
Magnetic and electric properties of the metallic kagome
antiferromagnet CrRhAs

Franziska Breitner, Bin Shen, Anton Jesche, Alexander A. Tsirlin, Philipp
Gegenwart

Angaben zur Veröffentlichung / Publication details:

Breitner, Franziska, Bin Shen, Anton Jesche, Alexander A. Tsirlin, and Philipp Gegenwart. 2026.
“Magnetic and electric properties of themetallic kagome antiferromagnet CrRhAs.” Physical
Review Materials 10 (6): 064204. https://doi.org/10.1103/d449-1tfw.

Nutzungsbedingungen / Terms of use:

Dieses Dokument wird unter folgenden Bedingungen zur Verfügung gestellt: / This document is made available under these conditions:
Deutsches Urheberrecht
Weitere Informationen finden Sie unter: / For more information see:
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/

licgercopyright

https://doi.org/10.1103/d449-1tfw
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/


PHYSICAL REVIEW MATERIALS 10, 064204 (2026)

Magnetic and electric properties of the metallic kagome antiferromagnet CrRhAs

Franziska Breitner,1 Bin Shen ,1,*,† Anton Jesche ,1 Alexander A. Tsirlin ,2,‡ and Philipp Gegenwart 1,§

1Experimental Physics VI, Center for Electronic Correlations and Magnetism, University of Augsburg, 86159 Augsburg, Germany
2Felix Bloch Institute for Solid-State Physics, University of Leipzig, 04103 Leipzig, Germany

(Received 20 March 2026; revised 10 May 2026; accepted 5 June 2026; published 30 June 2026)

CrRhAs is an antiferromagnetic kagome metal predicted to host a nontrivial spin texture with vector spin
chirality [Huang et al., npj Quantum Mater. 8, 32 (2023)]. We report the synthesis and basic characterization of
CrRhAs single crystals, which exhibit an antiferromagnetic transition with TN = 150 K, evidenced by electrical
transport, heat capacity, and magnetization measurements. Hall resistivity varies linearly with magnetic field, i.e.,
there is no nonlinear Hall contribution. Intriguingly, the Hall coefficient changes sign between the configurations
of j ‖ ab, H ⊥ ab and j ‖ c, H ⊥ c, which is likely connected to a peculiar topology of the Fermi surface.
Furthermore, for j ‖ ab, the Hall coefficient shows a pronounced and continuous enhancement below TN,
signaling a significant reconstruction of the Fermi surface or an extra scattering from the magnons. Our results
offer guidance for exploring anomalous electrical transport phenomena in exotic magnetic systems.

DOI: 10.1103/d449-1tfw

I. INTRODUCTION

Kagome metals have emerged as a pivotal platform for
exploring frustrated geometry and its interplay with elec-
tronic band topology. The two-dimensional kagome lattice
can give rise to flat bands, van Hove singularities, and topo-
logical band crossings [1–3] that have been indeed observed
in nonmagnetic kagome metals, as well as magnetic kagome
metals with ferromagnetic in-plane order [4,5]. Antiferromag-
netic kagome lattice potentially leads to further interesting
electronic properties because of various noncollinear spin
configurations expected in this setting [6], but only a few
kagome metals with antiferromagnetic ground states have
been reported to date.

In real kagome materials, additional factors can influence
their electronic properties and magnetism. For example, inter-
layer couplings between the kagome planes and distortions
of the ideal kagome lattice are commonly present in many
of the kagome compounds. The ZrNiAl-type structure (space
group P6̄2m) represents a prominent family of intermetallic
compounds featuring a distorted kagome lattice, where the
transition-metal or rare-earth atoms occupy positions that de-
viate from the perfect symmetry of the ideal kagome network.
Unlike the ideal kagome lattice, the twisted kagome geometry
of the ZrNiAl structure incorporates two types of triangles
rotated oppositely around the crystallographic c axis, leading
to a loss of inversion symmetry. This structural distortion pro-
foundly modifies the electronic band structure and magnetism
and may lead to new emergent quantum phenomena, such
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as novel spin textures and the anomalous Hall effect (AHE)
observed in HoAgGe [7,8].

CrRhAs crystallizes in the ZrNiAl-type structure, where
the magnetic Cr atoms form a twisted kagome lattice in the ab
plane [9]. Early studies on polycrystalline samples of this ma-
terial revealed an antiferromagnetic transition at TN ≈ 165 K
[10,11], accompanied by a minute expansion of the c axis
and an equally small contraction of the ab plane at TN [11].
Linear field dependence of the magnetization was reported
in the antiferromagnetic phase up to 15 T [12]. Hydrostatic
pressure experiments demonstrated a slight suppression of TN

with increasing pressure [11]. Recent density functional the-
ory (DFT) calculations confirm antiferromagnetic exchange
couplings and predict spin textures where individual trian-
gles adopt 120◦ order, either with positive or with negative
vector chirality, and suggest the possible existence of non-
trivial topological features in the electronic band structure of
CrRhAs [13].

Here, we report the successful growth of CrRhAs single
crystals and present their fundamental properties alongside
Hall effect measurements. Our study identifies CrRhAs as a
correlated kagome antiferromagnet, likely adopting a copla-
nar noncollinear magnetic structure. No nonlinear Hall effect
is observed in either the paramagnetic or antiferromagnetic
state. Instead, the sign of the Hall coefficient reverses from
positive for in-plane (ab-plane) current to negative for out-
of-plane (c-axis) current configurations. Moreover, the Hall
coefficient undergoes a dramatic change below the Néel tem-
perature. This behavior suggests an anisotropic reconstruction
of the Fermi surface or scattering rate driven by antiferromag-
netic ordering.

II. METHODS

Single crystals of CrRhAs were synthesized using a bis-
muth flux method. The starting materials were weighed in
a stoichiometric ratio (Cr:Rh:As:Bi = 1:2:1:15) and placed
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inside a standard Canfield crucible set consisting of two Al2O3

crucibles and a strainer. This set was sealed inside a quartz
tube under 200-mbar argon pressure. The crystal growth was
performed inside a standard muffle furnace placed under the
fume hood. The sample was heated to 600 ◦C over the course
of 6 h and cured at this temperature for another 6 h. The
temperature was then increased to 1100 ◦C over 3 h and held
for 2 h, followed by a slow cooldown to 650 ◦C with a cool-
ing rate of 2.5 ◦C/h. The crystals were then separated from
the flux by centrifugation. Any remaining flux was removed
by hydrochloric acid etching. The chemical composition and
phase purity were verified by energy-dispersive x-ray spec-
troscopy (EDX) and x-ray diffraction (XRD). The XRD data
were collected using Cu Kα radiation on several needlelike
crystals placed on a flat sample holder.

Additionally, high-resolution powder XRD data [14] were
collected at the ID22 beamline of ESRF (Grenoble, France)
using the wavelength of 0.4 Å and multianalyzer detector
setup [15]. A portion of crystals together with a small amount
of residual flux was ground into fine powder and loaded into
thin borosilicate glass capillaries that were spun during the
measurement. The sample was cooled with the He-flow cryo-
stat. Jana2006 was used for the structural refinement [16].

Electrical resistivity was measured in a Physical Property
Measurement System (PPMS, Quantum Design) using a stan-
dard four-probe configuration. Heat capacity was determined
via the relaxation method in PPMS. Magnetization measure-
ments were performed in an MPMS3 SQUID magnetometer
(Quantum Design).

For Hall effect measurements, three samples (S3, S4, and
S5) were prepared with orthogonal current-field geometries.
Samples S3 and S4 were measured with the current applied
along the crystallographic c axis, whereas S5 was measured
with the current within the ab plane. To optimize sensitivity,
all samples were polished to thicknesses of 5–20 μm prior to
measurement.

Density-functional theory (DFT) band-structure calcula-
tions were performed in the FPLO [17] and VASP [18,19]
codes using the experimental crystal structure at 50 K. The
Perdew-Burke-Ernzerhof version of the exchange-correlation
potential [20] was applied.

III. EXPERIMENTAL RESULTS

Figure 1(a) displays the crystal structure of CrRhAs, fea-
turing chains of atoms aligned with the crystallographic c
axis. The single crystals exhibit a needlelike morphology
oriented along the c axis, with typical lengths reaching sev-
eral millimeters [Fig. 1(b)]. EDX measurements return the
Cr:Rh:As ratio of 0.98(2):0.98(2):1.04(2), in good agreement
with the anticipated CrRhAs composition. Powder XRD fur-
ther confirms the target hexagonal crystal structure. Trace
amounts of elemental Bi were also detected in the XRD pat-
tern when XRD was performed on multiple crystals extracted
from the crucible without removing the residual Bi flux after
centrifugation. This bismuth impurity is confined to the crys-
tal surface, as confirmed by the absence of superconducting
transitions attributable to bismuth in the resistivity measure-
ments [Fig. 3(b)] of carefully surface-cleaned CrRhAs single
crystals.

FIG. 1. (a) Crystal structure of CrRhAs. (b) Image of single crys-
tals of CrRhAs. One grid square represents 1 mm. (c) Powder XRD
pattern of CrRhAs collected on several needlelike single crystals
placed on a flat holder. (d) Rietveld refinement for the high-resolution
XRD data collected at 250 K. Tick marks show peak positions for
CrRhAs (1) and the impurity phases of RhBi3 (2) and Rh3Bi14 (3).

Additionally, we performed high-resolution synchrotron
XRD on a portion of crystals ground into fine powder and
loaded into a glass capillary. As a larger amount of sample
was needed for filling the capillary, the crystals were not
preselected, and the sample contained traces of RhBi3 and
Rh3Bi14 phases from the flux [Fig. 1(d)]. High-resolution

FIG. 2. Left: temperature dependence of the lattice parameters of
CrRhAs. Right: a snapshot of the high-resolution XRD patterns at 50
and 250 K shows persistent hexagonal symmetry below TN.
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FIG. 3. (a) Temperature dependence of CrRhAs resistivity, with
current applied along the c axis. Arrows in the inset mark the anti-
ferromagnetic transition temperature TN and the temperature of the
resistivity maximum Tmax, respectively. (b) Temperature-dependent
heat capacity C(T ) of CrRhAs. The inset shows the fit to the low-
temperature data with the formula C/T = γ + βT 2. Temperature
dependence of (c) magnetic susceptibility and (d) inverse suscep-
tibility with magnetic field applied along the ab plane and c axis,
respectively. The Curie-Weiss fit to the high-temperature part of the
data yields the effective moment of 4.28 (4.41) μB and the Curie-
Weiss temperature of −733 K (−759 K) for the field applied along
the c axis (ab plane).

XRD data collected between 50 and 280 K show a regular
thermal expansion with no detectable elastic anomaly at the
magnetic transition (Fig. 2). Not only the absence of the
anomaly, but also the magnitude of thermal expansion are
different from those reported in Ref. [11]. It may be a result
of a different stoichiometry of the sample used in that study.
Atomic coordinates are almost unchanged with temperature,
whereas atomic displacement parameters gradually decrease
on cooling (Table I).

The refinement with full site occupancies converged with
the residuals of RI = 0.022 and Rp = 0.089. Introducing

TABLE I. Atomic coordinates and atomic displacement param-
eters Uiso (in 10−2 Å2) for CrRhAs at 50 K (upper line) and 250 K
(lower line). The lattice parameters are a = 6.372 04(4) Å and c =
3.715 76(3) Å at 50 K vs a = 6.386 23(4) Å and c = 3.719 79(3) Å
at 250 K. The refined Cr occupancy at the Rh site (and, equivalently,
Rh occupancy at the Cr site) is 7(1)%.

x y z Uiso

Cr 3g 0.5947(7) 0 1
2 0.8(1)

0.5939(7) 0 1
2 1.0(1)

Rh 3 f 0.2580(3) 0 0 0.35(5)
0.2578(3) 0 0 0.80(5)

As1 1b 0 0 1
2 0.7(1)

1.1(1)
As2 2c 1

3
2
3 0 0.7(1)

1.1(1)

mixed Cr/Rh site occupancies with the fixed Cr:Rh ratio of 1:1
according to EDX yields about 7% site mixing and brings the
residuals down to RI = 0.021, Rp = 0.087. Although small
amounts of site mixing cannot be excluded, this effect is
clearly less pronounced compared to CrPdAs, where 28%
site mixing was reported [21]. None of the XRD peaks split
upon cooling (Fig. 2), suggesting that the P6̄2m symmetry is
preserved in the magnetically ordered state of CrRhAs.

Figure 3(a) shows the temperature-dependent electrical re-
sistivity ρ(T ) of CrRhAs with current applied along the c axis.
Upon cooling from room temperature, the resistivity initially
increases slightly, reaching a broad maximum at approxi-
mately 180 K. Below this temperature, a distinct kink appears
at 150 K, signaling the onset of antiferromagnetic ordering.
The antiferromagnetic phase transition is further evidenced by
a pronounced λ-like anomaly in the heat capacity, as shown
in Fig. 3(b). At low temperatures, the heat capacity follows
the conventional expression C(T ) = γ T + βT 3, where γ T
represents the electronic contribution and βT 3 describes the
phonon contribution. Our analysis yields a substantial Som-
merfeld coefficient of γ = 33 mJ mol−1 K−2, along with β =
0.45 mJ mol−1 K−4. From the β coefficient we calculate the
Debye temperature of �D = 232 K for CrRhAs.

Figure 3(c) shows the temperature-dependent magnetic
susceptibility of CrRhAs, with field applied along differ-
ent directions. Above the magnetic transition at 150 K, the
dc magnetic susceptibility follows the Curie-Weiss behav-
ior [Fig. 3(d)], yielding the effective moment μeff = 4.28
(4.41) μB and the Curie-Weiss temperature θCW = −733 K
(−759 K) for H‖c (H‖ab), suggesting the presence of lo-
calized Cr3+ magnetic moments (μeff = 3.87 μB assuming
the spin-only magnetic moment) and only a weak anisotropy
of their antiferromagnetic interactions. Below TN, magnetic
susceptibility exhibits an anisotropic behavior typical of an
antiferromagnet. For H ⊥ c it shows a peak at 150 K, fol-
lowed by the decrease to ∼80% of the peak value at 2 K. In
contrast, for H ‖ c, we observe a modest suppression near TN

followed by an upturn at lower temperatures. This character-
istic temperature dependence is reminiscent of noncollinear
antiferromagnets [22–24]. It suggests that the spins lie in the
ab plane but do not align with one specific in-plane direction.

Figure 4(a) presents the magnetoresistance (MR) of Cr-
RhAs, defined as MR = [ρ(H ) − ρ(0)]/ρ(0), measured with
current along the c axis. In the paramagnetic state the system
exhibits weak negative MR. Below the antiferromagnetic tran-
sition the MR becomes positive and follows a quadratic field
dependence, which can be explained by the localized-spin
scattering to the conduction electrons through a weak s − d
interaction [25]. The temperature evolution of MR of two
samples at 8 T is shown in Fig. 4(b). While the paramag-
netic state displays only small, weakly temperature-dependent
MR values, a marked enhancement occurs upon entering the
antiferromagnetic phase in both samples. Below TN the MR
increases with decreasing temperature.

The field-dependent magnetization M(H ) (Fig. 5) exhibits
linear behavior for both field orientations in both antifer-
romagnetic and paramagnetic states. The induced moment
remains small, reaching only ∼0.02 μB at 5 T, which is signif-
icantly lower than the effective moment of 4 μB derived from
the Curie-Weiss analysis.
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FIG. 4. (a) Magnetoresistance [ρ(H ) − ρ(0)]/ρ(0) of CrRhAs
at various temperatures of sample S1. In the antiferromagnetic
state (below 150 K), MR varies as H2, indicated by the dashed
line. (b) Temperature dependence of the magnetoresistance at 8 T,
[ρ(8 T) − ρ(0)]/ρ(0), of samples S1 and S2.

Figure 6(a) displays the Hall resistivity ρxy of CrRhAs
for two distinct current and field configurations. Two key
observations emerge: (i) ρxy varies linearly with magnetic
field for both orientations, and (ii) the slope of ρxy switches

FIG. 5. Magnetization as a function of the magnetic field ap-
plied along the (a) ab plane and (b) along the c axis, at various
temperatures.

FIG. 6. (a) Hall resistivity of CrRhAs. Data for two samples
are shown. The current was applied along the ab plane (c axis),
and the magnetic field was applied perpendicular to the ab plane (c
axis) for S5 (S4). Inset shows the Hall configuration of sample S5.
(b) Temperature evolution of the Hall coefficient for three samples.

sign depending on the measurement geometry: it is positive
for j ‖ ab, H ⊥ ab and negative for j ‖ c, H ⊥ c. These
characteristics persist across both the antiferromagnetic and
paramagnetic states.

The Hall coefficient RH, extracted from linear fits to ρxy =
RHB, exhibits a pronounced anisotropic behavior [Fig. 6(b)].
For j ‖ ab, RH shows weak temperature dependence above
TN = 150 K but undergoes a dramatic enhancement (around
tenfold) below the magnetic transition, reaching its maximum
value at the lowest measured temperature. In contrast, for
j ‖ c, |RH| increases gradually from 300 K, with an accel-
erated growth below TN and a broad peak emerging near
75 K. The same behavior is observed in another sample. The
striking directional dependence of RH suggests an anisotropic
reconstruction of the Fermi surface in the antiferromagnetic
state.
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FIG. 7. Density of states for CrRhAs calculated using the PBE
functional with (bottom) and without (top) introducing the spin po-
larization. The Fermi level is at zero energy.

IV. DISCUSSION

CrRhAs stands apart from other kagome metals in that its
ground state is antiferromagnetic. Antiferromagnetism arises
from the mostly localized magnetic moments that can be
tentatively assigned to Cr3+. It is also instructive to analyze
the role of correlation effects in this material, as the Som-
merfeld coefficient of γ = 33 mJ mol−1 K−2 appears to be
quite high for a 3d compound. Indeed, the nonmagnetic DFT
calculation (Fig. 7) returns the density of states (DOS) at the
Fermi level of N (EF ) � 4.5 eV−1/f.u. that corresponds to the
broad peak of Cr 3d states near the Fermi level. Introducing
magnetism splits these states and partially removes them from
the Fermi level, resulting in N (EF ) � 2.1 eV−1/f.u. for the
collinear up-up-down magnetic structure or 2.3 eV−1/f.u. for
the nearest-neighbor 120◦ magnetic structure. We thus obtain
the bare Sommerfeld coefficient of γbare � 5.2 mJ mol−1 K−2

and the sizable renormalization factor of m∗/me = γ /γbare �
6.3 indicative of moderate electronic correlations in CrRhAs.

Another interesting observation is the large effective mo-
ment of 4.3 − 4.4 µB obtained from the Curie-Weiss analysis
of the magnetic susceptibility. It resonates with the local
magnetic moment of about 3 μB on Cr atoms in DFT (PBE).
CrRhAs shows a strong tendency toward localization of the Cr
3d electrons even without electronic correlations introduced.
The itinerant nature of the material should be at least partially
attributed to the residual Rh and As states at the Fermi level.

Although the magnetic structure of CrRhAs has not been
determined experimentally yet, our data suggest a non-
collinear spin configuration with spins lying in the ab plane,
because the measured M(T ) resembles that of noncollinear
antiferromagnets [22–24]. Such a magnetic structure has been
confirmed in a sister compound, FeCrAs [23,24]. It was also
shown to be energetically favorable in CrRhAs [13]. A natural
question at this juncture is why the Hall resistivity of the ma-
terial is essentially linear, as in ordinary metals, and lacks any
additional contributions that would typically occur in metals
with complex magnetic order.

Before discussing the Hall response, we briefly comment
on the possible extrinsic effects related to sample imper-
fections, such as the weak Cr/Rh site mixing. First, the
antiferromagnetic transition at TN is consistently and clearly
resolved in resistivity, heat capacity, and magnetization mea-
surements, confirming the high quality of our single crystals.
Second, the Hall response is well reproducible across different
samples. Third, the pronounced evolution of the Hall coef-
ficient emerges only below TN, strongly suggesting that it is
intrinsically connected to the magnetic ordering rather than
arising from extrinsic effects such as impurities or disorder.

One unusual feature of the Hall response in CrRhAs is its
sign change upon swapping the directions of current and ap-
plied magnetic field. In the simplest form, the Hall coefficient
RH provides a direct measure of the carrier concentration n
through the relation

RH = 1

nq
, (1)

where q is the elementary charge. This relation usually breaks
down in multiband systems. Thus, a two-band version is con-
ventionally adopted,

RH = pμ2
h − nμ2

e

e(pμh + nμe)2
, (2)

where n (p) and μe (μh) represent the electron (hole) concen-
trations and mobilities, respectively. However, under low-field
conditions (ωcτ 	 1) where the Drude relaxation time (τ )
is significantly shorter than the electron cyclotron period (as
in our case), electrons traverse only a small segment of the
Fermi surface before undergoing scattering events (e.g., due to
phonons or impurities). In this regime the Hall effect predomi-
nantly reveals the anisotropic scattering rate, electron velocity,
and effective mass at the specific Fermi surface points rather
than providing direct information about the true carrier type or
the volume of the Fermi surface [26–29], especially in highly
anisotropic systems. Typically, the Hall response is dominated
by the segments of the Fermi surface that have high Fermi
velocity and large curvature in semiclassical Boltzmann for-
malism. Therefore, local Fermi surface geometry is important
for interpreting the Hall effect.

In anisotropic systems the Hall coefficient can display sign
reversals originating from Fermi surface topology and com-
peting carrier dynamics [30–35]. Particularly in systems with
multiple carrier types, the dominant contribution to transport
properties becomes direction dependent, with anisotropic car-
rier mobilities determining the observed Hall response based
on the current orientation relative to the crystallographic axes.
This sign reversal can even occur in anisotropic single-band
systems [36]. DFT predicts a multiband nature of CrRhAs
and a highly anisotropic band topology in terms of the Fermi
velocity and the curvature of the Fermi surface [13]. An in-
spection of the electronic bands of CrRhAs reveals a Fermi
surface sheet with a concave shape in combination with a high
Fermi velocity (as schematically shown in Fig. 8, and Fig. 8(h)
of Ref. [13]). This peculiar topology has been suggested as
the main driver of the sign change of the Hall coefficient, as
observed in NaSn2As2 [36] and in LaRh6In4 [35], which could
also qualitatively explain the similar observation in CrRhAs.
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FIG. 8. A schematic Fermi surface with a concave curvature in-
ferred from the DFT results of Ref. [13]. The orange shade indicates
the segments with a high Fermi velocity.

In the paramagnetic phase of CrRhAs, the Hall coefficient
exhibits a relatively weak temperature dependence—a behav-
ior typical of conventional metals, which originates in phonon
scattering in Bloch-Boltzmann theory [28]. A pronounced
change in the Hall coefficient between the paramagnetic and
antiferromagnetic phases has been reported in other anti-
ferromagnetic systems [37–40]. Such a transition is often
attributed to either Fermi surface reconstruction (e.g., via
the opening of a spin-density-wave gap) or changes in the
anisotropic scattering rate (e.g., due to the scattering from
magnons or spin-dependent scattering). In correlated metallic
systems, these effects are often difficult to disentangle, and
the observed behavior likely originates from a combination of
the two contributions. The underlying mechanism in CrRhAs
requires further dedicated investigation of the Fermi surface
to elucidate the origin of these Hall effect anomalies.

Finally, we note that CrRhAs does not show any nonlinear
contribution to the Hall effect. This observation does not rule
out the part of AHE that is proportional to magnetization, be-
cause magnetization of CrRhAs evolves linearly with the field,
and the corresponding AHE contribution is indistinguishable
from the ordinary Hall effect. On the other hand, our data

do not support the presence of an intrinsic AHE that would
be caused, for example, by the Berry curvature. The absence
of such a contribution should be traced back to the mag-
netic structure of CrRhAs, which requires further dedicated
investigation.

V. SUMMARY

In summary, we have grown single crystals of the kagome
antiferromagnet CrRhAs and uncovered several features of
its low-temperature behavior: (i) in-plane spin direction in
the antiferromagnetically ordered state, most likely with a
noncollinear configuration arising from the frustrated kagome
geometry; (ii) absence of nonlinear contributions to the Hall
effect; (iii) sign change of the Hall coefficient depending on
the directions of the applied field and current; (iv) pronounced
change in the Hall coefficient at the onset of antiferromagnetic
order. Our results elucidate the strong interplay between mag-
netism and electronic transport in antiferromagnetic CrRhAs,
highlighting its distinctive behavior among metallic kagome
magnets and providing an interesting counterpart to the more
common ferromagnetic kagome metals.

Note added. Recently, a related study on polycrystalline
CrRhAs was reported [42], showing transport and magnetic
properties qualitatively similar to those observed in our single
crystals.
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Günther, M. Russina, V. Hutanu, and P. Gegenwart, Realiza-
tion of the kagome spin ice state in a frustrated intermetallic
compound, Science 367, 1218 (2020).

[8] K. Zhao, Y. Tokiwa, H. Chen, and P. Gegenwart, Discrete
degeneracies distinguished by the anomalous Hall effect in a
metallic kagome ice compound, Nat. Phys. 20, 442 (2024).

064204-6

https://doi.org/10.1103/PhysRevB.87.115135
https://doi.org/10.1103/PhysRevLett.110.126405
https://doi.org/10.1103/PhysRevResearch.6.043078
https://doi.org/10.1038/s42254-023-00635-7
https://doi.org/10.1103/1g9n-wm38
https://doi.org/10.1021/accountsmr.3c00291
https://doi.org/10.1126/science.aaw1666
https://doi.org/10.1038/s41567-023-02307-w


MAGNETIC AND ELECTRIC PROPERTIES OF THE … PHYSICAL REVIEW MATERIALS 10, 064204 (2026)

[9] B. Deyris, J. Roy-Montreuil, A. Rouault, A. Krumbügel-
Nylund, J.-P. Sénateur, R. Fruchart, and A. Michel, Chimie
minérale. Caractéristiques structurales de neuf nouveaux com-
posés ternaires MM’As (M = Ru, Rh, Pd; M’ = élément de
transition 3d), C. R. Acad. Sci. Ser. C 278, 237 (1974).

[10] S. Ohta, T. Kanomata, and T. Kaneko, Magnetic properties
of CrRhAs and CrRuAs, J. Magn. Magn. Mater. 90-91, 171
(1990).

[11] S. Ohta, T. Kaneko, H. Yoshida, T. Kanomata, and H.
Yamauchi, Pressure effect on the magnetic transition temper-
atures and thermal expansion in chromium ternary pnictides
CrMAs (M = Ni, Rh), J. Magn. Magn. Mater. 150, 157 (1995).

[12] T. Kaneko, T. Kanomata, T. Kawashima, S. Mori, S. Miura, and
Y. Nakagawa, High-field magnetization in intermetallic com-
pounds MM’X (M = Mn, Cr; M’ = Ru, Rh, Pd; X = As, P),
Physica B 177, 123 (1992).

[13] Y. N. Huang, H. O. Jeschke, and I. I. Mazin, CrRhAs: A member
of a large family of metallic kagome antiferromagnets, npj
Quantum Mater. 8, 32 (2023).

[14] A. A. Tsirlin, V. Ginga, and A. Fitch, High-resolution x-ray
diffraction study of antiferromagnetic kagome metal CrRhAs
(2025), European Synchrotron Radiation Facility, https://doi.
esrf.fr/10.15151/ESRF-DC-2382375518.

[15] A. Fitch, C. Dejoie, E. Covacci, G. Confalonieri, O. Grendal, L.
Claustre, P. Guillou, J. Kieffer, W. de Nolf, S. Petitdemange,
M. Ruat, and Y. Watier, ID22–the high-resolution powder-
diffraction beamline at ESRF, J. Synchrotron Radiat. 30, 1003
(2023).
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