetometer (PPMS-VSM, Quantum Design, USA). The applied pressure was calculated by 

the pressure dependence of Tc on pure Sn (99.999%) as a pressure calibrant which was loaded 

into the capsule along with the sample. The Fluorinert FC #70 and FC #77 (1:1) was used as a 

pressure transmitting medium (PTM) in the piston-cylinder hydrostatic pressure cell up to 1 GPa. 

(i) The normalized electrical resistivity measurements under ambient and high pressures (up to 3 

GPa) were carried out down to 4 K by the conventional four-probe method using clamp-type 

hybrid hydrostatic piston-cylinder pressure cell and Closed Cycle Refrigerator - Variable 

Temperature Insert (CCR-VTI) system (CIA, USA). The outer and inner cylinders are made of 

hardened Be (2%)-Cu and special steel alloy respectively. The applied pressure was calibrated 

using bismuth (Bi) phase transitions under pressure at room temperature and Daphene #7474 was 

used as a PTM [47] for this piston-cylinder pressure cell. The four electrical contacts were made 

with copper wire (0.15 mmɸ) and good quality silver paste. The single crystalline sample used 

for these experiments had nearly 1.2×0.7×0.4 mm3 dimensions. The pressure was applied onto 

the piston-cylinder pressure cell through the 20- ton hydraulic press (Riken Kiki, Japan) at room 

temperature. (ii) The Φ300-μm culet sized eight-probe designer diamond anvils Cell (D-DAC) 

[48-50] were used to do electrical resistivity measurements under high pressure from 3 GPa to 21 



GPa. The electrical contacts were made of the tungsten contact pads which were developed by 

lithographically deposited techniques onto the culet of the designer diamond anvil. A DAC 

loaded with solid steatite and its act as a pressure-transmitting medium to obtain the quasi 

hydrostatic pressure and also act as electrical insulation of the sample from the pre-indented 

metallic gasket. The gasket was made from a 200-μm-thick hardened MP35N foil preindented to 

80-μm and a 120-μm diameter hole was drilled through the centre of the preindented region using 

an electric discharge machine (EDM). A thin crystallite (~ 80 × 20 × 40 μm3) sample was placed 

on the centre of the culet to have good contact with the tungsten pads. The in-situ pressure was 

measured every time in D-DAC at low temperature by ruby fluorescence technique and it was 

calibrated by the ruby R1 and R2 emission lines. [51,52]. 

Structural analysis under pressure were studied using DAC which was composed of a two 

opposed diamond anvils with Φ300-μm culets and spring-steel gasket and it was preindented to a 

thickness of 40-μm, and a Φ50-μm hole was drilled in the centre of the indentation. The 

powdered Fe0.99Ni0.01Se0.5Te0.5 single crystals and fine Cu powders (3–6 μm, Alfa Aesar) were 

loaded into the sample space. The high pressure XRD measurements were carried out at the 

Advanced Photon Source, Argonne National Laboratory (APS- HPCAT) beam line 16-ID-B. 

The monochromatic x-rays utilized in the angle dispersive diffraction measurements [x-ray 

wavelength, λ = 0.40663 Å]. The copper lattice parameters obtained from the Rietveld 

refinement of the x-ray diffraction patterns of a mixed sample and copper powder [55]. The 

Birch- Murnaghan equation (1) was fitted to the equation of state data on both sample and copper 

[53-54] to determine the pressure exhibits on the sample. 
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Where, B0 is the bulk modulus, B0' is the first derivative of bulk modulus and V0 is the 

volume at ambient pressure. The fitted values for the pressure for copper are B0= 121.6 GPa,            

B´ = 5.583, and V0 = 11.802 Å3/atom [53]. The recorded two-dimensional x-ray diffraction 

patterns were integrated using the Dioptas software [55]. The quantity of phase fraction is 

employed by Rietveld refinement using software GSAS-II [56].  
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Figure Captions: 

Figure 1: (color online)  The integrated x-ray diffraction pattern for tetragonal and NiAs 

hexagonal phases of Fe0.99Ni0.01Se0.5Te0.5 recorded at various pressures with monochromatic 

radiation of wavelength λ=0.4066 Å. (a), The powder XRD pattern shows tetragonal (P4/nmm) 

phase at 0.5 GPa, (b) Coexistence of tetragonal and shows NiAs hexagonal phase at 7.5 GPa, (c, 

d) NiAs-hexagonal (P63/mmc) phases at 15 GPa and 52 GPa respectively (e) Tetragonal phase at 

0.1 MPa (decompression). The peaks marked with an asterisk are from the copper as a pressure 

standard.      

Figure 2: (color online) Rietveld crystal structure refinement of the Fe0.99Ni0.01Se0.5Te0.5 

superconductor at the 52 GPa. The solid line represents the calculated values using the Rietveld 

refinements assuming as a tetragonal (P63/mmc) phase. 

Figure 3: (color online) (a) The measured lattice parameters a-axis (black), c-axis (blue) as a 

function of pressure up  to 52 GPa and (b) The volume changes (V/Vo) as a function of pressure 

up to 52 GPa at room temperature for Fe0.99Ni0.01Se0.5Te0.5. The solid circle curve is a Birch- 

Murnaghan fit to the data untill 52 GPa and include tetragonal (P4/nmm) and NiAs-hexagonal 

(P63/mmc) phases.   

Figure 4: (color online) The dc magnetization recorded at 15 Oe as a function of temperature at 

various applied pressures up to ~ 1 GPa for single-crystalline Fe0.99Ni0.01Se0.5Te0.5 and shows the 

methodology of Tc marking at ~ 1 GPa. Inserts show Tc vs P phase diagram.  

Figure 5: (color online) (a) Magnetic hysteresis loops for Fe0.99Ni0.01Se0.5Te0.5 as a function of 

the applied field (H) up to 5 kOe at selected temperatures of 3,6,9,12 and 15 K at ~ 1 GPa  (b) 

The bulk superconducting hysteresis loop observed at 3 K and arrow marks indicate the 

methodology of observed lower critical field (Hc1) (Insets). 

Figure 6: (color online) (a) Normalized resistivity of ρ(T)/ρ(200K) under various applied 

hydrostatic pressures from 0 to ~21 GPa, (b) shows an enlarged view of ρ(T) in the low-

temperature superconducting region (4- 50 K) for Fe0.99Ni0.01Se0.5Te0.5 superconductors.   

Figure 7: Experimental phase diagram of a variation of Tc under pressure obtained from 

resistivity (purple) and magnetic (yellow) measurements correlate with structural analysis for 

Fe0.99Ni0.01Se0.5Te0.5 superconductors. 

 

 



Table I: Correlation with pressure dependence of Tc with various chalcogenide superconductors.    

 

Sample Ambie
nt Tc 

Pressure 
maximum 

(Tc) 

dTc/dP Reference 

FeSe 8 K 27 K 
 (1.5 GPa) 

9.1 K/GPa Y. Mizuguchi et al., Appl. Phys. 
Letters 94, 152505 (2008). 

FeSe- 
Single crystal 

9 K 28  
(2.43 GPa) 

8 K/GPa Soon-Gil Jung et al., Scientific 
Reports 5, 16385 (2015) 

Fe0.99Ni0.01Se0.5Te0.5 9 K 30.5  
(3 GPa) 

7.19 K/GPa Kalaiselvan et al.,(Present Results)  

FeSe 7.5 K 34 K  
(7 GPa) 

3.7 K/GPa Kiyotaka Miyoshi et al., J. Phys. 
Soc. Jpn. 83, 013702 (2014) 

FeSe 8 K 36 K  
(9.5 GPa) 

2.9 K/GPa Andrew K. Stemshorn et al 
 J. Mater. Res., 25, 2 (2010) 

FeSe0.5T0.5 13.5 26.2  
(2 GPa) 

6.35 K/GPa K. Horigane et al., J. Phys. Soc. 
Jpn. 78, 063705 (2009) 

Fe1.03Se0.57Te0.43 13.9 K 26.3  
(2.3 GPa) 

6.2 K/GPa N. C. Gresty et al., J. Am. 
Chem.Soc. 131, 
16944 (2009) 

LaFeAsO0.89F0.11 28 K 43 K  
(3 GPa) 

8 K/GPa H. Takahashi et al., Nature 453, 376 
(2008) 
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