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We report the synthesis and properties of superconducting Bi,PdPt, a new member of the Bi-Pd based

compounds that are known for simultaneous existence of topological surface states and superconductivity.

It crystallizes in a hexagonal structure having space group P6s/mmc. A detailed investigation of the proper-
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|. Introduction

The topological aspects of electronic states provide a thrust
in the recent research of condensed matter physics. With
the realization of spin polarization in these electronic states,
various exotic quantum phases emerge, such as topological
insulators, topological semimetals, and topological supercon-
ductors (TSCs)."™ Particularly, topological superconductors
have attracted immense attention because of the potential
appearance of exotic quasiparticles called Majorana fermions
and their application in topological quantum computing.
A topological superconductor is characterized by a bulk super-
conducting gap and Majorana zero modes at the symmetry
protected topological surface states (TSSs).> The various
proposed ways to realize a TSC include carrier doped topologi-
cal insulator and superconductor-topological insulator
heterostructures,* ® which introduce the challenge of preparing
high-quality samples and observing interfacial phenomena.
Here, the bulk compounds having topological nontrivial band
structure and superconductivity coexist intrinsically emerge as
a promising route to realize topological superconductivity.
Bi-based materials are well known for the presence of
TSSs.”** And Bi-based binary systems o-PdBi, o-PdBi,, and
B-PdBi, are among the promising candidates exhibiting bulk
topological superconductivity. Notably, in o-PdBi, and non-
centrosymmetric o-PdBi, Rashba surface states near the Fermi
level, Er, were theoretically predicted and experimentally
verified via angle-resolved photoemission spectroscopy (ARPES)
with intrinsic superconductivity.">>° Moreover, the observed
non-helical spin texture near Eg for B-PdBi, combined with the
various reports of fully gapped multiband superconductivity in
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ties via transport, magnetization and specific heat measurements confirms bulk superconductivity with a
transition temperature, T, of 4.0 (1) K in the moderate coupling limit.

bulk suggests the possible presence of Majorana fermions at
the surface states.”'>*

Recently, PtBi, has been shown to exhibit a large anisotropy
for in-plane and inter-plane transport and stated as a bulk
topological metal with pressure-induced superconductivity at
2.0 K.>**’ This indicates that the vast family of Bi compounds
is associated with various aspects of nontrivial topological
electronic states and this is accompanied by superconductivity,
which demands a detailed investigation in the respective
family. Furthermore, the spin-orbit coupling (SOC) strength
affects the Fermi surface to capture the nontrivial band
topology®?® and also impacts the low-energy properties like
superconductivity.>® Thus, the superconductivity with a high
SOC strength and the possible nontrivial topological band
structure may direct unconventionality in the superconducting
ground state. As SOC is directly proportional to the fourth
power of atomic number Z, introducing a heavier element will
increase the SOC strength of the system.

We have synthesized single crystals of a new member of
the Bi compound family, Bi,PdPt in this prospect. Powder XRD
and Laue diffraction were performed to investigate the crystal
structure and orientation. The superconducting and normal
state properties of Bi,PdPt are studied using transport, magne-
tization and specific heat measurements. Type-II superconduc-
tivity in the moderate coupling limit is established in Bi,PdPt.

ll. Experimental details

Single-crystals of Bi,PdPt were prepared by the modified Bridg-
man method. First, the polycrystalline sample was prepared
using the solid state reaction method by taking a stoichiometric
mixture of the required elemental powder Bi (99.99%), Pd
(99.95%) and Pt (99.9%). Subsequently, the palletized form of
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Fig. 1 NiAs hexagonal crystal structure of BiPdPt is shown with solid orange balls as Bi atoms and half green or grey solid balls as Pd/Pt atoms. (a) Side
view of the crystal structure and (b) top view of the crystal structure. (c) Rietveld refined pattern, represented by black lines, of XRD recorded at room
temperature (open orange circles) for BiPdPt. The inset shows the Laue diffraction pattern of the single-crystal.

the mixture was heated at 700 °C for four days in a vacuum-
sealed tube, which was then transferred to a conical end quartz
ampoule for single-crystal growth. The ampoule was kept at
700 °C for 12 h and slowly cooled to 650 °C at a rate of 0.4 °C h™*,
followed by water quenching. The obtained single-crystals were
extremely brittle with a metallic lustre. Mechanically cleaved
single-crystals were used for all of the measurements. Powder
X-ray diffraction (XRD) data for the ground single crystal were
collected at room temperature using a PANalytical X'Pert
powder diffractometer with Cu K,, (A = 1.5406 A) radiation. The
Laue diffraction pattern was recorded using a Photonic-Science
Laue camera system for single-crystal orientation and quality
determination. Magnetic measurements were performed using a
Superconducting Quantum Interference Device (SQUID) of the
Quantum Design Magnetic Property Measurement System
(MPMS-3). AC transport and specific heat measurements were
performed using the two-t relaxation method using a Quantum
Design Physical Property Measurement System (PPMS) 9 T with an
applied magnetic field parallel to the crystallographic [001] axis.

lll. Results and discussion
a. Sample characterization

The Rietveld refinement of the powder X-ray diffraction pattern
of Bi,PdPt was performed using the FullProf software (shown in
Fig. 1).>° A small elemental impurity peak of Pt is observed,

Table 1 Structure parameters of BiPdPt obtained from the Rietveld
refinement of XRD

Structure Hexagonal

Space group P63/mmc

Lattice parameters

a = b(A) 4.294(5)

c(A) 5.567(1)

Atom Wyckoff position y z Occupancy
Bi 2¢c 0.666 0.250 1.0008

Pd 2a 0 0 0.5017

Pt 2a 0 0 0.4877
5376 | Mater. Adv, 2022, 3, 5375-5382

shown by an asterisk in Fig. 1. The refined pattern confirms
the crystallization of Bi,PdPt in the NiAs hexagonal crystal
structure having space group P6;/mmc, which is in accordance
with the literature®' and different from the structures reported
for other superconducting compounds of the family, o-BiPd
(non-centrosymmetric) and o-, B-PdBi,, and PtBi, (layered
structures),'>'?32¢

The structure of Bi,PdPt consists of Bi atoms that lie inside
the hexagonal geometry while Pd and Pt atoms share the edge
sites with equal probability, as shown in Fig. 1(a) and (b).
Detailed refinement results with the associated Wyckoff
position of each atom are summarized in Table 1. The Laue
diffraction pattern of different crystals of the same batch
depicts the orientation of the crystal along the [001] direction,
and bright spots reveal the quality of the single-crystal, as
shown in the inset of Fig. 1(c).

I T T T I I
7.5+ b00%°—
009°
—— Parallel Resistor Model _00%°
—~ 6.0 55" .
E . %(455
&} ,9°°°
9%
G 451 o ————
=, e
= @ 3t :
a o T
3.0F E .l Teonser = 400 K {
o]
3
all 1
1.5 -
ok |
4 5
0.0 1 | L TH =
0 50 100 150 200 250

T (K)

Fig. 2 Temperature dependence of resistivity in the zero field fitted above
the transition temperature is shown in the main panel. The inset shows the
limited temperature region presenting the superconducting transition at
Tc,onset = 4.0(1) K.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 (a) Superconducting transition in a 1 mT magnetic field at T¢ =
3.98(1) K and the inset shows the AC susceptibility curve with the same
transition temperature. (b) Magnetization hysteresis loop at 1.8 K. (c)
Magnetic moment variation under a magnetic field at different temperatures
up to the transition temperature. (d) The lower critical field with temperature
is fitted using the GL eqgn (4).
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b. Superconducting and normal state properties

The in-plane AC resistivity at zero magnetic field in the tem-
perature range of 1.9 K to 250 K was measured for the single-
crystal of Bi,PdPt, as shown in Fig. 2. A sharp resistivity drop
from the normal state resistivity at Tc onset = 4.0(1) K with a
width of 0.1 K is recorded as a superconducting transition.
Above the transition temperature, the resistivity behaviour of
Bi,PdPt shows a slight deviation from the linear behaviour,
which is described by Wilson’s theory.*> However, the high
value of the absolute resistivity with a saturated trend is
consistent with those of o-BiPd and other A15 compounds
where the parallel resistor model is implanted.** Hence, the
resistivity behaviour of Bi,PdPt is characterized using the
parallel resistor model described by Wisemann as®*

11 N 1 (1)
p(T)  ps pi(T)
where p; is the saturated resistivity independent of the tem-
perature and p; (7) is the ideal contribution consisting of two
terms which are expressed as

pi(T) = pig+C (%)"J:R/dex. (2)

here, the first term p; , is the temperature-independent residual
resistivity, and the second term represents the temperature
dependent contribution including the effect of electron-
phonon scattering stated by the generalized Bloch-Griineisen
expression.’>** @y, is the Debye temperature from the resistivity
measurement and C is a material-dependent quantity. The best
fitting of Bi,PdPt for n = 3 yield Debye temperature @ = 123(3) K,
C =5.70(2) pQ cm, ps = 47(3) pQ cm and p; o = 3.32(1) pQ cm.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 The upper critical field variation with temperature (determined via
magnetization and resistivity measurements) fitted using eqn (4) is shown.
The inset shows the resistivity drop temperature variation with an applied
magnetic field.

The estimated residual resistivity ratio, p (250 K)/p (5 K) = 2.5, is
much smaller than the reported values for the other Bi-Pd
compounds, which can be possibly due to the increase in the
disorder of the system due to the presence of Pt.**3°

Magnetization versus temperature measurement under 1 mT
magnetic field in zero field cooled warming (ZFCW) and field
cooled cooling (FCC) modes is shown in Fig. 3(a). The curve
shows a diamagnetic onset at temperature, T¢ = 3.98(1) K
perpendicular to the crystallographic axis [001] of single-crystal
Bi,PdPt. The poor overlap of ZFCW and FCC curves depicts the
presence of strong pinning centres in the sample, and a super-
conducting volume fraction close to 96% from ZFCW curve
certain the bulk superconducting property. The AC susceptibility
results also depict the transition temperature to be 3.99(2) K in a
similar magnetic field (shown in inset of Fig. 3(a)). A magnetiza-
tion hysteresis loop under an applied magnetic field of £ 1 Tata
temperature of 1.8 K is shown in Fig. 3(b). The loop represents
the conventional type-II superconductor behaviour along with an
irreversible nature of magnetization up to Hj,, = 0.45 T, above
which unpinning of the vortices starts.

Furthermore, to estimate the lower critical field value Hc;,
the magnetization variation in the applied magnetic field at
different isotherms up to the transition temperature 7. were
analyzed. Hg; for each isotherm is considered as a magnetic
field value where the curve starts to deviate from the linear
Meissner state, as shown in Fig. 3(c). The temperature evolution
of the lower critical field is fitted with the Ginzburg-Landau
(GL) equation

(3)

which gives H¢4(0) = 2.96(4) mT for T = 3.98(1) K (Fig. 3(d)).
The upper critical field, He,, is evaluated by the observed shifts
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Fig. 5 Temperature dependence specific heat of Bi,PdPt represented in
the C vs. T form at a 2 T magnetic field is fitted with eqn (5). The inset

presents the C vs. T curve at a zero magnetic field where an anomaly is
clearly observed.

in the superconducting transition temperature with increasing
applied magnetic field. The change in the transition temperature
Tc is marked from magnetization at onset and for resistivity
measurements at 90% drop from the normal state resistivity
value (Tc0%), as shown in the inset of Fig. 4. The upper critical
field, Hc,(0), is estimated from the expression

2
HexT) = Ho O[] @

Here ¢ = T/T¢ is the reduced temperature. The fitted data yield
Hcom(0) = 0.92(1) T and Hc, ,(0) = 1.08(1) T from magnetization
and resistivity measurements, respectively, as displayed in Fig. 4.

In addition to the resistivity and magnetization measurements,
the specific heat is also measured for Bi,PdPt at zero field and 2 T
(well above the upper critical field) under temperature variation,
as shown in Fig. 5. A small anomaly in 0 T specific heat
measurement is observed around 3.93(7) K, as shown in the inset
of Fig. 5, which is consistent with the observed superconducting
transition temperature from the resistivity and magnetization
measurements. The measurement recorded at 2 T presents the
normal state of Bi,PdPt. The normal state specific data are fitted
using the Debye relationship

C=y.T+ BT + BsT° (5)

where 7y, is the Sommerfeld coefficient corresponding to
electronic contribution, f; is the Debye constant representing
the phononic contribution, and fs includes the anharmonic
contribution to the specific heat. The fitted data produce y,
5.1(6) mJ mol " K2, B3 = 1.72(6) mJ mol ' K * and s =
11.2(1) W mol * K ® (Fig. 5). The Sommerfeld coefficient value
of Bi,PdPt matches well with the reported value of o-PdBi, but a
large deviation from o- and B-PdBi, is observed.’**%**” According
to free electron theory, the Sommerfeld coefficient is used to
evaluate the density of state at the Fermi level as per the

5378 | Mater. Adv,, 2022, 3, 5375-5382
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kg’ 23 1
3 Dc(EF), where kg = 1.38 x 100~ J K~

is the Boltzmann constant. D¢(Eg) is calculated to be 2.1(2)
states eV~ ' f.u.”". Furthermore, considering the Debye model,
the Debye temperature Oy, is estimated to be 165(2) K for ff; =
127* RN 3
)
where R = 8.314 ] mol ' K" is a gas constant. The calculated
Debye temperature value is consistent with the value obtained
using the parallel resistor model. The average electron-phonon
coupling constant, A._pn is also calculated by implanting
McMillan’s theory given as*®

relationship y, =

1.72(6) mJ mol~ ' K™ * using the expression 0p = <

1.04 + ,U* ln(@D/1.45Tc)

= (1-0.62u") In(0p/1.45T¢) — 1.04 (6)

;Le—ph

where p* varies in the range of 0.1 < p* < 0.15, a material-
specific value accounting for the screened Coulomb repulsion.
Considering T = 3.93(7) K, 0p = 165(2) K and u* = 0.1 (as
speculated for Bi-Pd binary compounds) Z._pn = 0.64(1) is
obtained, which puts Bi,PdPt in the moderately coupled super-
conductor regime respective to other Bi-Pd compounds a-, -
PdBi,, and a-PdBi.**"*’

c. Superconducting parameters and Uemura plot

The external applied magnetic field imposes a limiting field on
the superconductor, portrayed independently by the spin para-
magnetic and orbital limiting effects. According to the BCS
theory, the spin paramagnetic effect comes from pair breaking
due to the Zeeman effect defined as the Pauli limiting field,
Hg,(0) = 1.86 Tc.***° For Bi,PdPt with Tc = 3.98(1) K, He,(0) =
7.40(2) T is yielded. Whereas, the orbital limit for an upper
critical field refers to the critical field where vortex cores begin
to overlap. The orbital limiting field is given by the Werthamer-
Helfand-Hohenberg (WHH) expression®"*?

dHe(T)

HEPW(0) = —aTc™C

(7)

T=T¢

where o = 0.69 for the dirty limit and 0.73 for the clean limit

—dHe (T .
T;() at T = T¢ is

estimated to be 0.23(1) T/K which gives HZ '™ (0) = 0.64(1) T
considering the dirty limit. Furthermore, the relative strength
of Pauli and the orbital limiting field is measured from the Maki

superconductors. The initial slope

parameter defined using the relationship oy = V2HY(0)/
HE,(0), which evaluates oy = 0.12(2).*> The small value of the
Maki parameter indicates negligible effect of the Pauli limiting field
for Bi,PdPt.

Furthermore, the fundamental superconducting length
parameters are calculated from the upper, Hc,(0), and lower,
Hc4(0), critical field values. The Ginzburg-Landau coherence

D,
length (g (0)) is estimated from &g (0) = ’/ZnH—O(O)’M
&

where @, = 2.07 x 10> T m” is the magnetic flux quantum.
Using Hepm(0) = 0.92(1) T, &i(0) is evaluated as 190(1) A.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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The equation™

B @, AcL(0)
o 41[;,G]_2(0) (ln éGL (O)

provides the Ginzburg-Landau penetration depth, g (0) =
4231(76) A, for Hgy(0) = 2.96(4) mT and &g (0) = 190(1) A.
26 (0)

¢6(0)
KgL = 22.2(5), which is much higher than 1 / V2, indicating a
strong type-II superconductivity in Bi,PdPt. The thermo-
dynamic critical field, Hc, is evaluated using the expression:*’
Hc4(0) Heo(0) = He® In kg, yielding He = 29(1) mT.

For Bi,PdPt, to determine the rest of the superconducting
parameters including the London penetration depth, A;, and
the electronic mean free path, /., and to verify the dirty limit
superconductivity, a set of equations is used assuming the
spherical Fermi surface. The electronic mean free path, I, is
estimated from the quasiparticle number density, n, and Som-
merfeld coefficient, y,. The quasiparticle number density of
Bi,PdPt has been extracted from the Hall measurement, n =
2.45(2) x 10*® m~? (more details are provided in the Appendix).
The Fermi vector, kg, is evaluated using kg = (3n°7)"/?, which
gives kg = 0.90(1) A". The effective mass, m*, is calculated from
the Sommerfeld coefficient via relation, m* = (hkg)*yn/n°nks>,
where ky is the Boltzmann constant, y, = 95.51 ] m > K 2
and m* = 2.0(3) m.. According to the Drude model,** the
Fermi velocity is determined from the relationship vg = Zikg/
m* =5.1(7) x 10° m s~ " and scattering time is determined from
7! = ne?p,/m*, which was further used to calculate the electro-
nic mean free path, I. = vgr, providing I. = 455(68) A.

In consideration of BCS theory, the coherence length &, is
defined as 0.18%vy/kgTc providing &, = 1756(147) A. A &/l ratio
of 3.9 is greater than 1, implying that Bi,PdPt is a dirty limit
superconductor. Furthermore, in the dirty limit, the London
penetration depth, 11, is written as

at \ 12
W = (uonez) . ©)

From the above expression the estimated Ay, is 483(36) A. The
order of calculated parameters matches well with f-PdBi, where
the dirty limit superconductivity is observed®* whereas o-PdBi
lies in the clean type-II superconducting limit.*?

Moreover, to classify Bi,PdPt in the context of other super-
conductors, the Uemura plot*” of T¢ with the effective Fermi
temperature, Ty, has been plotted, which is used to define the
unconventionality characteristics of a superconductor based on

Hci(0)

+ 0.12) (8)

Moreover, the ratio

gives the Ginzburg-Landau parameter,

T . . . .
the TC ratio. For the 3D spherical Fermi surface, the Fermi
F

temperature is calculated using*®
72 3

2/
kB TF = 7(37_[2)2/3}’1

P

(10)
where 7 is the quasiparticle number density per unit volume,

and m* is the effective mass of quasiparticles. The Ty value is
estimated to be Ty = 17576 (104) K, considering the respective

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 2 Parameters in the superconducting and normal states of Bi,PdPt
and «-BiPd

Parameters Unit Bi,PdPt o-BiPd*?
Tc K 4.0 3.8
Hc, (0) mT 2.96 12.0
Heo i (0) T 0.92 0.8
H, (0) T 7.40 7.07
HZPE! (o) T 0.64

o (0) A 190 170
Jar (0) A 4231 1792
koL 22.2 7.6
n m] mol ' K2 5.1 4.0
0p K 165.0 169.0
Eolle 3.9 0.01
Vg 10°ms ! 5.1

n 10 m™3 2.45

Te K 17576

m*/me 2.0

values of the parameters from Table 2. The ratio % = 0.0002
F

places this material, Bi,PdPt, close to the other family member,
B-PdBi,, and outside the band of the unconventional super-
conductor which includes iron based superconductors,
cuprates and Chevrel phase.*®*° Conventional superconductors
are considered to be on the right-hand side of the Uemura plot.
Bi,PdPt with the other member of the Bi-Pd compound family,
B-PdBi,,>* is shown by the solid green symbol in Fig. 6.
Among the Bi-Pd compound family, Bi,PdPt is a possible
high SOC candidate, based on the presence of heavy constituent
elements establishing a strong foundation to exhibit intriguing
properties. The different crystal structure NiAs type of Bi,PdPt
eliminates all the possibilities of the presence of any secondary
superconducting phase of the Bi-Pd/Pt compound, implementing

_l T IIIIIIII IIIIII/IJ T IIII-II,II-‘IéIC T IIIIIIII T i

100 4

&
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Fig. 6 Uemura plot showing the superconducting transition temperature
Tc vs. the effective Fermi temperature T for BiPdPt with B-PdBi,, shown
as solid green triangles. Other data points represent the different families
of superconductors together with the shaded region representing the
families of unconventional superconductors. The dashed line corresponds
to the Bose—Einstein condensation temperature Tg.
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intrinsic bulk superconductivity. The recorded superconducting
transition temperature of 4.0 K for Bi,PdPt is close to that for
o-BiPd though both have different crystal structures. Furthermore,
the Hall measurement (see the Appendix) suggests dominated
hole charge carriers (10*® m™®) the same as for other Bi-Pd
compounds, which indicate negligible effect of Pt on the electro-
nic states. The specific heat of Bi, PdPt gives a Sommerfeld
coefficient of 5.1(6) mJ mol~" K2, which is slightly higher than
what is reported for o-BiPd (4.0 mJ mol " K?), suggesting only a
minimal increase in the density of states at Ex. However, the
observed value is comparable to those of B-PdBi, and Pt; ,6Bi,.>"
Concluding that neither substitution at the Pd site nor increasing
the Bi concentration predominately affects the density of states in
Bi-Pd/Pt compounds. Despite the presence of a heavy 5d Pt
element, no change in phonon frequency, extracted from the
Debye temperature, is noted between Bi,PdPt and o-BiPd.*

Moreover, the present bulk measurement of Bi,PdPt is not
sufficient to establish the gap symmetry of the sample. The
possible explanation for a low specific jump value can be due to
multiband superconductivity with a single superconducting
gap.>® Also, layered transition-metal dichalcogenide super-
conductors are well known to exhibit no anomaly in specific
heat measurement.” In addition, the low value of specific heat
jump or no jump at all has been observed in many Bi-based
half-Heusler alloys (RPdBi), where superconductivity is attributed
to surface states.>* Furthermore, the similar behaviour is deter-
mined in the case of strongly or locally disordered systems such as
quasi-skutterudites.>

No deviation or anisotropy has been observed in the upper
critical field of Bi,PdPt, directing toward the bulk nature of the
superconducting state and the absence of multigap super-
conductivity. Apart from this, the variation of the superconducting
volume fraction with the different cooling procedures of
sample preparation showed the disorder effect in the sample
(details are provided in the Appendix). To fully understand the
effect of increased SOC strength, the possible reason for the low
value of the specific heat jump and the presence of the non-
trivial band structure in Bi,PdPt detailed theoretical and experi-
mental analyses of the superconducting ground state with band
topology are required.

V. Conclusions

In summary, we synthesized single-crystal Bi,PdPt and transport,
magnetization, and specific heat measurements were performed
for the detailed analysis of superconducting properties. The
superconducting transition of Bi,PdPt has been recorded at
4.0(1) K with upper and lower critical field values, Hg,(0) =
2.96(4) mT and Hc, Mm(0) = 0.92(1) T, fitted using the Ginzburg-
Landau equation. An anomaly is observed around the transition
temperature in specific heat measurement, confirming the
bulk superconductivity. The comparison of various normal and
superconducting state parameters of Bi, PdPt and o-BiPd is
summarized in Table 2. Bi,PdPt is classified as a moderately
coupled type-II dirty limit superconductor. The estimated value

5380 | Mater. Adv, 2022, 3, 5375-5382
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of the Fermi temperature Ty places Bi,PdPt close to the other
member of the family, B-PdBi, in the Uemura plot. Further
microscopy measurements such as muon spectroscopy, scan-
ning tunneling microscopy (STM) and angle-resolved photo-
emission spectroscopy (ARPES) are required to understand the
superconducting ground state and the possible topological
nature of Bi,PdPt.
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Appendix

a. Characterization

The superconducting volume fraction in Bi,PdPt is highly
dependent on the sample cooling procedure during preparation.
Three different samples were made such as S1 cooled at
1.0 °C h™*, S2 cooled at 0.5 °C h™, and S3 cooled at 0.4 °C h™!
while preparing the sample. XRD patterns of the two samples
S2 and S3 are shown in Fig. 7(a). The results of the magnetic
characterization of S1 and S2 are presented in Fig. 7(b). The
observed superconducting transition temperature is the same
for all three samples; however, the superconducting shielding
fraction 96% is the maximum for S3. S2 only shows 60%
volume fraction with less than 10% fraction observed in S1,
implying that samples cooled only at a specific rate show a large
volume fraction with the same diamagnetic onset temperature
in magnetization measurement. This variation of supercon-
ducting fraction reflects the effect on grain boundaries,
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Fig. 7 (a) XRD comparison of the powder sample having two different
cooling rates of 0.5 °C h™* (S2) and 0.4 °C h™* (S3) during preparation.
(b) Magnetic measurement compilation of S2 and S1 in the inset, whereas
S3 is shown in Fig. 3(a).
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Table 3 Elemental concentration obtained from the EDS measurements
at 3 different positions

Elements Bi Pt Pd
Atm%

Scan 1 45.9 24.0 30.1
Scan 2 44.6 26.5 28.9
Scan 3 46.5 24.1 29.4

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 EDS pattern of the Bi,PdPt sample with the SEM image in the inset.
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Fig. 9 (a) Hall resistivity at T = 30 K under a field variation of +9 T. (b) MR
data taken at T =5 K and T = 10 K on the Bi, PdPt crystal.

disorder and point defects of samples due to different cooling
procedures.’® The energy dispersive spectroscopy (EDS) analy-
sis for Bi,PdPt is summarised in Table 3, stating the nominal
composition within the error limit, and the corresponding
spectra is also shown in the inset of Fig. 8.

b. Normal state properties

To perceive the normal state properties of Bi,PdPt, magnetoresis-
tance (MR) and normal Hall effects were also measured. Hall
measurements were performed on Bi,PdPt under a varying mag-
netic field of £9 T at 30 K to extract the carrier density as shown in
the left panel of Fig. 9(a), where a linear variation with the magnetic
field represents the small contribution of the longitudinal resistiv-
ity. The Hall coefficient, Ry, was determined by the slope of the
variation p,, with both +H and —H fields. The estimated Ry is
2.52(2) x 10~* em® C ™, and the positive sign indicates the hole as
the dominant charge carrier in the sample. By simply using the
single band expression n = 1/Ryg, the electron concentrations were
calculated, n = 2.45(2) x 10°® m™>. The carrier density order
matches well with those reported for o-PdBi and PdBi,.>” MR was
measured in the longitudinal configuration under a varying mag-
netic field of 9 T at different temperatures. The magnetic field
Prx(H) — p.(0)
Px(0)
MR value is observed in our sample Fig. 9(b).

dependence MR is defined as . A significant small
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