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The intercalation of magnetic elements in nonmagnetic van der Waals (vdW) materials is an effective
way to design different (quasi) 2D magnets and produce exotic properties. More specifically, how exactly
the intercalator is distributed within the synthetic crystal can also affect the physical properties substantially.
In contrast to conventional 3d transition-metal intercalates of niobium and tantalum dichalcogenides, which
commonly have 2 × 2 or

√
3 × √

3 type ordered intercalation, we report a disordered intercalation of Co atoms
between the vdW gaps of 2H-tantalum disulfide (2H -TaS2). The obtained quasi-vdW ferromagnet Co0.27TaS2

shows both perpendicular magnetic anisotropy and thickness-tunable magnetic properties. More interestingly, the
temperature dependence of electrical resistivity shows a semiconductorlike behavior, in contrast to the metallic
feature of other analogs in this material family. This unexpected phenomenon can be understood through a
variable-range hopping mechanism, which is due to highly disordered intercalation. Moreover, Co0.27TaS2 shows
a side-jump scattering dominated anomalous Hall effect, which can also be related to the disordered distribution
of Co intercalators.

DOI: 10.1103/PhysRevB.107.134406

I. INTRODUCTION

Since physical properties are affected as the dimensional-
ity is reduced, van der Waals (vdW) materials have grabbed
great interest for their weakly bonded layered structure that
facilitates the exfoliation to reach a few layers or even mono-
layers [1–5]. In 2017, exfoliated CrI3 and Cr2Ge2Te6 flakes,
as thin as one or two layers, were shown to retain their in-
trinsic magnetic properties. This showed the potential of vdW
materials for studying the magnetic properties in true two-
dimensional (2D) limits and for applications in spin-based
devices [6–9]. To expand the 2D magnetic material family,
one effective method is to intercalate magnetic ions or mag-
netic molecules into the vdW gap (between the weakly bonded
layers). The introduction of these intercalators can modu-
late the crystal structure and interlayer coupling significantly
and allow tuning of the magnetic and electronic properties
[10]. 3d transition-metal intercalates of niobium and tantalum
dichalcogenides have the empirical formula of TxMD2 (T =
V, Cr, Mn, Fe, Co, Ni; M = Ta, Nb; D = S, Se; x = 1/4, 1/3)
exhibit either ferromagnetic or antiferromagnetic order, de-
pending on their chemical composition and crystal symmetry
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[11–14]. For instance, FexTaS2 shows ferromagnetic or-
der with a magnetic easy axis that is aligned with the
c axis for x ranging 0.2–0.4. However, the material be-
comes antiferromagnetic when x exceeds 0.4 [11,15,16].
Importantly, such synthetic TxMD2 can maintain the mag-
netic order even at atomic thickness [17,18], which makes
it a promising candidate for low-dimensional spintronic
applications.

According to previous studies, in the TxMD2 material
family, intercalation always results in 2 × 2 or

√
3 × √

3
superstructures, which leads to either the centrosymmetric
P63/mmc or chiral P6322 space group [11]. For instance,
Mn1/4NbS2, in which the Mn atoms form 2 × 2 superstruc-
tures, is a normal ferromagnet with a Curie temperature (TC )
of about 104 K [19]. Mn1/3NbS2, on the other hand, be-
comes a chiral helimagnet because the

√
3 × √

3 ordered Mn
intercalators modify the positions of the S atoms slightly,
which produces a chiral crystal structure as well as sig-
nificant Dzyaloshinskii-Moriya interaction [20]. Therefore,
the symmetry of intercalators represents an important degree
of freedom that can alter the magnetic properties substan-
tially. However, unlike the ordered 2 × 2 and

√
3 × √

3
type intercalation, the disordered intercalation of magnetic
atoms in TxMD2 has neither been observed nor discussed. It
would also be important to learn how this type of disorder
can affect the electric and magnetic properties of the host
material.

In this work, we report the disordered intercalation
of Co atoms in 2H-TaS2. The intercalation is confirmed
using single-crystal x-ray diffraction (SC-XRD) and elec-
tron diffraction experiments. Because of the disordered
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FIG. 1. (a) Schematic presentation of the Co0.27TaS2 structure. The unit cell of the crystal is marked by dashed lines. (b) SAED diffraction
pattern of the Co0.27TaS2 crystal along the [001] direction. (c) Cross-section atomic-resolution STEM image of Co0.27TaS2 along the [010]
zone axis. The inset shows the enlarged image to see the individual atoms more clearly.

intercalation, the temperature-dependent electrical resistivity
of Co0.27TaS2 displays a semiconductorlike feature and can be
described by the variable-range hopping mechanism. More-
over, Co0.27TaS2 can be exfoliated into thin flakes of different
thicknesses, and their magnetotransport properties are studied.
The anomalous Hall effect (AHE) mechanism in Co0.27TaS2

is mainly due to side-jump scattering, which can also be
associated with disordered intercalation.

II. EXPERIMENT

A. Sample preparation and characterization

Co0.27TaS2 crystals were grown using chemical vapor
transport (CVT) [21]. A stoichiometric mixture of Co, Ta, and
S powder and a small amount of iodine was sealed in an evacu-
ated quartz tube, which was placed into a horizontal two-zone
furnace with a reaction-zone temperature of 1050◦ C and a
growth-zone temperature of 900◦ C for seven days. The θ -
2θ XRD measurements were performed at room temperature
using a Bruker D2 PHASER diffractometer with Cu Kα radi-
ation (λ = 1.54184 Å). In addition, SC-XRD measurements
were conducted using a Bruker D8 Venture diffractome-
ter with Mo Kα radiation (λ = 0.71073 Å) at 180 K. The
crystal structure was refined using the computer program
SHELXT and the OLEX2 software package [22]. The scanning
transmission electron microscopy (STEM) images were ob-
tained using an FEI Titan Cs Probe transmission electron
microscope.

B. Magnetic and transport measurements

The magnetic properties were investigated using a su-
perconducting quantum interference device magnetometer
(MPMS3, Quantum Design). The h-BN-covered devices were
fabricated using the dry transfer method on an accurate
transfer platform (Metatest, E1-M) with the assistance of
polydimethylsiloxane (PDMS) stamps [23]. Hall bar devices
were fabricated using electron beam lithography (EBL) after
the mechanical exfoliation of a crystal. The electronic prop-
erties of both bulk and nanoflake devices were acquired using
the four-probe method via a physical property measurement
system (Quantum Design).

III. RESULTS

Figure 1(a) shows a schematic of Co0.27TaS2 based on
the SC-XRD experiments. The refined SC-XRD data indi-
cate a chemical composition of Co0.27TaS2, which belongs
to the P63/mmc space group with the lattice parameters a =
3.30870(10) Å and c = 11.8788(5) Å. The Co atoms interca-
late between the vdW gaps of 2H-TaS2, forming octahedral
coordination with the S atoms. More detailed SC-XRD results
can be found in Table S1 of the Supplemental Material [24]. In
addition, we also performed the energy-dispersive x-ray spec-
troscopy (EDX) to further confirm the chemical composition.
The EDX result in Fig. S1 of the Supplemental Material [24]
indicates a chemical formula of Co0.26TaS1.84 (with respect
to Ta) or Co0.28Ta1.09S2 (with respect to S), which is very

134406-2



THICKNESS-TUNABLE MAGNETIC AND ELECTRONIC … PHYSICAL REVIEW B 107, 134406 (2023)

FIG. 2. Magnetic properties of bulk sample: (a),(b) Temperature-dependent magnetization along the c axis and ab plane, respectively.
Inset: temperature dependence of the inverse susceptibility, with H = 1 kOe fitted by Curie-Weiss law. (c) Temperature-dependent dM/dT for
the ZFC M(T) curve. (d) The applied magnetic-field dependence of TC . The dashed lines serve to guide the eye. (e),(f) The M(H ) curves were
measured using H//c and H//ab at different temperatures. At 2 K and H//c, the coercive field Hc is 1.6 kOe.

close to the SC-XRD result. In Fig. S2, the (00l ) reflection
peaks of the θ -2θ XRD pattern reveal that the crystal surface
is the ab plane. The selected area electron diffraction (SAED)
pattern of Co0.27TaS2 along the [001] direction, Fig. 1(b),
shows hexagonally arranged diffraction spots with no addi-
tional superstructure spots. In the TxMD2 material family,
the magnetic intercalators tend to form 2 × 2 or

√
3 × √

3
ordered superstructures, which can be identified by the (1/2
1/2 0) or (1/3 1/3 0) diffraction spots in the [001] direction
in SAED patterns, respectively [25]. It is worth mentioning
that the arrangement of intercalators plays an important role
in the physical properties of the material [11,25]. Furthermore,
the absence of superstructure diffraction spots in Co0.27TaS2

means that the Co atoms do not form 2 × 2 or
√

3 × √
3

ordered configurations. Instead, they randomly occupy the
center of S octahedrons within the vdW gap, with an average
occupancy of 0.27, based on the SC-XRD results. Figure 1(c)
displays a STEM image, which was acquired along the [010]
zone axis. The structural model can be overlaid perfectly with
the STEM image, which confirms the validity of the deter-
mined crystal structure.

To obtain information about the magnetic properties of the
materials, we first performed a temperature-dependent mag-
netization measurement with magnetic fields of 1, 10, and
50 kOe (applied along the c axis and ab plane), using both
zero-field-cooled (ZFC) and field-cooled (FC) protocols for
the bulk crystal. In Figs. 2(a) and 2(b), it is evident that the
magnetization for H//c is much higher than that for H//ab,
which suggests perpendicular magnetic anisotropy (PMA).

The intrinsic TC of the crystal can be obtained from the min-
imum of dM/dT using the low-field ZFC or FC curve. The
extracted TC for 1 kOe ZFC data was 28 K; see Fig. 2(c).

We also plotted the temperature dependence of 1/ χ (T)
for the 1-kOe FC data in the inset of Figs. 2(a) and 2(b), for
H//c and H//ab. The data in the temperature range 100–
300 K can be fitted well to the modified Curie-Weiss law,
χ = χo + C/(T −θ ), where χo is a temperature-independent
term, C denotes the Curie-Weiss constant, and θ is the Weiss
temperature. The parameters obtained for H//c and H//ab,
θc = 34.78 K and θab = −9.42 K, indicate FM interactions
along the c axis and AFM interactions along the ab plane,
respectively. We also measured the ZFC-FC M(T) curves for
different magnetic fields to study if the TC is field dependent
because some magnetic 2D vdW materials exhibit a strongly
field-dependent TC . In Ref. [6], the magnetic-field dependence
of TC in a nano-thick Cr2Ge2Te6 flake was reported but no
such dependence was observed in the bulk limit. Figure 2(d)
shows the extracted TC as a function of the applied field along
the c axis in the M(T) measurements for the Co0.27TaS2 crys-
tal. The TC increased from 28 to 41 K when H increased from
1 to 50 kOe, and no sign of saturation could be observed. This
suggests weak exchange coupling, which means that the ap-
plied magnetic field strength was comparable to the exchange
field. As a result, Tc was enhanced by the external field. Note
that the field dependence for fields below 10 kOe (and above
10 kOe) is also interesting and worthy of further investiga-
tion. To further validate the existence of PMA in the crystal,
we performed the magnetization as a function of the applied
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FIG. 3. Temperature dependence of the channel resistivity (ρxx ) measured for bulk, 110-, 50-, 40-, 30-, and 25-nm devices. Inset: Optical
image of the nano-thick-flake device.

magnetic field for both H//c and H//ab at different temper-
atures; see Figs. 2(e) and 2(f). When the field was applied
along the c axis and the temperature was below TC , hysteresis
loops became clearly visible. The 2-K loops show a relatively
high remanence, which confirms the presence of PMA (the
magnetic easy axis is parallel to the c axis). The M(H ) curves
for the H//ab plane show no hysteresis loops, unsaturation,
and reversible behavior across the whole temperature range,
which further confirms the presence of PMA. At 50 kOe
and 2 K, the magnetization for H//c (∼4 emu g−1) is much
higher than for H//ab (∼1.7 emu g−1), which suggests the
anisotropy field is much larger than 50 kOe. The nonperfect
linear dependence of M(H ) for H//ab below the Curie tem-
perature and nonsquared hysteresis loops for H//c indicate
that the magnetic anisotropy is not perfectly perpendicular to
the ab plane. A recent study showed that Co1/3TaS2, with Co
atoms forming

√
3 × √

3 superstructures, is a noncollinear an-
tiferromagnet [26]. Even when the Co concentration decreases
to 0.29 (i.e., Co0.29TaS2), the noncollinear antiferromagnetic
order remains as long as the

√
3 × √

3 superstructures per-
sist [27]. Therefore, the clear differences in the magnetic
properties between Co0.27TaS2 and Co1/3TaS2 (or Co0.29TaS2)
should be on account of the different arrangements of the
intercalators. Hence, a better understanding of the relationship
between disordered intercalation and PMA in Co0.27TaS2 is
needed.

To understand the charge transport mechanism in
Co0.27TaS2, the magnetotransport properties, such as Hall
resistivity and magnetoresistance, were measured for a
temperature range 2–300 K and different thicknesses.

Figures 3(a)–3(e) show the temperature-dependent longitudi-
nal resistivity ρxx for both the bulk and the nanoflakes with
different thicknesses exfoliated from the same single crystal.
The resistivity always increases monotonically with decreas-
ing temperature across the whole temperature range, which
suggests semiconductorlike behavior. However, the increase
in resistivity is much weaker than in conventional semicon-
ductors, since the ratio of ρ(2 K)/ρ(300 K) is small (<1.2).
Thus, the temperature dependence of the electrical conduction
in Co0.27TaS2 is expected to be dominated by barriers involved
in the hopping/tunneling events instead of depending on the
band gap of a typical semiconductor. In addition, both the
resistivity value and the curve shape suggest that the charge
transport is independent of the sample thickness down to
30 nm. To eliminate the probability of oxidization, which
can cause such behavior, a device was fabricated for a flake,
which was exfoliated in a glove box (argon atmosphere with
O2 < 0.1 ppm and H2O < 0.1 ppm) from a different crystal
and then covered with h-BN. The longitudinal resistivity of
the device, Fig. 3(f), confirms that the origin of the behavior
stems not from the oxidation of the thin plates; instead, it ap-
pears to be intrinsic. This indicates that the semiconductorlike
behavior is due to the disordered intercalation of Co atoms
in Co0.27TaS2. Moreover, previous studies of Co0.26TaS2 and
Co0.29TaS2 show metallic behavior based on the ρxx(T ) curve
[27,28], even though the concentration of intercalating Co
atoms is close to the one in the present work. However, in
these studies, the crystal structure of both Co0.26TaS2 and
Co0.29TaS2 was refined with space group P6322, which means
the Co atoms were in the form of

√
3 × √

3 superstructures.

134406-4



THICKNESS-TUNABLE MAGNETIC AND ELECTRONIC … PHYSICAL REVIEW B 107, 134406 (2023)

FIG. 4. High-temperature (T > 130 K) electronic transport can be fitted using the nearest-neighbor hopping model. The red solid lines
serve as a visual guide.

Therefore, the type of intercalation (i.e., ordered or disor-
dered) should have a strong effect on the transport properties
of CoxTaS2. In addition, the charge carriers in disordered
systems are expected to hop between sites with a variable hop-
ping distance, which is consistent with the low-temperature
electronic transport properties of Co0.27TaS2 shown below.

To better understand the charge transport mechanism, we
plotted the logarithmic conductivity as a function of tempera-
ture. In the high-temperature range (130–300 K), the charge
transport can be described using the nearest neighbor hop-
ping (NNH) model for the disordered materials, where the
electrons can only hop to the nearest neighbor site [29]. The
NNH can be expressed as σ = σoexp (−Ea/KBT ), where σo

is the pre-exponential factor, Ea denotes the activation energy,
and KB is the Boltzmann constant [30,31]. All curves for
devices with different thicknesses show a linear dependence,
ln σ vs 1/T for T > 130 K; see Figs. 4(a)–4(d). We then
determined the activation energy that governs the hopping
of the carriers to be 0.5–0.9 meV, which is much smaller
than the thermal agitation at the measuring temperature range
130–300 K (corresponding to 11–26 meV), indicating that the
conduction mechanism is dominated by the thermal activation
and leads to exponential temperature dependence, σ = σo exp
(−Ea/KBT ) [30].

At low temperatures, when the thermal energy becomes
insufficient, hopping is governed by the energy of the avail-
able sites. Therefore, the electron continues hopping to a site
where the potential difference is smaller [32]. This transition

can be expressed by the variable-range hopping (VRH) model,
where the conductivity is given as σ = σo exp (T/To)1/(n+1),
with n = 1, 2, or 3 for 1D, 2D, or 3D, depending on the
VRH mechanism [30–32]. The VRH mechanism was inves-
tigated for devices with different thicknesses. At T < 130 K,
the logarithmic conductivity, ln(σxx) vs T 1/4 of the 110-nm
device, shows the best linearity; see Fig. 5(a). In contrast,
ln(σxx) as a function of T 1/3 [Figs. 5(b)–5(d)] shows higher
linearity for the 30-, 40-, and 50-nm-thick devices of the same
temperature range. The dominant conduction mechanism in
the devices changed from the 3D- to the 2D-VRH mechanism
as the thickness decreased from 110 to 50 nm. This may
be because the disorder reduced with decreasing thickness,
and the conduction mechanism modified where the mean free
path becomes larger. An alternative explanation is that the
thickness of the devices becomes comparable to the size of
the localized states’ wave function [33].

To better understand the electronic transport properties for
the nanoflake devices (30–110 nm), we measured the isother-
mal Hall resistivity (ρxy) as a function of a perpendicular
magnetic field for a 50-nm-thick device at T = 2 K; see
Fig. 6(a). The hysteresis loop indicates that the Co0.27TaS2

flake has an out-of-plane magnetic anisotropy, even when the
thickness of the flake decreased to 50 nm. Compared to the
M(H ) hysteresis loop of the bulk crystal in Fig. 2(e), we found
that the remnant to saturation magnetization ratio Mr/Ms =
0.74 (or ρxy(r)/ρxy(s) = 0.69) decreased to ρxy(r)/ρxy(s) = 0.55
for the 50-nm-thick devices, and the coercive field becomes
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FIG. 5. Conductivity at low temperatures (T < 130 K) fitted using the variable-range hopping VRH model. (a) Conductivity is governed
by the 3D VRH mechanism. (b)–(d) Conductivity is governed by the 2D VRH mechanism. The red solid lines are guides for the eye.

smaller with decreasing thickness (see Fig. 8). In the plot,
we have eliminated the longitudinal contribution due to the
misalignment of the Hall electrodes from the anomalous Hall
resistance by using ρxy = [ρxy(+H ) − ρxy(−H )/2]. At T ≈
30 K, the curve loses the hysteretic behavior, which indi-
cates the TC is around 30 K. As the temperature increases
further, the AHE disappears gradually, and the curve becomes
more linear as the material becomes more paramagnetic; see
Fig. 6(b). The Hall resistivity of ferromagnetic materials is
commonly expressed as ρxy = RoH + ρAH

xy , where Ro and
ρAH

xy denote the ordinary Hall coefficient and anomalous resis-
tivity, respectively. As can be seen in Figs. 2(e) and 6(b), both
magnetization and Hall resistivity do not saturate in a high
field, hence, a linear fit cannot be used here. Alternatively, the
Hall resistivity at the highest field (90 kOe in this study) can
be used as an approximation of the anomalous Hall resistivity
ρAH

xy because the ordinary Hall resistivity is negligible com-
pared to the anomalous Hall resistivity. Furthermore, the AHE
can be attributed either to the intrinsic effect related to the
Berry curvature or the extrinsic contributions that arise from a
side-jump or skew scattering [34,35]. The intrinsic contribu-
tion of the anomalous Hall conductivity σ AH

xy can be estimated
using e2/hd , where e is the electronic charge, h denotes the
Plank constant, and d is the lattice parameter [36,37]. To
compare the theoretically predicted value (∼802 �−1 cm−1)
with the experimental data, the temperature dependence of the

anomalous Hall conductivity σ AH
xy ≈ ρAH

xy

ρ2
xx

is shown in Fig. 6(c).

At 2 K, σ AH
xy is 20.65 �−1 cm−1, which is lower than the

theoretical value. This indicates that the AHE is not dominated
by an intrinsic mechanism. The side-jump contribution can
also be estimated, theoretically, using the (e2/hd )(εso/Ef ),
where εso is the spin-orbital interaction energy. For metal-
lic ferromagnets, εso/Ef generally ranges 0.001–0.01 and the
higher limit is commonly used to estimate the side-jump con-
tribution [37,38].

Usually, both skew-scattering and the side-jump mecha-
nism obey the scaling relation ρAH

xy = β ρα
xx, with α = 1 for

skew scattering and α = 2 for intrinsic and side-jump contri-
butions. Recently, a following modified scaling law has been
proposed [39,40]:

ρAH
xy = αρxx0 + β0ρ

2
xx0 + γ ρxx0ρxxT + β1ρ

2
xxT

= C + aρxxT + β1ρ
2
xxT .

Here, α is the skew-scattering coefficient, the coefficients
β0, β1, and γ contain intrinsic Berry curvature and side-jump
contributions, ρxx0 is the residual resistivity, ρxxT = ρxx −
ρxx0, C = αρxx0 + β0ρ

2
xx0, and a = γ ρxx0. As can be seen

in Fig. 6(d), the linear behavior of the anomalous resistivity
ρAH

xy and the ρ2
xxT plot suggests that the side-jump mechanism

should be the dominating contribution to the AHE in this
material. Note that not only the side-jump but also the intrin-
sic mechanism is proportional to ρ2

xx [34]. In other words,
we cannot exclude an intrinsic contribution. However, based
on the presented data, we can conclude that the side jump
is the main contributor to the AHE. This is justifiable because
the randomly distributed Co atoms and Co vacancies can be
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FIG. 6. Electronic properties of a 50-nm-thick device. Hall resistivities at (a) 2 K and (b) 10–100 K. (c) Temperature dependence of the
anomalous Hall conductivity σ AH

xy at 90 KOe. (d) ρAH
xy plotted against ρ2

xxT . The dashed lines serve as a guide for the eyes.

FIG. 7. Magnetoresistance MR measurements of 50-nm device (a) at 10–40 K. (b)–(d) Field dependent of MR and ρxy at 2, 10, and 20 K.

134406-7



HANIN ALGAIDI et al. PHYSICAL REVIEW B 107, 134406 (2023)

FIG. 8. (a)–(e) Measured anomalous Hall resistivity (ρxy ) as a function of the applied field for bulk, 110-, 50-, 40-, 30-nm devices, at 2, 5,
and 10 K. (f) Hc vs T for devices with different thicknesses.

regarded as impurities and defects, which are responsible for
the dominant extrinsic scattering mechanism to the AHE.

Magnetoresistance (MR) was also examined by sweeping
the magnetic field along the c axis from 90 to −90 kOe at
selected temperatures. Usually, in disordered or doped low-
dimensional systems a negative MR is observed [30]. The
disorder affects the electronic properties substantially and al-
ters the MR from positive to negative. This was reported for
mechanically exfoliated monolayer graphene [41]. As shown
in Fig. 7(a), the MR of the 50-nm sample is negative at
all temperatures, which is expected for a disordered system.
The MR is defined as [R(H ) − R(0)/R(0)] × 100%, where
R(H) and R(0) denote the resistance for a field H and zero
field, respectively. Sweeping the field at low temperatures
resulted in a bowtie-shaped curve, where the MR reached
the maximum at Hc and then decreased with increasing mag-
netic field strength. Subsequently, the same behavior was
observed for the negative field region; see Fig. 7(b). A non-
saturated MR of about 2% was observed, and Hc at 2 K was
estimated to be around 4000 Oe. As the temperature was
increased, the bowtie shape disappeared, and both MR and
Hc decreased. In addition, similar results were found for the
Hall effect measurements where ρxy and Hc also decreased
with increasing temperature. Very similar coercive fields in
MR and ρxy were observed in the magnetotransport mea-
surements of the samples. Figures 7(b)–7(d) show the MR
and anomalous Hall resistivity of the 50-nm sample at 2, 10,
and 20 K.

In addition, the thickness dependence of the transport prop-
erties of the materials can be studied using the anomalous

Hall resistivity versus the magnetic field, measured at 2 K.
Shown in Fig. 8 are the hysteresis loops for samples ranging
from bulk to nanoflake (30 nm). It appears that Hc depends
strongly on the sample thickness; see Fig. 8(f). A similar
outcome was reported for the van der Waals ferromagnetic
Fe0.29TaS2, which was attributed to the thickness-dependent
ferromagnetic domain structure [42]. Also, recently it was
reported that the domain structure changes from labyrinth
patterns (bulk limit) to fragmented domains (thinner flakes)
of Fe5GeTe2. This transition was attributed to the reduction
of PMA as the thickness decreased [43]. The reason behind
the Hc thickness dependence in Co0.27TaS2 might be that the
domain structure changes with decreasing thickness. Further
research may clarify this in the future.

IV. CONCLUSION

In summary, we reported the disordered intercalation of
magnetic ions (Co) between the vdW gaps of 2H-TaS2. This
was confirmed by the SC-XRD refinement and the absence
of (1/2 1/2 0) or (1/3 1/3 0) diffraction spots in the SAED
patterns. The obtained Co0.27TaS2 shows perpendicular mag-
netic anisotropy, and it can be exfoliated easily down to
nanoflakes. As a result of the disordered intercalation, the
temperature-dependent conductivity of Co0.27TaS2 exhibits
semiconductorlike behavior. This can be attributed to the
hopping of electrons across the temperature range 2–300
K. Specifically, it was found that nearest-neighbor hopping
of electrons is the dominating conduction mechanism at
high temperatures, whereas variable-range hopping prevails
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at low temperatures (because the thermal energy is too low to
facilitate nearest-neighbor hopping). In addition, the magne-
totransport properties of Co0.27TaS2 with different thicknesses
were investigated. The obtained anomalous Hall resistivity
data show that the dominant AHE mechanism is the extrinsic
side jump.
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