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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, Cs;VgTe, 3, 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 Sommer-

feld coefficient (y = 195.6 mJ-mol™"-K™?) suggests strong electronic correlations in Cs;VgTe, ;. In addition, temperature-dependent X-ray
diffraction results indicate no obvious structural change across 48 K. Taken together, these results suggest that the anomaly 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 Cs;VgTe 3, while first-principles calculations suggest electronic features
reminiscent of kagome systems and an antiferromagnetic tendency that is progressively suppressed under pressure. These results
demonstrate that this material, with its structurally novel Reuleaux-triangle-like lattice, serves as a new platform for exploring the
interplay between nontrivial 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 to engi-
neer band topology and dispersion, enabling the realization of Dirac
cones, flat bands, and van Hove singularities. Such features can
strongly amplify electron correlations and instabilities, making geo-
metrically nontrivial lattices fertile platforms for unconventional su-
perconductivity, topological phases, and other emergent correlated
orders [2,3].

Distinct lattice geometries are known to host characteristic and of-
ten highly nontrivial physical properties. For instance, the CuO, planes
in cuprate high-temperature superconductors can be mapped onto a
Lieb-lattice framework, supporting flat-band physics and correlation-
driven magnetism [4-6]. Kagome lattices, built from corner-sharing
triangles, exhibit strong geometric frustration [7-9] and have been ex-
tensively studied for quantum spin liquids [10-12], unconventional su-
perconductivity [13-15], and symmetry-breaking electronic orders
[16-20]. In contrast, the honeycomb lattice of graphene hosts mass-
less Dirac fermions with linear dispersion, leading to high carrier mo-
bility and rich twist-angle physics in moiré superstructures [21-25].
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 [26,27], the
Shastry—Sutherland lattice [28,29], the square-kagome lattice [30,31],
and several Archimedean lattices [32-34]. Despite these advances,
many novel lattice geometries remain to be explored. In particular,
lattices composed of interwoven triangular, square, and pentagonal
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motifs remain largely unexplored. The interplay among these distinct
local geometries may introduce additional frustration, competing in-
teractions, and novel band structures, potentially giving rise to previ-
ously inaccessible quantum states.

Here, we report the synthesis of a new layered compound,
Cs;3VyTey3, 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 CsV;Sbs-
type structure [35]: instead of preserving the ideal kagome frame-
work, the V network is strongly reconstructed into a Reuleaux-trian-
gle-like arrangement, giving rise to a geometry beyond the conven-
tional “135” family. Such a pronounced structural distortion, together
with the modified stoichiometry, is likely associated with the replace-
ment 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 measure-
ments reveal a possible phase transition near 48 K. The anomaly is in-
sensitive to the applied magnetic field and is not accompanied by de-
tectable structural changes in the temperature-dependent X-ray
diffraction (XRD), suggesting a nonstructural transition of likely elec-
tronic and/or magnetic origin. Under high pressure, the transport be-
havior exhibits a nonmonotonic evolution, indicating that the elec-
tronic states of Cs;VyTe 3 are highly tunable under lattice compres-
sion. These results identify Cs;VyTe 3 as a new platform for explor-
ing the interplay between nontrivial lattice geometry and emergent
phenomena.

The Reuleaux triangle [Fig. 1(a)], formed by three equal-radius
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(a) Reuleaux triangle (b)

Reuleaux-triangle-like lattice (c);

) Te2 sublattice

Fig. 1. Reuleaux-triangle-like structural motif in Cs3Vg¢Te;s. (a) Schematic illustration of a Reuleaux triangle. The Reuleaux triangle is shaded in blue and is con-
structed 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. #,, 1,, t;, #, represent atomic nearest-neighbor hoppings; &, and &, represent the on-site energies of two inequiva-
lent atoms. (c¢) Tight-binding band structure considering nearest-neighbor hoppings calculated for the Reuleaux-triangle lattice along the high-symmetry path. 7,
t,, t3, and ¢, are set to —0.30, —0.15, —0.12, and —0.10 eV, respectively. &, and &, are chosen as 6.3 and 5.1 eV, respectively. These parameters are based on the
hopping integrals of the V d_. orbital obtained by the Wannier fitting. (d) Schematic crystal structure of Cs;VyTe,3, with Cs atoms shown in blue, V atoms in red,
and Te atoms in yellow. The dashed lines denote the unit cell. (¢) Two-dimensional V sublattice in Cs3;VyTe,3, highlighting the Reuleaux-triangle-like network.
(f) Two-dimensional Te2 sublattice in Cs3Vq¢Te;3, consisting of an arrangement of edge-sharing pentagons and triangles.

circular arcs, is a geometrical figure that preserves the threefold rota-
tional symmetry while maintaining a constant width in all directions
and is therefore of fundamental interest in mathematics and engineer-
ing design [36,37]. In condensed-matter physics, however, lattices
with a Reuleaux-triangle-like geometry have remained largely unex-
plored. In this spirit, the lattice shown in Fig. 1(b), formed by inter-
connected 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 us-
ing a nearest-neighbor tight-binding model [Fig. 1(c)]. The hopping
parameters are set to 7, = —0.30 eV, t, =—-0.15 eV, 13 =-0.12 eV,
and 7, = —0.10 eV based on the hopping integrals of the V d.. orbital
obtained by Wannier fitting [Fig. S1 of the Supplementary Material
(SM)]. These ab initio-derived parameters follow the expected trend
of decaying hopping strength with increasing bond length. The on-site
energies &; and &, are extracted as 6.3 eV and 5.1 eV, respectively.
Notably, the electronic band structure of this lattice closely resembles
that of the kagome lattice, hosting a rich variety of exotic electronic
states, including massless Dirac points, van Hove singularities with a
high density of states (DOS), and flat bands originating from destruc-
tive quantum interference.

Cs;VyTe; crystallizes in a layered hexagonal structure with space
group P62m [Fig. 1(d)], as determined by single-crystal XRD. De-
tailed crystallographic information is provided in Tables S1-S3 of the
SM. Along the ¢ axis, the crystal can be described by a Cs-Te2-V-
Tel-Te2-Cs stacking sequence, reminiscent of the layered architec-
ture of CsV;Sbs [35,38]. 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. 1(e)]. Furthermore, the V-Tel lay-
er is sandwiched between two Te2 layers, in which the Te2 atoms
form a distinct sublattice composed of edge-sharing pentagons and tri-
angles [Fig. 1(f)]. Together, these intertwined sublattices give rise to
the intricate layered framework, highlighting the structural complexity
of Cs;VoTe;; beyond the conventional kagome motif. Notably,
Cs3VgTe; is stable under ambient conditions and can be mechanically

exfoliated, highlighting its potential as a layered material.

The representative XRD pattern of a Cs;VgTe s single crystal
shows only the (001) peaks [Fig. 2(a)], indicating a preferred orienta-
tion along the ¢ axis, as expected for a layered structure. The calculat-
ed c-axis lattice parameter is 8.27 A, which is consistent with the val-
ue determined from single-crystal XRD. The inset shows an optical
image of a representative single crystal with a regular hexagonal mor-
phology. Energy-dispersive spectroscopy (EDS) analysis of bulk
Cs;3VyTe,; yields a semi-quantitative atomic ratio of Cs : V: Te ~ 3.1 :
9.0 : 13.0, in good agreement with its nominal stoichiometry.

To further confirm this novel structure, atomic-resolution high-an-
gle annular dark-field (HAADF) scanning transmission electron mi-
croscopy (STEM) measurements were carried out. The Z-contrast im-
age of Cs;VoTe s [Fig. 2(c)], overlaid with the structural model,
shows excellent agreement with the proposed structure. The experi-
mental STEM bright-field (BF) image is also consistent with the sim-
ulated BF image [Fig. 2(d)], providing further support for the struc-
tural model. The selected-area electron diffraction pattern agrees well
with the corresponding simulated diffraction pattern along the [120]
orientation (Fig. S2 of the SM), confirming the [120] orientation and
further supporting the structural assignment. Additional atomic-reso-
lution STEM characterization taken along the [001] and [100] orien-
tations is provided in Figs. S3 and S4 of the SM and further supports
the proposed crystal structure. These results collectively demonstrate
the high crystallinity, phase purity, and well-defined layered structure
of Cs;VgTe3, providing a solid basis for the subsequent investigation
of its physical properties.

The physical properties of Cs;VyTe;; were further examined
through transport and magnetic measurements. As shown in Fig. 3(a),
the resistance of the Cs;VyTe; single crystal exhibits a non-monotonic
temperature dependence, with a hump-like feature. As the tempera-
ture increases, the resistivity 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. 3(a). This anomaly is reminis-
cent of transport features observed across electronically driven transi-
tions in kagome-related materials such as CsV;Sbs [38]. To visualize
the kink clearly, the temperature derivative of the resistivity, dp/dT,
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Fig. 2. Structural characterization and compositional analysis of the Cs3;VqTe 3 crystal. (a) Single-crystal XRD pattern of Cs;VyTe 3, showing only (00/) reflec-
tions consistent with its layered structure. The inset shows an optical image of a representative crystal with a regular hexagonal morphology. (b) EDS spectrum and
atomic percentage analysis of Cs;VqTe,;, yielding a composition close to the nominal stoichiometry with Cs : V : Te = 3.1 : 9 : 13.0. (c) Atomic-resolution
HAADEF-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 good agreement with the
structural model.
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Fig. 3. Electrical transport and magnetic measurement of Cs;VqTe,; single crystals. (a) Temperature-dependent resistivity of Cs;VyTe 3, showing a non-monoton-
ic 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 deriva-
tive of the resistivity, dp/dT, under different magnetic fields, highlighting a pronounced anomaly at 48 K with weak field dependence. The curves are vertically
offset for clarity. (c) Field-dependent Hall resistivity, p,,, measured at different temperatures. (d) Temperature dependence of the Hall coefficient, Ry, 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 uoH = 1 T with the magnetic field applied parallel to the ¢ axis and the ab plane. Both curves show an anoma-
ly near 48 K. (f) Temperature-dependent M/H measured with yp,H 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 1x 10~ emu/mol/Oe between adjacent curves.

is plotted in Fig. 3(b). There is a pronounced peak at 48 K, corre-  of the anomaly under magnetic fields, the field-dependent resistance
sponding to the kink in the resistance curve. To investigate the evolution measurements were carried out. As shown in Fig. 3(b), the peak
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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 Cs;VgTe s to investigate
its charge transport properties, as shown in Fig. 3(c). The Hall resis-
tivity shows an almost linear dependence on the magnetic field at all
measured temperatures. Notably, the slope of p(H) changes sign with
increasing temperature, suggesting a possible crossover of the domi-
nant 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. 3(d). The Hall
coefficient, Ry, changes sign near 20 K, and a pronounced minimum
in Ry(T) is observed around 50 K, close to the characteristic tempera-
ture of 48 K identified from the kink in the temperature-dependent re-
sistivity. 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 contri-
butions across the anomaly. This result indicates that the anomaly is
accompanied 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 temperature-
dependent magnetization measurements. Under yoH=1 T, the mag-
netic susceptibility of Cs;VoTe;; exhibits a monotonic decrease with
increasing temperature for magnetic fields applied along the ¢ axis
and the ab plane [Fig. 3(e)]. A distinct kink appears at T ~ 48 K,
which is consistent with the resistance measurements. To further ana-
lyze the magnetic response of Cs;VgTe3, the high-temperature sus-
ceptibility between 60 and 130 K was fitted with the modified
Curie-Weiss law, y = yo + C/(T — 6w), where x,, C, and 6y are the
temperature-independent susceptibility, Curie constant, and Weiss
temperature, respectively. As shown in Fig. S5 of the SM, 1/(y —xo0)
displays an approximately linear temperature dependence within the
fitting range. The fit yields Weiss temperatures of 6y = —61.5 K for
H || ab and 6y = —47.0 K for H || c¢. The negative Weiss tempera-
ture indicates dominant antiferromagnetic correlations in this com-
pound. The modified Curie-Weiss fit yields an effective moment of
1.73ug per formula unit for H || ab, corresponding to about 0.58uy
per V atom. Such a reduced effective moment may suggest that the
magnetism is not well described by a fully localized-moment 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 of the SM), indicat-
ing the absence of ferromagnetic ordering in the measured tempera-
ture range. Furthermore, the zero field cooling curves measured un-
der different magnetic fields [Fig. 3(f)] reveal no 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 robust against the applied
magnetic fields.

Specific-heat measurements further reveal a phase transition at 48 K,
as shown in Fig. S7 of the SM. A pronounced A-shaped anomaly is
observed at this temperature (Fig. S7a of the SM), providing clear evi-
dence for a thermodynamic phase transition, consistent with the resis-
tivity and magnetic susceptibility results discussed above. To extract
the relevant low-temperature parameters, the specific-heat data were
analyzed using the expression C = yT +8T°, where yT and BT° rep-
resent the electronic and phonon contributions, respectively. As
shown in Fig. S7b of the SM, a linear fit of C/T versus T in the 2-8 K
range gives a Sommerfeld coefficient of y = 195.6 mJ-mol'-K 2 and
B=10.6 mI-mol "-K™. By using the relation @p = [122*nR/(58)]'?,
the Debye temperature was estimated to be 166 K. The relatively
large y value, which is substantially higher than those of convention-
al metals and also much larger than that reported for the kagome su-
perconductor CsV;Sbs (20.03 mJ-mol™"-K™?) [39], suggests pronoun
ced electronic correlations in this system. Notably, this value is about

one-half of that reported for LiV,0, (420 mJ-mol '-K?) [40], indicat-
ing that Cs;VyTe;; lies in an intermediate regime between kagome
vanadium metals and strongly correlated systems. This comparison
suggests that the interesting electron correlations in Cs;VoTe;; merit
further investigation. In addition, the entropy change associated with
the transition was estimated to be AS =0.43 J-mol"-K™'. Such a
small entropy release is too small to support the full ordering of local-
ized moments. Instead, it is comparable to those reported for metals
undergoing a charge-density-wave (CDW) transition, such as 2H-Nb-
Se, (0.6 J-mol ""K™") [41] and CuTe (0.27 J-mol "-K™") [42]. There-
fore, this relatively small entropy change suggests that the transition
in Cs3VoTe,5 is more likely associated with an electronic and/or mag-
netic transition rather than the full ordering of localized moments.

The resistivity, magnetic susceptibility, and specific-heat measure-
ments all exhibit a clear anomaly near 48 K. To further determine
whether this anomaly is accompanied by a structural change, tempera-
ture-dependent XRD measurements were performed. The diffraction
patterns collected at 40 K and 100 K along several crystallographic
directions are shown in Fig. S8 of the SM, including the 0kl, 10l, and
hk0 reciprocal-space planes. A comparison of the diffraction patterns
collected at 40 K and 100 K reveals no discernible change, suggest-
ing that the anomaly near 48 K is not associated with a structural
phase transition. In addition, because a conventional long-range CDW
transition is typically accompanied by lattice modulation and superlat-
tice reflections [43], the absence of clear extra diffraction spots ar-
gues against a CDW-like transition with pronounced structural modu-
lation. Therefore, considering the weak field dependence observed in
both resistivity and magnetization, these results suggest that 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
Cs3VoTe;, we performed high-pressure transport measurements. As
shown in Figs. 4(a) and 4(b), the semiconducting hump-like feature
observed above 100 K in resistance at ambient pressure is rapidly sup-
pressed at 1.5 GPa, although 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 disap-
pears, indicating that the transport properties of Cs3VyTe,5 are highly
sensitive to pressure. With further increasing pressure, the low-tem-
perature resistance exhibits a nonmonotonic evolution and gradually
increases. For a better visualization of the resistance under high pres-
sure, we constructed a temperature—pressure phase diagram and the
background color represents the resistance value, as shown in
Fig. 4(c). At low pressures, the resistance is comparatively high and
gradually reaches a minimum region as the pressure increases to
12.5 GPa. However, the resistance increases again above 16 GPa, sug-
gesting that the metallicity is subsequently weakened. To further re-
veal whether the nonmonotonic evolution of resistance is accompa-
nied by a structural phase transition, we performed high-pressure
XRD measurements.

The room-temperature XRD patterns of Cs;VoTe 5 under various
pressures up to 24.52 GPa are shown in Fig. 4(d) and Fig. S9 of the
SM. No diffraction peak splitting or extra peaks were observed under
high pressure (Fig. S9a of the SM), which rules out the occurrence of
any structural phase transition in the measured pressure range. As dis-
played in Fig. 4(d) and Fig. S9b of the SM, the pressure dependences
of lattice parameters a, ¢, and volume V were obtained by using the
LeBail fit to XRD patterns. Here, we can see that the ¢ axis is more
compressible than the a axis, i.e., the ¢ 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 fit-
ted well with the Birch-Murnaghan equation, which gives the bulk
modulus By = 31.38 GPa and V, = 731.5 A%

Overall, the non-monotonic evolution of the resistance of
Cs3VoTe 5 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 re-
flects a complex interplay between lattice compression and electronic
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states. The above results suggest that high pressure provides an effec-
tive route to manipulate the metallic behavior of Cs;VyTe ;. Other
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Figure 5(a) illustrates the first-principles electronic band structure
of Cs3VyTe,; projected onto the atomic orbitals with spin—orbit cou-
pling (SOC) considered. Our analysis of various magnetic configura-
tions indicates that the energetically favored state is an antiferromag-
netic structure characterized by in-plane ferromagnetism and interlay-
er 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/f.u.
The calculated magnetic moments for the two inequivalent V atoms
(V1 and V2) are 0.87up and 1.65up, respectively. With increasing
pressure, these magnetic moments gradually diminish and completely
vanish at around 40 GPa. The calculated suppression of magnetic mo-
ments 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. 5(a)], the electron-
ic 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. 5(a)]. In addition, several bands
exhibit relatively flat dispersion throughout the entire Brillouin zone.
These features are consistent with the tight-binding model results
shown in Fig. 1(c), indicating that the Reuleaux-triangle-like lattice
hosts Dirac-, van Hove-, and flat-band-related electronic features rem-
iniscent of kagome systems. Detailed orbital-projected band struc-
tures reveal strong hybridization among different d orbitals of the
V atoms, as shown in Figs. S10 and S11 of the SM. The Fermi sur-
face depicted in Fig. 5(b) exhibits cylindrical characteristics, which
aligns with the weak band dispersion along the k, direction observed
in Fig. 5(a), reflecting the 2D nature of the electronic structure driven
by the interlayer van der Waals interactions. Furthermore, the rela-
tively small Fermi surface and the dip in the DOS near Er are consis-
tent with the modest metallic character observed experimentally.
Moreover, the absence of imaginary phonon modes in the calculated
phonon spectrum [Fig. 5(d)] indicates that the ambient-pressure struc-
ture is dynamically stable, which is consistent with the lack of evi-
dence for a structural transition from the temperature-dependent XRD
measurements.

In summary, we have synthesized a new layered vanadium-based
compound, Cs;VoTe;, whose crystal structure features a distinctive
Reuleaux-triangle-like vanadium sublattice. The structural analysis
shows that the compound has a layered structure with several inter-
twined 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 re-
veal 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 XRD
measurements show no discernible structural change across this
temperature range, indicating that the anomaly is not accompanied by
any obvious structural transition. Taken together, these results sug-
gest a nonstructural transition of likely electronic and/or magnetic ori-
gin. Furthermore, the high-pressure transport measurements reveal
a non-monotonic evolution of metallicity, highlighting the strong
tunability of the electronic state under lattice compression. Our theo-
retical calculations reveal a quasi-2D electronic structure with
kagome-related features and indicate that an antiferromagnetic config-
uration is energetically favored, with the calculated magnetic mo-
ments gradually suppressed under pressure. These results demon-
strate Cs;VoTe 3 as a new platform for exploring the interplay be-
tween nontrivial lattice geometry, correlated electronic behavior, and
emergent phase transitions.

Single Crystal Growth of Cs;VyTe 5. Single crystals of Cs;VoTe 3
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 at2 “C/h.
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 car-
ried out in a glovebox under an atmosphere with O, < 0.01 ppm and
H,0 < 0.01 ppm. The stoichiometric ratio of Cs;VyTe;; was con-
firmed by scanning electron microscopy (SEM) and energy-disper-
sive X-ray spectroscopy.

Sample Characterization. XRD patterns were collected using a
Rigaku SmartLab SE X-ray diffractometer with Cu Ke radiation
(4=0.15418 nm) at room temperature. Single-crystal XRD and tem-
perature-dependent XRD measurements were carried out using a
Bruker D8 diffractometer. SEM and EDS analyses were performed
using a HITACHI S5000 equipped with an energy-dispersive analy-
sis system, Bruker XFlash 6|60. Magnetic susceptibility was deter-
mined by a SQUID magnetometer (Quantum Design MPMS XL-1).
Electrical resistivity data were collected on a Quantum Design Physi-
cal Properties Measurement System (PPMS). The cross-sectional
sample along the [120] projection was prepared using a focused ion
beam system. Atomic-scale STEM imaging was carried out on an
aberration-corrected Nion U-HERMES 100 dedicated STEM, operat-
ed at an acceleration voltage of 60 kV.

First-Principles Calculations. All density functional theory (DFT)
simulations were executed via the VASP code [44]. We employed the
Perdew—Burke—Ernzerhof [45] generalized gradient approximation to
describe the exchange and correlation effects. A plane-wave cutoff
energy of 520 eV and a I'-centered k-point sampling of 6 X 6 x 8 were
chosen to ensure numerical accuracy. The geometry relaxation was
performed until the energy and force convergence limits tightly reached
1077 eV/atom and 1 meV/A, respectively. Additionally, phonon prop-
erties and vibrational modes were computed using the finite displace-
ment method as implemented in the phonopy software [46], utilizing
the DFT-derived force constants. The Wannier90 package [47] was
utilized to construct maximally localized Wannier functions and ex-
tract hopping parameters by including all V d and Te p orbitals.

High-Pressure Electrical Property Measurements. High-pressure
electrical transport measurements of Cs;VgTe ;3 were performed in a
BeCu-type diamond anvil cell (DAC) with 300 um flat by employing
the standard four-probe method. KBr was used as the solid pressure-
transmitting medium. The size of the single-crystal samples was about
60 x 20 x 10 pm’.

High-Pressure Powder XRD Measurements. The powder XRD
measurements were performed under various pressures up to 24.5 GPa
with a symmetric DAC in a laboratory X-ray diffractometer at room
temperature, Rigaku XtaLAB Synergy R, equipped with Mo Ka
(1=0.71073 A) radiation. The pressure values were determined by
ruby fluorescence.
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