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The locally non-centrosymmetric superconductor SrPtAs is proposed to host a topological chiral
d-wave state, but experimental reports have been limited to polycrystalline samples. Here we
report the synthesis of single crystalline SrPtAs grown from Pb flux. SrPtAs crystallizes in the
hexagonal space group P63/mmc with lattice parameters a = 4.2445(4) Å and c = 8.9513(18) Å.
Magnetic susceptibility and electrical resistivity measurements reveal a superconducting transition
at Tc ∼2.2 K, in agreement with previous reports on polycrystalline samples. Surprisingly, heat
capacity data show only a small bulk transition at 0.7 K. We discuss the possible origins of the
discrepancy between the various measurements.

I. INTRODUCTION

SrPtAs, the first hexagonal pnictide-based supercon-
ductor [1], is a potential chiral d -wave superconduc-
tor due to its hexagonal symmetry and quasi-two-
dimensional multiband Fermi surface [2, 3]. Chiral super-
conductors, whose complex superconducting gap func-
tion breaks time reversal symmetry (TRS), are of inter-
est due to their non-trivial topology and the potential for
quantum computing applications [4]. In non s-wave pair-
ing, the gap function contains nodes which may be detri-
mental for superconductivity, but chiral superconducting
order parameters may naturally reduce the number of
nodes.

In high-symmetry crystal systems, multiple gap func-
tions can be degenerate. For example, in hexagonal sys-
tems, dx2−y2 and dxy superconducting channels are de-
generate, and a linear combination of the two results in
a chiral dx2−y2 ± idxy state. This state would min-
imize the condensation energy of the superconducting
state by avoiding the nodes of pure dx2−y2 or dxy gaps.
Superconductors that contain a high-symmetry crystal
structure, strong spin-orbit coupling, magnetic interac-
tions, noncentrosymmetry, TRS breaking, and a quasi-
two-dimensional Fermi surface are suitable systems to
search for chiral superconductivity. Few known materi-
als are considered candidate chiral superconductors. Ex-
amples include Sr2RuO4 [5], UPt3 [6], URu2Si2 [7], and
potentially SrPtAs [2, 8].

SrPtAs crystallizes in the hexagonal non-symmorphic
space group P63/mmc (No. 194) [9], wherein Pt and
As form a honeycomb lattice. This is in contrast to
other pnictide superconductors which form with a square
lattice such as LaFePO [10], LaFeAsO [11], LiFeAs
[12], NaFeAs [13] and ThCr2Si2-type structures like
(Ba1−xKx)Fe2As2 [14]. Although globally centrosym-
metric, SrPtAs is locally noncentrosymmetric due to the
As-Pt layer breaking inversion symmetry.

Initial measurements, including nuclear magnetic res-
onance and nuclear quadrupole resonance (NMR/NQR)
T−1
1 relaxation rates [15] argue that SrPtAs is a con-

ventional s-wave superconductor because the spin-lattice
relaxation rate shows a coherence peak and the Knight

FIG. 1. Crystal structure of SrPtAs (P63/mmc, No. 194),
with Sr in purple, Pt in black, and As in yellow.

shift decreases below Tc. Magnetic penetration depth
data may be fit to an exponential model and the
inferred superfluid density agrees with an isotropic
Bardeen–Cooper–Schrieffer (BCS) model [16].

However, muon spin relaxation (µSR) data showing
TRS breaking below the superconducting transition tem-
perature, Tc, [8] coupled with a recent reevaluation of the
NMR data [3], indicate that these data could also corre-
spond to d-wave pairing. Although SrPtAs is the sub-
ject of many theoretical investigations discussing band
structure topology [17], possible pairing states [18, 19],
spin orbit coupling [20], topological properties [15], lo-
cal non-centrosymmetry [21], and gap function symme-
try analysis [22], there are very few experimental re-
ports, all of which are limited to polycrystalline samples
[1, 8, 9, 15, 16]. Several previous works mention the ad-
vantages of growing single crystals of SrPtAs to further
probe the bulk properties [2, 8, 15–17, 19]. To this end
we set out to synthesize and characterize single crystals
of SrPtAs.

This work presents the synthesis and physical proper-
ties of single crystalline SrPtAs. Although magnetic sus-
ceptibility and electrical resistivity measurements reveal
superconducting transitions at 2.2 K, specific heat and
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thermal expansion measurements show a significantly de-
creased Tc or no Tc, respectively. Herein, we discuss
the varying superconducting transition temperatures and
draw parallels to MgB2, another superconductor with a
structure derived from AlB2-like building blocks.

II. METHODS

A. Crystal Growth

Crystals of SrPtAs were grown in a Pb flux with a re-
action ratio of 1:1:0.7:20 of Sr:Pt:As:Pb. The elements
were weighed and placed into an alumina crucible set
[40]. The crucibles were placed in a fused-silica tube and
flame sealed under vacuum using a hydrogen torch. The
reaction vessel was then heated in a programmable fur-
nace to 1150 ◦C in 72 hours, held for 72 hours, then
cooled to 600 ◦C at a rate of 3 ◦C/h. The vessel was
removed from the furnace at 600 ◦C and inverted into
a centrifuge to decant the Pb flux. Reaction ratios of
1:1:1:20 of Sr:Pt:As:Pb following the same heating profile
resulted in crystals of non superconducting SrPt0.7As0.9
crystallizing in the P6m2 space group. Single crystals
of SrPtAs were kept in an argon glovebox between mea-
surements.

B. Single Crystal X-Ray Diffraction

A single crystal < 0.1 mm on each edge was cut from
the larger needle used for property measurements and
mounted to a CryoLoop using vacuum grease. Data
were collected with a Bruker D8 Venture single crys-
tal X-ray diffractometer with an Incoatec IµS microfo-
cus source (Mo radiation λ = 0.71073 Å) and a PHO-
TON II CPAD area detector. The raw data frames
were processed with the Bruker SAINT software, and a
multi-scan absorption correction was applied with Bruker
SADABS. [41] Starting crystallographic models were
obtained in SHELXT [42] using the intrinsic phasing
method, and least-squares refinements were performed
with SHELXL2018. [43] The supplementary crystallo-
graphic data for this paper can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/structures. The deposition number
for SrPtAs is CSD 2256215.

C. Powder X-Ray Diffraction

Two single crystals were selected from the same growth
batch as the crystal discussed above. The crystals were
verified to have the same structure and similar disorder
through single crystal X-ray diffraction. The crystals
were then ground in methanol and prepared for pow-
der X-ray diffraction through 11-BM’s rapid-access mail-

in program at the Advanced Photon Source of Argonne
National Laboratory.

D. Physical Property Measurements

Magnetization measurements were obtained through a
commercial Quantum Design MPMS SQUID-based mag-
netometer. Specific heat measurements were made us-
ing a commercial Quantum Design PPMS calorimeter
that utilizes a quasi-adiabatic thermal relaxation tech-
nique. The electrical resistivity ρ was characterized us-
ing a standard four-probe configuration with an ac re-
sistance bridge. Thermal expansion measurements were
performed using a capacitance dilatometer described in
Ref. [44] in an adiabatic demagnetization cryostat. ac
susceptibility was measured using a set of commercial
drive and pickup coils. The ac excitation field was es-
timated to be 0.042 Oe based on the geometry of the
coils.

TABLE I. Crystallographic data, data collection, and refine-
ment parameters of SrPtAs.

Formula SrPt0.97As1.03
Space Group P63/mmc

a (Å) 4.2445(4)
c (Å) 8.9513(18)
V (Å3) 139.66(4)
Z 2
T (K) 298
θ range (degrees) 4.55-30.40
µ (absorption coefficient, mm−1) 79.37
measured reflections 6210
independent reflections 105
∆ρmax (largest peak, eÅ−3) 2.00
∆ρmin (deepest hole, eÅ−3) -2.34
extinction coefficient 0.031(7)
R1(F

2>2σ(F 2)) 0.029
wR2(F

2) 0.059

III. RESULTS AND DISCUSSION

A. Structural Characterization

As described in Methods, single crystals of SrPtAs
were grown using Pb flux. SrPtAs, of the KZnAs-type
derived from the AlB2 (P6/mmm) structure type, crys-
tallizes in the hexagonal space group P63/mmc (No.
194) with lattice parameters a = 4.2445(4) Å and
c = 8.9513(18) Å, as shown in Figure 1. In the AlB2

structure, the B atoms form honeycomb layers separated
by Al atoms in the c direction. In contrast, in SrPtAs
the B site is occupied by both Pt and As sites, which
alternate both within the honeycomb lattice and in the
c direction such that above each As atom is a Pt atom
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TABLE II. Fractional atomic coordinates and anisotropic displacement parameters of SrPtAs.

Site Label Wyckoff x y z U eq Occupancy U 11 U 22 U 33 U 12

Sr1 2a 0 0 0 0.0099(10) 1 0.0091(10) 0.0091(10) 0.0117(13) 0.0045(5)

Pt2/As2 2c 1
3

2
3

1
4

0.0084(4) 0.85(3)/0.15(3) 0.0069(5) 0.0069(5) 0.0114(6) 0.0034(2)

As3/Pt3 2d 2
3

1
3

1
4

0.0100(9) 0.884(10)/0.116(10) 0.0070(10) 0.0070(10) 0.0161(12) 0.0035(5)
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FIG. 2. Experimental synchrotron powder X-ray diffraction
pattern for SrPtAs collected at λ = 0.459 Å under ambient
conditions. Tick marks indicate Bragg peak positions for cal-
culated SrPtAs (blue) and Pb (red) patterns. Pb impurity is
less than 5%

and above each Pt atom is an As atom. This devia-
tion from the AlB2 structure results in the doubling of
the unit cell along the c axis [9] and breaks local cen-
trosymmetry although the global structure remains cen-
trosymmetric. SrPtAs consists of three crystallographi-
cally unique sites, Sr (2a), Pt (2c), and As (2d), where
the Pt and As sites are disordered. A more accurate de-
scription therefore is Sr(Pt1−xAsx)(As1−yPty) where x =
0.15(3) and y = 0.116(10). Table 1 shows data collection
and refinement parameters, and Table 2 presents frac-
tional atomic coordinates and displacement parameters.
Two single crystals were selected from the same growth
batch as the crystal discussed in this paper. The crystals
were verified to have the same structure and similar disor-
der through single crystal X-ray diffraction, then ground
and prepared for powder X-ray diffraction. High reso-
lution synchrotron powder X-ray diffraction data (λ =
0.459 Å) were collected under ambient conditions at the
11-BM beamline at the Advanced Photon Source of Ar-
gonne National Laboratory. Resulting powder diffraction
pattern, shown in Figure 2, indicates phase composition
of SrPtAs > 95% and Pb < 5%.
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FIG. 3. A) Temperature dependent magnetic susceptibility
(χ(T)) of SrPtAs with field (H = 0.35 Oe) applied along the
c axis. Field cooled (FC) data are shown with red trian-
gles and zero field cooled (ZFC) data are shown with black
squares. Inset shows field dependent magnetization (M(H) at
T = 1.6 K) in blue circles with the initial slope denoted with
a red line. B) Electrical resistivity (ρ(T)) of SrPtAs at H = 0.
The bottom right inset shows the low temperature region (be-
low 10 K), highlighting the superconducting transition of Pb
at ∼7 K. The top left inset shows resistivity below 3 K where
the superconducting transition of SrPtAs occurs at 2.2 K.
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FIG. 4. A) χac(T) with various fields applied perpendicular to the c-axis where the driving ac field ∼0.042 Oe. B) χac(T)
with various fields applied along the c-axis where the driving ac field ∼0.042 Oe. C) Temperature dependent resistivity (ρ(T))
of SrPtAs with varying fields applied perpendicular to the c-axis. D) Temperature dependence of the upper critical field,
Hc2. Data determined from ac susceptibility (resistivity) measurements are shown in closed black (open blue) symbols. Data
collected with field applied parallel (perpendicular) to the c axis are shown with triangles (squares).

B. Physical Properties

The temperature dependent magnetic susceptibility
(χ) and electrical resistivity (ρ) measurements show a
superconducting transition temperature of about 2.2 K,
as shown in Figures 3A and 3B, respectively, consistent
with previously reported works on polycrystalline sam-
ples of SrPtAs [1]. Transitions visible at 7 K are due to
excess elemental Pb that was used as a flux for the crystal
growth. The susceptibility of SrPtAs with magnetic field
(H) (0.35 Oe) applied along the c axis under zero-field
cooling (ZFC) and field-cooling (FC) conditions is shown
in Figure 3A. A large diamagnetic repulsion response in-
dicates a Tc of ∼2.0 K as determined by the midpoint
of the drop. The ZFC signal, including a demagnetiza-

tion factor [23], at 1.8 K corresponds to ∼ 110% perfect
diamagnetism, where ∼ 5% comes from Pb inclusions.
A value greater than 100% could be due to error in the
demagnetization factor estimation and/or the presence
of chemical impurities. The FC curve has a slight drop
that begins at ∼ 2.2 K. The lack of a large diamagnetic
response could be due to nonsuperconducting impurities,
vortex pinning, or a lack of bulk superconductivity. The
inset to Figure 3A shows the field dependent magnetiza-
tion (M) wherein the solid red line indicates the initial
slope, 4π dM

dH = - 1.142, with a corresponding supercon-
ducting volume of ∼110%. The lower critical field, Hc1

∼15 Oe at 1.6 K, is estimated from the deviation of the
data compared to the initial slope.

The temperature dependent electrical resistivity, ρ(T),
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for a SrPtAs crystal is shown in Figure 3B. The Pb su-
perconducting transition at ∼7 K is shown in the bottom
right inset. The top left inset shows a superconducting
transition at 2.2 K, attributed previously to the bulk su-
perconductivity of polycrystalline SrPtAs. Here, Tc is
defined as the midpoint of the resistivity drop. The resid-
ual resistivity ratio (RRR), ρ300K−ρ0

ρ0
, is ∼15, where ρ0 is

determined to be to be∼25 µΩ·cm by extrapolating ρ(T )
from above the Pb transition at 7 K to zero temperature.
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FIG. 5. Low temperature thermal expansion of SrPtAs along
the c-axis from 0.1 K to 7 K (black line). The shaded region
indicates the detection threshold of the experimental setup.

The temperature dependent real part of the ac suscep-
tibility (χac), collected with various fields perpendicular
and parallel to the c axis, are shown in Figure 4A and
Figure 4B, respectively. The temperature dependence of
the electrical resistivity (I||c) at different fields perpen-
dicular to the c axis is shown in Figure 4C. The upper
critical field, Hc2, for both directions, is shown in Fig-
ure 4D. Tcs for χac were determined by the onset of each
transition shown in Figure 4A, and 4B. Tcs for resistivity
data were determined by the point where ρ = 0 in Fig-
ure 4C. For fields parallel (perpendicular) to the c axis,
the estimated upper critical field is 1.5 kOe (11 kOe).
Similar extrapolations from powder samples of SrPtAs
yield an upper critical field (Hc2(0)) of 2.2 kOe [1]. Uti-
lizing both the isotropic single band Eliashberg model
[24] and Werthamer–Helfand–Hohenberg (WHH) theory
[25], Hc2(0) was previously calculated (based on polycrys-
talline SrPtAs) [17]. Both values, 1.4 kOe and 1.58 kOe,
respectively, agree with our linearly extrapolated lower
Hc2(0), but are significantly smaller than the Hc2(0) per-
pendicular to the c axis. To calculate the WHH Hc2 from
the anisotropic data of this work, the WHH equation
Hc2(0) = -0.69Tc(dHc2/dT )Tc

was utilized, where the re-
sistive Tc of 2.2 K was used.
For the ac susceptibility data, the resulting Hc2(0) for
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FIG. 6. A) Heat capacity divided by temperature (C/T)
shown as a function of temperature for SrPtAs. Inset shows
zoomed low temperature region. B) Cp/T as a function of
T2. The red line denotes a fit to the data of C/T = γ + βT2.

field parallel to c is 0.60 kOe and 4.4 kOe for field per-
pendicular to c. For the resistivity data, Hc2 for field
perpendicular to c is 3.6 kOe. Reasonably, the isotropic
value determined from polycrystalline data is between
the values for fields parallel and perpendicular to c. The
weak BCS coupling Pauli limit Hc2(0) = (1.84(T)*Tc(K))
is determined to be 4.0 T (40 kOe) when a Tc of 2.2 K
is used. When a Tc of 0.7 K is used the BCS coupling
Pauli limit is 1.29 T (12.9 kOe). Both of these values ex-
ceed any estimate or extrapolation of Hc2 for the single
crystalline data.
First-principles calculations [20] obtain a quasi-two-

dimensional Fermi surface with small corrugations along
the c direction. Therefore, the upper critical field along
this direction is significantly smaller than Hc2(0) perpen-
dicular to the c axis. This, coupled with the upward cur-
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vature of the upper critical field curves, could indicate
that a multiband model may be applicable.

Multiple aspects of SrPtAs, such as resistivity, ac sus-
ceptibility, and the resulting upper critical field curves,
are reminiscent of MgB2. For example, (i) the highly
anisotropic nature of Hc2 is reminiscent of MgB2 where
Hc

c2 ∼ 2.5 T and Hab
c2 ∼ 16 T resulting in a low tem-

perature anisotropy value of Hab
c2/H

c
c2 = 6-7 [26], (ii) the

upward curvature of Hc2, is an indicator of multiband su-
perconductivity [27], and (iii) the ac susceptibility curves
exhibit a kink below the onset of Tc [28], (for example,
in Figure 4A, at 3 kOe there are two kinks, one at ∼1
K and one at ∼0.8 K) although less pronounced in the
ab plane, which could indicate multiband superconduc-
tivity [26], vortex physics [26], surface superconductivity
[29], or imperfect crystallinity [28]. However, the kinks
have the same field dependence and anisotropy as Tc.
This could indicate a change in the gap structure or vor-
tex excitations.

Thermal expansion of the same SrPtAs crystal along
the c axis, shown in black in Figure 5, does not reveal
a bulk superconducting transition. Multiple runs reveal
statistical noise with no transition. The gray shaded re-
gion in Figure 5 indicates the resolution of the experi-
mental setup. The lack of a feature indicating a bulk
superconducting transition could be because the magni-
tude of the transition is below the detection threshold of
this experimental setup. Elemental Nb for example has a
thermal expansion on the order of 10−8K−1 which would
not be distinguishable in this setup [30]. Additionally,
SrPtAs may not have much pressure dependence of Tc

along the c axis.

Heat capacity measurements were performed on the
same crystal. Figure 6A shows specific heat divided
by temperature (Cp/T) as a function of temperature.
Figure 6B shows Cp/T as a function of temperature
squared where the red line denotes the fit to the data
by C/T = γ + βT2. Here γ, the electronic specific
heat coefficient, is 4.27 mJ/K2mol and β, a constant
corresponding to the Debye phonon contribution, is 0.65
mJ/K4mol. The Debye temperature ΘD is calculated

from: ΘD = 3

√
12π4nR

5β where R is the ideal gas constant

(8.314 J/molK) and n = 3, the number of atoms per
formula unit [31], yielding ΘD = 208 K. A small heat
capacity jump (∆C/Tc ∼2 mJ/K2mol) is visible at 0.76
K. Using the value of γ from the fit (= 4.27 mJ/K2mol),
the quantity ∆C/γTc = 0.47 is obtained. Assuming a
weak-coupling value of ∆C/γTc = 1.43 [32], a supercon-
ducting volume fraction is estimated to be 33%. These
values may be compared to γ = 7.31 mJ/K2mol, ΘD =
241 K, and ∆C/γTc = 1.07 for unpublished SrPtAs data
mentioned in [33] and ∆C/γTc for MgB2 of 1.09 [34].

The discrepancy between the higher Tc values (∼2.0-
2.4 K) determined by non thermodynamic measurements
compared to the lower Tc (∼0.76 K) bulk measurements

continues to be a puzzle. Possible explanations include
strain induced filamentary or surface superconductivity
and/or the presence of an impurity phase. For example,
in CeIrIn5 resistance goes to zero at ∼1 K whereas spe-
cific heat data indicate bulk superconductivity at 0.4 K
[35]. This discrepancy is considered to be due to strain
introduced by crystallographic defects [36, 37]. Other
examples of filamentary or surface superconductivity in-
clude CePt3Si [38] and WO2.90 [39]. Additional measure-
ments, such as comparisons of multiple growth batches
from various different research groups, are required to
elucidate the underlying reason for the discrepancy in
Tc. Because the recipe for the growth of single crystals
has been determined the opportunity for additional mea-
surements on single crystals of SrPtAs is now available.

IV. CONCLUSION

In summary, we have presented the synthesis and char-
acterization of single crystalline SrPtAs. Magnetic sus-
ceptibility and electrical resistivity measurements show
superconducting transitions at 2.0-2.4 K, consistent with
previous works [1, 8, 15, 16]. However, bulk specific heat
show decreased Tc of 0.7 K. Multiple similarities between
SrPtAs and MgB2 have been discussed and the possibility
of SrPtAs as a multiband superconductor has been con-
sidered. Our results on single crystals provide a new av-
enue to explore the underlying mechanisms for supercon-
ductivity in SrPtAs. Whether the difference in resistive
and thermodynamic superconducting properties of SrP-
tAs arises from impurity phases or from strain-dependent
chiral superconductivity remains an open question to be
addressed by the community.
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