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1. Introduction

Ca10(PtnAs8)((Fe1−xPtx)2As2)5 with n  =  3 and 4 is a new family 
of iron-based superconductor [1]. The n  =  3 (10-3-8) com-
pound is of particular interest because the parent compound 
is of semiconductor nature which is unusual in iron-based 
superconductors. In addition, the stoichiometric compound 
Ca10(Pt3As8)(Fe2As2)5 is nonsuperconducting and shows no 
anomaly in the magnetic susceptibility [2]. Nuclear magnetic 
resonance measurements, however, reveal an antiferromagn-
etic ground state [3]. Two kinks were found in the derivative of 

the electrical resistivity around 100 K support the existence of 
decoupled structural and magnetic phase transitions [4]. The 
recent combined high resolution high energy x-ray diffraction 
and inelastic neutron scattering measurements reveal a sepa-
rate structural (Ts = 110(2) K) and magnetic (TN = 96(2) K) 
transition on the same single crystal [5]. A suppression of the 
spin-lattice relaxation rate observed by nuclear magnetic reso-
nance measurements mark the onset of a pseudogap at 45 K in  
Ca10(Pt3As8)((Fe1−xPtx)2As2)5 (Tc = 13 K) which could be 
associated with preformed Cooper pairs [6]. This resembles 
the high temperature cuprate superconductors where nematic 
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Abstract
Systematic high pressure transport measurements were performed on underdoped  
Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 single crystal sample. At ambient pressure, the sample 
shows a metallic behavior at high temperatures and then increases with further decreasing 
temperature. The resistivity dip, which is associated with metal to semiconductor transition is 
monotonically suppressed by increasing pressure. In contrast, the superconducting transition 
temperature Tc first increases with pressure and then decreases with further increasing 
pressure. Magnetization measurements, which gives the bulk Tc, show the same trend as 
the one obtained from resistivity measurements. An upward curvature is observed in the 
temperature dependence of the upper critical field Hc2(T), which suggests the multiband 
nature of the superconductivity. The constructed temperature–pressure (T−P) phase diagram is 
very similar to the reported temperature-doping (T  −  x) phase diagram, suggesting the similar 
role played by pressure and chemical doping.
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order is observed in the pseudo gap regime [7, 8]. Notably, 
the existence of electronic nematic state is well established in 
iron-based superconductors [9–12].

Ca10(Pt3As8)(Fe2As2)5 becomes superconducting by 
chemical doping, for example, platinum substitution on the 
Fe site [2], and lanthanum substitution on the Ca site [4]. 
Multiple superconducting gaps were revealed by muon-spin 
relaxation [6] and also penetration depth [13] measurements. 
Superconductivity can also be induced by pressure tuning of 
the undoped compound and it is found that pressure tuning 
and chemical doping play similar role in the moderate pres-
sure and doping range but are different at higher pressure 
and heavy doping regime [14]. One distinguished feature of 
this material is that there is no overlap between the antiferro-
magnetic and superconducting phases [14], which is different 
from the 122 family of iron-based superconductors. This pro-
vide a unique opportunity to study superconductivity without 
the complication due to coexisting phase.

Notably, the semiconductor behavior in Ca10(Pt3As8)  
((Fe1−xPtx)2As2)5 exists not only in the undoped compound 
but also survives across the temperature-doping (T  −  x) phase 
diagram [2]. However, it remains an open question regarding 
the relationship between the semiconductor behavior, 
pseudo gap and superconductivity. Here, we tune one under-
doped sample of Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 by applied 
pres sure and study systematically the evolution of both the 
normal state and superconducting states. This particular 
sample is chosen since it is close to the optimal doping and 
no antiferromagnetism is present in the system. We summa-
rized the pressure dependence of the crossover temper ature 
Tdip from metallic to semiconductor-like behavior, and also 
the superconducting transition temperature Tc. The Tdip is 
monotonically decreasing with increasing pressure, while 
the Tc forms a dome shape, suggesting different origin of the 
crossover behavior and superconductivity.

2. Experimental details

High quality single crystals of Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 
were synthesized using a self-flux method [2]. The sample  
for which the data is shown in this paper has a thickness of  
14 µm. Pressure was applied at room temperature using 
diamond anvil cells (DAC) made of CuBe alloy, with the 
diamond anvil culet of 800 µm in diameter for electrical 
resistivity measurements and 500 µm in diameter for mag-
netization measurements. Electrical resistivity measurements 
were performed using a Quantum Design physical property 
measurement system. The Van der Pauw method [15] was 
used to measure the electrical resistivity and Hall coefficient 
simultaneously. To determine the bulk superconducting trans-
ition temperature, we performed magnetic measurements 
in a superconducting quantum interference device (SQUID 
magnetometer). In both cases, Daphne oil 7373 was used as 
a pressure-transmitting medium, and pressure was calibrated 
using the ruby fluorescence shift at room temperature.

3. Results and discussion

Figure 1 shows the single-crystal x-ray diffraction pattern of 
the Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 sample. Note that only 
(0 0 l) reflection peaks are observed, which suggest that the 
single crystal is in perfect (0 0 l) orientation.

Figure 2(a) shows the temperature (T) dependent 
resistivity (ρ) curves measured under applied pressures, 
P = 0, 0.77, 1.64, 2.68, 3.64, 4.52, and 5.24 GPa. The data are 
shifted vertically for clarity. Note that a different sample is 
used for the ambient pressure measurements. The resistivity 
is metallic at higher temperature, reaching a minimum at Tdip 
and then increasing with further decreasing temperature. The 
low temperature upturn resembles the low pressure data of 
CaFeAsF parent compound [16] and also doped 1111 system 

Figure 1. Single crystal x-ray diffraction pattern of Ca10(Pt3As8)
((Fe0.95Pt0.05)2As2)5.

Figure 2. (a) The resistivity versus temperature curves of 
Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 under different pressures, 
P = 0, 0.77, 1.64, 2.68, 3.64, 4.52, and 5.24 GPa. The resistivity 
were vertically shifted for clarity. (b) The enlarged R versus T 
curve for P  =  1.64 GPa to show Tdip and Tpeak. (c) The pressure 
dependence of Tdip and Tpeak. (d) The superconducting transition 
temperature Tc0 versus pressure P.
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[17–20]. The upturn becomes less pronounced with increasing 
pressure, which is similar to the effect of Pt doping [2].

Figure 2(b) shows the enlarged plot of the resistivity data 
(P  =  1.64 GPa) in the low temperature regime. The dip and the 
peak in the resistivity can be clearly observed at T  =  72.7 K 
and 23.5 K, respectively. The corresponding superconducting 
transition temperature is Tc0 = 11.6 K, defined as the temper-
ature for the appearance of zero resistivity. The pressure 
dependence of Tdip and Tpeak are summarized in figure 2(c). 
It is found that Tdip decreases monotonically with increasing 
pressure. This tendency is same with the change of Tdip with 
doping [2]. Figure 2(d) plots the pressure dependence of the 
superconducting transition temperature Tc0, which increases 
slightly and then decreases with increasing pressure, forming 
a dome shape.

Note that Tpeak is much higher than Tc0. The difference is 
the largest for P  =  1.64 GPa, where the difference is as large 
as 11.9 K. Note that the onset of a pseudogap is reported to 
be at T*  =  45 K in a Ca10(Pt3As8)((Fe1−xPtx)2As2)5 sample 
with x  =  0.06 and Tc = 13 K, which is likely associated with 
the emergence of preformed Cooper pairs [6]. Temperature 
dependent torque data on optimally doped sample [21] show 
that τ0 deviate from high temperature T linear behavior at 
temper ature even higher than T* reported by the nuclear magn-
etic resonance measurements [6]. Hence, the Tpeak could be a 
result of competition of the semiconductor behavior and the 
superconducting fluctuations in the normal state. In addition, 
it is found that Tpeak shows a nonmonotonic pressure depend-
ence and follows well the tendency of Tc0.

We made further study on the superconducting state 
of Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 by measuring the 
superconducting transition in different applied magn-
etic field. Figures  3(a)–(c) shows the ρ−T  curves with  
H = 0, 1, 3, 5, 7, 9 T along c axis at selected pressures, 
P = 1.64, 2.68 and 4.52 GPa. The superconducting transition 
temperature is gradually suppressed with magnetic field. With 
increasing pressure, the superconducting transition width 
becomes broadened. For P  =  4.52 GPa at higher magnetic 
fields, the superconducting transition is not complete down to 
the lowest measured temperature of T  =  2 K.

Figure 3(d) plots the upper critical field Hc2 versus 
temper ature T for selected pressures. The superconducting 
trans ition temperature Tc is defined as the temperature 
at which the resistivity goes to zero. It is found that with 
increasing pressure, the Hc2 is monotonically suppressed. 
There is a clear upward curvature in Hc2(T), which can not 
be explained by the one-gap Werthamer–Helfand–Hohenberg 
theory and may be attributed to the effect of a two-gap sce-
nario. And indeed, muon-spin relaxation (µSR) measure-
ments revealed the presence of two superconducting gaps, 
with ∆1 = 2.13 ± 0.13 meV and ∆2 = 0.33 ± 0.31 meV [6]. 
This suggests the multiband nature of superconductivity in 
Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 under pressure. The upward 
curvature of Hc2(T) is also observed in the 10-4-8 phase 
[22] and CaFeAsF [16]. The Hc2(T) data can be described 
within the entire temperature range by the empirical equa-
tion  Hc2(T) = Hc2(0)(1 − T/Tc)

n [16, 23], which gives 

a Hc2(0) of 14.1–17.2 T and the exponent n ranges from 
1.55–1.75 in the pressure range between 1.64–4.52 GPa. The 
inset shows the reduced magnetic field H/Hc2(0) versus the 
reduced temperature T/Tc0 curves. It is found that the data 
for different pressures overlap.

To determine the bulk superconducting transition 
temper ature we performed zero-field-cooled magneti-
zation measurements under different pressures namely, 
P = 0.6, 0.94, 1.2, 1.9, 2.5, 3.2, 3.8, and 4.4 GPa as shown in 
figure 4(a). Since the sample used in the pressure cell is too 
small to measure its mass, here we show the magnetization 
data in emu. Figure 4(b) shows the pressure dependence of the 
superconducting transition temperature obtained from mag-
netization data. It is found that Tc,m increases first, reaches a 
maximum and then decreases fast with P, consistent with the 
overall tendency of Tc determined from electrical resistivity 
data.

Next, we study Hall resistivity ρxy which is measured 
simultaneously with resistivity by sweeping the magnetic field 
from  −9 to 9 T. The electric current is applied along the ab 
plane and the magnetic field along the c axis. Figure 5(a) shows 
the magnetic field H dependence of the Hall resistivity ρxy at 
T  =  20 K. For clarity, we show only data at P = 1.64, 3.64 
and 5.24 GPa. It is found that ρxy varies linearly with H at all 

Figure 3. (a)–(c) Show typical low-temperature-dependent 
resistivity curves for Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5 with 
H = 0, 1, 3, 5, 7 and 9 T parallel to the c axis at P = 1.64, 2.68 
and 4.52 GPa, respectively. (d) The representative temperature T 
dependent upper critical field Hc2 curves. The dashed lines are 
fitting curves by Hc2(T) = Hc2(0)(1 − T/Tc)

n. Inset shows the 
reduced magnetic field H/Hc2 versus the reduced temperature 
T/Tc0.
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pressures, which suggests that only one type of charge car-
rier dominates transport at this particular temperature [24, 25]. 
The calculated Hall coefficient RH is shown in figure  5(b). 
The value of RH is comparable with a previous report on  
Ca10(Pt3As8)((Fe1−xPtx)2As2)5 [2], and other iron-based super-
conductors, (Ba1−xLax)Fe2As2 [26] and NaFe1−xRhxAs [27]. 
Note that RH decreases with increasing pressure and this ten-
dency is similar to the pressure dependence of RH obtained for 
the undoped parent compound [14].

Figure 6 shows the summarized temperature versus pres-
sure T−P phase diagram. The crossover temperature Tdip from 
metallic to semiconductor behavior is monotonically sup-
pressed with increasing pressure. The superconducting trans-
ition temperature Tc increases initially and then decreases with 
increasing pressure. The dome shape of Tc with P is similar 
to that of 122 family of iron-based superconductor [28–31], 
but different from 1111 family, for example, CaFeAsF, where 
Tc is monotonically suppressed with increasing pressure 
[16, 32]. The resistivity maximum Tpeak, which is a result of 
competition between semiconductor behavior and supercon-
ducting fluctuations above Tc, follows well the tendency of 

the pres sure dependence of Tc. The T−P phase diagram show 
great resemblance to the reported T  −  x phase diagram [2], 
suggesting the similar role of pressure and chemical doping in 
superconducting Ca10(Pt3As8)((Fe1−xPtx)2As2)5 samples.

4. Conclusions

In summary, we have performed resistivity and magnetization 
measurements under pressure and constructed the temper ature-
pressure phase diagram of Ca10(Pt3As8)((Fe0.095Pt0.05)2As2)5.  
With increasing pressure, the crossover temperature from 
metal to semiconductor behavior decreases, hence the mat-
erial becomes more metallic. The superconducting trans ition 
temperature Tc forms a dome shape. In addition, the Tpeak 
follows well the pressure dependence of Tc0 and could be a 
result of competition of the semiconductor behavior and the 
superconducting fluctuations in the normal state. Comparing 
the obtained T−P phase diagram and the reported T  −  x 
phase diagram, we concluded that pressure plays a similar 
role as chemical doping in the superconducting sample of 
Ca10(Pt3As8)((Fe1−xPtx)2As2)5.
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Figure 4. Temperature dependence of magnetization measured 
at P = 0.6, 0.94, 1.2, 1.9, 2.5, 3.2, 3.8 and 4.4 GPa in an applied 
magnetic field of 10 Oe. (b) Pressure dependence of the 
superconducting transition temperature Tc,m determined from 
magnetization measurements.

Figure 5. (a) Magnetic field H dependence of Hall resistivity ρxy at 
pressure P = 1.64, 3.64, and 5.24 GPa. The dashed lines are linear 
fitting curves. (b) Pressure dependence of Hall coefficient RH at 
T  =  20 K. The solid line is a guide to the eye.

Figure 6. Temperature versus pressure (T−P) phase diagram of 
Ca10(Pt3As8)((Fe0.95Pt0.05)2As2)5. Tdip is the resistivity minimum 
which corresponds to the crossover temperature from metallic and 
semiconductor-like behavior. Tpeak represents the temperature of the 
resistivity maximum before entering the superconducting state. The 
superconducting transition temperature Tc0 and Tc,m are determined 
from resistivity and magnetization measurement, respectively.
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