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Exploring and synthesizing materials with new crystal structures provides an important route to
discovering exotic quantum phenomena. However, materials with unconventional lattice geometries
remain largely unexplored. Here, we report the discovery of a new vanadium-based material,
Cs3VoTers, featuring a Reuleaux-triangle-like lattice composed of interwoven triangular, square,
and pentagonal motifs. Electrical transport, Hall, and magnetic measurements consistently reveal
an anomaly near 48 K, and this feature shows little sensitivity to the applied magnetic field. Specific-
heat measurements further confirm the phase transition at 48 K; while the relatively large
Sommerfeld coefficient (y = 195.6 mJ mol! K-?) suggests strong electronic c\orrelations in Cs3VoTeis.
In addition, temperature-dependent x-ray diffraction results indicate ne.obvious structural change
across 48 K. Taken together, these results suggest that the anemaly is not induced by a structural
transition, but may be associated with an electronic and/or magnetic phase transition. High-
pressure transport measurements reveal a highly tunable electronic state in Cs3VoTei3, while first-
principles calculations suggest electronic features reminiscent of kagome systems and an
antiferromagnetic tendency that is progressively suppressed under pressure. These results
demonstrate this material, with its structurally novel Reuleaux-triangle-like lattice, as a new
platform for exploring the interplay between nentrivial lattice geometry and emergent physical

phenomena.



The geometry of a crystal lattice plays a central role in shaping electronic structures ‘and,emergent
quantum states[1]. In condensed-matter systems, lattice geometry provides a powerful route toengineer
band topology and dispersion, enabling the realization of Dirac cones, flat bands, and van Hove
singularities. Such features can strongly amplify electron correlations and instabilitiesy, making
geometrically nontrivial lattices fertile platforms for unconventional super¢onductivity, topological
phases, and other emergent correlated orders[2,3].

Distinct lattice geometries are known to host characteristic and often»highly nontrivial physical
properties. For instance, the CuO; planes in cuprate high-temperature superc\onductors can be mapped
onto a Lieb-lattice framework, supporting flat-band physics and cortelationsdriven magnetism[4 - 6].
Kagome lattices, built from corner-sharing triangles, exhibit strongigeometric frustration[7 - 9] and have
been extensively studied for quantum spin liquids [ 10 - 12] funconventional superconductivity [13 - 15],
and symmetry-breaking electronic orders[16 - 20]. In contrasty the honeycomb lattice of graphene hosts
massless Dirac fermions with linear dispersion, leading/to high. carrier mobility and rich twist-angle
physics in moiré superstructure[21 - 26]. Platforms for complex magnetism and correlated electronic
behavior, as well as potential topological band structures, have been explored in a variety of lattice
geometries, including the Dice lattice[27, 28, the'Shastry—Sutherland lattice [29, 30], the square-kagome
lattice [31, 32], and several Archimedean lattices33 - 35]. Despite these advances, many novel lattice
geometries remain to be explored. In"particular, lattices composed of interwoven triangular, square, and
pentagonal motifs remain largely unexplored. The interplay among these distinct local geometries may
introduce additional frustration, comp\eting interactions, and novel band structures, potentially giving rise
to previously inaccessible qiiantum states.

Here, we report the synthesis of a new layered compound, Cs3VoTei3, whose V sublattice forms a
Reuleaux-triangle-like network composed of triangular, square, and pentagonal motifs. This unusual
lattice can also be viewed.as a distorted derivative of the CsV3Sbs-type structure[36]: instead of
preserving the ideal kagome framework, the V network is strongly reconstructed into a Reuleaux-triangle-
like arrangement, giving rise to a geometry beyond the conventional “135” family. Such a pronounced
structural distortion, together with the modified stoichiometry, is likely associated with the replacement

of Sb by Te, which changes both the chemical valence balance and ionic-size matching in the lattice.



Moreover, transport, Hall, magnetic, and specific-heat measurements reveal a possible phase transition
near 48 K. The anomaly is insensitive to the applied magnetic field and is not accompanied by detectable
structural changes in the temperature-dependent x-ray diffraction, suggesting a nonstructural transition of
likely electronic and/or magnetic origin. Under high pressure, the transport behavier exhibits a non-
monotonic evolution, indicating that the electronic states of Cs3VoTe 3 are highly tunable under the lattice
compression. These results identify Cs3VoTe3 as a new platform for exploring the interplay between
nontrivial lattice geometry and emergent phenomena.

The Reuleaux triangle (Fig. 1a), formed by three equal-radius circular aBs, is a geometrical figure
that preserves the threefold rotational symmetry while maintaining a constant‘width in all directions, and
is therefore of fundamental interest in the mathematics and engineering design[37, 38]. In condensed-
matter physics, however, lattices with a Reuleaux-triangle-like geometry have remained largely
unexplored. In this spirit, the lattice shown in Fig. 1b, formed by the interconnected triangular,
quadrilateral, and pentagonal units, exhibits the characteristic geometry of a Reuleaux triangle and can
therefore be described as a Reuleaux-triangle-like lattice. To gain insight into its electronic properties, we
calculate the band structure of this lattice using a nearest-neighbor tight-binding model (Fig. 1c). The
hopping parameters are set to t; = -0.30 €Vy.to = -0.15 eV, t3=-0.12 eV, and t4=-0.10 eV based on the
hopping integrals of the V-d . orbital obtained by the Wannier fitting (Fig. S1). These ab-initio derived
parameters follow the expected trend of decaying hopping strength with increasing bond length. The on-
site energies €1 and &> are extracted as 6.3 and 5.1 eV, respectively. Notably, the electronic band structure
of this lattice closely resembles thatof the kagome lattice, hosting a rich variety of exotic electronic states,
including massless Dirac points, van Hove singularities with a high density of states, and flat bands
originating from destructive quantumvinterference.

Cs3VoTers crystallizes,in a.layered hexagonal structure with space group P-62m (Fig. 1d), as
determined by single<crystal X-ray diffraction. Detailed crystallographic information is provided in Tables
S1-S3. Along the ¢ axis, the crystal can be described by a Cs—Te2—VTel-Te2—Cs stacking sequence,
reminiscent of the dayered architecture of CsV3Sbs[36, 39]. The crystal structure consists of a highly
complex framework'built from several intertwined atomic sublattices. The V atoms form a distinctive
two-dimensional.network of a Reuleaux-triangle-like lattice (Fig. 1e). Furthermore, the V-Tel layer is
sandwiched between two Te2 layers, in which the Te2 atoms form a distinct sublattice composed of edge-

sharing pentagons and triangles (Fig. 1f). Together, these intertwined sublattices give rise to the intricate



layered framework, highlighting the structural complexity of Cs3VoTei3 beyond the conventional kagome
motif. Notably, Cs3VoTeis is stable under ambient conditions and can be mechanically exfoliated,
highlighting its potential as a layered material.

The representative XRD pattern of a Cs3VoTeis single crystal shows only the (00L) peaks (Fig. 2a),
indicating a preferred orientation along the c-axis, as expected for a layered structure. The calculated c-
axis lattice parameter is 8.27 A, which is consistent with the value determined from single-crystal X-ray
diffraction. The inset shows an optical image of a representative single erystal with a regular hexagonal
morphology. Energy-dispersive spectroscopy (EDS) analysis of bulk CS3V9Te13\yields a semi-quantitative
atomic ratio of Cs: V: Te =~ 3.1:9.0:13.0, in good agreement with its nhominal stoichiometry.

To further confirm this novel structure, atomic-resolution ‘high-angle annular dark-field (HAADF)
scanning transmission electron microscopy (STEM) measurements were carried out. The Z-contrast image
of Cs3VoTei3 (Fig. 2¢), overlaid with the structural model, shows excellent agreement with the proposed
structure. The experimental STEM bright-field (BF) image s also‘¢onsistent with the simulated BF image
(Fig. 2d), providing further support for the structural model. The selected-area electron diffraction (SAED)
pattern agrees well with the corresponding simulated diffraction pattern along the [120] orientation (Fig.
S2), confirming the [120] orientation and/fusther supporting the structural assignment. Additional atomic-
resolution STEM characterization taken alongthe [001] and [100] orientations is provided in Figs. S3 and
S4 and further supports the proposedicrystal structure. These results collectively demonstrate the high
crystallinity, phase purity, and well-defined layered structure of Cs3VoTer3, providing a solid basis for the
subsequent investigation of its physical properties.

The physical properties of Cs3VoTeis were further examined through transport and magnetic
measurements. As shown‘in Fig.»3a; the resistance of the Cs3VoTeis single crystal exhibits a non-
monotonic temperature dépendence, with a hump-like feature. As the temperature increases, the resistance
first increases up to.about 100 K and then decreases monotonically. In addition, a weak kink is visible
near 48 K, as highlighted in the inset of Fig. 3a. This anomaly is reminiscent of transport features observed
across electronically driven transitions in kagome-related materials such as CsV3Sbs[39]. To visualize
the kink clearly, the temperature derivative of the resistivity, dp/dT, is plotted in Fig. 3b. There is a
pronounced peak at'48 K, corresponding to the kink in the resistance curve. To investigate the evolution

of the anomaly under magnetic fields, the field-dependent resistance measurements were carried out. As



shown in Fig. 3b, the peak remains clearly visible up to 5 T, with no obvious shift in temperature,
indicating that the anomaly near 48 K is robust against the applied magnetic fields.

Hall measurements were performed on Cs3VoTeis to investigate its charge,transport, properties, as
shown in Fig. 3c. The Hall resistivity shows an almost linear dependence on the magnetic field at all
measured temperatures. Notably, the slope of p(/) changes sign with increasing temperature, suggesting
a possible crossover of the dominant carrier type from hole-like at low temperatures to electron-like at
higher temperatures. By linearly fitting the Hall resistivity curves, the Hall coefficient Ry was extracted
and is plotted in Fig. 3d. The Hall coefficient, Ry, changes sign near 20 K, and;pronounced minimum in
Ru(T) 1s observed around 50 K, close to the characteristic temperature of 48 Kfidentified from the kink in
the temperature-dependent resistivity. In a multiband system, the Hall coefficient depends on both carrier
densities and mobilities. The observed sign change and non-monotonic temperature dependence of Ry
suggest the coexistence of multiple types of carriers and a redistribution of their relative contributions
across the anomaly. This result indicates that the anomaly is,aecompanied by a change in the carrier
response, likely involving a redistribution of the relative contributions from different carriers through
changes in mobility and/or carrier density, or a change.in the electronic structure.

The magnetic properties were further investigated by the temperature-dependent magnetization
measurements. Under uoH = 1 T, the magnetie susceptibility of Cs3VoTe13 exhibits a monotonic decrease
with increasing temperature for magnetic fields applied along the c axis and the ab plane (Fig. 3e). A
distinct kink appears at 7 =~ 48 K which.is consistent with the resistance measurements. To further
analyze the magnetic response of:€s3VoTeis, the high-temperature susceptibility between 60 and 130 K
was fitted with the modified [Curie—Weiss law, y = yo + C / (T — Ow), where yo, C, and Oy are the
temperature-independent susceptibility, Curie constant, and Weiss temperature, respectively. As shown
in Fig. S5, 1/(x—xo) displays amapproximately linear temperature dependence within the fitting range.
The fit yields Weissitemperatures of 8 = —61.5 K for H // ab and 8 = —47.0 K for H // c. The negative
Weiss temperature indicates’ dominant antiferromagnetic correlations in this compound. The modified
Curie—Weiss fit yields an effective moment of 1.73 up per formula unit for H // ab, corresponding to about
0.58 up per V atom. Such a reduced effective moment may suggest that the magnetism is not well described
by a fullyslocalizedmoment picture. Consistently, the isothermal magnetization M(H) curves measured
at various temperatures for both H // ¢ and H // ab are nearly linear up to 5 T and show no detectable

hysteresis (Fig. S6), indicating the absence of ferromagnetic ordering in the measured temperature range.



Furthermore, the ZFC curves measured under different magnetic fields (Fig. 3f) reveal ne, obvious
suppression of the kink, in good agreement with the resistivity data. Combined with the transport.anomaly
at the same temperature, these results reveal a possible phase transition that is rebust against the applied
magnetic fields.

Specific-heat measurements further reveal a phase transition at 48 K, as shownin Fig. S7."A pronounced
A-shaped anomaly is observed at this temperature (Fig. S7a), providing clear, evidence for a
thermodynamic phase transition, consistent with the resistivity and.magnetic Susceptibility results
discussed above. To extract the relevant low-temperature parameters, the specigc-heat data were analyzed
using the expression C = yT + BT°, where yT and ST° represent the eléctronie’and phonon contributions,
respectively. As shown in Fig. S7b, a linear fit of C/T versus 7%in the 2-8 K range gives a Sommerfeld
coefficient of y=195.6 mJ mol™! K and f=10.6 mJ mol"! K4/ By using the relation @p = (12n*nR/(55))"">,
the Debye temperature was estimated to be 166 K. The relatively large y value, which is substantially
higher than those of conventional metals and also/much larger than that reported for the kagome
superconductor CsV3Sbs (20.03 mJ mol! K%)[40], suggests pronounced electronic correlations in this
system. Notably, this value is about one-half of that reported for LiV204 (420 mJ mol' K?)[41],
indicating that Cs3VoTei3 lies in an intermediate regime between kagome vanadium metals and strongly
correlated systems. This comparison suggests that the interesting electron correlations in Cs3VoTe1s merits
further investigation. In addition, the entropy change associated with the transition was estimated to be 4S5
= 0.43 J mol! K'!. Such a small entropy release is too small to support the full ordering of localized
moments. Instead, it is comparablesto. those reported for metals undergoing a charge-density-wave
transition, such as 2H-NbSe, (0.6/J mol! K')[42] and CuTe (0.27 J mol™! K')[43]. Therefore, this
relatively small entropy change suggests that the transition in Cs3VoTe)3 is more likely associated with an
electronic and/or magnetic transition rather than the full ordering of localized moments.

The resistivity, magnetic susceptibility, and specific-heat measurements all exhibit a clear anomaly near
48 K. To further determine whether this anomaly is accompanied by a structural change, the temperature-
dependent x-ray diffraction measurements were performed. The diffraction patterns collected at 40 K and
100 K along several crystallographic directions are shown in Fig. S8, including the Okl, hOl, and hkO
reciprocal-spaceplanes. A comparison of the diffraction patterns collected at 40 K and 100 K reveals no

discernible change, suggesting that the anomaly near 48 K is not associated with a structural phase



transition. In addition, because a conventional long-range charge-density-wave transition is,typically
accompanied by lattice modulation and superlattice reflections [44], the absence of cleaf extra diffraction
spots argues against a CDW-like transition with pronounced structural modulation. Therefore, considering
the weak field dependence observed in both resistivity and magnetization, thesesresults suggestithat the
anomaly at 48 K is more likely of an electronic and/or magnetic origin.

To further explore the tunability of the physical properties in Cs3VoTe13, we performed high-pressure
transport measurements. As shown in Fig. 4a-b, the semiconducting hump-like feature observed above
100 K in resistance at ambient pressure is rapidly suppressed at 1.5 GPa, altlgugh a broad hump is still
present and the sample exhibits metallic behavior. When the pressure increases to 9 GPa, the resistance
gradually decreases and the hump nearly disappears, indicating that the transport properties of Cs3VoTei3
are highly sensitive to pressure. With further increasing pressure, the low-temperature resistance exhibits
a nonmonotonic evolution and gradually increases. For a better visualization of the resistance under high
pressure, we constructed a temperature-pressure phase diagram.and the background color represents the
resistance value, as shown in Fig. 4c. At low préssures, the resistance is comparatively high and gradually
reaches a minimum region as the pressure increasing t0,12.5 GPa. However, the resistance increases again
above 16 GPa, suggesting that the metallicity is subsequently weakened. To further reveal whether the
nonmonotonic evolution of resistance is accompanied by a structural phase transition, we performed the
high-pressure XRD measurements.

The room-temperature XRD patterns of Cs3VoTei3 under various pressures up to 24.52 GPa are shown
in Fig. 4d and Fig. S9. No diffractienpeak splitting or extra peaks were observed under high pressure (Fig.
S9a), which rules out the occutrence of any structural phase transition in the measured pressure range. As
displayed in Fig. 4d and Fig. S9b, thepressure dependences of lattice parameters a, ¢ and volume V were
obtained by using the LeBail fit to XRD patterns. Here, we can see that the c-axis is more compressible
than the a-axis, i.e. the c-axis is reduced by 18.72 % whereas the a-axis shrinks by 7.29 % to 24.52 GPa,
which is expected for a layered structure. The continuous reduction of V(P) can be fitted well with the
Birch-Murnaghan equation, which gives the bulk modulus By = 31.38 GPa, and ¥, = 731.5 A3,

Overall, the non-monotonic evolution of the resistance of Cs3VoTei3 highlights the high tunability of
its physical properties, and high-pressure XRD measurements suggest that this behavior is more likely
related to changes in the electronic state. Moreover, it likely reflects a complex interplay between lattice

compressionand electronic states. The above results suggest that high pressure provides an effective route



to manipulate the metallic behavior of Cs3VoTe3. Other approaches, such as chemical doping or
intercalation, are also worth further investigation.

Fig. 5a illustrates the first-principles electronic band structure of Cs3VoTe13 projected onto the atomic
orbitals with spin-orbit coupling (SOC) considered. Our analysis of various magnetic configurations
indicates that the energetically favored state is an antiferromagnetic structure‘characterized by in-plane
ferromagnetism and interlayer antiferromagnetism. Calculations incorporating SOC with different
magnetization directions indicate an easy axis along the a-direction, yielding a/magnetic anisotropy
energy of approximately 1.5 meV/fu. The calculated magnetic moments for the two inequivalent V
atoms (V1 and V2) are 0.87 and 1.65 up, respectively. With increasing pressure, these magnetic moments
gradually diminish and completely vanish at around 40 GPaThe calculated suppression of magnetic
moments under pressure suggests that magnetic correlations may be weakened upon compression, which
could be relevant to the pressure-dependent evolution of the transport behavior.

As shown in the projected band structure (Fig. Sa), the elegtronic states near the Fermi level (Er)
predominantly arise from the V atoms. Notably, multiple Dirac points are observed at the K (H) points,
while several van Hove singularities emerge at the M (L) points near Er (green and yellow circles in Fig.
5a). In addition, several bands exhibit selatively flat dispersion throughout the entire Brillouin zone.
These features are consistent with the tight-binding model results shown in Fig. 1c, indicating that the
Reuleaux-triangle-like lattice hosts, Dirac-, van-Hove-, and flat-band-related electronic features
reminiscent of kagome systems. Detailed orbital-projected band structures reveal strong hybridization
among different d orbitals of the V' Qoms, as shown in Figs. S10 and S11. The Fermi surface depicted in
Fig. 5b exhibits cylindrical ¢haracteristics, which aligns with the weak band dispersion along the 4.
direction observed in Fig.$5a, reflecting the 2D nature of the electronic structure driven by the interlayer
van der Waals interactions. Furthermore, the relatively small Fermi surface and the dip in the density of
states (DOS) near, Er are consistent with the modest metallic character observed experimentally.
Moreover, the absence of imaginary phonon modes in the calculated phonon spectrum (Fig. 5d) indicates
that the ambient-pressure structure is dynamically stable, which is consistent with the lack of evidence
for a structural transition from the temperature-dependent x-ray diffraction measurements.

In summary, we have synthesized a new layered vanadium-based compound, Cs3VoTeis, whose
crystal structure features a distinctive Reuleaux-triangle-like vanadium sublattice. The structural analysis

shows that the’compound has a layered structure with several intertwined atomic sublattices. At ambient



pressure, the transport, Hall, and magnetic measurements consistently reveal an anomaly near 48 K,
suggesting a possible phase transition. The specific heat data also reveal a phase transition at 48 K, and
the relatively large Sommerfeld coefficient (y = 195.6 mJ mol! K?) indicates the presence of strong
electronic correlations in this system. Temperature-dependent x-ray diffraction measurementsishow no
discernible structural change across this temperature range, indicating that the anomaly is not
accompanied by any obvious structural transition. Taken together, these résults suggest a nonstructural
transition of likely electronic and/or magnetic origin. Furthermorey the high-pressure transport
measurements reveal a non-monotonic evolution of metallicity, highlighting the strong tunability of the
electronic state under lattice compression. Our theoretical calculations reveal a quasi-2D electronic
structure with kagome-related features and indicate that “am_antiferromagnetic configuration is
energetically favored, with the calculated magnetic moments gradually suppressed under pressure. These
results demonstrate Cs3VoTei3 as a new platform for exploring the interplay between nontrivial lattice

geometry, correlated electronic behavior, and emergent phase trangitions.



Single crystal growth of Cs3VoTeis. Single crystals of Cs3VoTei3s were grown from Cs‘liquid (purity
99.98%), V powder (purity 99.9%) and Te shots (purity 99.999%) via a self-flux method. The mixture
was placed into an alumina crucible and sealed in a quartz ampoule under an,argon atmosphere. The
mixture was heated to 1000 °C and soaked for 24 h, and subsequently cooled to 600°C.at 2 °C/hs, Finally,
the flux was removed by centrifugation at 600 °C, and crystals with regular‘morphology and metallic
luster were obtained. Due to the high reactivity of the alkali metals, all weighing procedures were carried
out in a glovebox under an atmosphere with Oz <0.01 ppm and H>0 < 0.0 ppm. The stoichiometric ratio
of Cs3VoTer3 was confirmed by the scanning electron microscopy (SEM) and energy-dispersive X-ray

spectroscopy (EDS).

Sample characterization. XRD patterns were collected using a Rigaku SmartLab SE x-ray diffractometer
with Cu Ka radiation (A = 0.15418 nm) at room temperature. Single-crystal x-ray diffraction and
temperature-dependent XRD measurements were carried out using a Bruker D8 diffractometer. SEM and
EDS analyses were performed using a HITACHL.S5000 equipped with an energy dispersive analysis
system Bruker XFlash 6|60. Magnetic susceptibility: was determined by a SQUID magnetometer
(Quantum Design MPMS XL-1). Electrical resistivity data were collected on a Quantum Design Physical
Properties Measurement System (PPMS). The eross-sectional sample along the [120] projection was
prepared using a focused ion beam (FIB) system. Atomic-scale STEM imaging was carried out on an

aberration-corrected Nion U-HERMES100 dedicated STEM, operated at an acceleration voltage of 60 kV.
N

First-principles calculations. All'density functional theory (DFT) simulations were executed via the
VASP code[45]. We employed "the Perdew-Burke-Ernzerhof (PBE) [46] generalized gradient
approximation (GGA) to describe‘the exchange and correlation effects. A plane-wave cutoff energy of
520 eV and a I'-cefitered k-point sampling 6x6x8 were chosen to ensure numerical accuracy. The
geometry relaxation was performed until the energy and force convergence limits tightly reached 107
eV/atom and 1 ‘méV/A, respectively. Additionally, phonon properties and vibrational modes were
computed using the finite displacement method as implemented in the phonopy software[47], utilizing the
DFT-derived force constants. The Wannier90 package[48] was utilized to construct maximally localized

Wannier functions and extract hopping parameters by including all V-d and Te-p orbitals.



High-pressure electrical property measurements. High-pressure electrical transport measutements of
Cs3VoTe3 were performed in the BeCu-type diamond anvil cell (DAC) with 300 um flat by employing
the standard four-probe method. The KBr was used as the solid pressure transmitting medium (PTM). The

size of the single-crystal samples was about 60x20x10 pm?,

High-pressure powder XRD measurements: The powder XRD measurements were performed under
various pressures up to 24.5 GPa with a symmetric diamond anvil cell (DAC) in a laboratory x-ray
diffractometer at room temperature, Rigaku XtaLAB Synergy R, equipped with Mo-Ka (A = 0.71073 A)

radiation. The pressure values were determined by ruby fluorescence:
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Fig. 1 Reuleaux-triangle-like structural motifin CssVoTe1s.

(a) Schematic illustration of a Reuleaux triangle. The Reuleaux triangle is shaded in blue and is
constructed from three equal-radius circular arcs. (b) Reuleaux-triangle-like lattice motif formed by
interconnected triangular, quadrilateral, and»pentagonal units, highlighted in green, blue, and red,
respectively. t1, to, t3, t4 representatomic neafest-neighbor hoppings, &1 and > represent the on-site energies
of two inequivalent atoms. (¢) Tight-binding band structure considering nearest-neighbor hoppings
calculated for the Reuleaux-triangle lattice along the high-symmetry path. ti, t2, t3, and t4 are set to -0.30,
-0.15, -0.12, and -0.10 eV, respectively. €1 and & are chosen as 6.3 and 5.1 eV, respectively. These
parameters are based on the hopping integrals of the V-d,2 orbital obtained by the Wannier fitting. (d)
Schematic crystal structure of Cs3VoTei3, with Cs atoms shown in blue, V atoms in red, and Te atoms in
yellow. The dashed linesdenote the unit cell. () Two-dimensional V sublattice in Cs3VoTe13, highlighting
the Reuleaux-triangle-like network. (f) Two-dimensional Te2 sublattice in Cs3VoTe3, consisting of an

arrangement of edge-sharing pentagons and triangles.
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Fig. 2 Structural characterization hd compositional analysis of the Cs3VoTe1s crystal.

(a) Single-crystal x-ray diffractionpattern of Cs3VoTe3, showing only (001) reflections consistent with its
layered structure. The inSet shows,an-Optical image of a representative crystal with a regular hexagonal
morphology. (b) EDS spe¢trum.and atomic percentage analysis of Cs3VoTes, yielding a composition close
to the nominal stoichiometry,with Cs: V: Te = 3.1: 9: 13.0. (¢) Atomic-resolution HAADF-STEM image
viewed along the [120] zone axis, with the corresponding structural model superimposed, where Cs, V,
and Te atoms are_represented by blue, red, and yellow spheres, respectively. (d) Experimental and
simulated BF-STEM images.along the same projection, showing a good agreement with the structural

model.
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Fig. 3. Electrical transport and magnetic measurement of Cs3VoTei3 single crystals.

(a) Temperature-dependent resistivity of Cs3VoTe3, showing a non-monotonic temperature dependence
with a hump-like feature. The inset presents an‘enlarged view, where a kink at 48 K can be clearly
identified. (b) Temperature derivative of thenresistivity, dp/dT, under different magnetic fields,
highlighting a pronounced anomaly at48 K with weak field dependence. The curves are vertically offset
for clarity. (¢) Field-dependent Hallresistivity, oy, , measured at different temperatures. (d) Temperature
dependence of the Hall coefﬁcient,\RH ,extracted from linear fits to the Hall resistivity curves. A
pronounced minimum is,observed, close to the characteristic temperature identified from the resistivity
anomaly. (e) Magnetic susceptibility, M/H, measured under uo = 1 T with the magnetic field applied
parallel to the c axis and the ab plane. Both curves show an anomaly near 48 K. (f) Temperature-dependent
M/H measured withqupH parallel to the ab plane under different magnetic fields, indicating that the 48 K
anomaly is robust against'magnetic fields. The curves are vertically offset for clarity, with a shift of 1 X

10 emu/mol/O¢ between adjacent curves.
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Figure 5. Calculated electronic properties of Cs3VoTeis.

(a) Left panel: Electronic band structure of Cs3VoTei3 projected onto different atomic orbitals with spin-
orbit coupling (SOC). Right panel: Corresponding partial density of states (PDOS) projected onto different
atoms. The VHS and(theDirae point near the Fermi level are marked with green and yellow circles,
respectively..The flat.band near E-Er = -0.08 eV is indicated by a yellow shaded stripe. (b) Three-
dimensional Fermi surface of Cs3VoTei3, exhibiting cylindrical characteristics. (c) Evolution of the
magnetic moments of V atoms as a function of applied pressure. (d) Calculated phonon spectrum of

Cs3VoTeis at ambient pressure.



