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A high-quality Cr,Tes single crystal was prepared by the chemical vapor transport method. The crystal struc-
ture, magnetic properties, and magnetocaloric effect have been investigated in detail. Its critical behavior was
methodically studied by measuring isothermal magnetization curves around the ferromagnetic to paramagnetic
phase transition temperature. The critical exponents § = 0.388, y = 1.29, § = 3.93, and Curie temperature 7 ¢
= 318.7 K were determined with modified Arrott plots, the Kouvel-Fisher method, critical isotherm analysis,
and wisdom scaling law, respectively. The obtained critical exponents were self-consistent and follow the scaling
equation around T ¢, indicating the reliability of these values. Further analysis revealed that the spin coupling
inside Cr4Tes exhibits three-dimensional Heisenberg-like behavior with long-range magnetic interaction and that

the exchange interaction decays as J(r) ~ r=*%,
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I. INTRODUCTION

The discovery of two-dimensional (2D) materials such as
graphene [1] has ignited a research boom due to their tunable
electronic properties and tremendous potential applications
in spintronic devices [2-4]. Among all the 2D materials,
extensive investigations have been devoted for the purpose of
clarifying the nature of ferromagnets down to the monolayer.
Layered ferromagnets such as Cr,Ge,Teg [5,6], CrySipTeg
[7], FesGeTe, [8], and Crl3 [9-11] have attracted great at-
tention, since long-range ferromagnetism persists in a few
layers. Theoretically, according to the Mermin-Wagner theo-
rem [12], spontaneous magnetization does not exist in the 2D
isotropic Heisenberg model at a finite temperature. However,
magnetocrystalline anisotropy lifted this restriction, making
it possible to obtain a 2D Ising ferromagnet [13]. There-
fore, magnetocrystalline anisotropy is the key point to realize
two-dimensional ferromagnetic materials. Even though long-
range magnetism in monolayers has been achieved, the Curie
temperature is much lower than RT, e.g., 61 K for Crls,
61 K for Cr,Ge,Teg, 32 K for Cr,Si,Teg, thus limiting their
spintronic applications. Numerous approaches have been ap-
plied to manipulate their magnetic properties, for example, by
using liquid/solid ion gating [8,14,15] or simply electrostatic
doping [9,10]. One typical success is that, by using a liquid
ion gate, the Curie temperature of a few layer Fe;GeTe,
can be tuned up to 300 K [8]. Looking for a new layered
low-dimensional ferromagnetic material with intrinsic room-
temperature T ¢ is extremely needed.
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A recent theoretical calculation suggests that layered
Cr,Te, compounds have great potential as candidates for
room-temperature two-dimensional ferromagnetic materials
[16,17]. Cr,Te, with various compositions have been syn-
thesized including CrTe [18], CryTes [19,20], CrsTeys [21],
and CrsTeg [22,23]; the phase diagrams have been reported
by Chattopadhyay in detail [24]. In these compounds, there
are alternating stacks of Cr-full and Cr-deficient layers along
the ¢ axis [25,26]. Cr content has been found to play an
essential role in determining the crystal structure and mag-
netic properties. It is reported that CrsTes, Cr,Tes, and CrzTey
crystallize in monoclinic or trigonal structures, while Cr_,Te
(x < 0.1) crystallizes in hexagonal NiAs-type structures [26].
The electronic band-structure calculations performed on CrTe,
Cr,Tes, and CrsTey suggest that Cr 3d,.—Cr 3d,» along the
crystallographic ¢ direction overlaps strongly with the Cr
3d,»—Cr 3d,> orbital at a relatively smaller nearest-neighbor
Cr-Cr distance [25]. Critical behaviors have been studied ex-
tensively for layered-structure materials, such as Mn3Si; Teg
[27], CI‘QGCQTC(, [5,6], CI'QSizTC() [28], FC3GCT62 [29], CrsTeg
[30], and Crg e Te [31]. The research of CrsTeg and CrggrTe
confirmed that long-range interaction of weak itinerant fer-
romagnetism persists in bulk with remarkable magnetocrys-
talline anisotropy. Anomalous Hall effect and topological Hall
effect were observed in Cry 14 Teg and CrsTeg [22,23,32]. With
all the exotic properties discovered, CrsTes has rarely been
studied mainly due to the difficulty in precisely controlling
the composition.

In this paper, high-quality single-crystalline CrsTes was
grown by chemical vapor transport method. The crystal struc-
ture, magnetic properties, magnetocaloric effect (MCE), and
critical behavior were studied in detail. By comparing with
the recently reported CrsTeg, numerous distinctions have been
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FIG. 1. (a) The x-ray diffraction patterns of single crystalline
CryTes showing (007) diffraction peaks. Schematic inset of CryTes
crystal structure. Cry, Crp, and Te are denoted by blue, grey, and
yellow balls, where Cr; and Cr, represent atoms in and between
CrTe, layers, respectively. (b) The EDX of the crystal. The inset is
the scanning electron microscope image of our studied sample.

discovered. The easy magnetization orientation turns from the
c axis for CrsTeg to the ab plane for CrsTes, the RT magnetic
entropy changes of CryTes show considerable potential in
applications. Critical behavior analysis confirmed that Cr,4Tes
belongs to second-order magnetic phase transition at T ¢. By
using the Kouvel-Fisher (KF) method, critical exponents were
obtained: g = 0.388 with T¢ = 318.9 K and y = 1.29 with
T ¢ = 318.6 K. The RT ferromagnetic phase transition and re-
markable magnetocrystalline anisotropy of Cr4Tes indicate its
broad prospects in designing low-dimensional heterostructure
and spintronic devices.

II. EXPERIMENTAL

Single-crystalline samples of CrsTes were grown by the
chemical vapor transport method [33]. Cr (99.99%; Alfa
Aesar) and Te powders (99.99%; Alfa Aesar) were thoroughly
mixed, and then sealed into a quartz tube with a partial
pressure of argon. lodine was used as the transport agent.
The quartz tubes were heated to 400 °C in 4 h and kept at
temperature for 10 h before further heating to 1000 °C on
one side. At the same time, the other side of the quartz tube
was heated to 820 °C. Single crystals with a layered structure
and black metallic luster were observed at the cold side of
the tube. The composition of the crystals was characterized
with the energy dispersive x-ray spectroscopy (EDX). Single-
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FIG. 2. Temperature dependencies of magnetization curves after
ZFC (solid) and FC (open) processes under various magnetic fields
with H parallel to the (a) ¢ axis and (b) ab plane, respectively. The
inset in Fig. 2(a) is dM /dT vs T of the FC M(T) curve for H =
3000 Oe. Isothermal magnetization loops of CrsTes measured at T’
= 2,300, 350, and 400 K for (¢c) H || c and (d) H || ab.

crystal compositions described in this paper all refer to the
EDX values. The single crystal x-ray diffraction patterns
were collected at room temperature with Cu K,. The data
of magnetization were measured by using a Quantum Design
Physical Property Measurement System (PPMS-14T) with a
vibrating sample magnetometer option.

III. RESULTS AND DISCUSSIONS

In Fig. 1(a), sharp Bragg peaks are observed in the XRD
pattern, which can be indexed as the (00/), suggesting that
the ¢ axis is perpendicular to the slab surface of crystal
[30,31]. No extra peak is observed within the resolution of
our instrument, indicating the high quality of our sample.
We also noticed that the (00/) peaks move to lower 26 val-
ues compared with other CrsTeg compounds [30,31], which
indicates more Cr atoms intercalate into CrTe, layers and
leads to an increase of the lattice parameter. The inset of
Fig. 1(a) shows the crystal structure of CryTes, where Cr
and Te atoms form the corner-sharing octahedral with the
intercalation of Cr atoms between the CrTe, layers. The EDX
data in Fig. 1(b) confirms the stoichiometry of CrsTes. The
as-grown single crystals are in a platelike form with metallic
luster, as illustrated in the inset of Fig. 1(b).

To explore the magnetic properties, the temperature depen-
dence of magnetization measurements along both the ab plane
and c axis have been performed under various magnetic fields
and in a large temperature range. Figures 2(a) and 2(b) show
the temperature-dependent magnetization of Cr,Tes measured
under H = 100 Oe, 3000 Oe with the field direction parallel to
the ¢ axis and ab plane, respectively. The paramagnetic (PM)
to FM transition occurs in both zero-field-cooling (ZFC) and
field-cooling (FC) processes. At around 320 K and H = 100
Oe, the magnetization observed in ZFC curves diverge from
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FIG. 3. The initial isothermal magnetization curves measured along the (a) ¢ axis and (b) ab plane around 7' for CryTes. Arrott plots
of M? vs H/M along the (c) c axis and (d) ab plane. The modified Arrott plots of M'/# vs (H/M)'/" with parameters of (e) 3D-Heisenberg
model, (f) 3D-XY model, (g) 3D-Ising model, and (h) tricritical mean-field model. The straight lines are the linear fits of isotherms at different
temperatures. Figures 3(e)-3(h) are derived from the isothermal magnetization curves with H || ab.

that of the FC curve. Similar behavior was also reported in
CrsTeg, which can be ascribed to the appearance of a canted
antiferromagnetic (AFM) structure [34]. However, for CrsTeg,
the deviation appears at a temperature much below T ¢, while
for CryTes, it occurs at relatively high temperature close to
T ¢. This result indicates that higher Cr content raises the devi-
ation temperature of the ZFC and FC curves, at which canted-
AFM occurs. Moreover, the high applied field suppresses the
canted-AFM phase to lower ,s as can be observed in Figs. 2(a)
and 2(b). The obvious decrease of magnetization at 96 K for
both ZFC and FC curves can be attributed to a transition from
the FM to AFM phase. The Curie temperature 7'¢c = 322 K is
estimated from the minimum value of the dM /dT-T curve as
shown in the inset of Fig. 2(a). The observed small coercive
forces (He) at T = 2 K (He = 552 Oe for H || ¢ and 278 Oe
for H || ab) suggest a soft ferromagnetic nature of Cr4Tes.
For the previous reported Cr.Te, compounds, such as
Cr4.14Teg [32], CrsTeg [35], and CrzTey [36], the ¢ axis is the
easy magnetization axis while along ab-plane the magnetiza-
tion is hard to saturate. However, our CrsTes crystal displays
an opposite behavior, as shown in Figs. 2(c) and 2(d), where
M(H || ab) and M(H | c¢) saturate at 10 kOe and 30 kOe,
respectively. The saturation moment at 7 = 2K is My ~ 2.64
wp/Crwith H || c; this value is larger than the reported M, ~
1.57 pup/Cr for CrsTeg [35], the expected value for the Cr-free
ion is 3up/Cr, due to the presence of the itinerancy nature of
the d electrons in Cr-Te compounds [37,38]. Our relatively
large M can be ascribed to the increase of Cr content in
CrTe, layers, leading to stronger itinerancy. For the Cr-Te
systems, there also exists strong hybridization between the
Cr 3d band and the Te 5p bands. The electron-correlation
effect and the interlayer coupling plays an important role
in the magnetic interactions [20,37,38]. We suggest that the
high Curie temperature can be attributed to the large amount
of Cr atoms intercalated into CrTe, layers, where the local

spins of intercalated Cr ions align ferromagnetically through
the Te 5p. This indirect exchange interaction raises the Curie
temperature. In the meantime, FM coupling in the ab plane
has also been enhanced. As a result, the easy magnetization
orientation is transformed from the c axis into the ab plane.

To further understand the nature of the FM transition in
CryTes and investigate the MCE, the isothermal magnetiza-
tion is measured around the Curie temperature to investigate
the critical exponents associated with the phase transition in
detail. Initial isothermal magnetization M (H) around T ¢ was
measured from 7 =300 K to T = 342 K at an interval of
2 K along the ¢ axis [Fig. 3(a)] and ab plane [Fig. 3(c)].
Figures 3(b) and 3(d) present the Arrott plot of M? vs H/M
[39]. In Figs. 3(b) and 3(d), the curves are not parallel at
the high-field region, suggesting that the mean-field theory is
not suitable for CrsTes. This is reasonable, considering that
the Coulomb correlation and spin fluctuations are significant
in an itinerant ferromagnet [40], while the mean-field theory
neglects its impact. According to the Banerjee criterion [41],
the positive slopes of M? vs H /M curves in the vicinity of the
phase-transition temperature confirms a second-order phase
transitions in CryTes.

Since the traditional Arrott plot cannot explain the mag-
netic interaction in CrqTes appropriately, a modified Arrott
plots (MAP) is often used, based on four typical models: (1)
the 3D-Heisenberg model (8 = 0.365, y = 1.386) [42], (2) the
3D-XY model (8 = 0.345, y = 1.316) [43], (3) the 3D-Ising
model (8 = 0.325, y = 1.241) [42], (4) the tricritical mean-
field model (8 = 0.25, y = 1) [44]. The results are shown
in Figs. 3(e)-3(h), where the observed curves are not greatly
parallel. This suggests that the above-mentioned four models
are not applicable in CryTes.

For the purpose of obtaining more accurate critical ex-
ponents and the critical temperature, a rigorous iterative ap-
proach has been adopted [45]. In the modified Arrott plot, the
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FIG. 4. (a) Modified Arrott plot of M'/# vs (H/M)"" at high field values with the parameters of 8 = 0.389 and y = 1.292 with a red
linear fitting dashed curve. (b) Temperature-dependent spontaneous magnetization Ms (left) and the inverse initial susceptibility x ~! (right)
for Cr,Tes. The red solid curves fit with Egs. (1) and (2) with the fitting parameters indicated. (c) Kouvel-Fisher plot showing the temperature
dependencies of Ms(T)/[dMs(T)/dT] (circles) and XO_‘(T)/[dXO_'(T)/dT ] (squares) for CrsTes. The red solid lines are fitting by Eqs. (4)
and (5). (d) The isotherm M vs H plot measured at 7'« = 318.7 K with a red solid line fitting by Egs. (3) for Cr4Tes. Inset: The corresponding

log-log scale.

linear extrapolations of the modified curves from the high-
field region to the axis M'/# and (H/M)'/” yield reliable val-
ues of Ms(T) and x ~'(T), respectively. The obtained Mg(T)
and y ~'(T') parameters can be used to fit a new set of 8 and
y by following Egs. (1) and (2), where ¢ = (T-T¢)/T ¢, My,
ho/mg, and D are the critical amplitudes [46,47].

M((T) = My(—¢), e<0, T<T, (1
xo (T) = (ho/mo)e”, e>0, T>T, )
M=DHY® ¢=0, T=Tg, 3)

Then, the fitted exponents can be used to reconstruct a
modified Arrott plot. This procedure is repeated until the
values of B and y are convergent. It’s worth noting that
the exponents obtained by this approach are independent of
the initial parameters, which implies the reliability of these
critical exponents. As shown in Fig. 4(a), a set of parallel
straight lines at high fields (H > 13 kOe) are achieved by
proper selection of 8 and y values. The red dotted line is
a linear fitting of isothermal magnetization curve at T =
318 K. This curve almost extrapolates to the (0,0) point
in Fig. 4(a), indicating the Curie temperature is close to
318 K. By using Eqgs. (1) and (2), the final obtained values

B =0.388(4), with T¢ = 319.06(9) K, and y = 1.290(8),
with T¢ = 318.70(2) K, are presented in Fig. 4(b). To obtain
more accurate critical exponents of CrsTes, KF method [48]
is used, as illustrated in Fig. 4(c).

L W
MT)/dT ~ " f

—1 .

600 _T-Te )
dyg \(T)/dT v

According to this method, the linear functions in the re-
gion below and above T¢ yield g = 0.387(9) with T¢ =
318.9009) K, and y = 1.288(5) with T¢ = 318.57(9) K, re-
spectively. The values of 8, y, and T¢ from the KF method
are consistent with those generated from the iterative MAP,
which further confirms that the critical values are reliable and
intrinsic.

Accordingly, following the Widom scaling relation [49],
Y
ﬂ b
the critical exponents § = 4.32(3) and & = 4.32(2) are de-
rived from MAP and KF methods, respectively. § can also be

obtained directly by the isothermal magnetization M (H) at T ¢
as shown in the inset of Fig. 4(d), using the log-log scale plot

=1+ (6)
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FIG. 5. (a) The plots of normalized magnetization m as a func-
tion of renormalized field # below and above T ¢ for CrsTes. Inset:
The same plot in log-log scale. (b) Normalized magnetization m” as
a function of 4/m for Cr,Tes.

with a fitting curve. Following Egs. (3), the log(M)-log(H)
relation yields straight line at higher field range (H > 10 kOe)
with the slope 1/§, where 6 = 3.93(8) is obtained. The value
of § obtained by critical isothermal analysis is very close to the
result from the Widom scaling law with a slight deviation indi-
cating that the critical behavior of Cr4Tes may have complex
competition among several magnetic interactions, e.g., AFM,
FM, and PM. Therefore, all the critical exponents 8, y, §, and
T ¢ obtained in our study are self-consistent and reasonably
accurate within the experimental precision.

The reliability of the obtained critical exponents and crit-
ical temperature has been verified by scaling analysis. For
magnetic systems in their critical asymptotic region, the scal-
ing equation of state can be expressed as [46]

M(H, &) = &P fL(H/ePtT), 7

where f= are the regular functions defined as f for ¢ > 0
and f_ for ¢ <0, respectively. Equation (7) can also be written
as

m = fi(h), ®)

where m = e PM(H, ¢) is the renormalized magnetization
and h = ¢ ¥V H is the renormalized field. Such a scaling
hypothesis implies that, if the 8, y, and § values are appropri-
ately chosen, the scaled m and & should fall on two universal
curves: one for ¢ > 0 and the other for ¢ < 0. According to
Eq. (8), the scaled m vs h curves are plotted in Fig. 5(a). Obvi-

ously, the lines are separated into two branches, which is more
visible in the logarithmic scale shown in the inset of Fig. 5(a).
This can be further verified by a more rigorous method using
an m> vs h/m plot [42], as shown in Fig. 5(b), in which
all the curves also collapse into two divided branches.The
well-rescaled curves further ensure that the obtained critical
exponents and T ¢ are reliable and accordant with the scaling
hypothesis.

The obtained critical exponents, as well as those calculated
from different theoretical models [42—44] and related Cr-Te
materials [30,31], are summarized in Table I for comparison.
It seems that the obtained exponents of CrsTes cannot be
categorized into any single conventional universality class.
The exponent 8 lies between the 3D-Heisenberg model and
the mean-field model but closer to the former, which indicates
the exchange interaction in Cr4Tes is possible to be a long-
range type. However, y is near the 3D-Ising model and the
3D-XY model, which could be attributed to the apparent
magnetocrystalline anisotropy in the ground state of CryTes.
Besides, it is critical to analyze the nature and the range of
interaction in Cr4Tes. It is known that the universality class
of magnetic phase transition depends on the range of the
exchange interaction J(r). Based on renormalization-group
theory analysis, the interaction decays with a distance r as
J(r) ~ e~"* for short-range exchange, and J (r) ~ r~@+°) for
long-range exchange, where r is the distance, b is the spatial
scaling factor, d is the spatial dimension of the system, and o
is the range of exchange interaction [50,51]. The relationship
between o and critical exponent y can be determined as

follows [50]:
4 (n+2 8n+2)(n—4)
=1 — A _
4 +d<n+8) Tt T Rty

x[l 2G(§)(7n+20)] s
(n—4)(n+8) '

€))

where Ao = 0-4, G(£) =3-1(£)* and n is the spin di-
mensionality. The renormalization group theory analysis also
suggests that the range of the spin interaction is short or long
depending on 0 > 2 or o < 2, respectively. For Cr4Tes, to
obtain o, d, and n in this system, a process similar to Ref. [51]
have been followed, where the parameter o in Eq. (9) is
adjusted for specific values of {d : n} so it gives a value for
y close to the experimentally obtained y = 1.288(5). The
obtained value o is then used to calculate the other exponents
by the following expressions: v = y/o, a = 2-vd, B =
(2-a-y)/2, and 0 = 14+y /B, where v and « are the critical
exponents of correlation length. This procedure is repeated
for different sets of {d : n}. It is found that for Cr4Tes close
to the 3D-Heisenberg-like type {d = 3,n =3} and 0 = 1.85
with long-range spin interaction, the interaction decays with
distance as J(r) ~ r~*%_ Because of its evident strong mag-
netocrystalline anisotropy, long-range magnetic interaction
for the bulk, and layered structure, CrsTes has the potential
to maintain its long-range magnetic coupling down to the 2D
limit and design Van der Waals heterostructure.

RT ferromagnetism persisting in CrqTes stimulated us to
study the MCE of this material by using the Maxwell relation
[52]; the isothermal magnetic entropy changeASy (T, H) is
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TABLE I. Comparison of critical exponents of Cr,Tes with related Cr, Te, samples and different theoretical models.

Composition Reference Technique B y 8 I(r)
Cr,Tes This paper MAP 0.388(4) 1.290(8) 4.32(3)
This paper KF method 0.387(9) 1.288(5) 4.32(2) 485
This paper Critical isotherm 3.93(8)
Theory [39] Mean-field 0.5 1.0 3
Theory [42] 3D-Heisenberg 0.365 1.386 4.80
Theory [42] 3D-Ising 0.325 1.241 4.82
Theory [43] 3D-XY 0.345 1.361 4.81
Theory [44] Tricritical mean field 0.25 1.0 5
CrsTeg [30] KF method 0.321(7) 1.27(2) 4.9(2) o4
CroeTe [31] KF method 0.315(7) 1.81(2) 6.35(4) 4626

presented below:

H H
ASM(T,H):/ (£> dH:/ <%> dH. (10)
o \oH), o \oT ),

Considering the magnetization measured at small tempera-
ture intervals and discrete fields, ASy (7;, H) can be expressed
as [53]

Jo M(T;, H)dH — [J' M(T;11, H)dH

ASu(T;, H) = T
i — Tin

. (1D

Derived on isothermal M (H) curves, Figs. 6(a) and 6(b)
show —AS), versus temperature in various applied fields
with H || c and H || ab, respectively. As expected for —AS)y,,
both (a) and (b) exhibit a broad bump in the vicinity of T'¢
where magnetic entropy changes dramatically. Besides, all
values of —AS), in Figs. 6(a) and 6(b) are negative—this
is a characteristic of the MCE at a second-order PM-FM
phase transition. Furthermore, for both H || ¢ and H || ab,
the maximum of AS), increases linearly with applied field
as shown in Figs. 6(a) and 6(b). The maximum magnetic
entropy change of —AS,, is about 2.42 J kg~! K~ with
H || cand 2.58 T kg 'K~! with H || ab. This value is slightly
larger than 2.38 J kg‘lK_' for monoclinic CrsTeg [30], but
quite larger than trigonal CrsTeg [54] with 1.93 J kg=! K~!

for H || ¢ at applied field of 50 kOe. The large value of
Cr4Tes may originate from the stronger FM coupling along
both the ¢ axis and ab plane, which can be explained by the
enhancement of itinerancy as we mentioned above. Besides,
by comparing MCE of Cr4Tes and CrsTeg [54], an interesting
phenomenon is observed. For CrsTeg with H = 50 kOe, the
maximum value of —AS}, is observed with the magnetic field
along the easy magnetization orientation (¢ axis), while for
Cr4Tes, the maximum value of —AS),, is observed with field
parallel to the ab plane. This result is also consistent with
previous research [36] that, by increasing Chromium content,
FM coupling is enhanced in both the ¢ axis and ab plane,
and even reaches a maximum value as ultimately shown in
Figs. 2(c) and 2(d).

IV. CONCLUSIONS

In summary, the CryTes single crystal has been suc-
cessfully grown by chemical vapor transport method. The
magnetic properties, MCE, and critical behavior have been
investigated in detail. The RT ferromagnetism and broad
range of magnetic entropy change temperature of CryTes
show its considerable potential in the application of mag-
netic refrigerant materials. Moreover, according to the study
of critical phenomenon at the FM-PM phase transition, the

(a) : : — (b)30 : : — (©)3.0~ : : : :
25h —=— 10 kOe 20 kOe 30 kOe | —=— 10 kOe 20 kOe 30 kOe
’ —v—40kOe ** %o, —+—50kOc 25L 7 40kOe ,4¢4q, ¢ 50kOe] °
- . o . e, ~ s o e, . —~ 25} /.<
= L ) -~ — N B - ~ v — e {
M 20 /’”‘/‘7’ v'/v v ‘\‘*o 'M 20Fe** ot N v Vv e * o ./
— * vV v'v\ — vy v D 20F u 1
' 150 w7 v, 1 e vy v &~
RY v w1 215t v 0/
% Lol ] '?% 5; 150 .%. J
. L -
2 t‘? 1.0 L "-u L) .—. % /. _._ H// c
0.5+ .l..i....- b Fa-m-. o ..I b FLor _._H//ab i
e e e, 031 H Il ab ‘/
" [ ]
0.0 1 1 1 1 0.0 1 1 1 1 0.5 n 1 1 1 1
300 310 320 330 340 300 310 320 330 340 10 20 30 40 50

(K

T (K) H (kOe)

FIG. 6. Magnetic entropy change -AS), versus temperature at various magnetic fields for (a) H || ¢ and (b) H || ab. (c¢) Maximum entropy

change -AS}™as a function of field for H || c and H || ab.
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critical exponents §, y, and o are estimated from various
approaches. The obtained critical exponents are very close to
the 3D-Heisenberg model with {d : n} = {3 : 3}. Long-range
interaction has been classified based on the observed value
o = 1.89, which decays as J(r) ~ r~*3_ By exfoliating bulk
Cr4Tes to monolayer, novel phenomena and mechanisms are
expected for next-step research.
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