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Rh,;Mo;N: Noncentrosymmetric s-wave superconductor
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Rh;MosN, with a noncentrosymmetric f-manganese structure, has been found to be superconducting with
critical temperature 7, =~ 4.3 K. Magnetic field dependence of resistivity, magnetization, and specific heat
measurements show that its upper critical field of uoH} ~ 7.41T comes close to, but does not exceed, the
Pauli paramagnetic limit and that the 2A /kg T, value of about 3.62 is in accordance with a conventional s-wave
superconductor. Andreev reflection spectroscopy measurements using both normal metal and half-metal show

conclusively s-wave pairing with an isotropic gap.
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I. INTRODUCTION

Since the discovery of the first noncentrosymmetric su-
perconductor (SC) CePt;Si [1] with superconducting prop-
erties more complex than those within the realm of the
Bardeen-Cooper-Schrieffer (BCS) theory, the role of structural
asymmetry in superconductivity has attracted a great deal of
attention [2—4]. The absence of inversion symmetry may result
in an antisymmetric Rashba-type spin-orbit coupling (SOC),
which allows mixing of the spin singlet and spin triplet Cooper
pairing states, as opposed to the pure spin singlet state in most
of the known SCs [5]. This aspect has motivated the search for
new SCs without inversion symmetry. Better known examples
of SCs without inversion symmetry include CeRhSi; [6], Ulr
[7], Al,Mo3C [8], Li, Pt3B [9], and others. In fact, the existence
of a spin triplet state has been confirmed in Li, Pt3 B [10], which
has a perovskitelike cubic structure (space group P4332)
without strong electron correlation. Recently, Cr,Re;B, which
has the B-manganese (8-Mn) structure (space group P4,32),
has shown superconductivity at 4.8 K [11].

On the other hand, the lack of inversion symmetry also
produces an antisymmetric Dzyaloshinskii-Moriya (DM) in-
teraction [12,13]. The DM interaction, competing with the
usual Heisenberg exchange interaction, plays a key role
in creating noncollinear magnetic spin structures such as
spin helices in the magnetic ground state and magnetic
skyrmions in a narrow range of fields and temperatures, as
realized in materials such as MnSi [14], FeGe [15], and
Co-Zn-Mn alloy [16]. Combining the Rashba-type interaction
with a DM interaction, noncentrosymmetric materials also
exhibit other rich physical phenomena, such as anomalous
anisotropic magnetoresistance and intrinsic resistivity of the
helical state [17,18]. In contrast, the transition metal nitrides
with the same B-Mn structure class show rather different
physical properties contingent on the complex interactions
from the broken inversion symmetry. The Ni,Mos; N material is
paramagnetic [19], whereas Fe,_,Rh,MosN is ferromagnetic
with properties depending on the Fe content [20]. Even richer
magnetic skyrmion phases are found in Fe,Co; 5_,Rhg sMosN
(x =1.2,1.0,0.5) [21].
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In the case of Rh,MosN, it has the same S-Mn non-
centrosymmetric cubic structure as schematically shown in
Fig. 1(a). There are three different Wyckoff positions: an 8c
site with Rh atoms, a 12d site with Mo atoms, and a 4b site
with N atoms. The Rh atoms lie on the 8c positions of a
cubic unit cell forming a single (10,3)-a network, while the
MogN octahedrons fill the space. In RhyMosN, because of the
extended 4d orbital of Rh, the 4d-4d hybridization between
Rh and Mo orbitals becomes stronger, and the states between
Rh 4d and Mo 4d orbitals become highly overlapped. At the
Fermi level, the density of states (DOS) coming from Rh 4d of
RhyMosN is very low and cannot satisfy the Stoner criterion
[22]; hence, RhyMo3;N is nonmagnetic but superconducting.

In this paper, we report the synthesis of the Rh,MosN, a
noncentrosymmetric SC with T¢ ~ 4.3 K. Electrical transport,
specific heat, and magnetic measurements show that, in
contrast to other noncentrosymmetric materials that show
unconventional superconductivity, Rh,Mo3;Nisa BCS SC. An-
dreev reflection spectroscopy using normal and half-metal tips
confirms that it has an isotropic superconducting gap, whose
temperature dependence is consistent with the BCS theory.

II. EXPERIMENT

The polycrystalline RhyMosN sample with the B-Mn
structure was synthesized by the reductive nitridation method
[20]. Rhy03 (99.9% pure, Alfa Aesar) and MoOs3 (99.9995%
pure, Alfa Aesar) were mixed with the stoichiometric ratio
and calcined in a tube furnace for 48 h at successively higher
temperatures of 700 °C, 800 °C, and 850 °C under a flowing
atmosphere of a gas mixture of 10% H, + 90% N,. After each
temperature, the calcined powder sample was thoroughly re-
ground. X-ray diffraction (XRD) was used to verify its crystal
structure. The dc magnetization and resistivity measurements
were carried out by a Magnetic Property Measurement System
(MPMS) and Physical Property Measurement System (PPMS)
from Quantum Design. The Andreev reflection spectroscopy
(ARS) was further employed to determine the superconducting
gap and spin configuration of the Cooper pairs.
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FIG. 1. (a) Crystal structure of Rh,MosN. Sketch of crystal with
B-Mn structure with Rh atoms at the 8c position of a unit cell
forming a single (10,3)-a network, and the MogN octahedrons filling
in the space. (b) Observed (open circles) and calculated (red line)
x-ray diffraction patterns of Rh,Mo3;N. Some are labeled with Miller
indices. The tick marks indicate all the diffraction peaks. (c, d)
Superconducting phenomena of Rh,Mo;N. Temperature dependence
of (c) resistivity and (d) magnetization both show superconducting
transition at4.3 K from (c) resistivity and (d) diamagnetic phenomena.

III. RESULT AND DISCUSSION

As shown in Fig. 1(b), the XRD spectrum confirms
that our sample has a cubic noncentrosymmetric structure
witha =b=c¢ =6.81A and a space group P4;32 by the
Rietveld refinement method. The tick marks indicate the
allowed positions for diffraction, indicating the sample is
polycrystalline. The extracted structure parameters are listed
in Table I. Figures 1(c) and 1(d) show the resistivity and
magnetization, respectively, as functions of temperature. The
resistivity shows a sharp drop to zero at 4.3 K, accompanied
by diamagnetic behavior with 7, also at 4.3 K. To gain
further information concerning its superconducting properties,
magnetization and resistivity as functions of magnetic field
were measured at various temperatures, as shown in Figs. 2(a)
and 2(e). Figure 2(b) shows the M-H loop at 2 K, indicating
that Rh,Mo3;N is a type II SC, and the superconducting volume
fraction calculated from the magnetic measurement exceeds
100%, which comes from the demagnetization field due to

TABLE I. Crystal structure parameters of Rh,Mo;N. The data
were obtained by using the Rietveld method with x-ray diffraction
data. Its space group is P4,32, and its crystal constant is a = b =
c= 6.8124(0) A.

Atom X y z Uiso/ /QXZ
Rh 0.06343(3) 0.06343(3) 0.06343(3) 0.01185
Mo(12d) 0.125 0.20438(5) 0.45438(5) 0.00701
N(4b) 0.375 0.375 0.375 0.01322

PHYSICAL REVIEW B 94, 104503 (2016)

%
=]

[
93

47M (emu/ cm3)
[y ]
W

4nM (emu/cms)
[=}

%Y
=]

1x10° 001 0.1 1
u H(T)

0T
© —

¢
e

C /T(mJ/molK’)
S >
*b
[ 1]
\ =)
C /T (mJ/molK?)

0 L
0 2 4 6 8
T(K)
44K
480 8 ® 7??“7 o @ Resistivity
*=h e Q@ Specific heat
—_ 20K 6
é 320 =
2 T_ 4
<160 =
2
0 (e) 0 06 09
0 3 6 9 0.0 0.3 0.6 0.9
pH (T) T/T,

FIG. 2. (a) Magnetization versus magnetic field curves at temper-
atures varying from 1.8 to 4.4 K of Rh,Mo;N powder. (b) The M-H
loop of Rh,Mo;N powder up to 6 T at 2 K. (c) In order to subtract the
heat capacity background, C,/T versus T at various applied fields
were calculated. (d) The electronic contribution of specific heat from
the experiment was fit by using the BCS theory; (inset) the total
C/T versus T? at zero field with the C(T,H)/T = y, + B, T? fitting
(magenta solid line). (e) The field dependence of electrical resistivity
at temperatures varying from 2.0 to 4.4 K of a small Rh,MosN tablet.
(f) The upper critical field versus 7'/T, of the Rh,Mo;N inferred
from the electrical and specific heat measurements. The data was fit
by using the WHH model; (inset): the lower critical field determined
from the magnetic measurement versus 7'/7T, and its fitting (see text).

irregular shapes of the grains. The bulk superconductivity
can be confirmed by the specific heat measurement, as shown
below.

The phase diagram of H,, versus 7' /T, is shown in Fig. 2(f).
The lower critical field H,;(T") shown in the inset of Fig. 2(f) is
determined from the M-H curves in Fig. 2(a), where H.(T)
was defined from the point deviating from the linear curve due
to the Meissner effect. A fit using the well-known formula
Ho(T) = Ha(O){1 — (5)’) yields 1oHq1(0) = 23.0 mT, a
value similar to those of most BCS-like SCs such as super-
conducting Pb-In alloys [23], PbTaSe, [24], Re;B3 [25], and
so on. The London penetration depth of A(0) = 169.22 nm has
been calculated using poH,(0) =~ ®y/mA(0)?, where g is
the vacuum permeability, and ®y = 2.07 x 101> Wb is the
flux quantum. The upper critical field, H(T), was defined
from the midpoint of the resistivity drop at which the applied
magnetic field drives the sample to the normal state [Fig. 2(e)].
Furthermore, the upper critical field can also be determined
from the specific heat measurement under an applied field,
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as shown in Fig. 2(c). The obtained values are close to the
results from the resistivity method, as shown in Fig. 2(f). We
use the Werthamer-Helfand-Hohenberg (WHH) model [26]
to fit the Hy, vs. T/T, curve by considering orbital breaking,
including the effect of Pauli spin paramagnetism and spin-orbit
scattering, which are described by two parameters, o and A,
respectively. The value of « allows a rough discrimination
between the Pauli limit and orbital pair breaking, while X,
is dominated by the atomic numbers of the elements of the
material under consideration. In the WHH model,

1 1 ik 1 h+%+iy 1 ik
In- = (= 2 7 S
7 <2+4y>w<2+ 2 T2y

1 h+%—iy 1
“”(Tz—t)“”@ M

where t=T/T., y=I[(@h)’ — (/2% ¥ is the
digamma function, and

h h H,

(_[c]l_}tl)rzl 4 (_ Zf)t:l

The data obtained from the heat capacity measurements
fit well to the WHH model, while the data obtained from
the resistivity measurements show a slight deviation. A
similar phenomenon has also been observed in BaPtSis [27].
Additionally, the fitting parameters o = 0,As, = 0, indicate
negligible roles of the spin-paramagnetic effect and the spin-
orbit interaction played in this material. As a consequence,
RhyMosN is capable of reaching a very high upper critical
field. In this case (@ = 0, A5, = 0), the upper critical field at 0
K follows the relation

duogH,
Lo HS(0) = —0.693( £E072) ., 3)
' aT T.
From this relation we obtain uoH}(0) =7.41 T, which
is close to, but still below, the Pauli paramagnetic limit of

woHp = %}LB ~ 7.87 T, where 2A is the superconducting

gap energy. The value indicates that orbital breaking is the
main mechanism that limits the upper critical field. The lack of
inversion symmetry, although favoring a higher critical field,
fails to exceed, but comes tantalizingly close to, the Pauli
paramagnetic limit. Therefore, Rh,Mos;N remains a conven-
tional BCS-like SC notwithstanding the inversion symmetry
breaking in the crystal structure. The coherence length of
&, = 6.67 nm can be obtained from the relation woH(0) ~
®y/(27£(0)?). From the London penetration depth and
the coherence length, the Ginzburg-Landau parameter is
KgL = % ~ 25.37, which again confirms that Rh,MosN is a
type II SC.

Figure 2(c) shows the specific heat measurements under
different magnetic fields. A clear jump near 7, indicates
a second-order phase transition with a bulk nature. When
applying a magnetic field, the jump gradually diminishes
and shifts towards low temperature. When the field is up
to 8.0 T, superconductivity is completely suppressed without
any specific heat anomaly [Fig. 2(c)]. The total specific heat
consists of both electronic and phonon contributions; that is,
C(T,H)=y,T + p; T3. The first term is the electronic com-
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ponent, while the latter denotes the phonon contribution. The
inset of Fig. 2(d) shows the fit to C(T,H) = v, T + B 3. 1t

yields the Sommerfeld coefficient y, = 24.15 mJ mol~! K 2,

and B; = 1.13 mJ mol~! K Hence, the Debye temperature
®p ~ 218 Kis derived by the formula 8, = N7T4R®B3 12/5,

where R = 8.314 Jmol ™! Kil, and N = 6. To obtain elec-
tronic specific heat C,, two methods are employed since the
electronic part is field dependent, while the phonon one is field
independent in the total C(T', H). Thus the field measurement
can be used to subtract a heat capacity background coming
from the lattice and the normal state electronic contributions.
The first method is to directly subtract the phonon contribu-
tion from the total heat capacity by C, = C(T,H) — Cp,; =
C(T,H)— BiT>. The second one is using the reference
value at uoH = 8T where superconductivity is completely
suppressed, i.e. C, = C(T,uoH =0T) — (T, uoH = 8T) +
¥»T. Indeed, both methods give almost the same result. The
resulting electronic heat capacity [shown in Fig. 2(d)] fits
well with the BCS theory. The fit is very good with the
gap ratio A(0) = 1.81kgT,, or 2A(0)/kgT, = 3.62, which
is quite close to the 3.52 predicted by the BCS theory.
These results all indicate Rh,MosN to be a weak coupling
s-wave superconductor. Note that there exists a small residual
Yres» leading to a nonzero electronic specific heat at the
0 K limit. This phenomenon is observed in the Cu,Bi;Ses
[28] and RusBj3 [25] as well. This might come from the
inevitable presence of impurities, although XRD suggests the
high quality of our samples. The value of the y;cs is about
2.3mJmol~! K~2, small enough when comparing to y,; the
ratio of Y /vn = (Vu — Vres)/Vn ~ 90%, supporting the quite
high quality of the sample.

To investigate the pairing state of the superconductivity in
RhyMosN, we utilize ARS to determine the superconducting
gap and the spin configuration of the Cooper pairs. Electrons
must form Cooper pairs in the superconducting state, so a
single electron cannot be injected from a normal metal (V)
into a SC, unless it is accompanied by another electron with
the proper spin direction by reflecting a hole back into the
normal metal. This is the celebrated Andreev reflection process
[29]. The availability of the other electron with the proper spin
imposes a limit on the conductance of the N/SC interface
for injection energy within the superconducting gap. This
feature can also be used to measure the spin polarization
(P) of any metal, defined as the difference of spin-up and
spin-down electrons at the Fermi level, P = %,
where N;(Eg) and N (Eg) are densities of electrons with
spin-up and spin-down, respectively, at the Fermi energy Erg.
The conductance across the N/SC interface is normalized to
1 for electrons with energy (E) larger than the SC gap (A). A
nonmagnetic metal has equal spin-up and spin-down electrons
at Er (P = 0), so an injected electron within the gap (E < A)
can always find another electron to go into the SC and form
a Cooper pair; thus, the conductance is 2. For a half-metal
(P = 1) where there is only one spin band available at EF, the
conductance within the gap now depends heavily on the spin
configuration of the Cooper pairs in the SC. For a singlet SC,
the two electrons in a Cooper pair must be antiparallel; hence,
the conductance within the gap (E < A) is 0 because there is
no electron of opposite spin available to form a Cooper pair.
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FIG. 3. Andreev reflection spectroscopy of a gold tip in contact
with Rh,MosN. (a—c) Representative Andreev spectra of various Z
factors and their best fits to the modified BTK model, where open
circles are the experimental data and the red curves are the BTK
model; (d) determined gap value of various contacts with different Z
factors, with dashed line at A = 0.54 &= 0.04 meV.

For atriplet SC, the spins in the Cooper pair have parallel spins
so the conductance (E < A) canalso be 2. Thus, ARS provides
a decisive signature to differentiate the singlet and triplet SCs.
ARS has also been utilized to determine the superconducting
gap of many SCs, including the conventional SCs, two band
gap MgB, [30], Fe-SCs [31,32], and triplet SCs [33,34]. In
addition, using an s-wave singlet SC with an isotropic gap,
ARS has been utilized to determine the spin polarization of
many magnetic materials, including common magnetic metals
[35-39], highly spin-polarized materials [40], and half-metals
with P =1 [41,42].

Here, we first use a gold tip to determine the superconduct-
ing gap of the Rh,Mos;N SC. A gold tip is chosen because it
is unpolarized and does not oxidize. The gold tip is made by
breaking an 8-mil gold wire; it has been shown that a sharp
tip with a few atoms can be formed with this method [43].
The sample was cut to have a fresh surface just before the
sample and the gold tip were mounted into a vacuum jacket.
The sample was then cooled down to 4.2 K in a sample tube,
and 1.5 K is realized by pumping the sample tube. The point
contacts are established after the temperature has been stabi-
lized. Subsequently, the conductance (//V) and differential
conductance (d1/dV') are measured simultaneously.

Over 20 conductance spectra were measured, and some
representative curves at about 1.6 K are shown in Figs. 3(a)—
3(c). The open circles are the experimental data, and the solid
lines are best fits to the modified Blonder-Tinkham-Klapwijk
(BTK) model [44—48]. In the fitting, we use the experimental
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FIG. 4. Andreev reflection spectroscopy of a LSMO tip in contact
with Rh,Mo;N. (a—c) Representative Andreev spectra with various Z
factors and their best fits to the modified BTK model; (d) determined
spin polarization of LSMO as a function of the Z factor and the
intrinsic spin polarization of LSMO.

temperature and the P value of gold as O but vary gap A and
a parameter, the interfacial scattering factor Z, in the BTK
model. The data can be well described by the model, and the
Z factors of most spectra are between 0.3 and 0.5. The gap
values of all the contacts are close to 0.54 meV, as shown in
Fig. 3(d). One notes that the sample is polycrystalline and
the contacts are random on the sample. Different contacts
essentially contact on different crystalline directions of the
sample. A constant gap value for all contacts is a telltale
indication that the gap is isotropic. The averaged gap value
of Rh,Mo3N SCis A = 0.54 £ 0.04 meV.

Next, we use a half-metal, La,/35r;;3MnO3 (LSMO), to
measure the spin configuration of the Cooper pairs in the
Rhy;MosN SC at 1.55 K. The single-crystal LSMO was
polished into a sharp tip and follows the same procedure
as that of the gold tip. We have measured over 10 different
contacts with various Z factors. Some representative Andreev
spectra are shown in Figs. 4(a)—4(c). Again, open circles are
the experimental data and solid curves are the best fits to the
modified BTK (MBTK) model. The double Andreev peaks
are often an indication of the gap of the SC, but the two
peaks in Fig. 5(c) are nearly 2 meV, much larger than the
0.54 meV value determined by the gold tip. This is due to
the much larger resistivity of the LSMO tip. Because of the
large resistivity of LSMO, an extra resistance (rg) is present in
the ARS; the effects of rg have been discussed previously by
others [45,46]. With the effect of rg included in the analysis,
the determined gap value is still around 0.54 meV for all the
contacts. Since we have determined the gap value using a gold
tip above, in the fitting, the gap value is fixed at 0.54 meV
and the temperature is fixed at experimental values; only the
Z factor, P, and rg are varied in analysis. The measured P
values of all the contacts are plotted in Fig. 4(d) as function
of the Z factor. The P value decreases for increasing Z factor
due to the spin-flip scattering at the interface. The intrinsic

104503-4



Rh;Mo;N: NONCENTROSYMMETRIC s-WAVE . ..

1.5

13 11
' c -
M‘\‘ S
a S
i " s
g t ! !;’I_!;““ % (0]
' 0
0.6
1
S 04
r £
(k) >4 £
<02
00 L 1 L 1 L 1 EE

FIG. 5. Temperature dependence of Andreev reflection spec-
troscopy of a gold tip in contact with Rh,Mo;N. (a) Andreev reflection
from 1.5to 5K, (b) best fits of Andreev spectra at various temperatures
to the modified BTK model, and (c) the determined gap A as a
function of temperature; the dashed line is from the BCS theory to
guide one’s eye.

P value of the LSMO is obtained by extrapolating the Z
factor to 0, which is about 80%, consistent with previous
studies [49]. Because the Andreev reflection is allowed for
a half-metallic current using a triplet SC with parallel spin
pairing, the P value of LSMO should be an apparent value of
0, the same as that of Au, if the Rh,Mo3N is purely spin triplet.
Therefore, it conclusively shows that the spins of the Cooper
pairs in the RhyMosN SC must be antiparallel instead, as in
singlet SCs.

We further measure the temperature dependence of the
Andreev spectra using a gold tip. As shown in Fig. 5(a),
for increasing 7', the separation of the double Andreev peaks
decreases gradually to become a single peak of decreasing
amplitude, finally to about 1 around 4.5 K. The data at
various temperatures can be well described by the modified
BTK model, and some representative Andreev spectra are
shown in Fig. 5(b), with open circles as the data and solid
curves as the best fits to the modified BTK model [46].
In the fitting, the Z factor and the inelastic factor I' are
fixed at Z = 0.35, I" = 0.13, and rg = 0.0, which have been
determined by the Andreev spectrum at the lowest temperature
T = 1.53 K. Since the spectra are all from the same contact,
these parameters should not change at the low temperature
range. Only the gap value is varied for different 7. The
obtained gap value as a function of T is shown in Fig. 5(d).
The dashed line is the BCS theory, using 4.5 K as T¢. One
can see that the temperature dependence of the gap is very
consistent with an s-wave SC of BCS theory. Interestingly, the
Andreev spectra do not immediately reduce to a flat spectrum
of 1 at T > 4.5K. As shown in Fig. 5(b), at 4.5K, about 5%
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of Andreev intensity still exists, which gradually decreases to
1 at 15 K, as shown by the blue curve in Fig. 5(b). We have
observed the effects for a few other contacts with temperature
dependence. While this requires further study with better
quality samples, such as single crystals, it might be because
the point contact is very small and a small force from a tip can
have a large pressure at the contact region.

The nearly consistent gap value of 2A = 1.1 meV, directly
observed from ARS and deduced from specific heat, shows
that the dominant electron pairings in RhyMosN are singlet
s-waves. Using both unpolarized (Au) and polarized (LSMO)
metals, ARS indicates no triplet parallel spin configuration
in the RhyMosN SC. Combined with the specific heat and
critical field results, the dominant pairings in the RhyMosN
SC are singlets with an isotropic s-wave gap.

The nature of superconductivity depends on the symmetry
of the crystal structure. The inversion symmetry leads to the
pure triplet or singlet pairings, while the latter is energetically
preferred by time reversal symmetry. Finding a triplet SC is an
extremely difficult problem. However, in noncentrosymmetric
SCs, the spatial part of the electron wave functions are not
necessarily symmetric or antisymmetric. To preserve the over-
all antisymmetry of the wave function in exchanging the two
electrons, the Cooper pairs in these systems are often a mixture
of spin singlet and spin triplet states [5]. The ratio between the
triplet and the singlet portions depends on the SOC of the
material, or more precisely speaking, the antisymmetric SOC
(ASOC) strength [5]. In general, the SOC lifts degeneracies
of the electron band structure at high-symmetry points. This
happens to not only noncentrosymmetric materials but also
centrosymmetric structures. However, the ASOC that only
survives on the noncentrosymmetric materials plays a pivotal
role in the spin-triplet-dominant noncentrosymmetric SCs,
since it lifts the double spin degeneracy of the bands [50].
The strength of ASOC largely relies on the distortion of the
crystal structure [51]. Hence in noncentrosymmetric SCs, the
more dramatically the crystal structure deforms, the stronger
the ASOC and, in consequence, the band splitting, will be. As a
result, the spin triplet component gets more chance to dominate
the Cooper pairs of the SC. For example, in CePt3Si, Ulr, and
Li,Pt3B, both SOC and ASOC are fairly strong [2—4]; thus,
the triplet pairing is dominant. In contrast, in our Rh-based SC
with noncentrosymmetric 8-Mn structures, even though the
spin-orbital coupling is already significant, as evidenced by
the presence of skyrmions in magnetically doped samples [21],
the pairing is still singlet. This experiment suggests the ultra-
sensitivity of triplet SC on spin-orbital coupling. From the ARS
experiment data, we cannot exclude the antiparallel component
of the spin triplet state, but unequivocally there is a negligible
parallel component in this material. The absence of a parallel
spin triplet component is mainly due to the weak ASOC in this
material. In contrast, the spin triplet SC Li,(Pd;_,Pt,);B, al-
though it owns the same point group as RhyMo3N, significantly
distorts its crystal when platinum is doped into the B(Pd,Pt)s
octahedral units [51]. As the noncentrosymmetry in RhyMosN
comes from the MogN octahedral and the Rh single (10,3)-a
network, we expect that partial substitution of Rh or Mo by
other heavy elements can lead to large structural distortion and
promising spin triplet SCs. Fortunately, doping heavy elements
like platinum or palladium and magnetic elements like cobalt
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or iron in Rh,Mo3;N have been proved feasible, and the 5-Mn
structure persists robustly [21,52,53].

Interestingly, when Rh,MosN is doped by both cobalt and
iron simultaneously, chiral magnetism is induced, and the
helical spin ground state is emergent. When a small magnetic
field is turn on, the magnetic skyrmion and its lattice have been
observed [21]. This observation not only indicates the intimate
relation between chiral magnets and noncentrosymmetric
superconductors, it also suggests that this Rh,Mo3;N system is
an ideal platform for studying the complex interplay between
the SCs and the spin helix or skyrmions.

IV. SUMMARY

In summary, we have synthesized a polycrystalline sample
RhyMosN with a noncentrosymmetric 8-Mn structure. From
the transport, specific heat, magnetic, and ARS measurements,
Rh;MosN behaves as a typical BCS type II superconductor
with transition temperature 7¢ ~ 4.3 K. It indicates no spin
triplet pairing features from the upper critical field specific heat
and ARS measurements. Although the spin triplet pairing state

PHYSICAL REVIEW B 94, 104503 (2016)

or mixture is theoretically allowed in a superconductor with
noncentrosymmetric structure, the breaking of inversion sym-
metry is nonconsequential on superconductivity in RhyMosN,
which shows only s-wave singlet superconductivity.
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