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We present a systematic study of the impurity scattering effect induced by Pd dopants in the super-
conductor SrPt3P. Using a solid-state reaction method, we fabricated the Pd-doped superconductor
Sr(Pt1_,Pd,)sP. We found that the residual resistivity pg increases quickly with Pd doping, whereas

the residual resistance ratio (RRR) displays a dramatic reduction. In addition, both the nonlinear

field-dependent behavior of the Hall resistivity p,, and the strong temperature dependence of the

Hall coefficient Ry at low temperature are suppressed by Pd doping. All the experimental results

can be explained by an increase in scattering by impurities induced by doping. Our results suggest
that the Pt position is very crucial to the carrier conduction in the present system.
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1 Introduction

The research on high-temperature and unconventional
superconductivity has focused recently on materials with
transition metal elements because there are strong inter-
plays among the charge, spin, orbital, and lattice de-
grees of freedom in these systems [1-4]. The discovery
of a series of platinum-based superconductors APtsP (A
= Ca, Sr, and La) has recently been reported by the
research group of Takayama [5]. These materials have
a distorted anti-perovskite structure that resembles the
structure of CePt3Si [6]. Among this family of supercon-
ductors, SrPt3P exhibits the highest 7t of around 8.4 K.
After the discovery of SrPt3P, several research groups
performed theoretical calculations of the electronic, vi-
brational, and thermodynamic properties of this material
[7—10]. In addition, a series of experiments reportedly re-
vealed the physical properties of SrPtsP. Jawdat et al.
studied the influence of high pressure and Si doping on
the superconductivity of SrPtsP [11]. Specific heat and
inelastic X-ray scattering measurements indicated strong

coupling behavior in this material [5, 12], which was in
conflict with the electronic structure calculations [10].
Nuclear magnetic resonance investigations indicated a
conventional s-wave pairing configuration in this mate-
rial [13]. Obviously, there still remains sufficient room to
further investigate this material. In particular, the cal-
culated densities of states are contributed mainly by the
5d states of Pt, which may lead to strong spin—orbital
coupling in this system [10, 14]. Therefore, much atten-
tion should be paid to the Pt position in the SrPtsP
superconductor.

In this paper, the 4d element Pd was successfully sub-
stituted at the Pt site of SrPt3P, as revealed by clear
changes in the lattice constants. The electron transport
in the normal states was studied by resistivity and Hall
effect measurements. A clear increase in the residual re-
sistivity po and decrease in the residual resistivity ratio
(RRR) were observed in the Pd-doped samples, which
were attributed to distinct scattering by impurities. This
impurity scattering effect also results in suppression of
the nonlinear field-dependent behavior of the Hall resis-
tivity pgy and strong temperature dependence of the Hall
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coefficient Ry in the low-temperature region.

2 Experiments

Samples were prepared through a two-step solid-state re-
action. The detailed processes of the sample synthesis
were described in our previous paper [14]. The composi-
tion of the samples was determined by energy dispersive
X-ray spectroscopy measurements on an Oxford Instru-
ments device. The actual doping levels were found to
be very close to the nominal composition, so the nomi-
nal values of Pd doping will be used in this paper. The
structure of the obtained samples was checked using a
DX-2700-type powder X-ray diffractometer. The electri-
cal resistance and Hall resistance were measured using a
six-probe technique on a physical property measurement
system (Quantum Design, PPMS). Magnetic fields of up
to 9 T was applied in the direction perpendicular to the
sample surface during the Hall effect measurement.

3 Results

3.1 Crystal structure

The crystal structure of this system has been reported
by Takayama et al. [5]. Here we show the X-ray diffrac-
tion (XRD) pattern for one typical sample of this series
of materials in Fig. 1. All the main diffraction peaks can
be indexed to the structure of SrPtsP. The lattice pa-
rameters can be obtained by fitting the XRD data using
the software Powder-X [15]. These parameters were de-
termined to be a = 5.821(2) A and ¢ = 5.359(6) A,
respectively. A comparison with the values for undoped
SrPt3P (a = 5.809 A and ¢ = 5.383 A) indicates that
the crystal lattice shows shrinkage along the ¢ axis and
expansion along the a axis with increasing doping. This
tendency proves that Pd was successfully substituted in
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Fig. 1 XRD patterns for one typical Sr(Pt;_,Pd;)sP sample
with x = 0.2.
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the crystal of the present system.

3.2 Resistivity

We measured the temperature-dependent resistivity of
all the samples we synthesized to study the effect of Pd
doping on the superconducting properties. The temper-
ature dependence of the resistivity for different doping
levels is shown in Fig. 2. All the samples display clear
superconducting transitions to zero resistance, which has
been discussed in our previous paper [14]. Here, we con-
centrate on the transport behavior in the normal states.
In the normal states above T,., we observed metallic be-
havior in the samples with different Pd doping levels. As
shown in Fig. 2(a), the conductivity is weakened with
increasing Pd content, and the resistivity is enhanced by
more than one order of magnitude by Pd doping with x
= 0.4. This tendency can be represented quantitatively
by the residual resistivity pg, which is the resistivity at
zero temperature obtained by extrapolating the resis-
tivity data above T, to 0 K. The doping dependence of
po is shown in Fig. 3(a). One can see that py increases
dramatically (up to 59 times) upon Pd doping up to x
= 0.4. We also show the temperature dependence of the
resistivity normalized to 300 K in Fig. 2(b) to investigate
the temperature-dependent behavior. The temperature
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Fig. 2 Temperature dependence of (a) logarithmic-scaled
and (b) normalized resistivity for the samples with = =
0,0.1,0.2,0.3,0.4. Clear superconducting transitions can be seen
at low temperatures.
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dependent feature was clearly suppressed by Pd doping,
indicating a reduction in the residual resistance ratio
(RRR = p300k/p0), as shown in Fig. 3(b).

Our observations demonstrate a significant increase in
the electron scattering by impurities induced by Pd dop-
ing. Note that this effect is more remarkable than that in
the Si-doped SrPt3P;_,Si, system [11], which suggests
that the position of Pt is more crucial to the carrier con-
duction than the P position.

3.3 Hall effect

To obtain further information about the properties of
carrier transport and the effects of Pd doping, we mea-
sured the Hall effect at various temperatures. Here, we
show the results for two Sr(Pt;_,Pd,)sP samples with
x = 0 and x = 0.2 for comparison. The field dependence
of the Hall resistivity ps, of these two samples is shown
in Figs. 4(a) and (b), respectively. Here p,, was taken as
pay = [p(+H) — p(—H)]/2 at each point to eliminate the
effect of the misaligned Hall electrodes. The Hall resistiv-
ity for both samples is positive, indicating the dominance
of hole-type charge carriers in the conduction. In par-
ticular, for the undoped sample, the curves show clear
nonlinear field-dependent behavior at low temperature,
which is a typical feature of the multiband effect. This

(@

po (mQ-cm)

Fig. 3 Doping dependence of (a) the residual resistivity (po) and
(b) the residual resistance ratio (RRR).
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observation is not novel and is quite consistent with pre-
vious experimental results and electronic structure calcu-
lations [5, 10, 14]. Upon Pd doping, this nonlinear Hall
effect is totally suppressed and linear field-dependent be-
havior is realized, as revealed by the straight blue line in
Fig. 4(b).

The Hall coefficient Ry was determined by the equa-
tion

dp,
Ry = —H|y_o. 1
H= |H—0 (1)
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Fig. 4 Field dependence of the Hall resistivity pzy at different
temperatures for the Sr(Pt1_,Pd;)3P samples with (a) x = 0 and
(b) & = 0.2. The straight blue line is a guide for the eyes.
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Fig. 5 Temperature dependence of the Hall coefficient Ry for
the two samples with z = 0 and 0.2.
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The temperature dependence of Ry for the two samples
with = 0 and z = 0.2 is shown in Fig. 5. The varia-
tion of Ry at different temperatures for SrPt3P is clearly
larger than that for Sr(Ptg sPdg.2)3P. For a simple two-
band scenario with different types of carriers, the Hall
coefficient Ry in the low-field limit can be expressed as
16]

1 2 2
Ry = - —Hh _Ttelle 2)
e (Nppin + Nepte)

where n; and p; (i = h,e) are the charge density and
the mobility of the hole and electron band, respectively.
Unlike the case for the single-band system, where the
Hall coefficient is determined only by the charge density,
the mobility should also be considered in this multiband
case. The mobility is known to be proportional to the
scattering time 7. Typically the scattering time 7 has
a strong temperature dependence, which leads to the
strong temperature dependence of Ry, as has been ob-
served in other multiband systems [17-21]. In contrast,
Ry normally shows a weak temperature dependence in a
conventional single-band system. Our result here is con-
sistent with the suppression of the nonlinear field depen-
dence of p,y represented in the above paragraph.

The first-principles calculations in our previous work
[14] suggest that Pd doping does not suppress the multi-
band features of the electronic structure. Consequently,
the suppression of the nonlinear field dependence of p,
and the weakening of the temperature dependence of Ry
are hard to attribute to the changes in the band struc-
ture. We checked the change in the scattering time after
Pd doping and found that it is responsible for the ob-
served behavior of the Hall effect. In a solid, electrons
can scatter from phonons and impurities, and the total
scattering rate can be expressed as [16]

1/7=1/7pn + 1/ Timp, (3)

where 7, and 7, are the scattering time from phonons
and impurities, respectively. It is well known that 7,
is temperature-independent and determines the residual
resistivity po. As shown in Fig. 3(a), po increases dra-
matically with Pd doping, which means that the scat-
tering rate from impurities (1/7m,) increases rapidly.
Apparently, the increase in this T-independent term in
Eq. (3) will weaken the temperature dependence of the
total scattering rate 1/7 and the Hall coefficient Ry ac-
cordingly.

4 Conclusion

In conclusion, we successfully substituted Pd into the
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Pt position in the superconductor SrPtsP. Pd doping
changes the lattice parameters and transport properties.
Both the conductivity and the residual resistance ratio
are dramatically suppressed by Pd doping. The multi-
band features, as revealed by the nonlinear field depen-
dence of p,, and the strong temperature dependence of
Ry, are also suppressed by doping. All the experimen-
tal facts can be interpreted in terms of doping-induced
enhancement of scattering from impurities. Our results
reveal the importance of Pt in the electron transport
performance, to which more attention should be paid in
order to understand the superconducting mechanism of
the present system.
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