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Structure and transport properties of the quasi-one-dimensional telluride Ta, ;Os, sTe,4
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We report the crystal growth, structural characterization, and physical properties of an off-stoichiometric van
der Waals telluride Ta;,0Os(sTes, which is isostructural with the noncentrosymmetric WTe,, a prototypical
type-II Weyl semimetal. Transport measurements have been carried out in magnetic fields up to 9 T. A
low-temperature resistivity upturn is observed along all three crystallographic directions at zero field. The
along-chain p, and interchain p, are found to increase logarithmically at low temperatures, while in the low-T
metallic regime, both longitudinal and transverse transports support a three-dimensional Fermi liquid ground
state. As temperature is further increased, successive crossovers to electronic states of reduced dimensionality
can be seen in both interchain resistivities. The transverse magnetoresistance is weak but anisotropic, the
analysis of which indicates the Kohler’s rule is severely violated over a large temperature range. The positive
linear field dependence of Hall resistivity at selected temperatures indicates the dominance of single-band
hole-type charge carriers, consistent with the results of the angle-resolved photoemission spectroscopy. Our
results not only establish this transition-metal telluride family as a good system for studying various dimensional
crossover phenomena, but also offer the potential for exploring topologically nontrivial phases with reduced
dimensionality, given its structural similarity to WTe,.
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I. INTRODUCTION

A vast class of two-dimensional (2D) van der Waals
(vdW) layered materials has been found and extensively
studied in past decades [1], because such materials not
only exhibit a wealth of fascinating physics, such as su-
perconductivity [2,3], robust ferroelectricity [4], and novel
topological states [5], but also have widespread applications
in fields ranging from electronics/optoelectronics, quantum
mechanical devices to electrochemical catalysis [6,7]. Low-
dimensional structure as a common feature of vdW layered
materials is a key ingredient in realizing potential applica-
tions and may also play a significant role in exotic quantum
physics therein. If the dimensionality of materials is fur-
ther reduced, low-dimensional interacting electron systems
may lead to more exotic physical phenomena, including
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charge/spin density waves (CDW/SDW), Wigner electronic
crystals, diverse forms of charge order, or even unconven-
tional superconductivity, etc. [8]. Strikingly, Fermi liquid (FL)
theory, which is applicable in most three-dimensional (3D)
systems, breaks down when electrons are spatially confined
into one-dimensional (1D) limit, leading to the spin-charge
separation no matter how weak the electron-electron interac-
tions are [9,10], a hallmark of the Tomonaga-Luttinger (TL)
liquid. In real electronic systems, however, purely 1D con-
duction is not strict but coupling has to exist between chains,
leading to the so-called quasi-1D conductors. Provided that
the two orthogonal interchain hopping energies 2¢, are small
enough with respect to the external perturbations, dimensional
crossover phenomena could be observed as a function of both
temperature and magnetic field [8], as reported in quasi-1D
cuprates [11,12] and Bechgaard salt (TMTSF),PFg [13,14].
It was claimed that any finite 2¢, would stabilize the metal-
lic state [15], and according to the renormalization group
theory, the metallic state also forms a 3D FL ground state
[16]. However, Prigodin and Firsov (PF) argued that quasi-1D
conductors would become effectively 1D in the case of intra-
chain impurity scattering rates satisfying /7y > 2f, and,
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therefore, susceptible to electron localization at low tempera-
tures [17].

The layered transition-metal tellurides (TMTs) represent
one class of vdW layered materials, the atomic layers of
which are composed of multiple kinds of alternating quasi-
1D chains [18]. Recently, distinctive physical properties have
been reported among ternary TMTs, such as superconduc-
tivity in Ta4Pds;Te;s and TazPd;Tejs [19,20]; topological
Dirac state in TaPdTes, TaPtTes , TaNiTes, and TaNi,Tes
[21-24]; and the type-II Weyl state in noncentrosymmet-
ric (Ta, Nb)IrTes [25-27]. More intriguingly, unconventional
surface superconductivity with onset 7; up to 1.54 K, which
also exhibits quasi-1D and topologically nontrivial charac-
teristics, was claimed in TalrTe4, demonstrating that TalrTe,
may be a unique candidate of topological superconductors
[28]. Remarkably, the ferroelectriclike polarizations, possibly
originating from a noncentrosymmetric reconstruction of the
surface atoms, together with Dirac-like surface state were
recently observed in TaNiTes [29]. These observations further
motivate us to synthesize new compounds and explore their
novel physical properties among TMTs.

In this work, we report the crystal growth, structural char-
acterization, and physical properties of an off-stoichometric
vdW telluride Ta; ,0spsTes. The 2D atomic layer comprises
alternating arrays of TaTe, and OsTe; chains, isostructural to
the type-II Weyl semimetal WTe; [30,31], but with 20% extra
Ta atoms occupying the Os sites, resulting in a molar ratio Ta
:0s : Te =1.2:0.8:4. The two interchain resistivities pp
and p, show a metal-insulator transition at different temper-
atures, indicating successive crossovers from 3D to 1D with
increasing temperature. The low-T upturn of the resistivities
is observed along all three crystallographic directions, the
possible origins of which are thoroughly discussed. Collec-
tively, our results suggest that the coupling between chains in
Ta;,0sgsTeys leads to a 3D FL ground state, in favor of the
renormalization group theory, and electrons become localized
at low temperatures, which is responsible for the resistivity
upturn seen in this material.

II. EXPERIMENTAL METHODS
A. Sample synthesis

Single crystals of Ta; ,O0sg gTes were grown via a self-flux
method, similar to that in growing TaPdTes and TaPtTes sin-
gle crystals [21,22]. Powders of the elements Ta (99.97%),
Os (99.95%), and Te (99.99%), in an atomic ratio of Ta :
Os:Te =1:1: 10, were thoroughly ground by hand in
agate mortar. Then, the mixture was loaded, and sealed into
an evacuated quartz ampule. All the procedures handling the
reagents were done in a glovebox filled with pure argon gas
(O, and H,O < 0.1 ppm). The ampoule was slowly heated
up to 1273 K and held for 48 h. After that, it was cooled to
773 K at a rate of 6 K/h, then followed by furnace-cooling
down to room temperature. Small shiny gray-black flattened
needlelike crystals with a typical size of 1.5 x 0.3 x 0.1 mm?
were harvested [see the left inset of Fig. 1(a)]. The air-stable
crystals are malleable, and can be easily exfoliated to a thin
layer by a razor blade.
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FIG. 1. Sample characterizations and crystallographic structure
of Ta; ,0sp s Tey. (a) Single-crystal x-ray diffraction pattern. The left
inset is a photograph of the Ta; ,0sysTe4 crystals on a millimeter-
grid paper. The right inset shows the first reflection in x-ray
diffraction pattern. (b) A typical energy-dispersive x-ray spectrum
with electron beams focused on the selected area (marked in the
inset) of the crystals. (c) Crystal structure of Ta;,0sgsTe, viewed
perspectively along the a axis. (d) Projection view of one atomic
layer of Ta,; ,Os sTes (upper), WTe, (middle), and TalrTe, (bottom)
along the chain direction.

B. Structure and composition determination

The actual chemical composition of the as-grown crys-
tals was determined by energy-dispersive x-ray spectroscopy
(EDS) with an AMETEK©EDAX (Model Octane Plus) spec-
trometer, equipped in a field-emission scanning electron
microscope (Hitachi S-4800). We arbitrarily selected four
pieces of crystals from the same batch for the EDS measure-
ment to obtain the average stoichiometry. Figure 1(b) shows
the typical EDS spectrum for a piece of crystal. The average
chemical composition of the as-grown crystals is determined
to be Ta; 20O0sg.79Tes g4 by fixing the Ta content to be 1.20. The
detailed results are tabulated in Table S1 of the Supplemental
Material (SM) [32].

X-ray diffraction (XRD) data collection from this single
crystal was performed on an Xcalibur, Atlas, Gemini ultra
diffractometer. The crystal was mounted on the CCD go-
niometer head, followed by diffraction data collections at
170.15 K. Data collection, integration, and absorption correc-
tion were done in the X-AREA software package. The structure
was solved by a direct method and refined by full-matrix least
squares based on F? using a SHELXTL program package [33].
The result indicates our crystals adopt a noncentrosymmetric
orthorhombic structure with the space group Pmn2; (No. 31).
Its atomic coordinates and thermal displacement parameters
(Ueq) are given in Tables S2 and S3 of the SM. The related
bond lengths and bond angles are given in Tables S4 and S5
of the SM. Single-crystal XRD data collection was also per-
formed at room temperature with a monochromatic Cu Ko 1
radiation using a PANalytical x-ray diffractometer (model
EMPYREAN) radiation by a conventional 6-26 scan for a
crystal mounted on a sample holder. As shown in Fig. 1(a),
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TABLE 1. Crystallographic data and experiment details for
Ta; ,0sp3Tey

Compound Ta; 20s05Te,
T of data collection (K) 170.15
Wavelength (A) 0.71073
Formula weight (g mol™") 879.70
Crystal system Orthorhombic
Space group Pmn2,
a(A) 3.6034(7)
b(A) 6.3042(12)
c(A) 13.674(2)
Volume (A%) 310.63(10)
Z 1
Density (calculated) (g cm™) 9.405
w (mm~1) 55.733
F(000) 731.0

0.1 x 0.1 x 0.088
5.958 t0 55.978

Crystal size (mm?)
26 range for data collection (deg)

Index ranges —4<h<4
—8<Lk<8
—-18<I<18
Reflection collected 852

Independent reflections 852 [Ryy = 0.0636]

Data/restraints /parameters 852/1/38
Goodness of fit 1.084
Final R* indices [> 20 (1)] Rys = 0.0520
Ry, = 0.1457
R indices (all data) R = 0.0527
a)Ran = 0.1469

‘R =3||F,|—|F.|l/Z|F,|, oR = {Z[0(|F,|*— |F.|*)*1/ Zlo(|F,|)]}'2,
and w = 1/[0%(F?) + (0.0894P) + (22.44P)], where P = (F2 +
2F2)/3.

only multiple peaks arising from the diffraction from (0 0 /)
planes can be observed, consistent with the layered crystal
structure. The left inset of Fig. 1(a) shows the first reflection
(the maximum peak), full width at half-maximum of which
is only 0.04°, indicating the high quality of the crystals. The
interplane spacing at room temperature is determined to be
6.836 A, and this value is very close to half of the lattice
parameter ¢ (c/2 = 6.837 A) tabulated in Table I.

C. Physical property measurements

Magnetic susceptibility measurements were performed on
a commercial Quantum Design magnetic property measure-
ment system (MPMS-7). The electrical resistivity and mag-
netoresistivity measurements were carried out in a physical
property measurement system (PPMS-9; Quantum Design)
with ac transport option (typical excitation current 1 mA).
Gold wires were attached to the crystals by silver paste with a
standard four-probe method. The electrode configurations for
measuring the resistance along all three directions are illus-
trated in the insets of Figs. 2(a), 2(b) and 2(c), respectively.
The Hall-effect measurement was performed by reversing the
field direction and antisymmetrizing the data. A traditional
angle-resolved photoemission spectroscope (ARPES) with a
helium lamp (photon energy hv = 21.2 eV) and a base pres-
sure better than 5 x 107" mbar was utilized to measure the

band structure of the samples, and measurements were per-
formed on a fresh (001) surface of a separate crystal from the
same batch, which was obtained by cleaving in situ at ~7 K.
During ARPES measurements, the sample temperature was
kept at ~7 K.

III. RESULTS

The crystal structure of Ta;0spgTes is displayed in
Fig. 1(c), which clearly shows the vdW stacking of the 2D
layers along the ¢ axis. The layered slab, as shown in the
upper panel of Fig. 1(d), comprises two alternating 1D chains
(Ta octahedra and adjacent edge-sharing Os octahedra) that
run parallel to the a axis. This type of coordination is quite
common among the tellurides, but the special point here is the
partial occupation at the atomic site of Os by Ta, making the
title compound off-stoichiometric. If replacing both Ta and
Os with W, the WTe, phase would be derived [middle panel
of Fig. 1(d)]. Ta; ,0spsTes and WTe, have similar lattice
parameters. Actually, Ta; ,OsggTey4 is also isostructural with
type-II Weyl semimetals (Ta, Nb)IrTe, [25-27,34] [bottom
panel of Fig. 1(d)]. The major difference in terms of the
crystal structure between Ta; ,OspgTes and (Ta, Nb)IrTey is
that for the latter, it is two kinds of double octahedral chains
alternating along the b axis that constitute the layered slab.
Therefore, the lattice parameter b of the latter is almost twice
that of the former. The distinct atomic layers of Ta; ,Osq gTeq,
WTe,, and TalrTe, are plotted together in Fig. 1(d) for com-
parison. In the literature, the hints of this new structure among
ternary TMTs can be found. A recent report on the successful
growth of Taj¢Rug75Tes single crystal, which is also an
off-stoichiometric telluride [35], shows that the unit cell of
Ta; 26Rug 75Tey is halved along b compared to TalrTe4, found
by a selected area electron diffraction (SAED) pattern. They
obtained a better fit with the SAED pattern by using the pro-
posed structure [35], the same as that of Ta; ,O0sg gsTe4 here. A
much earlier work on the synthesis of TaRuTe, also reported
the anomaly related to the absence of the weak k = 2n + 1
reflections in a long-exposure Weissenberg photograph that
are expected from the structure of TalrTe, [34]. Since the Os
sites are partially occupied by Ta in our samples, one may
expect the different chemical composition of Ta;,Os;_,Tey
other than x = 0.2; however, our preliminary attempts by
varying Ta : Os nominal ratio to harvest Ta;,,Os;_,Te4
crystals with the same structure of Ta; ,Os( gTes, were unsuc-
cessful.

The partial occupation in Ta; ,OspgTes can bring about
a profound impact to its macroscopic properties, as the ex-
tra Ta at the Os site behaves as disorder. The electrical
resistivity, measured with the current applied along three crys-
tallographic directions is demonstrated in Figs. 2(a)-2(c). As
seen, the along-chain resistivity p,(7) shows metallic be-
havior from room temperature down to 7. = 8.4 K, below
which a low-T upturn appears. The metallic data between
45 K and T, can be well fitted by pr; = po + AT?. The
residual resistivity pg, obtained from the extrapolation to 0 K,
is 0.27 mQ cm. The intrachain mean-free path [y can be
estimated to be 20.63 A from p, using the Drude formula
for a 1D metal Iy = mwhbc/2¢*py, where b= 6.30 A and
¢ =13.67 A are lattice constants. Since the a-axis lattice
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FIG. 2. Physical properties of Ta; ,0s sTes. (a)—(c) Temperature dependence of the electronic resistivity p,, pp, and p. (crystal #1) with
the current applied along the a axis (a), b axis (b), and ¢ axis (c), respectively. The bottom inset of (a) and (b) is Ao vs T. The upper inset
of (b) shows low-T data plotted against T2, and the arrow indicates the onset of deviation from T resistivity. The upper inset of (c) shows
p.(T') measured with the other crystal #2, and the bottom inset is an enlarged view of the low-T regime. (d) Temperature dependence of the
resistivity anisotropy for p,/p, (left axis) and p./p, (right axis). (e) Temperature dependence of the magnetic susceptibility x (7)), measured
at 0.5 T with field parallel to the ¢ axis. (f) ARPES band structure at 7 K along I'-X high symmetry direction corresponding to the intrachain
direction in real space. The red dashed line indicates the band that crosses the Fermi level.

constant is 3.60 A, Iy is equivalent to only six unit cells.
The small residual resistivity ratio RRR = p,(300 K)/p9 =
1.1 further demonstrates Ta; ,0sygTes being a bad metal,
possibly induced by intrinsic disorder. When the current is
passing perpendicular to the chain direction, the resistivities
pp and p. monotonically increase with lowering temperature,
indicating a semiconducting regime before peaking at Tnfax =
248.0 K (pp) and T, = 19.0 K (p.). As shown in Fig. 2(c),
p.(T) measured on one crystal #1 is too noisy to identify
the detailed behaviors, especially at low temperatures. We
therefore used a second crystal #2 to measure p.(7T) below
100 K, shown in the upper inset of Fig. 2(c). #1 and #2
have comparable values and similar p.(T") profiles, indicating
the reliability of our measurements. From the enlarged view
in the low-T range of p.(7T) shown in the bottom inset, we
can easily identify the crossover from high-7" semiconducting

behavior to low-7" metallic behavior, although the metallic
temperature range is quite narrow. Similar behaviors have
also been observed in quasi-1D cuprate PrBa,CusOg [11,36]
and (TMTSF),PFg [13] and were attributed to a dimensional
crossover with increasing temperature from 3D to 1D due
to coherent to incoherent inte-chain hopping, although the
dimensional crossover is usually understood as the interplay
between a characteristic length of the measurements and the
sample’s physical dimensions [37]. Similar to a FL behavior
of p,(T) in the metallic regime at low temperatures, both
pp(T) and p.(T) in this regime also follow a quadratic tem-
perature dependence, i.e., between 45 K and Tlﬁin for p, and
between 19 K and TS, for p. (fit not shown here), although
the metallic temperature range of p. is too limited to make
a solid claim. Typically, there are two energy scales that are
used as a measure of 2¢, in the interchain resistivities of low-
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dimensional metals, which have been experimentally verified
to be feasible [12,36]. The peak in p, (T') at T2 is generally
regarded as an upper bound for 27, , while the deviation from
the low-T quadratic resistivity gives a lower bound. The arrow
in the upper inset of Fig. 2(b) indicates the temperature Tcoh,
at which p,(T") ﬁrst deviates from a T2 behavior. The metallic
regime below 7¢, is so limited that we can neglect the small
difference between 7.7, and T;;, and regard them as the same.
TC}(’)hC defines the temperature at which b- and c-axis hopping
first begins to lose coherence. T;%:¢, in contrast, represent
the temperature at which all 1ntercha1n coherence gets lost.
In the intermediate regime T < T < TEe, the chains are
weakly coupled and the metalllclty disappears gradually with
increasing temperature. By assuming kzT.on & 2t; , we obtain
estimates for the warping parameters of the quasi-1D Fermi
sheets: 2¢% ~ 3.88 meV and 21 = 1.64 meV.

The low-T upturn is also observed in p,(T) below T2 =
8.9K and p.(T) below TS, = 7.9 K. The similar upturns have
also been reported in some other compounds. For example,
in purple bronze LipoMogO;7, a resistivity upturn prior to
the superconducting transition was observed, the origin of
which remains as yet elusive [38], with CDW/SDW, strong
localization, and excitonic insulator all put forward as the
possible mechanisms for this metal-insulator crossover [39].
Rather, in the highly one-dimensional cluster chain compound
Na,_,MogSeg, its resistivity upturn follows the variable range
hopping law [40]. In order to gain further understanding of
the nature of the upturns observed here, we now turn to a
quantitative analysis by examining the correction term Aoy,
= 1/04 — 1/prr, Where ppp = po + AT? is the red dashed
line shown in panels (a) and (b) of Fig. 2. The data appear
not to follow the temperature dependence expected for several
mechanisms, including various types of variable range hop-
ping conduction [cxexp(—Ty/T)* with o = 1/2,1/3,1/4]
[41], thermal activation [oxexp(—E,/kgT)], 1D weak lo-
calization (WL) corrections (x7 ~#/%, where 8 =2 is the
exponent in the temperature variation of the inelastic scatter-
ing time) [42], and WL correction for a TL liquid (x T InT')
[43]. Instead, the data exhibit a InT divergence [Ao, , o< InT],
as shown in the bottom insets of panels (a) and (b) of Fig. 2,
expected for Kondo scattering [44]. However, it is necessary
to have enough magnetic impurities to induce a Kondo effect.
The nearly 7'-independent magnetic susceptibility, plotted in
Fig. 2(e), obviously argues against this Kondo mechanism but
rather suggests a different origin. We shall return to this issue
later.

The temperature dependence of resistivity anisotropy
op/ pq (left axis) and p./p, (right axis) is plotted in Fig. 2(d).
Both p,/p, and p./p, increase almost linearly with de-
creasing temperature and flatten out at low temperatures,
especially below T min > ¢, reflecting the same logarithmical de-
pendence. The quasi-1D transport behaviors are exhibited
with p, : pp i po=1:54:18.1at300K, and 1:5.8:32.1
at 1.8 K, although the in-plane anisotropy is small com-
pared with other quasi-1D conductors. The band structure of
Ta; 20s¢ sTeq at ~7 K along I'-X high symmetry direction is
shown in Fig. 2(f), from which four bands are clearly resolved.
Three of them exhibit holelike parabolic shape and do not
cross the Fermi level. The only one that crosses the Fermi
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FIG. 3. Temperature dependence of p, (a), p, (b), and p. (c) with
the magnetic fields parallel to the ¢ axis, ¢ axis, and b axis, respec-
tively, up to 9 T below 50 K. The transverse magnetoresistance for
pa (d), pp (€), and p, (f) at selected temperatures. Kohler’s scaling for
Pa (8), pp (h), and p. (i).

level has a nearly linear dispersion, as indicated by a red
dashed line in Fig. 2(f). The slope of the linear dispersion
is ~2.9 eV A, corresponding to a very high Fermi velocity
vr of ~4.4 x 103 ms~! (about half of that in graphene). The
linear dispersive band crosses the Fermi level at 0.34 A~!. If
the Fermi pocket is assumed to be spheroidal, the 3D carrier
density can be deduced from the volume of the Fermi pocket
to be ~1.3 x 10>' cm~3. The metallic parameter k[ is then
estimated to be 7.8 at ~7 K, in which the Fermi wave vector
kp is 0.38 A1, calculated from the relation kp = mevr /h.
In quasi-1D cuprate PrBa,CuyOg [42], a crossover from a
FL behavior to low-T localization with the current along all
three crystallographic axes is also observed. By introducing
intrinsic disorder through irradiation in PrBa,Cu4Og, a lo-
calization threshold, consistent with theoretical predictions
for a disorder-induced 3D-1D transition, was found to oc-
cur simultaneously along all three axes once Iy < 300 A or
krly < 60. Indeed, in Ta; ,0sggTeq, both [ (20.63 A) and
krly (7.8) are small enough to account for the low-T localized
state. In addition, according to PF’s scenario, localization in
quasi-1D conductors should occur once 7/ty > 2t, [17]. For
Ta;,0sosTes, hi/t9 = hvp/ly ~ 140 meV is far more than
2[}6. Therefore, the low-T resistivity upturn in Ta; ,Osg gTes
is overall consistent with the PF’s scenario.

Figure 3 shows the transverse magnetoresistance (TMR)
under different current and magnetic field configurations. The
low-T upturn of p4, pp, and p, is enhanced and T shifts
towards higher temperatures with increasing field [see panels
(a)—(c)]. In panels (d)—(f), we plot the TMR curves measured
at fixed temperatures. In the metallic temperature range, all
TMR are quite small and vary quadratically with field, as in a
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FIG. 4. (a) The Hall resistivity of Ta; ,OsgTe, at selected tem-
peratures below 300 K. The magenta dashed lines are linear fits.
(b) The temperature dependence of Hall coefficients extracted by the

linear fitting.

standard metal. At temperatures below 7%”¢, however, TMR
shows anomalous field dependence. For the current parallel to
the ¢ axis and magnetic field parallel to the b axis, the Boltz-
mann transport theory for a quasi-1D metal gives Ap./p, =
(eproHc/h)?12, where c is the lattice constant [42]. At9 T and
1.8 K, Ap./pe = 0.009, giving I, = 50.6 A, slightly larger
than that estimated from the zero field py. Panels (g)—(i) of
Fig. 3 show Kohler’s plots for all three configurations, from
which we can clearly observe that Kohler’s rule is severely
violated at all temperatures. Such violation of Kohler’s rule
is reminiscent of that observed in disordered PrBa,Cu4Og
when 71/7y > 2t, [45], and also similar to the high-7, cuprates
YBa;Cuz07;_s and La,Sr,CuQOy4 [46]. In these cases, such
violation was attributed to the anomalous scattering time,
possibly related to spin-charge separation, a hallmark of the
TL state.

The Hall resistivity p,, up to 9 T at selected tempera-
tures below 300 K is shown in Fig. 4(a). The positive pgp,
increasing almost linearly with field, suggests the dominance
of single-band hole-type charge carriers, consistent with the
ARPES results shown in Fig. 2(f). By linearly fitting the data,
we get the T-dependent Hall coefficient Ry, as summarized
in Fig. 4(b). The value Ry = 2.4 x 1073 cm®*C~! at 2.5 K
corresponds to a carrier concentration n = 2.6 x 10*! cm™?
by the relation Ry = 1/ne. Then, kp is calculated to be 0.43
A~!, very close to the APRES results. In a purely 1D metal,
no Hall voltage is expected as the Lorentz force cannot bend
a trajectory of a charge carrier across the conducting chains.
The Hall conductivity should remain quite small for an open
Fermi surface, even if a finite 2¢, exists [47]. At low tempera-
tures where 2¢, is much larger than kg7, the system begins to
show a quasi-2D nature, and consequently the Lorentz force
becomes effective to increase Ry . Indeed, Ry of Ta; ,0sg g Tey
rapidly increases below T2, and eventually saturates below
30 K. A similar T-dependent Ry was also observed in quasi-
1D cuprates PrBa;Cu;O; [48] and PrBa,;CuyOg [49]. Thus,
T-dependent Ry can be well understood in terms of inter-
chain coherent hopping along b, i.e., 1D-2D crossover around
Tb

max*

IV. DISCUSSIONS AND CONCLUSION

The small, yet positive MR seen in the resistivity upturn
regime in this quasi-1D metal is remarkable. This posi-
tive TMR apparently rules out the Kondo scattering as the

origin of the low-T upturn in Ta; ,Os( gTe4. Also, the electron
scattering is not strong enough to place this material in the
strong localization shrine. In the weak-localization regime, a
magnetic field usually gives rise to a negative TMR. However,
in their pioneering work, Lee et al. proposed that the weakly
disordered electron gases may also have positive MR arising
from the spin splitting of conduction electron energies in a
field and in the high-field regime, this positive MR is supposed
to grow as InH in two dimensions and \/17 in three dimen-
sions [50,51]. Nevertheless, due to the limit of field strength
used in this study, we are unable to test this high-field scaling
of MR in Ta],QOS()_gTe4.

The low-T resistivity upturn as well as the positive
TMR may have a common origin with that in disordered
quasi-1D PrBa;CuyOg [45]. In the case of PrBa;CuyOg, the
dimensional crossover scenario is regarded as a possible
explanation. In this picture, localization appears simultane-
ously with a dimensional crossover in the electronic ground
state when the scattering rate in the chains exceeds the hop-
ping integral between the chains, i/t > 2¢t, . The intrachain
scattering is so strong that the Bloch wave function cannot
propagate between chains, making the electrical transport
between chains incoherent; meanwhile, the presence of suf-
ficient amounts of in-chain disorder leads immediately to the
localization of in-chain electrons. This leads to the resistivity
upturn along all three orthogonal directions. In the localized
regime of disordered PrBa,CusOg, a large TMR (orders of
magnitude larger than in Ta;,0s(sTes) was observed. This
can be understood in terms of “interrupted strand” model
[52,53], where the 1D chains are segmented into metallic
islands by impurities such that the quasiparticles remain ex-
tended over several unit cells and subject to the Lorentz
force, inducing the sizable orbital MR [45,54,55]. The same
localization physics might also be applicable for Ta; ,Osg g Teq
here.

In conclusion, we have successfully synthesized the high
quality single crystals of a new off-stoichiometric vdW
telluride Ta; ,Osg gTey. Its 2D atomic layer comprises the al-
ternating arrays of TaTe, and OsTe, chains with 20% extra Ta
atoms occupying the Os atomic sites. The two interchain resis-
tivities pp, and p. show a metal-insulator transition at different
temperatures, suggestive of successive crossovers from 3D
to 1D with increasing temperature. Multiple physical mecha-
nisms, which possibly give rise to the observed low-T upturn
of the resistivity along all three crystallographic directions,
are discussed. Our results not only suggest that the coupling
between chains in Ta; ,Osg g Te4 forms a 3D FL ground state at
low temperatures, consistent with the renormalization group
theory, but also provides additional support for the validity of
the PF’s argument in the dimensional crossover. In the future,
it would be intriguing to investigate the physical properties
of the stoichiometric vdW telluride TaOsTe4, and explore
possible superconductivity, topological physics, or even topo-
logical superconductivity therein, given its isostructure to the
type-1I Weyl semimetal WTe, and (Ta, Nb)IrTe,.
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