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Abstract
RhSn is a topological semimetal with chiral fermions. At ambient pressure, it exhibits large
positive magnetoresistance (MR) and field-induced resistivity upturn at low temperatures.
Here we report on the electrical transport properties of RhSn single crystal under various
pressures. We find that with increasing pressure the temperature-dependent resistivity ρ(T ) of
RhSn varies minutely, whereas the value of MR at low temperatures decreases significantly.
The ρ(T ) data was fitted with the Bloch–Grüneisen model and the Debye temperature was
extracted. Analyses of the nonlinear Hall conductivity with two-band model indicate that the
carrier concentrations do not change significantly with pressure, but the mobilities for both
electron and hole carriers are reduced monotonically, which can account for the significant
reduction of MR under high pressures.

Keywords: topological semimetal, magnetoresistance, nonlinear Hall conductivity, pressure
effect, high motilities

(Some figures may appear in colour only in the online journal)

1. Introduction

Topological semimetals (TSMs) have attracted tremendous
research interest in recent years due to their exotic physi-
cal properties and potential applications. According to the
momentum space distribution and degeneracy of the band-
crossing points, TSMs can be classified into Dirac semimetal,
Weyl semimetal, and node-line semimetal, etc [1]. Experi-
mental realizations include the Dirac semimetal Na3Bi [2–4]
and Cd3As2 [5–9], the Weyl semimetal TaAs [10–12] and
WTe2 [13–16], and the node-line semimetal ZrSiS [17–19]
and PbTaSe2 [20–22], respectively. Recently, some new type

7 Author to whom any correspondence should be addressed.

fermions have been discovered in TSMs as exemplified by the
threefold-degenerate fermion in MoP [23–25] and WC [26,
27]. In addition, angle-resolved photoemission spectroscopy
(ARPES) measurements on the CoSi with a chiral lattice
have evidenced the presence of unconventional chiral fermions
near the Fermi level, which are named spin-1 and charge-
2 fermions at the Brillouin zone (BZ) center Γ and the BZ
corner R, respectively [28]. However, the band splitting of
CoSi induced by the spin–orbit coupling (SOC) is too small
to be observed in ARPES [28–30]. In this regard, the new
material RhSn that shares similar crystal and band struc-
tures as CoSi but has a stronger SOC is a more promis-
ing candidate material to study the unconventional chiral
fermions [31].
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Very recently, some of us grown high-quality RhSn single
crystals and investigated in detail the electronic and transport
properties at ambient pressure (AP) [32]. RhSn crystallizes
in a simple cubic structure with the space group P213 (no.
198) and is characterized as a multi-band system with high
carrier motilities. At low temperatures, it exhibits large unsatu-
rated longitudinal magnetoresistance (MR) with B||[001] and
nonlinear Hall resistivity. Pronounced dHvA quantum oscil-
lations were observed and ten fundamental frequencies were
extracted from the fast Fourier-transform analysis. Aided by
the first-principles calculations, four frequencies have been
identified as originating from the topological nontrivial elec-
tronlike pockets at Γ and R points and the rest stems from
the trivial holelike pockets. For the frequencies of electron-
like pockets, the extracted Berry phases are in good accordance
with the large Chern number C =±4 in the first-principles cal-
culations with SOC. The Wannier charge center calculations
without SOC show that the spin-1 (charge-2) fermions at Γ
(R) of RhSn carry chiral charges −2 (+2), which are oppo-
site to those of CoSi. The chiral fermions between RhSn and
CoSi are reversed because of their opposite structure chiral-
ity. These results have been confirmed recently by the ARPES
measurements [33].

In this work, we have studied the effect of pressure on the
electrical transport properties of RhSn single crystal. We find
that the resistivity ρ(T ) of RhSn is robust against pressure with
a tiny change up to 11.5 GPa. However, the low-temperature
MR decreases monotonically with increasing pressure, which
has been ascribed to the reduction of carrier mobility according
to the two-band model fitting to the nonlinear Hall conductiv-
ity. Our results indicate that the lattice compression by pressure
can fine tune the electronic band structure of RhSn with chiral
fermions.

2. Experimental

The high-quality RhSn single crystal was grown out of the Bi
flux as described in [32], in which the detailed characteriza-
tions on the structural and physical properties at ambient pres-
sure have also been reported. The resistivity of RhSn single
crystal under various hydrostatic pressures was measured with
the standard four-probe method by using the palm cubic anvil
cell (CAC) apparatus. Details about the experimental setup can
be found elsewhere [34, 35]. Glycerol was employed as the
pressure transmitting medium and the pressure values were
determined at room temperature by observing the character-
istic phase transitions of bismuth. For our measurements with
CAC, we always change pressure at room temperature, tighten
the pressure cell at the target pressure, and then load it into a
liquid-helium cryostat to measure the temperature dependence
of resistivity at a given pressure.

3. Results and discussion

Figure 1 shows the temperature dependence of resistivity
ρ(T ) for the RhSn single crystal under various pressures
from 2 to 11.5 GPa. The metallic behavior of RhSn is

Figure 1. Temperature dependence of resistivity ρ(T ) for a RhSn
single crystal under various pressures up to 11.5 GPa. Inset shows
the normalized ρ(T ) curves in the double-logarithm scale. The solid
red lines represent the fitting curves with the Bloch–Grüneisen
formula (see text).

retained and no superconductivity was observed down to
1.5 K in the investigated pressure range. The absence of
superconductivity might be related with the chiral lattice
of RhSn, in which the lack of inversion symmetry would
prevent the formation of conventional Cooper pairs with
either spin-singlet or spin-triplet paring [36]. When apply-
ing pressure from 2 to 4 GPa, the ρ(T ) at room tempera-
ture decreases from 78 to 70 μΩ cm, but the low-temperature
resistivity is barely changed. Upon further increasing pres-
sure to 6 GPa and above, the ρ(T ) at room temperature
decreases by less than 1 μΩ cm per GPa, while the low-
temperature resistivity is enhanced gradually, resulting in a
reduction of residual resistivity ratio (RRR=ρ(280 K)/ρ(2 K))
under pressure. The residual resistivity ρ(2 K) ∼ 3 μΩ cm of
RhSn at 2 GPa is about one order of magnitude smaller than
that of CoSi ∼20 μΩ cm [37]. The RRR is ∼36 at 2 GPa and
decreases to ∼15 at 11.5 GPa, which is still larger than that
of CoSi at similar pressure indicating the high quality of the
studied RhSn single crystal.

As we know, the dominant scattering mechanism in the
transport process of nonmagnetic metallic systems can be
distinguished by fitting the ρ(T ) with the Bloch–Grüneisen
formula [38, 39], viz

ρ (T) = ρ0 + C

(
T
ΘR

)n∫ ΘR

T
0

tn

(et − 1) (1 − e−t)
dt, (1)

where ρ0 is the residual resistivity, C is a material-specific con-
stant, ΘR is a characteristic temperature that is close to the
Debye temperatureΘD, and the exponent n can take the integer
value of 2, 3 or 5, which corresponds to the dominant elec-
tron–electron, phonon–phonon, or electron–phonon scatter-
ing mechanism, respectively. As shown in the inset of figure 1,
all ρ(T ) curves can be described excellently with n = 5 over
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Figure 2. (a) Temperature dependence of resistivity ρ(T ) at 4 GPa
for a RhSn single crystal under various magnetic fields up to 8 T. (b)
Temperature dependence of magnetoresistance (MR) at 8 T under
various pressures up to 11.5 GPa.

the whole temperature range (red solid lines), indicating that
the electron–phonon scattering dominates the transport pro-
cess under high pressures in RhSn. The obtained ΘD from the
fitting is 282 K at 2 GPa and keeps almost constant at about 270
± 5 K in the investigated pressure range. The extracted ΘD of
RhSn under high pressures are also close to that of isostructural
CoSi, i.e. ∼300 K [37].

Figure 2(a) displays the ρ(T ) of RhSn at 4 GPa under var-
ious magnetic fields up to 8 T. The low-temperature ρ(T )
increases progressively with increasing magnetic field, and a
weak upturn in ρ(T ) appears under 8 T. Similar positive MR
behaviors are also observed for ρ(T ) at other pressures (no
shown here). But the magnitude of MR is reduced gradually
with increasing pressure. Figure 2(b) shows the temperature
dependence of MR ≡ [ρ(H )/ρ(0 T) − 1] × 100% under 8 T at
different pressures. As can be seen, MR(T ) increases rapidly
upon cooling below 100 K; the MR(2 K) reaches 450% at
4 GPa, but is reduced with increasing pressure to 135% at
11.5 GPa. A large, positive MR has been commonly observed
in the TSMs such as Cd3As2, TaAs, LaSb, WTe2, etc, and
was ascribed to the electron–hole compensation and topologi-
cal nontrivial band structures [8, 10, 18, 19, 26, 37, 40, 41].
But the magnitude of MR values of RhSn is much smaller
than those of typical Dirac, Weyl and nodal-line semimetals
[6, 19, 42], presumably due to the contributions from both
topologically nontrivial electron and trivial hole carriers in
RhSn.

Figure 3(a) displays the field-dependent MR at 2 K with
B||[111] under various pressures up to 11.5 GPa. The black
dashed lines stand for the fitting results to a polynomial for-
mula MR ∝ Hα, yielding an α = 3/2 for the whole magnetic
field range up to 8 T. Similar behavior is also observed at
ambient pressure, and should be ascribed to the topological
nontrivial electronlike bands at Γ and R in RhSn. In addi-
tion, the MR ∝ H3/2 behavior is retained in the whole pressure
range, indicating that the topological characteristics of RhSn
are extremely robust under high pressure. It should be noted
that such an H3/2-dependent MR observed in RhSn is distinct
from either the linear-in-H and non-saturated MR in the Dirac
semimetals with the topological nontrivial bands or the H2-
dependent MR with small magnitude in the normal metals with

Figure 3. (a) Magnetic field dependence of MR at 2 K with B||[111]
for a RhSn single crystal under various pressures up to 11.5 GPa.
The black dashed lines stand for the fitting results. (b) Magnetic
field dependence of Hall resistivity ρxy at 2 K with B||[111] for a
RhSn single crystal under various pressures.

trivial band structures. Further studies are needed in order to
achieve a better understanding of this behavior in RhSn.

Because we only measured the field dependence of MR at 2
K for each pressure, we cannot check the Kohler’s rule under
pressure. Instead, we have replotted the MR data at AP in the
form of MR versus (H/ρ0), and found that the Kohler’s rule is
not well satisfied, especially for the temperatures above 30 K.
Such a deviation from the Kohler’s rule is understandable since
RhSn is a multi-band system with temperature-dependent car-
rier density and mobility [32]. We expect that the Kohler’s
rule should also be violated under pressure given that the H3/2-
dependence of MR and the band topology are retained in the
investigated pressure range.

The Hall resistivity ρxy(H ) at 2 K for RhSn at various
pressures are shown in figure 3(b). The overall behavior of
ρxy(H ) under pressures resembles that at ambient pressure
[32]. Especially, the deviation from the linear behavior of
ρxy(H ) indicates that RhSn remains a multi-band system under
pressure. In specific, the slope of ρxy(H ) or Hall coefficient
changes sign with magnetic field, corresponding to the dif-
ferent roles of electron and hole carriers. The initial positive
slope of ρxy(H ) indicates that there exist high-mobility hole
pockets, while the negative slope at higher fields suggests the
presence of electron pockets with higher concentration. When
the pressure is increased, both the initial positive slope of
ρxy(H ) and the negative slope at higher field are reduced grad-
ually. This implies that the mobility of hole carrier is reduced
and the concentration for electron pocket is enhanced by
pressure.

In order to obtain the quantitative information about the car-
rier density and mobility as a function of pressure, we have

fitted the Hall conductivity σxy = ρxy/
((

ρxy

)2
+ (ρxx)2

)
with

the two-band model [32, 39], viz

σxy =

(
nhμ

2
h

1 + (μhB)2 − neμ
2
e

1 + (μeB)2

)
eB, (2)

where μe,h and ne,h are the mobility and density of electron-
and hole-type carriers, respectively. Similar two-band model
analysis has also been applied at ambient pressure, and theμe,h

and ne,h were extracted [32]. The value of magnetic field along
[111] is recalculated by multiplying cos(30◦) because the sam-
ple surface is not perpendicular to magnetic field perfectly. As
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Figure 4. (a) Field dependence of the Hall conductivity under
various pressures. (b) and (c) The pressure dependence of the
normalized carrier densities and mobility of electron and hole
extracted from figure 4(a) by two-band model fitting.

shown by the solid lines in figure 4(a), the σxy(H ) curves are
well fitted and the obtained ne,h(P) and μe,h(P) at 2 K as a func-
tion of pressure are shown in figures 4(b) and (c), respectively.
The carrier concentration of electron pocket is twice larger
than that of hole, while the mobility of electron (∼0.5 × 104

cm2 V−1 s−1) is much less than that of hole (∼1.9 × 104 cm2

V−1 s−1) at 4 GPa, in line with the above qualitative arguments.
As shown in figure 4(b), the concentration of electron-type car-
riers increases initially with pressure and reaches maximum
at 8.5 GPa, while that of hole-type carriers exhibits oppo-
site trends. In contrast, the mobilities of both electron- and
hole-carriers are reduced over the whole pressure range; in
particular, the mobility of holes decreases much faster than
that of electrons with pressure. Overall, the carrier densities
of both hole and electron are changed only slightly with pres-
sure whereas the hole-carrier mobility decreases significantly
with pressure.

As shown above, RhSn is a multi-band system with both
electronlike and holelike Fermi surfaces (FSs). Although the
current interest in RhSn is focused on the topologically non-
trivial chiral fermions located atΓ and R points of the first Bril-
lion zone, there are several other topologically trivial holelike
pockets near the Fermi energy, which has been well established
by the dHvA oscillations and the first-principles calculations
[32]. Since both topologically nontrivial electron and trivial
hole carriers contribute to the electrical conduction, the tem-
perature dependence of resistivity of RhSn looks like a normal
metal. Nonetheless, the Hall resistivity is more sensitive to
the carriers’ characteristics, i.e. the hole carriers with higher
mobility contribute to an initial positive slope at low fields,
while the electron carriers with higher density produce a neg-
ative slope at high fields. Since the electrical transport prop-
erties of metals are usually dominated by the high-mobility
carriers, the significant reduction of hole mobility should be
responsible for the observed suppression of MR and RRR
under pressure. This argument is further substantiated by the
comparison of the hole-carrier mobility μh, MR and RRR
as a function of pressure in figure 5. As can be seen, they
all decrease monotonically with increasing pressure, signal-
ing an intimated correlation among them. As we know, the

Figure 5. Pressure dependences of the residual resistivity ration
(RRR), the hole mobility μh, and MR at 8 T and 2 K.

carrier mobility is described by the relaxation time divided
by the transport mass within semiclassical theory. Since the
hole density only varies slightly with pressure, figure 4(b), the
relaxation time of hole carriers associated with carrier scatter-
ing should not change significantly. Alternatively, the effec-
tive transport mass of hole might increase substantially, pre-
sumably due to the modification of band structures. Further
theoretical studies on the band structures of RhSn under com-
pression are needed to clarify this issue. On the other hand,
the improvement of electron carrier density near the Fermi
level under pressure indicates that the electrons are transferred
from the other hole bands according to the Luttinger sum rule
[43]. The enhancement of electron density of states would pro-
mote the electron scattering, resulting in a reduction of electron
relaxation time and thus mobility with pressure as observed in
figure 4(c). This will also lead to suppression of the MR.

4. Conclusion

In summary, we have studied the pressure effect on the elec-
trical transport properties of RhSn single crystal with a cubic
anvil cell apparatus up to 11.5 GPa. At ambient pressure, RhSn
exhibits large positive MR and field-induced resistivity upturn
at low temperatures. We found that the application of high
pressure can barely change the resistivity ρ(T ) but the MR
decreases monotonically with pressure. We have fitted the non-
linear Hall conductivity and extracted the carrier density and
mobility in terms of the two-band model. Our results indicate
that the reduction of carrier mobility, especially that of the
hole carries, should be responsible for the suppression of low-
temperature MR and the reduction of RRR. In addition, our
work demonstrates that the electronic band structure of RhSn
can be finely tuned through the lattice compression.
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