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We report a study of the structural, magnetic, transport, and thermodynamic properties of
polycrystalline samples of CeRhCz and LaRhCs. CeRhCsy crystallizes in a tetragonal struc-
ture with space group P4; and it orders antiferromagnetically below Tni1 =~ 1.8 K. Powder neu-
tron diffraction measurements reveal a chiral magnetic structure with a single propagation vector
Qm = (1/2,1/2,0.228(5)), indicating an antiferromagnetic arrangement of Ce magnetic moments in
the ab-plane and incommensurate order along the c-axis with a root-mean-square ordered moment of
Mora= 0.68 up/Ce. A second antiferromagnetic phase (Tn2) becomes apparent in electrical resistiv-
ity, Hall and heat capacity measurements in fields above 0.3 T. Electrical resistivity measurements
reveal that LaRhCs is a semiconductor with a bandgap of E; ~ 24 meV; whereas, resistivity and Hall
measurements indicate that CeRhCs is a semimetal with a carrier concentration of n ~ 10%° cm 2.
With applied hydrostatic pressure, the zero-field antiferromagnetic transition of CeRhCs is slightly
enhanced and CeRhCy becomes notably more metallic up to 1.36 GPa. The trend toward metallic-
ity is in line with density-functional calculations that indicate that both LaRhCy and CeRhC, are
semimetals, but the band overlap is larger for CeRhCs, which has a smaller unit cell volume that

of its La counterpart.

INTRODUCTION

Symmetry— or the lack of it— plays an important role
in dictating the properties of materials [1]. Chiral ma-
terials with crystal structures that do not have inver-
sion, mirror, or roto-inversion symmetries often show
exotic quantum phenomena [2]. For example, the chi-
ral material CoSi, which crystallizes in the cubic B20
structure (space group P213), hosts unconventional chi-
ral fermions with a large topological charge that is con-
nected by giant Fermi arcs [3, 4]. Likewise, isostructural
MnSi exhibits an electrical magnetochiral effect (EMC),
i.e., the non-reciprocal transport of conduction electrons
depending on the inner product of current and magnetic
field [5]. Moreover, broken inversion symmetry in chiral
magnetic materials allows for the Dzyaloshinskii-Moriya
(DM) interaction [6, 7], which tends to induce canting
of the spins away from a collinear arrangement. The
competition between the DM and other magnetic inter-
actions that favor collinear spins may lead to modulated
spin structures, such as chiral helimagnetic order, conical
structures, chiral soliton lattices [8-10], and chiral mag-
netic skyrmion lattices [11-13]. To realize these emer-
gent quantum states and to understand the underlying
physics that dictates their properties, exploring new ma-
terials that might host these states is highly desired.

The ternary rare-earth carbides RTCy (R = rare-earth
metal, T = transition metal) are interesting because they
exhibit a diversity of inversion and/or time-reversal sym-
metry breaking phenomena [14-20], and are potential
candidates for the above quantum states. The RNiCq
(R=rare earth) compounds crystallize in the CeNiCaq-
type orthorhombic structure with the Amm2 space group

that lacks inversion symmetry. RNiCs materials have
been widely studied and exhibit a variety of magnetic
ground states [21-23], superconductivity (SC) [24-27]
that includes the possibility of spin-triplet superconduc-
tivity in CeNiCy under pressure [28], and a complex in-
terplay between these phases and charge density waves
(CDW) [29-35]. CeNiCy is an example of the com-
plex interplay of degrees of freedom in the RNiCy series.
CeNiCs undergoes three successive magnetic phase tran-
sitions, from a paramagnetic (PM) to an incommensurate
antiferromagnetic (AFM) phase at ~ 20 K, a commen-
surate AFM phase below 10 K and finally to a ferromag-
netic/ferrimagnetic state below ~ 2 K [36-38]. RCoCsy
compounds adopt the same CeNiCs-type structure for
heavy rare-earth members (R = Gd-Lu) and exhibit or-
dering temperatures comparable to RNiCy with the same
rare-earth metal [39, 40]. However, compounds with light
rare-earth (R = La-Nd) members adopt the monoclinic
CeCoCs-type structure with the C; ¢y space group, which
is a distorted modification of the CeNiCs-type structure
involving tilting of the C; pairs [23]. CeCoCjy is a Kondo-
lattice material with a characteristic Kondo temperature
Tk ~ 30 K [41].

Replacing Ni or Co with larger Rh produces RRhCs,
which crystallizes in a tetragonal CeRhCso-type structure
for R = La, Ce with the chiral P4; space group, but
adopts the CeNiCy structure-type for R = Pr-Sm [15].
CeRhCs forms in an interesting chiral structure with Ce
atoms forming a helix along the c-axis. Aside from struc-
tural details, the physical properties of CeRhCs have not
been investigated in detail, especially at low tempera-
tures [42]. In this paper, we report a detailed study on
polycrystalline samples of CeRhC,, along with its non-



magnetic analog LaRhCs, by dc magnetic susceptibil-
ity, isothermal magnetization, heat capacity, longitudi-
nal and Hall resistivity, and powder neutron diffraction
measurements.

EXPERIMENTAL DETAILS

Polycrystalline samples of LaRhCy, and CeRhCq were
prepared by arc melting high purity La or Ce, Rh, and C
mixtures with a total mass ~ 1 g on a water-cooled cop-
per hearth under an argon atmosphere with a Zr getter.
A stoichiometric ratio of La:Rh:C=1:1:2 and a ratio of
Ce:Rh:C =1:0.9:2 or 1:1:2.4 produced the highest quality
samples of LaRhCy and CeRhCsy, respectively, with the
least amount of impurities. The samples were wrapped
in tantalum foil, sealed in an evacuated silica tube, and
then annealed for two weeks at 1000 °C for LaRhCy. An
annealing temperature of 1100 °C yielded higher quality
CeRhCq, and small single crystals (~50 microns) were
obtained when annealed at 1200 °C.

Powder X-ray diffraction (XRD) patterns were col-
lected for two hours for each using a Malvern Pana-
lytical Empyrean diffractometer in the Bragg-Brentano
geometry using Cu K-« radiation. Single crystal XRD
of CeRhC, was collected at room temperature on a ~
10-um single crystal by a Bruker D8 Venture single-
crystal X-ray diffractometer equipped with Mo radia-
tion at room temperature. Magnetization measurements
were performed in a Quantum Design Magnetic Prop-
erty Measurement System (MPMS) from 1.8 to 350 K
and magnetic fields up to 6.5 T. Specific heat measure-
ments were performed using a Quantum Design Phys-
ical Property Measurement System (PPMS) from 0.35
to 20 K and magnetic fields up to 9 T that utilizes a
quasi-adiabatic thermal relaxation method. Longitudinal
resistivity and Hall resistivity measurements on a paral-
lelopiped cut from an arc-melted button were carried in
a PPMS using a standard four-probe configuration with
an ac resistance bridge (Lake Shore, model 372). If the
voltage contacts were misaligned, it was possible to de-
termine the Hall resistivity by taking the difference of
transverse resistivity measured at positive and negative
fields, i.e., pxy = (pu+ — pu-)/2, to eliminate the lon-
gitudinal resistivity contribution. Resistivity measure-
ments under hydrostatic pressure were carried out using a
commercial (C&T Factory, Japan) double-layered piston-
cylinder-type pressure cell with Daphne 7373 oil as the
pressure-transmitting medium. The pressure inside the
sample space was determined at low temperatures by the
shift of the superconducting transition temperature of a
piece of lead.

Neutron diffraction experiments were carried out at the
HB2A powder diffractometer [43] at Oak Ridge National
Laboratory’s HFIR. A 6 g powder sample of CeRhCs was
mounted in an aluminum can with a copper lid, pressur-
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FIG. 1. (Color online). (a) Crystal structure from both side
and top views and (b) powder x-ray diffraction (XRD) pat-
terns of LaRhC2 and CeRhCsz. The peak marked with * rep-
resents an unknown impurity phase.

ized under 10 bar helium gas, and placed in a 3He refrig-
erator. The diffraction pattern with neutron wavelength
A =241 A was collected at 4 K and at 0.3 K for 16
hours at each temperature.

Density functional theory (DFT) calculations were per-
formed using the Perdew, Burke, and Ernzerhof exchange
correlation functional [44] and included spin-orbit cou-
pling without relativistic local orbitals through a second
variational method using the WIEN2K code [45]. For
CeRhCs, the Ce f-electron was treated as an open core
(localized) state.

RESULTS AND DISCUSSION

The crystal structure of LaRhCs and CeRhCs, first
determined by Tsokol’ et al. [15], is comprised of trig-
onal prisms of rare-earth atoms that are filled by Rh
atoms and Cy pairs [16]. Compared to the CeNiCa-type
structure with two-dimensional (2D) Cy sheets, LaRhCy
and CeRhC, crystallize in a chiral structure with a more
three-dimensional (3D) network resulting from tilting
half of the Cy pairs [46]. Figure 1(a) depicts the chi-
ral structure of LaRhCs and CeRhCs from both side and
top views with a clear fourfold screw axis along the ¢
direction. Figure 1(b) shows the powder XRD patterns
of LaRhCs and CeRhCs; peaks can be well indexed in
the P4, space group for the majority phase but a small
amount of impurities (~ 7(2)% total for LaRhCsy and
~ 3(1)% total for CeRhCz) also could be identified. The
Bragg peaks of main phase and impurities are included
in Fig. 1(b). Rietveld refinement determined lattice pa-
rameters are a = 3.970(1) A and ¢ = 15.331(1) A for
LaRhCy. The unit cell decreases to a = 3.932(1) A and
¢ = 15.305(1) A for CeRhCy, indicating a volume con-
traction ~ 2.1% relative to the La analog. Powder XRD
parameters match well with @ = 3.93 A and ¢ = 15.29
A obtained from single crystal XRD of CeRhCy and are
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FIG. 2. (Color online). (a) Temperature-dependent magnetic
susceptibility x(T) of CeRhCz measured in a magnetic field
of woH = 0.1 T in zero-field-cooled (ZFC) mode. The in-
set of (a) shows the temperature-dependent inverse magnetic
susceptibility 1/x(T) and a linear fit from 200 to 350 K. (b)
Field dependence of magnetization M (poH) of CeRhCsz at T'
= 1.8 K. The inset plots the field derivative of M (uoH) and
reveals a second magnetic transition at Tn2. A weak fea-
ture near 3.75 T is due to a second phase as discussed in the
text. (c) Temperature dependence of specific heat C, /T of
LaRhC2 and CeRhC3 in zero field. The inset of (c¢) shows the
4f contribution to the entropy Sis(T)/RIn2 of CeRhCs. (d)
Temperature dependence of electronic specific heat AC, /T in
various magnetic fields.

close to the published lattice parameters [16].

Figure 2(a) shows the temperature dependence of the
de magnetic susceptibility x(T)=M/uoH measured in a
field poH = 0.1 T. A peak at Ty = 2.1 K is observed, in
line with a previous report [42], reflecting an AFM tran-
sition. The temperature-dependent inverse susceptibility
1/x(T) is plotted in the inset of Fig. 2(a). A linear fit
from 200 to 350 K to a Curie-Weiss law, xy = C/(T — 6),
where C'is the Curie constant and 6 is the paramagnetic
Curie-Weiss temperature, yields § = -121 K. If crystalline
electric field effects produce significant non-linearity in
the temperature dependence of the inverse susceptibil-
ity, the Curie-Weiss temperature extracted from a fit to
these data at temperatures comparable to the crystal
field splitting will not necessarily reflect the magnitude
or even the sign of the magnetic exchange [47, 48]. The
derived effective moment peg = 2.60 up/Ce is close to
the Ce?t free-ion moment of 2.54 up. Below about 150
K, x(T) deviates from Curie-Weiss behavior, most likely
due to the effect of the crystalline electric field (CEF)
splitting of the J = 5/2 manifold. A crude estimate of
the energy A; of the first excited CEF doublet is esti-
mated by fitting x(T) to x = pox1 + pa, X2, where p,
is the Boltzmann population factor and y, is the Curie

susceptibility of the ground and excited multiplet. This
function reproduces the temperature dependence of x(T)
of CeRhCy with Ay = 27 meV and high- (low-) temper-
ature effective moment of po = 2.4 pp (u1=1.7 ug) (see
Fig. S1 in Supplemental Material [54]). Therefore, the
ground state doublet is well separated from the first ex-
cited CEF doublet. Figure 2(b) displays the isothermal
magnetization M (uoH) measured at T = 1.8 K along
with its first derivative dM/dH in the inset. Above
about 1 T, M(uoH) starts to saturate and reaches ~
0.75 pup/Ce at 6.5 T. As discussed later, this high-field
value of M is close to the value of the ordered moment
determined by neutron diffraction. M (uoH) does not
follow a simple Brillouin function, which is reflected in a
maximum in dM/dH near 0.4 T. On the basis of other
results discussed below, this maximum is attributed to
a field-induced transition to a different magnetic state
at Tno. At T = 1.8 K, no hysteresis is observed near
the metamagnetic transition at ~0.4 T. Finally, a weak
anomaly occurs in dM/dH near 3.75 T as well as in x(T)
and C, /T [Fig. 2(c)] near T' ~ 30 K. These features are
due to a small amount (< 2%) of magnetic CeCs impurity
[49, 50], which orders antiferromagnetically at T = 30 K
and was also present in CeNiCq [37]. The magnetic en-
tropy associated with the magnetic ordering of CeCq near
~ 30 K is about 72 mJ/mol K, suggesting ~ 0.5 at.% of
CeCs in the CeRhCs sample.

The specific heat divided by temperature, C},/T" [Fig.
2(c)], shows a pronounced peak at Tni = 1.8 K, which
is absent in the nonmagnetic, isostructural compound
LaRhCsy. The magnetic entropy Sif/RIn2 [Fig. 2(c)
inset] is determined by integrating the 4f contribution
to the specific heat Sy = [(AC,/T)dT, where AC,
is the 4 f contribution obtained by subtracting the spe-
cific heat of LaRhCs from the measured specific heat of
CeRhC5,. Only about 33%RIn2 of entropy is released
below Txi. While the Kondo effect could cause a signif-
icant reduction in the entropy released below Tyi, the
Kondo effect appears to be weak in CeRhCs, given that
the Cp,/T as T — 0 in the AFM1 phase is small (< 10 mJ
mol 1K~2 extrapolated from 0.35 K), and the carrier
concentration is low (see below), in comparison to many
other Ce-based, Kondo lattice compounds [51]. This sug-
gests that magnetic frustration may be responsible for
the small amount of entropy released below Ty;. Figure
2(d) presents the temperature dependence of magnetic
contribution AC, /T of CeRhCy in various applied mag-
netic fields. The symmetric-like shape of AC,/T at the
AFM transition in zero field may indicate a first-order
transition. To check for this possibility, a heat pulse
applied just below the transition temperature to raise
the temperature through the AFM transition revealed a
small anomaly that may be consistent with latent heat
from a first-order transition [52]; however, no hystere-
sis was observed. We speculate that the transition may
be weakly first-order, but further measurements are re-
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FIG. 3. (Color online). (a) Powder neutron diffraction
pattern of CeRhCz at 0.3 and 4 K, with the temperature-
subtracted (0.3 K - 4 K) data shown in green below. Several
(magnetic) Bragg peaks appear at low temperatures. (b) The
temperature scan of the largest magnetic Bragg intensity at
Q@ = 1.13 A~ showing the onset of intensity is the same as
the bulk anomalies.

quired to reach a firm conclusion regarding the nature
of the transition. For uoH < 1 T [Fig. 2(d) inset], Tni
is gradually suppressed but a second peak, labelled Txa,
emerges in a field of ~0.5 T. Both Tx; and To, defined
at the peak positions, move to lower temperature with
increasing field and become undetectable at fields of 1 T
and greater. For ugH > 1 T, a broad maximum develops
in AC}, /T around 1.6 K (at 1 T) and continues to shift to
higher temperature and broadens with increasing field.

To shed light on the magnetic structure below Ty =
1.8 K in zero field, powder neutron diffraction data were
collected at 0.3 and 4 K. As displayed in Fig. 3(a), new
Bragg peaks appear below Ty, which is illustrated by
the difference curve of 0.3 and 4 K data. The intensity
of the strongest magnetic Bragg peak versus tempera-
ture [Fig. 3(b)] shows an onset of ~ 2 K, consistent with
the AFM transition at Ty observed in bulk magnetic
susceptibility and specific heat measurements. We there-
fore associate these temperature-dependent peaks with
the onset of magnetic long-range order. The magnetic
Bragg peaks can all be indexed by a single propagation
vector @, = (1/2,1/2,0.228(5)), indicating commensu-
rate antiferromagnetic order in the ab-plane, and incom-
mensurate magnetic order along the c-axis.

To examine the magnetic structure in more detail,
a Rietveld refinement was performed using the FULL-
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FIG. 4. (Color online). Rietveld refinement of the nuclear
(a) and magnetic (b) structure from powder neutron diffrac-
tion measurements of CeRhC,. Panel (a) shows several peaks
which have anomalous intensity, which could possibly be due
to additional impurity phases. The temperature-subtracted
data between 4 and 0.3 K in (b) was fit by the I'l irrep mag-
netic structure (see text), shown in panel (c).
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FIG. 5. (Color online). Temperature dependence of electrical
resistivity p(T) of (a) LaRhCz and (b) CeRhCs (two samples
from the same batch are labeled as S1 and S2) in zero field.
The inset in (a) shows an activated behavior, Inp versus 1/T,
along with a linear fit between 100-300 K. (c,d) Electrical re-
sistivity p(T) for CeRhC, (S1) at low temperatures for several
magnetic fields.

PROF software package [53], first to the 4 K nuclear
scattering pattern to determine the normalization and
resolution parameters, and then to fit the temperature-
subtracted data as shown in Fig. 4. First, a magnetic
refinement was carried out using an irreducible represen-
tation decomposition based on the derived propagation
vector via the Baslreps program in FULLPROF. This ap-
proach yielded four possible irreducible representations,
only one of which (I'l) fit the observed diffraction pat-
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FIG. 6. (Color online). Temperature dependence of electrical
resistivity p(T) for CeRhC, (S2) under various pressures up
to 1.36 GPa.(No offset applied to the data.)

tern with a reduced x? ~ 1. However, given the sharp-
ness of the heat capacity peak at Ty, it is possible that
the magnetic transition is first-order, in which case the
magnetism need not be of a single irrep. In that case,
there are a variety of statistically indistinguishable mag-
netic structures which fit the data, including spiral struc-
tures and uniaxial moment-modulated sinusoidal order
(see Figs. S2 and S3 in the Supplemental Material [54]).
Although the precise nature of the c-axis modulation
can not be uniquely determined from the neutron pow-
der diffraction data, the magnetic ground state clearly
has: (i) commensurate AFM order in the ab-plane, (ii)
(mostly) coplanar moments (a slight out-of-plane canting
is possible), (iii) incommensurate magnetism along the
c-axis, and (iv) a root-mean-square (RMS) ordered mo-
ment of mq=0.682(7) up, close to the value obtained
in the magnetization measurement [Fig. 2(b)]. These
observations are true of all refined magnetic structures.
Despite the ambiguity in the nature of the c-axis mod-
ulation, the CeRhCy magnetically ordered state at zero
field is chiral, as the possible magnetic structures all lack
inversion and mirror symmetry.

Having delineated the salient features of the complex
magnetic structure of CeRhCs, we now turn to an in-
vestigation of electrical transport properties. Figure 5(a)
displays the temperature dependence of the electrical re-
sistivity p(T) of LaRhCsq, which exhibits typical semicon-
ducting behavior. The resistivity may be fit to an acti-
vated behavior, given by p(T') = poexp(Eg/kgT), from
100 to 300 K [Fig. 5(a) inset], and the fit yields a small
gap of Fy ~ 24 meV, consistent with a previous result
of ~ 18 - 32 meV [16]. In contrast, samples of polycrys-
talline CeRhCs from the same batch show semi-metallic
behavior with similar features [Fig. 5(b)]; a broad hump

60
40
’é‘ 20
5]
2
=
e [ —=—200K —=— 100K
20 F—*—40K —+ 20K
L <+ 10K <« 5K

|~ 4K - 2K
LUK 04K

8 6 4 2 0 2
4 o H (T)
£ (b)
3 b
£
Q
s 2
=~
=
1-......I L PR arara | L PR |
1 10 100
T (K)

FIG. 7. (Color online). (a) The field dependence of Hall
resistivity pxy(poH) at various temperatures for CeRhCs. The
inset shows a magnification of the low field data. (b) The
derived electron concentration n by a linear fit to the pxy (uoH)
data from 3 to 9 T.

between 100 and 150 K, a minimum around T ,;, ~ 40 K,
and a cusp at Ty = 1.9 K. It should be noted that the
difference of absolute values of p(T) may be related to the
relative amount of metallic impurities as stronger metal-
lic behavior was observed (not shown) in samples with
larger amounts of metallic impurities (e.g., CeCa [55],
CeRhs [56], CeRh3Cyp 7 [57]). With increasing magnetic
field, Tn1, taken as the kink in p(7T') for H < 0.5 T and as
the mid-point of the anomaly for 0.5 T and 0.7 T, shifts
to lower temperatures [Fig. 5(c)]. A second anomaly Tno
emerges just above Ty1 ~ 1.25 K in a magnetic field of
~0.5 T. The Tn; transition disappears and an upturn
appears at Tno ~ 1.3 K in a magnetic field of 0.7 T [Fig.
5(d)], in agreement with specific heat measurements [Fig.
2(d) inset]. At low temperatures, a large negative magne-
toresistance is observed, reaching about -48% for higher
fields (> 1 T) at 2 K. The magnetoresistance becomes
positive for temperatures above ~ 20 K.

In the absence of evidence for a substantial Kondo
effect in CeRhCy, we would expect, and indeed find,
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a weak, positive response of magnetic order to applied
pressure. Figure 6 shows the evolution of p(T) at low
temperature with increasing hydrostatic pressures up to
1.36 GPa. At 0.02 GPa, the data resemble those at am-
bient pressure [Fig. 5(b)], exhibiting an AFM transition
at Tn1 ~ 1.79 K as determined from the peak value of
dp/dT (Fig. S4 [54]). With increasing pressure, the tran-
sition broadens and 7x; increases linearly with a slope
of 0.043 K/GPa, reaching Tx; ~ 1.85 K at 1.36 GPa.
As shown in Fig. S4 [54], a weak shoulder in dp/dT
emerges just above the Ty at 1.08 and 1.36 GPa, point-
ing to a pressure-induced transition in CeRhCsy. Possi-
bly, this second transition is related or identical to the
field-induced transition Tys, but this remains to be estab-
lished. Nevertheless, what is rather remarkable about the
data plotted in Fig. 6 is the overall decrease in the mag-
nitude of p(T) with applied pressure, decreasing by about
0.5 mQcm at 1.36 GPa from its ambient-pressure value.
This trend with modest applied pressure follows that in
going from semiconducting LaRhCs to poorly metallic
CeRhCjy as the cell volume decreases by ~ 2%.

To determine the nature of transport carriers in
CeRhCsy, the field dependence of Hall resistivity pxy (110H)
was measured at various temperatures. py, is almost lin-
ear with poH at high temperatures, as shown in Fig.
7(a). The Hall coefficient (Ru = pxy/poH) is negative,
indicating dominant electron carriers in CeRhCs. With
decreasing temperature, py, becomes nonlinear at low
fields (< 1 T), as magnified in the inset of Fig. 7(a),
pointing to the likely multi-band nature of CeRhCs. In
the ordered state below 2 K, two sharp slope changes are
clearly observed with a local minimum and maximum
corresponding to Tn1 and Tn2, respectively. Assuming a
simple single-band picture, a crude estimate of the carrier
concentration n from Ry = 1/ne, where e is the electron
charge, is obtained from a linear fit to py, between 3 and
9 T. The so-derived carrier concentration as a function
of temperature is plotted in Fig. 7(b), where n decreases
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FIG. 9. (Color online). The temperature-magnetic field

(T — poH) phase diagram constructed from bulk properties
for CeRhCz. The PM and AFM represent paramagnetic and
antiferromagnetic phases, respectively. The lines are guides
to the eye.

with decreasing temperature, reaches a minimum at T =
40 K and shows a rather weak temperature dependence
at lower temperatures. In spite of the over-simplification
in estimating n, it seems likely that low values of carrier
concentration are consistent with the semimetallic resis-
tivity for CeRhCsy, which also features a local minimum
around 40 K [Fig. 5(b)].

Transport properties of LaRhCy and CeRhCy are con-
sistent with DFT band structure calculations of both
compounds (Fig. 8). Due to the lack of inversion symme-
try and the presence of spin-orbit coupling, all bands are
singly degenerate except when they cross at time-reversal
invariant momenta as well as the k, = 7/c plane. Both
compounds show a weak overlap between conduction and
valence bands, which indicates compensated semimetal-
lic behavior, with the band overlap notably stronger for
CeRhC5 than for LaRhCs,. Given that DFT calculations
are known to overestimate bandwidths, it is anticipated
that a reduction of the bandwidth would first open a
small gap in LaRhC,, consistent with the experimen-
tal observation that LaRhC, is semiconducting, while
CeRhC5 is a semimetal. Such corrections could be ac-
complished by including a modified Becke-Johnson (BJ)
potential [58], but are outside the scope of the present
manuscript.

We summarize results of bulk properties measurements
on CeRhC; in the temperature-magnetic field phase di-
agram given in Fig. 9. The solid and open symbols
represent the transition into the AFM1 phase at Ty
and the transition into the AFM2 phase at Tng, re-
spectively. Based upon the various measurements, The
AFM1 phase is completely suppressed by a magnetic field



of Hy = 0.7 T, while the AFM2 phase is not observed
above Ho = 1 T. Though neutron diffraction measure-
ments reveal a chiral spin structure for AFM1, the nature
of Tno remains unknown. Muon-spin rotation or neu-
tron diffraction measurements in an applied field would
provide useful information about the nature of the field-
induced AFM2 phase. The growth and study of single
crystalline CeRhCy will be useful for providing insight
into the competition of magnetic interactions that leads
to the stabilization of the chiral AFM1 phase and mag-
netic frustration in this interesting material.

CONCLUSIONS

Our study of magnetic, transport, and thermodynamic
properties of polycrystalline samples of chiral CeRhCsq
show that it orders in a chiral magnetic structure in zero
magnetic field and that another AFM phase appears at
fields above ~ 0.3 T. The nonmagnetic analog LaRhCs is
semiconducting with a small bandgap that closes when
replacing La with Ce. CeRhCy exhibits semi-metallic
behavior with a carrier concentration of order n ~10%°
cm 3. Pressure appears to increase the band overlap
in CeRhC;y causing it to become more metallic up to
1.36 GPa, and reveals a possible second phase transition
above ~ 1 GPa. In future studies, it will be particu-
larly interesting to search for exotic quantum states that
arise from the chiral crystal and magnetic structures of
CeRth.
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