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Electronic and magnetic properties of intermetallic kagome magnets RV¢Sng (R = Tb - Tm)
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We present a systematic study of the structure, electronic, and magnetic properties of a new branch of
intermetallic compounds, RV¢Sng (R = Tb - Tm) by using x-ray diffraction, magnetic susceptibility, magne-
tization, electrical transport, and heat-capacity measurements. These compounds feature a combination of a
nonmagnetic vanadium kagome sublattice and a magnetic rare-earth triangular sublattice that supports various
spin anisotropies based on different R ions. We find magnetic orders for the R = Tb, Dy, and Ho compounds at
4.4, 3, and 2.5 K, respectively, while no ordering is detected down to 0.4 K for the R = Er and Tm compounds
with easy-plane anisotropies. Electronically, we found no superconductivity or charge ordering transition down
to 0.4 K for any member of this family, while all compounds exhibit multiband transport properties.
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I. INTRODUCTION

Kagome metals have been at the forefront of condensed
matter physics due to the quantum-level interplay between
geometry, topology, and correlation [1-8]. On one hand, local
moments on a lattice formed by corner-shared triangles induce
strong frustration which serves as an important ingredient in
realizing quantum spin liquids [1,9,10]. On the other hand,
the electronic band structure of kagome lattice usually gives
rise to flat bands, inflection points, and Dirac cones that pro-
mote nontrivial topology [3,6,7,11-16]. The combination of
these effects usually gives rise to exotic states with possible
capabilities of magnetic field and high-pressure engineering.

As an example, a recently discovered family of kagome
metals, AV3Sb; (A = K, Rb, Cs), has attracted tremendous
research interest as a novel platform to study the interplay be-
tween nontrivial band topology, superconductivity, and charge
density-wave (CDW) order [17-23]. The most prominent fea-
ture of this structure is the presence of a kagome net of
vanadium atoms that are coordinated by Sb atoms, giving rise
to Z, topological states with Dirac nodal points near the Fermi
level [17,19,20]. Meanwhile, superconductivity was discov-
ered at ambient pressure below 0.93, 0.92, and 2.5 K for A =
K, Rb, and Cs compounds, respectively [18-20,22,23], which
was found to compete with an unusual charge order at high
temperature [21,24-26]. This example shows the urgent need
to explore the unusual superconductivity of other vanadium-
based kagome intermetallics.

Another large family of kagome metal is RM¢Xs which
crystallize in the MgFe,Ge¢ structural prototype. The R site
hosts a variety of rare-earth ions (Y, Gd - Lu), M is 3d
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transition metal elements (e.g., Co, Cr, Mn, V, Ni...), and the
X site is generally restricted to the group-IV elements (Si,
Ge, Sn). In these compounds, M atoms form a kagome lattice
and R atoms form a triangular lattice; the two sublattices are
stacked along the c axis in the ABA sequence to form a hexag-
onal structure [Figs. 1(a) and 1(b)]. Among them, RMngSng
has recently received the most attention due to the coexistence
of topological band structure and magnetic order [16,27,28].
With the Mn-sublattice ordering at room temperature, the
spin-orbit coupling and the ferromagnetic moment outside the
ab plane open an energy gap near the Fermi surface, giving
rise to Chern gapped Dirac fermion properties [16,27]. An
important feature of the system is that both the Mn and R
sublattices possess localized magnetic moments which are
strongly coupled with each other. Recent study has demon-
strated a close relationship between rare-earth magnetism and
topological electron structure, indicating that the rare-earth
elements can effectively engineer the Chern quantum phase
in these materials [27,28]. This is partially reflected in the
distinct Mn-R spin orientations with different R sublattice.
The magnetic anisotropy varies from easy plane for R = Gd,
easy axis for R = Tb, to a conical magnetic structure for
R = Dy and Ho [29-31]. When R = Er, Tm, the Mn and
rare-earth sublattices order independently in an antiferromag-
netic manner because the strength of the magnetic coupling
is weak [30,31]. In this sense, further understanding of the
electronic and magnetic properties in RMngSng requires an
in-depth understanding of the R-sublattice magnetism.

In this work, we explore a new family of V-based kagome
metals RVSng, and systematically study the structural,
electronic, and magnetic properties for R = Gd - Tm com-
pounds. These compounds are isostructural to its RMngSng
cousin and possess a similar nonmagnetic vanadium kagome
sublattice as AV3Sbs. Four members of this family have
been investigated very recently. Specifically, studies have

©2022 American Physical Society
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FIG. 1. (a) Crystal structure of RV¢Sne showing alternating kagome and triangular layers. (b) Top view of crystal structure from the ¢ axis.
(c) Observed (red circle), calculated (black line), and difference (blue line) profiles of the powder XRD patterns of DyV Sne¢ from Rietveld
refinements. Inset of (c) shows the photo of a millimeter-size DyVSn¢ single crystal. Tonic radii dependence of (d) cell parameters a and c,

and (e) the unit cell volume.

identified two-dimensional kagome surface states in HoV¢Sng
and GdV¢Sng [32,33], quantum oscillation in YV¢Sng [33],
and CDW transition at 92 K in ScVgSng [34]. Compared
to RMngSng, the absence of Mn-Mn and Mn-R couplings
enables us to study the intrinsic rare-earth magnetism on a
frustrated triangular lattice. By combining the experimental
probes of x-ray diffraction (XRD), DC magnetic susceptibil-
ity [x(T)] and isothermal magnetization [M(H)], and heat
capacity [C,(T)], as well as transport measurements includ-
ing resistivity [p(T)], magnetoresistance [MR(H )], and Hall
resistivity [poy,(H)], we show that (i) there is no supercon-
ductivity or charge ordering transition down to 0.4 K for any
member of this family; (ii) all compounds exhibit multiband
transport properties that originate from the electronic bands
of the vanadium kagome sublattice; (iii) with either strong
(R = Tb) or weak (R = Dy, Ho) easy-axis anisotropies, the
system orders at 4.4, 3, and 2.5 K, respectively; and (iv) with
easy-plane anisotropy, no magnetic ordering is detected down
to 0.4 K for the R = Er and Tm compounds.

II. EXPERIMENTAL DETAILS

Single crystals of RVSng (R = Tb, Dy, Ho, Er, Tm) were
synthesized via a self-flux method. Powder forms of rare-earth
elements, abraded from metal blocks (99.99%), along with V

(powder, 99.9%) and Sn (shot, 99.999%) were loaded inside
an alumina crucible with the molar ratio of 1:6:50 and then
sealed in evacuated quartz tubes under 10~* torr pressure. The
tubes were heated to 1125 °C and dwell for 24 hours before
cooling down slowly at a rate of 2°C/h. The single crystals
were separated from the flux via centrifuging at 825 °C. Crys-
tals grown via this method were generally a few millimeters
(mm) in length and 1 mm in thickness [Fig. 1(c), inset].
The separated single crystals were subsequently cleaned with
dilute HCI to remove the flux contamination.

Single-crystal XRD measurement on TmVSng were car-
ried out on a Bruker D8 Venture single-crystal diffractometer.
XYZ centroids of 3012 reflections were collected and inte-
grated using the Bruker SAINT software package. Powder
XRD measurements on carefully grounded single-crystal
samples were performed using a HUBER diffractometer at
room temperature. Rietveld refinements were performed with
the FULLPROF software package.

The magnetic properties, including DC susceptibility, and
isothermal magnetization, were measured using a commercial
magnetic properties measurement system (MPMS-III, Quan-
tum Design) in the temperature range between 2 and 300 K
under different external magnetic fields. Measurements from
0.4 to 1.8 K were performed using the same MPMS with the
He3 option installed. Data measured using an empty holder
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TABLE I. Fractional atomic coordinates and equivalent isotropic
displacement parameters (A?) for TmV¢Sng from the refinement of
single-crystal XRD data at T = 273 K. U, is defined as 1/3 of of the
trace of the orthogonalized Uj; tensor.

Atom Wyckoff pos. X y z Ueq
Tm la 0 0 0.5 0.053(3)
A% 6i 0.5 0.5 0.748016(6) 0.0032(3)
Snl 2e 0 0 0.83167(5)  0.050(3)
Sn2 2d 0.66667 0.33333 0.5 0.0029(3)
Sn3 2¢ 0.33333  0.66667 0 0.0037(3)

Reflections collected: 3012
R:2.54%; wR,: 5.57%

was used as background to correct the diamagnetic signals in
different sample environments at high and low temperatures.
With the corrected data, a modified Curie-Weiss (CW) fit
was performed from 150 to 300 K, i.e., x(T') = xo + C/(T —
Ocw), where xo denotes the temperature-independent term
arising from the Pauli and Van Vleck paramagnetism as well
as diamagnetic signals of the nucleus, and 6cw is the CW
temperature.

The resistivity and specific-heat data in the temperature
range from 1.8 to 300 K were collected with a physical proper-
ties measurement system (Quantum Design). A specific-heat
measurement on a nonmagnetic YVgSng single crystal was
also measured and scaled to match that of RV4Sng above
100 K, which is used as an estimate of lattice contribution
Cia. The magnetic heat capacity, Cpae(T'), was then obtained
by subtracting the Cy from the measured C,(T').

III. CHARACTERIZATIONS
A. STRUCTURE

Powder XRD refinements confirm that all RV¢Sng com-
pounds crystallize in the hexagonal HfFesGeg-type structure
with space group P6/mmm. The crystallographic parameters
of TmVeSng from single-crystal XRD are listed in Table I.
As illustrated in Figs. 1(a) and 1(b), the ideal kagome layers

of V ions coordinated by Sn are separated by one R-triangle
layer. With triangle layers of rare-earth elements and kagome
layers of V elements stacked along the ¢ axis, this series
of compounds exhibits the same structure as RMngSng. As
expected, the cell parameters a and c, as well as the volume of
unit cell increase monotonically with the increase of R3* ionic
radii [Figs. 1(d) and 1(e)]. These parameters are summarized
in Table II.

B. MAGNETIC PROPERTIES

We use C,(T), x(T), and M(H) measurements to char-
acterize the spin anisotropy of RVSng and identify possible
magnetic orderings. For each compound, x(7) and M(H)
measurements were carried out under an external magnetic
field applied both parallel and perpendicular to the ¢ axis
(Fig. 3). Modified CW fit to 1/ x(T") were performed at high
(150-300 K) and low temperatures (6—10 K) to extract the
effective moment ., and CW temperature (Ocw), respec-
tively. As the magnetic moments of R ions tend to align at
low temperatures, we extract low-temperature (6—10 K) Ocw
to evaluate the magnetic interactions among them. Different
temperature ranges of CW fitting contribute to the difference
of the CW temperatures from [35]. In order to compare the
magnetic properties of our samples with another study [35],
CW fit at high temperatures (150-300 K) was also performed
to extract high-temperature fcw. Our results are basically
consistent with those reported [35]. Some sample-dependent
issues might still contribute to slight differences between the
results in these two works. For all compounds and field ap-
plied in both directions, the numbers for w.g are generally
in agreement with the theoretical free-ion moment ({heory)
expected for R** ions (Table II), consistent with the localized
moment picture of R>* magnetism.

1. TbV6 Sl’l6

The Cpag of TbVsSng clearly shows a sharp peak at 4.4 K
which can be seen clearly in Cy,g [blue symbols in Fig. 2(b)].
A broad anomaly maximized around 40 K shows up in Cy,e
at high temperatures, which we attribute to the Schottky

TABLE II. Fitted parameters for RV¢Sng (R = Tb - Tm), including (i) lattice parameters: a, c; (i) magnetic property parameters: in-plane

ab

and out-of-plane CW temperature, 6%,, and 6, in-plane and out-of-plane effective moment, 1% and uS.

TbV(,SIl6 DyV68n6 HOV5SH6 ErVGSnﬁ TI'I]VGSI'IG
Lattice parameters
A) 5.5200(2) 5.5162(2) 5.5126(5) 5.5084(3) 5.5043(3)
A) 9.1830(6) 9.1792(5) 9.1756(9) 9.1736(6) 9.1714(6)
Magnetic property parameters

Spin anisotropy Easy axis (Ising) Weak easy axis Weak easy axis Easy plane Easy plane (XY)
Iy (K) 4.4 3 2.5 - -
Low temp. 6%, (K) - 1.29 —10.73 0.07 —3.18
Low temp. 6¢, (K) 2.06 1.65 0.66 - -
High temp. 6%, (K) —50.47 —16.01 —14.42 4.42 12.69
High temp. 6&y, (K) 30.97 8.93 3.71 —33.46 —39.79
High temp. pu& (145) 9.84 10.43 10.33 9.59 7.95
High temp. wgy (45) 9.47 10.88 10.29 9.75 7.49
Metheory (1) 9.72 10.63 10.61 9.59 7.56
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FIG. 2. (a) Measured C, for RVe¢Sng (R = Y, Tb - Tm).
(b) Magnetic heat capacity, Cp,g, Obtained by subtracting the lattice
contribution from C,. (c) Magnetic entropy obtained from integrating
Crag/T in (b).

anomaly of Tb>* elevated crystal electric field. The integrated
magnetic entropy Sy,e reaches RIn 2 at 10 K, and is relatively
flat until 20 K, indicating that the lowest crystal field level is

a non-Kramers doublet that is well separated from the higher
levels. The fully recovered Sy, from 2 to 100 K reaches 21.77
J/mol K, which is close to the full single-ion magnetic entropy
of R In 13 expected for Tb*>" (total angular momentum J = 6).

The x(T) of TbVeSng exhibits paramagnetic behavior
at high temperatures, while at low temperatures, a broad
anomaly in x, is observed around 60 K, which might be
related to the broad Cy,e anomaly around 50 K. A zero-field
cooling and field-cooling divergence is observed below 4.4 K
[Fig. 3(a) inset], consistent with the sharp peak seen in Cy,g.
It is noteworthy that the absolute value of x, is two orders of
magnitude larger than that of x,;, indicating that the Tb mag-
netic moments tend to align along the crystallographic c axis.
This is further confirmed by the M(H) at 0.4 K [Fig. 3(f)],
where the magnetization along the c axis rapidly increases and
saturates above 0.5 T to a moment of 9.72u5/Tb while the
number is merely 1.25u5/Tb when the field is applied within
the ab plane. With strong easy-axis anisotropy, a modified CW
fit of x. at low temperatures yields cw = 2.06 K, suggesting
an overall weak ferromagnetic interaction.

2. DyVGSnﬁ and HOV(;SI]G

Similar to that of TbVeSng, we can identify a clear
signature of magnetic ordering in DyV,Sne and HoVeSng
from Cpag, at 2.4 and 2.5 K, respectively. Interestingly,
for DyV¢Sne, an additional transition at 3 K is present in
Cag Whose origin is subject to further investigations. Broad
anomalies between 20 and 50 K also show up in Gy, at high
temperatures due to the Schottky anomaly of crystal field ef-
fects. For both samples, the integrated magnetic entropy Spag
continuously increases above the magnetic ordering temper-
ature, whose values quickly exceed RIn2. This observation
clearly demonstrates the existence of low-lying crystal field,
meaning that the low-temperature rare-earth magnetism can-
not be treated as effective spin 1/2. The fully recovered
Siag from 2 to 100 K reaches 25.52 J/mol K for DyV,Sng
and 24.51 J/mol K for HoV¢Sng, which are in reasonable
agreement with the full single-ion magnetic entropy of RIn 15
and R In 16 expected for Dy** (J = 15/2) and Ho’* (J = 8),
respectively.

For DyV¢Sng, an abrupt anomaly in x. was observed at
around 3 K while x,, becomes flat below 2.4 K, consistent
with the two sharp peaks seen in Cyae. For HoVeSng, x.
becomes flat around 2.5 K while a broad peak is observed in
Xab at this temperature, consistent with the sharp peak seen in
Chnag- It is noteworthy that the absolute value of x. and x, are
in the same order of magnitude for DyVSns and HoVSne,
indicating that the Dy and Ho magnetic moments tend to
exhibit Heisenberg-like behavior. This is further confirmed by
the M(H) at 0.4 K [Figs. 3(f) and 3(h)]. For DyV,Sne, the
magnetization along the ¢ axis rapidly increases above 0.5 T
and stays flat until 6 T where a jump to another plateau of
9.52uup/Dy appears [Fig. 4(g) inset]. Accordingly, the M,
reaches 6.73ug/Dy at 7 T. For HoV¢Sng, the magnetization
along the c axis rapidly saturates above 0.3 T to a moment of
8.81up/Ho while the moment keeps increasing to 9.71 5 /Ho
until 7 T when the field is applied with the ab plane. This
indicates the single-ion magnetism is still anisotropic and
weak easy axis. The low-temperature CW fit of DyVSne
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FIG. 3. (a)—(e) Magnetic susceptibility of RV¢Sng (R = Tb - Tm) in a log-linear scale. An external magnetic field of 0.1 T was applied
both parallel (blue triangle) and perpendicular (red circle) to the ¢ axis. Insets: zoom-in data at low temperatures from 0.4 to 7 K. (f)—( j) Field
dependence of isothermal magnetization measured at 0.4 K, with field applied parallel (blue triangle) and perpendicular (red circle) to the ¢
axis. Insets: M (H ) curves in extended regions when hysteresis loop is present.

gives Ocw = 1.29 and 1.65 K for yx,, and x., respectively,
suggesting an overall weak ferromagnetic interaction for both
directions. Accordingly, the same CW fit to HoV¢Sng yields
0¢h, = —10.73K and 0y, = —0.66 K, indicating the dom-
inating magnetic interaction is antiferromagnetic between
Ho’* moments in the ab plane.

3. ErV¢Sng and TmV¢Sng

Different from the three compounds discussed above, we
found no sign of magnetic ordering down to 1.8 K in ErV¢Sng
or TmVsSng from Cpye. Instead, Crae of TmVsSng shows a
broad peak below 10 K, likely due to the development of
short-ranged magnetic correlations, which is, however, ab-
sent in ErVSng. The integrated magnetic entropy Spag keeps
increasing with neither anomaly nor plateaus observed until
60 K, suggesting the energy scale of the crystal fields are
in the order of several meV. For ErV¢Sng and TmVSng,
the fully recovered Smag from 2 to 100 K reaches 24.95 and
22.43 J/mol K, respectively, which is close to the full single-
ion magnetic entropy of RIn16 and RlIn 13 expected for
Er’t(J = 15/2) and Tm** (J = 6).

For ErVeSng and TmVSng, there is no anomaly observed
in y,, confirming the absence of magnetic ordering down
to 0.4 K. Broad anomalies in y. are observed around 20
and 60 K, which might be related to crystal field effects. No
anomaly is observed in x,; and x. of ErV¢Sng and TmVeSng
at low temperatures, consistent with the hump in Cyye. It is
noteworthy that the absolute value of y,, is two orders of
magnitude larger than that of x. for these two compounds,
indicating that the Er and Tm magnetic moments tend to align
in the ab plane. This is further confirmed by the M (H) at 0.4 K
[Fig. 3(f)]. For ErVeSng, the magnetization in the ab plane
rapidly increases and saturates above 0.5 T to a moment of

7.41 5 /Er while the moment keeps increasing to 3.39up5/Er
at 7 T after a transition appeared at around 0.4 T when the field
is applied along the ¢ axis. For TmVSng, the magnetization
in the ab plane rapidly reaches 6.29up/Tm at 7 T, in sharp
contrast to a number of 0.36..5/Er when the field is applied
along the ¢ axis, suggesting that the TmVSng can be properly
described by an XY effective spin model. With easy-plane
anisotropy for both compounds, a low-temperature CW fit
of x.» gives 9(”:1\’V = 0.07K for ErV4Sng and 93@\, = —-3.18K
for TmV¢Sng. This seems to suggest the average in-plane
spin-spin interaction is antiferromagnetic for TmV¢Sng while
the magnitude is negligible in ErVSng.

C. Transport properties

The main panel of Fig. 4(a) shows the temperature de-
pendence of resistivity o(7) at zero field for RVgSng (R =
Tb - Tm) compounds, and the typical metallic behavior can
be seen for all samples. At low temperatures, an anomaly
exhibits in the resistivity, which is associated with the for-
mation of the magnetic order of Tb**, Dy**, and Ho>* ions.
The inset of Fig. 4(a) shows the enlarged view of resistivity
in the low-temperature range; the sharp drop in resistivity at
the magnetic ordering temperatures can be seen more clearly.
For ErVeSng and TmVeSng, an anomaly was also observed
at low temperatures even without magnetic order. When we
increase the magnetic field to 1 T, the anomaly was suppressed
in resistivity. We thus attribute this consistent drop in p(7") to
the scattering of the conduction electrons by optical phonons
if the magnetic s-f contribution is neglected [36]. The pos-
sibility of Sn impurity superconductivity cannot be ruled out
either. Here, we vertically shift all the resistivity curves for
clarity.
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dence of resistivity measured without and with magnetic field of 1 T
along the ¢ axis. (b) The magnetic field dependence of magnetore-
sistivity of RV¢Sng with an external magnetic field applied along the
c axis.

Moreover, the transport behavior has strong dependence on
the R ions, which we can see more clearly in the magnetore-
sistance (MR) at 2 K. As shown in Fig. 4(b), ErVSng and
TmVeSng exhibit a positive MR, while for R = Tb, Dy, and
Ho, they show negative MR behavior. Since the localized R**
ions do not participate directly in the electrical conduction,
the observed distinct magnetoresistance behaviors in Fig. 4(b)
can be ascribed in a conventional scenario to the different
scattering processes of conduction electrons by the R3* ions
possessing different magnetic ground states and single-ion
anisotropy. Consistent with the isothermal magnetization data
shown in Fig. 3, the easy alignment of R** moments for
R =Tb, Dy, and Ho along the c axis at low fields would reduce
the scattering of conduction electrons and give rise to a nega-
tive magnetoresistance. Once the R** moments are aligned at
low fields, the negative magnetoresistance is reverted to posi-

tive one at higher fields as shown in Fig. 4(b). In contrast, the
c axis field can barely influence the R>* moments with strong
easy-plane anisotropy for R = Er and Tm, which thus display
typical positive magnetoresistance behaviors due to the effect
of Lorentz force. On the other hand, further investigations
are needed to figure out whether the observed distinct phe-
nomenon is associated with some nontrivial mechanisms; for
example, the band topology of the vanadium kagome layers
might be tuned by the magnetic ordering and/or the single-ion
anisotropy of R** ions.

To further gain insights into the carrier information in-
cluding carriers concentration and mobility of the series of
RVSng samples, Hall resistivity measurements were per-
formed. As displayed in Figs. 5(a)-5(e), the Hall resistivity
Pxy(H) was measured at various temperatures for the whole
series of RVgSng samples. The current was applied within
the ab plane and the magnetic field applied along the ¢ axis.
The p,,(H) (p.) data were antisymmetrized (symmetrized)
with respect to the data collected between +9 and —9T. As
can be seen, the p,,(H) for these compounds share similar
behaviors with increasing temperature gradually. Specifically,
the p,,(H) curves are linear with a hole-dominated band fea-
ture at temperatures above 200 K and the nonlinear behavior
emerges at low temperatures, in agreement with the multiband
character. To obtain the carrier concentration and mobility
in these compounds, a two-band model was employed to fit
the Hall conductivity oy, (H) at different temperatures. Here,
the longitudinal resistivity p,, curves were also measured
at the same time. The Hall conductivity o,,(H) and two-
carrier model were calculated based on the equation

ony

Oy = ————, (1)
Y P+ ek

1

1
2 2
Op = |mpp?———— — > ——— |eB, (2
v |:h hl—‘r(/lhB)2 ¢ el+(/LeB)2]e ( )

where n, and n;, are the carrier density of electrons and holes,
while u, and p;, are the mobility of electrons and holes.

Figures 5(f)-5(j) show the fitting results of carrier density
and mobility. Above 150 K, the density of the hole for each
sample is higher than that of the electron. The hole mobil-
ity of TbVsSns, DyV¢Sne, and TmVeSne is also dominant
while electron and hole mobilities possess similar values for
HoV¢Sng and ErVeSng above 150 K. It is also verified that
Pxy of all these samples exhibits hole-dominated behaviors.
At temperatures below 100 K, a divergence for carrier density
appears and seems to become stronger upon cooling down
continuously. For DyV,Sng, ErVeSne, and TmVeSng, the
mobility of electrons and holes becomes comparable below
100 K. For TbVSng, the electron carriers with larger mobil-
ity become dominant over the hole carriers while the carrier
mobility of HoV¢Sng has the opposite trend. In general, all
samples exhibit hole-dominated behavior at high temperatures
while two-band behavior prevails below 100 K, consistent
with the p,, data shown in Figs. 5(a)-5(e).

IV. DISCUSSION AND SUMMARY

In this study, we synthesized a series of HfFesGeg-type
kagome metals RVgSng (R = Tb - Tm) single crystals
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FIG. 5. (a)-(e) Magnetic field dependence of longitudinal resistivity p,, measured at different temperatures. (f)—( j) Temperature depen-
dence of carrier density, n, and mobility, u, obtained from Hall conductivity fit.

and characterized their physical properties. Compared to the
kagome superconductors AV3Sbs (A = K, Rb, Cs), no CDW
or superconductivity was observed down to 0.4 K in RVSng
(R=Tb - Tm).

In comparison with RMneSng, these V-based kagome met-
als have similar evolution of spin anisotropy for the rare-earth
elements as their Mn-based counterparts [27]. Specifically,
TbVSng exhibits strong Ising anisotropy, for which the mag-
netic moments tend to align to the ¢ axis while TmVgSng
and ErVgSng possess easy-plane anisotropy with moments
lying in the ab plane at low temperatures. For R = Ho,
Dy, more isotropic behaviors are observed. The dramatically
different spin anisotropies originate from different crystal-
field schemes of R3* ions, whose effects further mediate
the exchange couplings between 4f and 3d electrons, and
thus becomes the key to engineer the magnetic structure and
topological properties of RMngSng [16,27,28]. Moreover, the
XY anisotropy of Tm>* in TmMngSng is very surprising
since all non-Kramers doublets should be described by an
Ising moment of effective spin-1/2 [37], like that found in
TbMngSng. This means the magnetism of TmMngSng must
involve more than one crystal-field level and request a dif-
ferent theoretical treatment. The absence of magnetic order in
TmVSne in contrast to a moderate spin-spin coupling (6%, =
—3.18 K) may be due to the thermal fluctuations according to

the Mermin-Wagner theorem [38]. Consider the complexity
of long-ranged Ruderman-Kittel-Kasuya-Yosida interactions,
it calls for further investigations to understand the absence of
magnetic order in TmVSng.

It has been reported that YV¢Sne and GdVeSneg show qual-
itatively similar band structures in the paramagnetic state [33].
As predicted by the density functional theory, the density of
states in these materials are dominated by V d states. Thus
our new synthesized materials, RVgSng (R = Tb - Tm), are
expected to possess a similar electronic band structure.
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