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Superconducting properties of the spin Hall candidate Ta;Sb with eightfold degeneracy
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We report the synthesis and characterization of phase pure Ta;Sb, a material predicted to be topological
with eightfold degenerate fermionic states [Bradlyn et al., Science 353, aaf5037 (2016)] and to exhibit a large
spin Hall effect [Derunova er al., Sci. Adv. 5, eaav8575 (2019)]. We observe superconductivity in Ta3;Sb
with 7. ~ 0.67 K in both electrical resistivity p(7") and specific heat ¢(7') measurements. Field-dependent
measurements yield the superconducting phase diagram with an upper critical field of H,(0) ~ 0.95 T,
corresponding to a superconducting coherence length of & &~ 18.6nm. The gap ratio deduced from specific
heat anomaly 2A/kgT. is 3.46, a value close to the Bardeen-Cooper-Schrieffer value of 3.53. From a detailed
analysis of both the transport and thermodynamic data within the Ginsburg-Landau (GL) framework, a GL
parameter of x = 90 is obtained, identifying Ta;Sb as an extreme type-II superconductor. The observation of
superconductivity in an eightfold degenerate fermionic compound with topological surface states and predicted
large spin Hall conductance positions Ta3Sb as an appealing platform to further explore exotic quantum states in

multifold degenerate systems.

DOI: 10.1103/PhysRevB.105.184510

I. INTRODUCTION

In recent years, it has been realized that crystal symme-
try, time-reversal symmetry, and parity symmetry allow for
the existence of quasiparticles in crystalline solids that are
analogous to particles predicted in high-energy physics such
as Dirac, Weyl, and Majorana fermions [1-3]. These exotic
particles in crystalline solids are protected by band topol-
ogy and crystal symmetry. With the growing understanding
of topological properties in solids, particles which are even
forbidden in high-energy physics due to Poincaré symmetry
have also been predicted [4—6]. Real materials realizations
include triple point fermions in rock salt -type GeTe [7] and
WC-type MoP [8] and sextuple point fermions in B20-type
CoSi [9] and pyrite-type PdSb, [10,11]. Recently, eightfold
fermionic excitations have been predicted in several inter-
metallic compounds with the A15 structure including Nb;Bi
and TasSb [4,12].

From a more practical viewpoint, topological materials are
also potential platforms for quantum computing and spin-
tronic applications [13]. Nonmagnetic materials exhibiting
large intrinsic spin Hall conductance (SHC) enabling effi-
cient conversion of charge current to spin current are more
desirable for spintronic applications [14,15]. A recent theoret-
ical study [12] indicates that nonmagnetic A15 compounds
display a large intrinsic SHC attributed to the large spin
Berry curvature. Extraordinary values of —14007/e (S/cm)
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and —2250/7/e (S/cm) are anticipated for Ta3;Sb and W3Ta,
respectively [12]. Moreover, band structure calculations in-
dicate that Ta3Sb houses topological surface states (TSSs)
on the (001) surfaces connecting the conduction and valence
bands along X-I"-M in the Brillouin zone [12,16]. These TSSs
derive from a nontrivial strong Z, topological invariant and
exhibit nonhelical spin texture due to the reduced symmetry
at the (001) surface [16]. In addition, Ta;Sb has been pre-
dicted to possess eightfold degenerate fermions stabilized by
a non-symmorphic symmetry (Pm3n) [4] and is known to
superconduct <0.7 K [17]; however, the characteristic prop-
erties of the superconducting state such as critical fields,
coherence length, and superconducting gap are currently not
known.

The expectation of nontrivial topology in Ta;Sb makes this
material a potential candidate to explore topological super-
conductivity [18,19]. Such a rare exotic state arises when the
superconducting order parameter has nontrivial topological
character itself such as the chiral p-wave order parameter
proposed for UTe, [20,21] or two-component nematic or-
der envisioned for the doped topological insulators M,Bi,Ses
(M = Cu, Sr, and Nb) [22]. Alternatively, materials with topo-
logically nontrivial electronic band structures may display
TSSs with spin-polarized textures. A topological supercon-
ducting surface state can be induced into these surface states
via proximity when the bulk of the material undergoes a
transition into a conventional s-wave superconducting state.
This scenario has been reported for various superconductors
including the (010) surface of MgB, [23], the (001) surface of
FeSe,Te|_, [24], and the (001) surface of noncentrosymmet-
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ric PbTaSe, [25]. However, experimental evidence for such
exotic quantum states is yet to be obtained for Ta3Sb.

In this paper, we report the synthesis and characteri-
zation of high-purity Tas;Sb. Superconductivity is observed
with T, ~ 0.67 K in both electrical resistivity po(7T) and spe-
cific heat ¢(7') measurements confirming its bulk nature.
Field-dependent measurements of p(7) and ¢(T') yield the
superconducting phase diagram, revealing an upper critical
field of wuoH»(0) ~0.95T corresponding to a coherence
length of £ &~ 18.6 nm. Near the transition temperature, the
H > (T) phase boundary displays an unusual downward curva-
ture possibly caused by granular morphology of our samples.
From the superconducting condensation energy obtained from
specific heat, a superconducting gap of Ag ~ 0.1 meV is es-
timated, yielding a gap ratio 2Aq/kgT, = 3.46 that is very
close to the Bardeen-Cooper-Schrieffer (BCS) weak-coupling
value of 3.53. The step height ratio AC/y T, ~ 1.38 is also
close to the BCS expectation of 1.43 for a weak-coupling
single-band isotropic s-wave superconductor [26]. From a de-
tailed analysis of both the transport and thermodynamic data,
a Ginzburg-Landau (GL) parameter of x &~ 90 is estimated,
identifying Ta3;Sb as an extreme type-II superconductor. The
bulk superconductivity we observed in a spin Hall candidate
with TSS and multifold band crossing near the Fermi level
(Eg) further stimulates studies on exploring topological prop-
erties of Ta3Sb and other sister compounds in the broad class
of the A15 family.

II. EXPERIMENTAL DETAILS

Polycrystalline Ta3Sb was prepared by thermal decompo-
sition of TaSb, [17,27]. High-purity tantalum (99.98% Alfa
Aesar) and antimony (99.95% Alfa Aesar) powders were
mixed in a molar ratio of 1:2 and loaded into an alumina
crucible, which was then sealed in a quartz tube under a
vacuum of ~1 mTorr. The tube was heated to 800 °C at a rate
of 100 °C/h in a box furnace and held at 800 °C for 10 h. The
temperature was then lowered to room temperature at a rate
of 150°C/h. Powder x-ray diffraction (XRD) measurement
performed in a PANalytical X pert Pro x-ray diffractometer
with Cu K, radiation confirmed the pure monoclinic phase
(C2/m) of TaSb,.

Thermal decomposition of TaSb, was accomplished in a
vertical tube furnace with an opening at the top. Fine powder
of TaSb, was loaded in an alumina crucible and sealed under
vacuum in a quartz tube (~30 cm long, 12 mm OD, 9 mm
ID). The lower end of the tube containing TaSb, was slowly
heated to 1000 °C at a rate of 50 °C/h. The other end of the
tube was kept exposed to room temperature, thus creating the
temperature gradient necessary for transporting and condens-
ing volatile antimony. The furnace was maintained at 1000 °C
for 14 d, followed by slow cooling to room temperature. The
antimony evolved from TaSb, was found deposited at the cold
end, leaving behind Ta3Sb at the hot end. XRD measurements
confirmed the phase purity of both products Sb and Ta;Sb.
The pure phase Ta3Sb thus obtained was further analyzed for
the actual chemical composition through energy dispersive
x-ray spectroscopy (EDS) measurement. TazSb in powder
form was then pressed into small thin pellets and sintered at

900 °C under vacuum for 24 h for transport and specific heat
measurements.

Electrical resistivity was measured using the standard four-
probe method. Thin gold wires (50 wm) were attached to the
sample using a conductive silver epoxy (Epotek H20E). The
low-temperature transport measurements were performed in
a Bluefors LD250 dilution cryostat using an ac technique at
16.7 Hz, while high-temperature transport data were acquired
using a dc technique in a Physical Properties Measurement
System (DynaCool-PPMS, Quantum Design). Specific-heat
measurements on microgram-sized samples were performed
using a differential membrane-based nanocalorimeter operat-
ing in the fixed-phase ac steady-state mode. The calorimeter
is composed of two cells, for the sample and the reference, re-
spectively, each consisting of a thin-film cermet thermometer,
an offset (direct current) heater, an ac heater, and a thermal-
ization layer, as described in Refs. [28,29]. The sample was
cut to a suitable size and mounted with Apiezon N grease
onto the calorimeter. The measurements were performed in
a Bluefors LD250 dilution refrigerator sitting at the base
temperature with local temperature control obtained using the
offset heaters.

III. RESULTS AND DISCUSSION

Figure 1(a) shows the room temperature powder XRD
pattern of single-phase Ta;Sb. The crystal structure was re-
fined in the A15 structure type (Pm3n, space group 223)
using the Rietveld method on the XRD data (Ry, = 4.56%,
goodness-of-fit x2 = 1.25), with a = 5.274(2)A, which is
~0.2% larger than that reported previously in Ref. [27]. In
this structure, Sb atoms form a body-centered cube, and the
Ta atoms form one-dimensional chains in three orthogonal
directions, with an interatomic spacing along the chains of
al2 [30]. A schematic crystal structure is depicted in the
inset of Fig. 1(a) with the Sb atom marked red and the Ta
atom marked blue. The distribution of individual elements as
well as the chemical composition in Ta;Sb was examined via
EDS analysis. The EDS mapping of elemental composition
shows uniform distribution of tantalum and antimony [lower
right inset of Fig. 1(b)] throughout the sample. The EDS data
presented in Fig. 1(b) give the chemical composition ratio
of Ta : Sb ~ 3.1(2) : 0.8(9), indicating a slight Sb deficiency,
which is consistent with the refinement of XRD data indi-
cating Ta/Sb site mixing, as described in the Supplemental
Material [31,32]. The possibility of site mixing of Ta on the
Sb site is implied in the Ta-Sb phase diagram reported in
Ref. [33], where the phase is found at &~ 20 mol % Sb rather
than at the nominal 25 mol %.

Figure 2(a) shows the temperature-dependent electrical
resistivity between room temperature and 80 mK. The resis-
tivity tends toward saturation at high temperatures at values
above ~500 £2cm and at low temperatures at a value of
~380 uQ2cm, resulting in a low residual resistivity ratio
of p(300K)/p(2K) =~ 1.3. The observed resistivity values
exceed the Ioffe-Regel limit of 100-150 €2 cm seen in nu-
merous A15 materials [34]. We attribute the high resistivity
to a dominant scattering contribution due to grain boundaries
in our compacted sample. As seen in the scanning electron
microscope (SEM) image [upper right inset of Fig. 1(b)], the
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FIG. 1. (a) Room temperature powder x-ray diffraction (XRD) pattern of Ta;Sb and Rietveld analysis profiles. Inset: Crystal structure of
A15-type Ta;Sb. (b) Energy dispersive x-ray spectroscopy (EDS) spectrum of Ta;Sb. Inset (upper right): Scanning electron microscope (SEM)
image of a typical press-pellet of Ta;Sb showing grain size. Inset (lower right): EDS mapping of elemental composition in Ta3Sb.

sample is composed of grains with a characteristic size of
~60nm, albeit with substantial variation in grain size and
void pattern across the sample. Assuming that grain bound-
ary scattering is weakly temperature dependent, then one
can attribute the temperature-dependent contribution to the
resistivity seen in Fig. 2(a) as intrinsic to Tas;Sb. Indeed, the
change in resistivity with temperature is in good agreement
with reported values for other A15s [34]. Notwithstanding its
granular nature, the sample displays a sharp superconducting
transition with 7. ~ 0.67 K, a value close to that reported
earlier in Ref. [17]. With the application of the magnetic
field, the transition weakly broadens while shifting to lower
temperatures [Fig. 2(b)]. To obtain the superconducting phase
diagram (discussed later) down to the lowest temperature, we
performed resistivity measurements as a function of magnetic
field at various low temperatures below 7, [Fig. 2(c)].

To explore the emergence of possible superconducting sur-
face states, we mapped the resistive transitions for a wide

range of applied current [31]. Conventional surface supercon-
ductivity arises in type-1I superconductors due to boundary
effects [35] and is revealed in the surface upper critical field
H. as well as in the temperature, field, and angular de-
pendence of the critical current [36,37]. Additional features
may arise due to TSSs (see above). However, as shown in
Fig. S1 in the Supplemental Material [31], the shape of the
resistive transitions of our samples does not change with
current (apart from a uniform shift at the highest currents
due to self-heating), giving no indication for a supercon-
ducting surface state. Furthermore, characteristic differences
in the temperature and field-angle dependence of the super-
conducting transition determined from thermodynamic and
transport measurements are expected [38,39]. As described
below, transport and specific heat measurements on our Ta3Sb
sample yield essentially identical phase boundaries, suggest-
ing that the investigation of possible surface states will require
single-crystal samples with well-defined surfaces.
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FIG. 2. (a) Temperature dependence of electrical resistivity p(7") of Ta;Sb at zero field. Inset: A typical pressed pellet of Ta;Sb prepared for
the resistivity measurement. (b) Temperature dependence of the resistivity through the superconducting transition in various applied magnetic
fields as indicated. (c) Superconducting transition measured as a function of magnetic field at various temperatures. The dotted line indicates

the definition of 7, as the midpoint of the transitions.
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FIG. 3. (a) Temperature dependence of the heat capacity C(T') at zero field. Top inset: A photograph of the sample mounted on the
membrane nanocalorimeter. Bottom inset: Specific heat C/T vs T?; the dotted line indicates the determination of the Sommerfeld coefficient
y . (b) Temperature dependence of the difference of the superconducting and normal state-specific heats in various applied fields. The horizontal
dashed line represents the value of —y. (c) The superconducting phase diagram of Ta;Sb as determined from the midpoints in R(T"), R(H),
and specific heat data. The downward curvature of H,, near 7, due to granularity appears in all three datasets. The dashed line indicates the

estimate of the upper critical field slope.

To obtain further insight into the superconducting prop-
erties of Ta3Sb, we measured thermodynamic properties in
both the high- and low-temperature regimes. Owing to the
small sample size and its porosity, a direct measure of its
volume/weight could not be obtained. Instead, we scale the
measured heat capacity to the Dulong-Petit value which for
TasSb is 100 J/(mol-f.u. K), yielding for our sample a mass
of 1.5 x 10~ mol-f.u., corresponding to a volume of 6.57 x
1078 cm?. Figure 3(a) displays the heat capacity C(T') mea-
sured in the temperature range between 200 K and 150 mK.
Superconductivity is observed in C(T), confirming its bulk
nature. The T, value obtained in C(T') is consistent with that
observed in p(7T). The normal-state heat capacity in a range
of temperatures above 7, fits the conventional expression
C/T =y + BT? well [see bottom inset of Fig. 3(a)], where
y is the normal-state electronic contribution, and f T2 is the
lattice contribution to the specific heat. The fitting yields a
Sommerfeld coefficient y = 4.3 mJ/(mol-f.u.K?) and g =
1 mJ/(mol—f.u. K*). The y value is close to that of isostruc-
tural TizIr [40] while somewhat smaller than that of Nb3Sn
[30]. Nevertheless, this value of y = 4.3 mJ/(mol—f.u. K?)
identifies Ta;Sb as a material with moderately high elec-
tronic density of states. Using the Debye relation 8 =
12/5 w*nsR/ 98 [41], we obtain a Debye temperature of 6p =
198 K. Here, ny, is the number of atoms per formula unit, and
R is the molar gas constant. This value of 6p is somewhat
smaller than reported, for instance, for iron-based supercon-
ductors, 250-290 K [42], or elemental Ta and Nb, 246 and
276 K [43], respectively.

Figure 3(b) shows the temperature dependence of the
difference of the specific heat in the superconducting (C;)
and normal state (C,) in various applied fields plotted
as (C; —C,)/T vs T. We determine 7, by approximating
the measured data with an ideal step and an entropy-
conserving construction as indicated by dotted lines in
the figure and find 7. = 0.67 K. The resulting step height

is AC/T, ~ 6mJ/(mol—f.u.K?), corresponding to a ra-
tio AC/yT. ~ 1.38, which is close to the BCS value
of 1.43 for a weak-coupling single-band isotropic s-wave
superconductor [26].

The superconducting condensation energy at zero temper-
ature is given as an integral of the specific heat U(0) =
fO>TC(CS — C,)dT, yielding U(0) ~ 0.44mJ/mol—f.u. As
large experimental noise at temperatures below ~150 mK
prevents a numerical integration, we approximated the data
in this temperature range as (C; — C,) = —yT. Any possible
error stemming from this approximation has a negligible con-
tribution to the entire integral. This approximation, indicated
as a dashed line in Fig. 3(b), yields almost exact entropy
conservation at the superconducting transition. The condensa-
tion energy defines the thermodynamic critical magnetic field
B.(0) via U(0) = —BC(O)z/(2,u0) (mo is the vacuum perme-
ability), resulting in B.(0) = —5mT. Additional information
on the thermodynamic critical field can be obtained from
Rutger’s relation %C = %(%’;‘ )7. (V ~ 43.8cm’ is the mo-
lar volume), from which a slope of 0B./0T |y, = —13mT/K
follows. We then estimate the reduced thermodynamic critical

field C Q)WT = 0.56, while BCS theory for a weak-coupling
ot 1.t

single-band isotropic s-wave superconductor predicts a value
of 0.576 [44]. The condensation energy can also be expressed
in terms of microscopic parameters as U(0) = [N (O)Ag] /2,
where N(0) is the electronic density of states at the Fermi
level, and Ay is the zero-temperature superconducting gap.
Using the relation between the Sommerfeld coefficient and
density of states, y = 2w%kZVN(0)(1 + Aep)/3, we arrive at
a gap value of Ag = 0.1 meV and a gap ratio of 2A¢/kpT, =
3.46, which is very close to the BCS value of 3.53. In this
estimate, we have neglected a possible mass enhancement
due to electron-phonon coupling A, since the above val-
ues of the reduced thermodynamic critical field and of the
normalized specific heat anomaly indicate weak coupling.
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In this case, y directly yields the density of states, N(0) =
0.0121/eV A3.In all, the analysis of the caloric data indicates
that Ta3;Sb is a weak-coupling BCS superconductor. Further
support for this assertion can be seen in the dimensionless
quantity —““}—}’[%("0)]2 = 0.168 contained in BCS theory [44],
for which our experimental value is 0.22. With increasing
applied magnetic field, the specific heat anomaly shifts to
lower temperatures and broadens, and its height is readily sup-
pressed. Such behavior is commonly seen in field-dependent
specific heat measurements on conventional superconductors
[45] and is a consequence of entropy conservation. The ob-
served height of the specific heat decreases linearly with
field. This is the expected behavior of type-II superconductors
since the electronic specific heat increases proportional to B
because, in the vortex state, the number of normal electrons
increases with field approximately as B/B,, since the integral
of (C; — C,,)/T over the total temperature range below 7, must
be zero due to the entropy conservation, implying that this
low-field increase must be compensated by linear decrease of
the specific heat jump at T, (B).

From the field-dependent data shown in Figs. 2(b), 2(c),
and 3(b), we construct the superconducting phase diagram
of TasSb using the midpoint as a criterion of 7. All three
datasets yield boundaries that closely track each other. We
note that adopting a different criterion (onset, off-set, or
peak) will shift the phase boundary along the temperature
axis but does not change its shape in a significant way. At
low temperatures, the phase boundary flattens, reminiscent
of Werthamer-Helfand-Hohenberg (WHH) behavior [46], and
approaches the value B.,(0) ~ 0.95T. At intermediate tem-
peratures, the boundary is approximately linear with a slope
of 0B, /0T ~ —1.7T/K extrapolating to a GL upper critical
field of BS- ~ 1.20 T, which corresponds to a GL coherence
length of &g, &~ 16.5nm, as obtained using the GL relation
B, = ® /2”5(21 (®g is the flux quantum). With the help
of the relation B, /8T = 2%k 3B./dT, we estimate a GL
parameter of ¥ ~ 90, a value far greater than 1/,/2, indicating
that Ta3;Sb is an extreme type-II superconductor. Using k =
AcL/EGL, we also can evaluate the GL value of the London
penetration depth Agp &~ 1.5 um.

The rather high value of the upper critical field slope
suggests that paramagnetic limiting may play a role in deter-
mining the phase boundary. The paramagnetic limiting field
(Hp) is given as puoHp = A()/«/E/,LB (up is the Bohr mag-
neton), which can be expressed as woHp = 1.86 T, [47,48],
yielding poHp ~ 1.3T. A signature of paramagnetic limit-
ing is the pronounced flattening of the phase boundary at a
value below the orbital critical field as given in WHH theory
[46]. Even though the estimated paramagnetic limiting field
and the measured upper critical field are comparable in size,
our data do not reveal signatures of paramagnetic limiting.
In fact, the measured upper critical field, 0.95 T, exceeds
the expected orbital field [46] of 0.69 BcGzL ~ 0.84 T (dirty
limit) and 0.72 Bcch ~ 0.86 T (clean limit), respectively. Sev-
eral scenarios may cause these observations. The expression
noHp = 1.86 T, underestimates the actual value of H, as
it does not account for features including strong-coupling,
anisotropy, spin-orbit scattering, and multiple bands [49].
While our experimental data rule out strong-coupling effects,
spin-orbit scattering is known to counteract paramagnetic

limiting and increase the upper critical field toward the orbital
value [50]. As Ta is a heavy element, spin-orbit coupling is
strong, likely inducing significant spin-orbit scattering. Fur-
thermore, the numerical coefficients of 0.69 (0.72) entering
the WHH expression for the orbital critical field are derived
for a spherical or ellipsoidal Fermi surface. We note that the
value for the clean limit is not universal and depends on the
shape of Fermi surface. For instance, for a Fermi surface in the
shape of a warped cylinder, the coefficient approaches 1.18 at
the Lifshitz neck-disrupting transition [51].

At temperatures above ~0.6 K, the phase boundary dis-
plays a clear downward curvature. The fact that this downward
curvature is also seen in the specific heat data indicates that
it is a thermodynamic feature. A likely cause is associated
with confinement effects arising from the granular nature of
our sample. Several parameters such as grain size, Joseph-
son coupling energy between grains and Coulomb charging
energy, among others, determine the properties of granular
superconductors [52,53]. Because the sample is metallic in the
normal state, charging effects are expected to be negligible.
Furthermore, the occurrence of sharp resistive transitions even
in high magnetic fields and the absence of resistive tails at
high current (see Supplemental Material [31]) indicate that
the grains are strongly coupled. Therefore, at low tempera-
tures, when the coherence length is smaller than the typical
grain size and/or the void spacing, the material behaves as
a three-dimensional superconductor with a linear B, curve
(in GL theory). With increasing temperature, the coherence
length &1, grows. However, the divergence associated with a
second-order phase transition is cut off at a typical length scale
corresponding to the grain size and/or void spacing. At this
crossover point, the B, curve acquires a (7. — T)!/2 variation.
A crossover temperature of ~0.6 K would correspond to a
length scale ~ 45nm comparable with the smallest feature
sizes seen in the SEM images [inset of Fig. 1(b)]. While
the phase boundary displays downward curvature, it is not
as sharp as a square root variation. We believe this is likely
due to a (broad) distribution of grain sizes. Extrapolating the
linear section of B, (T') to high temperature, one would find
a T, ~0.71 K [see the dashed line in Fig. 3(c)] which, in
the scenario of confinement, would be the 7. measured on
a uniform single-crystal sample. Previous work on supercon-
ducting particles has shown that the specific heat anomaly at
the transition is suppressed and shifted to lower temperatures
with decreasing particle size and decreasing interparticle cou-
pling [54-56]. Here, we use the T, suppression as a measure
of the degree to which the above analysis of the specific
heat is affected by confinement effects and conclude that an
uncertainty of ~10% could arise.

In summary, we have systematically characterized the su-
perconducting properties of phase pure TazSb. Based on
measurement of transport and thermodynamic quantities, sev-
eral parameters characterizing the superconducting state have
been evaluated within GL theory. We find a superconducting
coherence length of &g ~ 18.6nm and a superconducting
gap of 0.1 meV. Our experimental observations suggest
that Ta3Sb is a weakly coupled BCS superconductor with
extreme type-II nature. Whether or how the predicted topo-
logical band structure contributes to superconductivity in
Ta3Sb is not apparent from our current results. We envision
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that Ta3Sb is in the same group of materials as MgB, and
FeSe,Te|_,, in which s-wave superconductivity in the bulk
induces topological surface superconductivity [16], which
can be revealed in spectroscopic techniques such as scan-
ning tunneling microscopy and angle-resolved photoemission
spectroscopy. These measurements as well as the exploration
of the predicted giant intrinsic spin Hall effect would require
single-crystalline samples. Additionally, it is worth noting that
the nonstoichiometry confirmed by both EDS and Rietveld
analysis will affect at the very least the electron count in
band structure calculations (Ep should be higher than that
calculated for stoichiometric Ta3Sb due to a larger number of
electrons in a Ta-rich phase), potentially opening a chemical
route to tune the band structure. We note that Nb3;Sn forms
in the A15 phase for Sn concentrations ~0.18 < g <~ 0.26,

with B defined via Nb;_gSng. Over this compositional range,
T, increases from ~5 K to 18 K, and superconductivity
evolves from weak to strong coupling [57].
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