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The self-intercalation of Cr into pristine two-dimensional (2D) van der Waals ferromagnetic CrTe,, which forms
chromium tellurides (Cr,Te;), has garnered interest due to their remarkable magnetic characteristics and the wide variety
of chemical compositions available. Here, comprehensive basic characterization and magnetic studies are conducted on
quasi-2D ferromagnetic Cr; g4 Te, crystals. Measurements of the isothermal magnetization curves are conducted around the
critical temperature to systematically investigate the critical behavior. Specifically, the critical exponents 8 = 0.2399, v =
0.859, and & = 4.3498, as well as the Curie temperature Tc = 249.56 K, are determined using various methods, including
the modified Arrott plots, the Kouvel-Fisher method, the Widom scaling method, and the critical isotherm analysis. These
results indicate that the tricritical mean-field model accurately represents the critical behavior of Cry g4Te;. A magnetic
phase diagram with tricritical phenomenon is thus constructed. Further investigations confirm that the critical exponents
obtained conform to the scalar equation near 7c, indicating their self-consistency and reliability. Our work sheds light on
the magnetic properties of quasi-2D Crj g4Te;, broadening the scope of the van der Waals crystals for developments of

future spintronic devices operable at room temperature.

Keywords: critical behavior, van der Waals magnets, self-intercalation, magnetic measurement

PACS: 75.30.-m, 75.40.Cx, 75.30.Kz, 77.80.B—

1. Introduction

Two-dimensional (2D) magnetic van der Waals (vdW)
materials hold significant promise for spintronic device
applications.!'-%) Ongoing research on 2D vdW ferromagnets

=11 guch as

has led to the discovery of numerous materials, |
Fe;GaTe,!'>!13! and CrTe,,!'* which have the Curie temper-
ature (T¢) above the room temperature. In recent years, the
binary chromium chalcogenides have drawn significant inter-
est due to their outstanding magnetic, transport, and optical
properties.!"*~17 Notably, not all divalent chromium sulfides
exhibit ferromagnetism; tellurides are typically ferromagnetic,
whereas sulfides and selenides often manifest as antiferromag-
netic metals or semiconductors.[!3:1% These tellurides, with
their 7¢ around room temperature, stand out as potential high-
performance candidates for spintronic devices.?"!

Among them, 2D vdW CrTe,, known for its room-
temperature intrinsic ferromagnetism and pronounced per-
pendicular magnetic anisotropy, is essential for various spin-

[1421-24] With decreasing thickness, CrTe, ex-

tronic devices.
hibits layer-dependent magnetic anisotropy transition and

anomalous thickness dependence of T¢.[>>26! Recently, gi-
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ant topological Hall effect (THE)!?>"?8] and spin—orbit torque
devices!?%3% have been realized in CrTey-based all vdW het-
erostructures. More intriguingly, the vdW gaps in CrTe; read-
ily accommodate Cr atoms in various concentrations through
the self-intercalation process,3!! resulting in a rich family
of binary chromium tellurides, Cr,Te,, such as CrTe,!3?!
Cl‘o,87Te,[33] CI‘5TC6,[15] Cr4Te5,[34] Cr3Te4,[35] Cl‘gTe3,[36]
Cr5Teg,[16] Cro_(,zTe,m] Cr »Te,, 3339 Cry 14Tes,[*0) and
CrTes.*!! The quantity of Cr atoms intercalated significantly
affects the crystal structure and T, offering an additional way
to modify their properties. For example, colossal anoma-
lous Hall effect and emergent antiferromagnetic orderings are

16421 Room-temperature skyrmions

31,43]

demonstrated in CrsTeg.!
have been observed as a result of the self-intercalation. !
Depending on the Cr concentration, 7¢ typically ranges from
180 K to 340 K across Cr,Te; variations, meanwhile, the easy
axis orientation varies between the in-plane and the out-of-
plane.[16:2034.36.40.44]

Exploring critical behaviors near the phase transition
from paramagnetic to ferromagnetic states offers significant
insights into magnetic interactions. These behaviors, de-

scribed by statistical exponents 3, ¥, and &, shed light on
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the critical temperature, spin dimensionality, and interaction
range.!*~*1 Earlier investigations have identified variations in
the critical behavior of Cr,Te, components: trigonal-CrsTeg
(x = 1.25) exhibits the 3D Ising critical behavior,°! while
the spin interactions in CrsTeg (x = 1.67) span the continuum
from the mean-field model to the 3D Heisenberg one.!l Ad-
ditionally, long-range magnetic interaction of 3D Heisenberg
model is demonstrated for CrsTes (x = 1.6) bulk, despite a
similar Cr concentration to CrsTeg.**) However, when form-
ing the CryTes thin films, the critical behavior stands out as
distinct from any typical universality class due to the mag-
netic disorders.[’?! The variability and puzzling discrepancies
of these reports call for further study of the magnetic proper-
ties of the Cr-intercalated CrTe,. Moreover, recent findings in-
dicate a notable decrease in critical temperature from 320 K to
203 K when the CrTe; is intercalated to be Cry 14Teg with such
low intercalated Cr concentration (3.5%).140! Yet, detailed un-
derstanding of Cr,Te, variants with minimal Cr intercalation,
especially their critical behavior, remains scarce.

Herein, this study thoroughly explores the fundamental
magnetic properties of the quasi-2D Crj g4Te; single crystal.
The Tc of Crjg4Te;, reduced to 250 K due to Cr intercala-
tion, contrasts with that of 2D vdW CrTe,. The critical phe-
nomenon before and after the phase transition has been ex-
plored through isothermal magnetization curve measurements.
Employing various techniques, including the modified Arrott
plots (MAP), the Kouvel-Fisher (KF) method, the Widom

scaling method, and the critical isotherm analysis, we find
that the critical exponents of Cry g4Te; correspond to the the-
oretical prediction of the tricritical mean-field model, which
suggests long-range magnetic interactions. A corresponding
magnetic phase diagram is also constructed. Our findings en-
hance the understanding of the magnetic properties of quasi-
2D Cr,Te, materials, particularly those with low Cr intercala-

tion levels.

2. Results and discussion

The lattice structure of CrygsTey is schematically dis-
played in Fig. 1(a). An octahedral framework formed by Cr
and Te atoms features a few Cr ions inserted between the
layers of CrTe;, which is similar to the one of Cry 14 Teg. 140
Figure 1(b) illustrates the Raman spectrum of the Crj gsTer
flake, displaying two main peaks at around 117 cm™! (E2g)
and 137 cm™! (Ayg). This is similar to that of the parent
material of CrTe,.[>>?8 The inset is an optical picture of a
Cry 04Tey crystal, which shows a metallic luster. As shown
in Fig. 1(c), the energy-dispersive x-ray (EDX) spectrum val-
idates the composition of Cryg4Te,, i.e., Cr:Te = 23.6:45.4.
The samples were further analyzed by scanning electron mi-
croscope (SEM) with EDX mapping. Figure 1(d) shows the
SEM image of CrTe, crystals, and Figs. 1(e) and 1(f) show the
distributions of Cr and Te elements, respectively. It is clear
that the elemental distribution is quite uniform.
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Fig. 1. (a) Lattice structure of the Cr; o4 Te; crystal. Some Cr atoms are inserted among vdW gaps. (b) Raman spectrum of Crj g4 Te,. The optical
image of the Crj g4Te; is shown in the inset. (c) EDX spectrum of the Crj g4Tey. The stoichiometric ratio of Cr:Te is 23.6:45.4. (d)—(f) The

corresponding SEM and EDX mappings of the Crj g4Te,.

We investigated the magnetic properties of Cry gsTe, by
measuring the temperature (7)) dependence of magnetiza-
tion (M) in both in-plane and out-of-plane directions under
a 500 Oe magnetic field, as shown in Fig. 2(a). This re-

veals an obvious phase transition from ferromagnetic to para-
magnetic states as the temperature increases. The Tc¢, de-
termined by the minimum of the first derivative of the M—
T curve, is 252.9 K. It should be noted that the presence of
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intercalated Cr atoms within the vdW gaps lowers the T¢ of
Cry 04Te, compared to that of CrTe,, a phenomenon also ob-
served in Cry 14Teg.[*?! Figure 2(b) presents the isothermal
magnetization (M—H curves) under magnetic fieldsup to 5 T
for both in-plane and out-of-plane configurations at 10 K. The
in-plane magnetization approaches saturation near 20 kOe,
whereas the out-of-plane magnetization continues to increase
up to 50 kOe, suggesting that the easy-axis of Cry g4Te; is in-
plane. This characteristic aligns with those of bulk CrTe, %]
and Cry. 14Teg, [40] yet contrasts with other Cr, Te, compounds,

such as CrsTeg %! and Cr3 Tey, [**! which share an out-of-plane

easy axis.
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Fig. 2. (a) Temperature dependence of in-plane and out-of-plane mag-
netization of Cry g4 Te,, respectively. The applied field is 500 Oe. The
green curve is the first derivative of the magnetization as a function of
the temperature. (b) Isothermal magnetization, M—H, loops of Crj o4 Te,
measured at a typical temperature of 10 K for both H||ab and H||c.

To delve into the nature of the ferromagnetic phase tran-
sition in Cry o4 Te,, we conducted measurements of isothermal
magnetization near its 7¢, and further analyzed the critical ex-
ponents correlated to this transition. As illustrated in Fig. 3(a),
we measured the M—H curves at 2 K intervals with an in-plane
field due to its easy axis between 224 K and 266 K. Typi-
cally, the mean-field model, utilizing Arrott plots of M? versus
H/M, is used to estimate critical exponents preliminarily. >3]
Within the hypothetical mean-field model, Arrott plots should
ideally consist of parallel lines in the high-magnetic-field sec-
tions. However, the plots instead demonstrate a downward

curvature and lack parallel alignment in these high-field ar-
eas [Fig. 3(b)], pointing out the inadequacy of the mean-field
model for Cryos4Te;. This discrepancy is attributed to the
neglect of Coulomb correlation and spin fluctuation effects
in this model, which play significant roles in ferromagnetic
materials.®* Moreover, the Banerjee criterion allows deter-
mination of the order of the phase transition by means of the
slope of Arrott plots: a positive slope in the M? versus H /M
curves signifies a second-order transition, whereas a negative
slope suggests a first-order transition.>>! Obviously, the ob-
served positive slope confirms that the transition from param-
agnetic state (PM) to ferromagnetic state (FM) in Cry g4Te; is
of the second order.

For second-order magnetic phase transitions, critical ex-
ponents, such as f3, ¥, and 8, can be determined by the follow-

ing series of equations:3%>7)
Ms(T) = Mo(—€)P, <0, T<T, o
X5 (T) = (Ho/Mo)(e), €50, T>Te, ()
M=DH'? e=0, T=T, 3)

where € = (T — T¢)/Tc is the reduced temperature and Mo,
Hy/My, and D are the critical amplitudes. For broader appli-
cations, the Arrott—Noaks equation of state modifies the Arrott

plot by >8]

(H/M)V = (T —Tc)/Te + (M/My) /P, )

where M) is a constant. Given the inadequacy of the mean-
field model for Crj g4Te,, we explore various critical behav-
iors, such as (i) the 3D Heisenberg model (8 = 0.365, y =
1.336),1%1 (ii) the 3D Ising model (B = 0.325, v = 1.24),1%°]
(iii) the tricritical mean-field model (8 = 0.25, y = 1.0),[60
(iv) the 3D XY model (B = 0.345, y = 1.316),°!] and (v) the
2D Ising model (B = 0.125, y = 1.75).1°!1 Modified Arrott
plots (MAP) of M'/B versus (H/M) /7 curves based on these
models are illustrated in Figs. 3(c)-3(g). Ideally, the high-
field-region MAP should display parallel lines. However, de-
termining the most suitable model is challenging, as all 3D
models display nearly straight lines. By comparing the slope
of the M'/P versus (H/M)"" curve to which Tc belongs, and
calculating the normalized slope [NS = S(T")/S(Tc)] for dif-
ferent temperatures, one may identify an appropriate model.
NS would be a constant of 1 regardless of the temperature if
the model is suitable. It is worth noting that this method only
offers an empirical approach to facilitate the judgment of sub-
sequent critical exponents, but it cannot determine the final
model. Figure 3(h) shows the temperature-dependent NS for
these models, highlighting the 2D Ising model has a signifi-
cant deviation, while the NS of 3D Ising model is closest to
1.
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Fig. 3. (a) Isothermal magnetization (M—H) at different temperatures around 7¢c measured in-plane. The modified Arrott plots of M /B versus
(H/M )1/ ¥ with parameters of (b) mean-field model, (c) 3D-Heisenberg model, (d) 3D-Ising model, (e) tricritical mean-field model, (f) 3D-XY
model, and (g) 2D-Ising model. (h) Temperature dependence of the normalized slopes, NS = S(T')/S(Tc), for different models. The black dashed

line is a basic line of NS = 1.
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Fig. 4. (a) Modified Arrott plots of M'/# versus (H /M)'/ 7 with the parameters of 8 = 0.238 and ¥ = 0.796. (b) Temperature-dependent
magnetization Ms(T) for T < 250 K and 1(T) for T > 250 K. The red solid lines are the fitting curves complying with Egs. (1) and (2).
(c) Kouvel-Fisher plots show the temperature dependence of Ms/ [dMs(T')/dT] (circles) and y,,° y [dxo 1)/ dT] (squares) for Crj g4 Tes. The
red solid lines are the fitting curves complying with Eqs. (4) and (5). (d) The isotherm M—H curve measured at 7c = 250 K and its fitting by
Eq. (3). The inset shows the corresponding log—log scale representation.

To obtain the more accurate critical exponents, we uti-
lize a thorough iterative technique. This involves linearly fit-
ting the high-field correction curves to the M'/B and (H /M) 1y
axes in the MAP, then extrapolating to reliably determine Mg
and I Applying Egs. (1) and (2) to these values allows us to

calculate 3 and 7, leading to the creation of a new MAP. This
step is repeated, deriving a new set of 8 and y each time, un-
til these values stabilize. The exponents thus obtained are not
dependent on the initial estimates, ensuring their accuracy. As

illustrated in Fig. 4(a), after several iterations, the MAP with
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B =0.238 and y = 0.796 is established. The solid green line
represents a linear fit of the isothermal magnetization curve
at 250 K, nearly reaching the coordinate origin in Fig. 4(a),
suggesting that 7¢ is approximately 250 K. Employing the
Pramanik and Banerjee criteria,[®?! we plot the temperature-
dependent Ms(T') for T < 250 K and x, ' (T') for T > 250 K,
achieving excellent fits as shown in Fig. 4(b). The final val-
ues are B = 0.2399 with Tc = 249.56 K, and y = 0.8590 with
Tc = 249.65 K. Details of the iteration process can be referred
to the supplementary materials.

To confirm the critical exponents of Cry gsTey derived
through the MAP method, the Kouvel-Fisher method is uti-

lized for verification as!63
Ms(T)  T-Tc 5)
dMs(T)/dT B
T T—T,
Xo (T) . C ‘ ©)

Ay (1)/dT ¥

This approach indicates that the temperature-dependent
ratios of Ms/(dMs/dT) and x, ' /(dx, ' /dT) plot as straight
lines, with slopes corresponding to 1/ and 1/, respec-
tively. Linear fits below and above T¢ yield = 0.2393 with
Tc = 249.54 K and y = 0.8585 with T¢c = 249.61 K, as de-
picted in Fig. 4(c). These B, ¥, and T¢ values, confirmed by
the KF method, are similar to those obtained through the iter-
ative MAP, further confirming the accuracy and reliability of
the critical values.

To verify, the critical exponents are examined based on
their interconnected characteristics. According to Eq. (3), the
M-H at Tc is expected to follow a curve defined by a 1/8
exponent, resulting in a straight line with a slope of 1/ on a
log—log plot. Figure 4(d) displays the M—H isothermal magne-
tization at 250 K, with its log—log scale representation in the
inset, yielding 6 = 4.3498. Moreover, the critical exponents

B. v, and & adhere to the Widom scaling relation!®4]

Y

o0=1+ B’ @)
the corresponding & = 4.579 and § = 4.472 are calculated
based on the critical exponents obtained via the MAP and
KF methods, respectively. The & values derived from critical
isotherm analyses closely match those predicted by the Widom
scaling law, underscoring the reliability and consistency of the
critical exponents determined in our research, within the scope
of experimental error.

Scaling analysis further confirms the accuracy of the de-
termined critical exponents. With appropriate parameters, the
magnetization and magnetic field conform to the following
equation: [°%]

H
M (H,e) = Eﬁfi (g(ﬁﬂ’)) ) (®)

where f. represent specific functions for T > T¢c and T < T¢,
respectively. By defining the renormalized magnetic field & =
g~ B+YH, and the magnetization strength m = e PM(H, ¢),
Eq. (8) simplifies to

m= fy (h). &)

This indicates that with accurately chosen 3, 7, and 9, the
plots of m versus /& should consolidate into two distinct curves
for T > Tc and T < Tt in the high-field regime. As illustrated
in Fig. 5(a), the normalized magnetization intensity m against
the normalized field 4 indeed merges into two separate curves
for temperatures above and below T¢ in the high-field region.
The validity of the critical exponents and T¢ has been solidi-
fied by a more rigorous method, illustrated by the m?” against
h/m graph in Fig. 5(b). Here, the data distinctly align along
two separate branches for temperatures above and below Tc,
which strongly suggests that the interactions are correctly nor-
malized within the critical region, in accordance with the scal-
ing law.

In addition, a variant of the scalar equation is given by!*°]

w5 = (575 a0

where k(x) is the scaling function. This equation implies that
all experimental data, for temperatures both above and be-
low T, should align along a single curve,® which has been
demonstrated in the inset of Fig. 5(b). All high-field data con-
form to the universal curve MH /9 versus eH /(B 5), point-
ing the curve at the zero point of the horizontal axis as corre-
sponding to the T¢. This validates and substantiates the critical
exponents derived from our experimental findings, affirming
their accuracy and reliability.

Table 1 presents a comprehensive summary of critical
indices derived from different methods alongside theoretical
predictions from different models. The experimentally ob-
tained critical exponents 3, ¥, and & closely align with those

(651 This clearly

predicted by the tricritical mean-field model.
demonstrates a tricritical phenomenon occurring at the bound-
ary between first-order and second-order transitions, which
has been evidenced in the m versus 4 curves in the low-field re-
gion [Fig. 5(c)]. Unlike the convergence into a single curve at
high fields [Fig. 5(a)], the curves at low field diverge. The di-
vergence observed in the low-field region may suggest a more
complicated magnetic ordering.*®) Thus, a magnetic phase
diagram illustrating this tricritical phenomenon is plotted in
Fig. 5(d), pinpointing a tricritical point at 250 K and 480 Oe.
At low fields below Tc, the phase may transition from mul-
tidomain to single domain!*! or involve a ferromagnetic and
antiferromagnetic competition, as theorized and observed in

26,38.661 Additionally, we have compiled

Cr,Te; compounds. !
critical exponents and their models for other 2D vdW ferro-

magnetic materials in Table 2.
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The compatibility of Crj g4Te, with the tricritical mean-
field model suggests the presence of long-range magnetic in-
teractions. The category of magnetic phase transitions in a uni-
form magnet is influenced by the exchange range, J(r). Theo-
retical analysis by Fisher et al. describes magnetic ordering as
an attraction between spins, with renormalization group theory
indicating that the strength of interaction decreases as distance
r increases, described by J(r) ~ r~(@+9)_with d denoting spa-
tial dimensions and o a positive constant.’”] Moreover, y can
be written as follows: 7]

8(n+2)(n—4)

4 (n+2
=1+-|——= |Ac
4 d (n+8) d2(n+8)
2G(d/2)(7n+20)] )
X [14 Ac”, 11
[ (n—4)(n+3) 1D
100 (a)
T
o0
=)
g
[}
2
T
08
=
%% 2 4 6 8
Hle|~+) (107 Oe)
100 F
()
T<T,
I‘?O 224 K
=
g
L
T
w 248 K
= 10t
log—log scale
0.01 011 i 10

Hle|~ ¥+ (10° Oe)

where Ac = (0 —d/2) and G(d/2) = 3 — (1/4)(d/2)*.
Specifically, the dimensionality of lattice and spin, denoted by
n, influences the magnetic behavior. In 3D isotropic magnets
where o > 2, the 3D Heisenberg model applies, characterized
by a magnetic exchange, J(r), declining more rapidly than
r—3, indicative of short-range interactions. Conversely, mean-
field exponents emerge when J(r) falls off more slowly than
r~*5. For o values between 3 /2 and 2, the system falls into
a unique category with critical exponents varying with o. In
Cry 04 Tes, it is found that the distance of magnetic exchange,
J(r) ~ r=*! (d = 3), indicates slow decay of spin interaction
with distance, classifying it within the realm of long-range in-
teractions, which is in line with other systems described by the

tricritical mean-field model. (69!

10t (b)

|
o0
2] 6 -
o
qa) \
o 4f 224 K
B N\
N~ 27 Te |266 K
g 2 1 o0 1
oH cH-1/(59)
0 2 4 6 8

(h/m) (10° Oe-g-emu~1)

2nd-order
5
~ PM
=]
Z
T
Tc
0
224 231 238 245 252 259 266
T (K)

Fig. 5. (a) Scaling plots of the normalized magnetization intensity m versus normalized field & for Cr o4 Te,. (b) Renormalized magnetization
intensity m? as a function of i/m. The inset is a rescaling of the M—H curve by MH ~1/8 versus eH /(B9 _(c) The log-log scale of the scaling
plots below T¢ at low magnetic field. (d) The magnetic phase diagram with tricritical phenomenon.

Table 1. Comparison of critical exponents of Crj o4 Te, with different theoretical models.

Composition Technique Tc (K) B Y S Reference
modified Arrott plot 249.56(4) 0.2399(14) 0.8590(582) 4.579
Cry04Tes Kouvel-Fisher plot 249.61(29) 0.2393(36) 0.8585(254) 4472 this work
critical isotherm 4.3498(40)

2D-Ising theory 0.125 1.75 15 [61]
3D-Ising theory 0.325 1.24 4.82 [59]
3D-XY theory 0.345 1.316 4.81 [61]
3D-Heisenberg theory 0.365 1.386 4.8 [59]
Mean-field theory 0.5 1.0 3 [53]
Tricritical mean-field theory 0.25 1.0 5 [60]
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Table 2. Comparison of critical exponents of Crj o4 Te, with other vdW magnets.

Composition Technique Tc (K) B b4 S model Reference
MAP 249.56(4)  0.2399(14) 0.8590(582) 4.579
Cri 4 Tez KF 249.61(29) 0.2393(36) 0.8585(254) 4.472 tricritical mean field this work
critical isotherm 4.3498(40)
MAP 319.06(9 0.388(4 1.290(8 4.32(3
CryTes ©) @ ®) 3 3D Heisenberg [34]
KF 318.90(9) 0.387(9) 1.288(5) 4.32(2)
MAP 338.170(1 0.405(1 1.200(1 3.962(2
CrsTeg ) Iy D (2) between the mean field and the 3D Heisenberg [51]
KF 338.13(0) 0.406(2) 1.199(5) 3.95(3)
MAP 222.13(4 0.327(4 1.26(1 4.9(1
CrsTeg @) “) 1) o) 3D Ising [50]
KF 222.0(4) 0.321(7) 1.27(2) 4.9(12)
MAP 230.76(9)  0.314(7) 1.83(2) 6.83(7)
Cro,ﬁzTe [37]
KF 230.65(26)  0.315(7) 1.81(2) 6.75(6)
MAP 1. .17 1.532(1 10.012(47
CrSiTes 31.060) 0.170(8) 532(1) 0.012(47) 2D Ising [68]
KF 31.09(2) 0.170(8) 1.532(1) 9.925(56)
CrGeTes MAP 67.9505) 0.242(6) 0.985(3) 5-07(6) Tricritical mean field [69]
KF 67.91(7) 0.240(6) 1.000(5) 5.167(6)
MAP 237. .344 1.406(1 .02
FesGeTe; 37.76(3) 0.3445) 06(1) 5.02(6) 3D Heisenberg [70]
KF 273.75(7) 0.346(4) 1.364(9) 4.94(0)
MAP 270.22 3701 1.21 4.24(2
Fe,GeTe; 70.22(7) 0.37(1) ) 2 [70]
KF 270.2(2) 0.376(19) 1.20(5) 4.22(14)
FeTa3S¢ MAP 35.2 0.189(2) 1.423(1) 8.53(7) 2D Ising [46]
MAP .06(1 X 1. 4 4.97(12
Fe;GaTe, 358.06(13) 0.350(6) 383(34) 97(12) 3D Heisenberg [45,48]
KF 358.07(1) 0.350(1) 1.385(5) 4.96(2)
3. Method Acknowledgments

Single crystals of Cry g4Te, were bought from the PrMat
company, which were grown by reacting potassium, Cr, and
Te followed by a deintercalation step to remove the potas-
sium. In addition, the stoichiometry was investigated using
energy-dispersive x-ray spectroscopy in a Zeiss MER-LIN
scanning electron microscope. Magnetic properties were mea-
sured by using a superconducting quantum interference device
(SQUID) magnetometer (MPMS3, Quantum Design).

4. Conclusion

In summary, basic magnetic measurements have been car-
ried out on the quasi-2D vdW ferromagnet Cr; o4Te;, and then
its critical behavior is investigated in detail in this paper. The
PM-FM phase transition in Crj g4Te, is found to be of sec-
ond order. The critical exponents 8 = 0.2399, y = 0.8590,
and 6 = 4.3498 are successfully obtained by the MAP method
with the KF method and their veracity is confirmed by the
scaling equation. The Crj g4Te, demonstrates a stronger re-
semblance to the tricritical mean-field model with long-range
interaction. Our research unveils a quasi-2D ferromagnetic
metal that could be useful for the study of critical behavior

and engineering vdW spintronic heterostructures.
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