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We present a study of magnetocaloric effect of the quasi-two-dimensional (2D) ferromagnet (CH3NH3)2CuCl4 in
ab plane (easy-plane). From the measurements of magnetic field dependence of magnetization at various temperatures,
we have discovered a large magnetic entropy change associated with the ferromagnetic–paramagnetic transition. The heat
capacity measurements reveal an abnormal adiabatic change below the Curie temperature Tc ∼ 8.9 K, which is caused by
the nature of quasi-2D layered crystal structure. These results suggest that perovskite organic–inorganic hybrids with a
layered structure are suitable candidates as working substances in magnetic refrigeration technology.

Keywords: magnetocaloric effect, organic–inorganic hybrid, (CH3NH3)2CuCl4

PACS: 75.30.sg, 75.50.–y, 81.07.Pr DOI: 10.1088/1674-1056/27/2/027501

1. Introduction
The magnetocaloric effect (MCE) is the reversible en-

tropy or temperature change of a magnetic material upon the
change of external magnetic field.[1–4] Most of the focus is
on achieving high performance with giant magnetic cooling
power on rigid inorganic materials. To realize the commer-
cial magnetic refrigerators, vast improvements have been gone
through in the search for new magnetic materials in terms
of large MCE and relative cooling capacity. A giant MCE
has been exhibited in the rigid inorganic materials with three-
dimensional (3D) crystal structure such as pseudobinary alloys
containing rare earth Gd5(Si2Ge2), La(FexSi1−x)13, perovskite
oxides, sulfide spinels, hexaferrites, etc.[5–12]

During recent decades, the versatility of the organic–
inorganic hybrid materials has led to a huge expansion
of the organic electronics.[13–21] In particular, the organic–
inorganic hybrid halide perovskite materials have attracted in-
tense attention due to the extraordinary photonic and elec-
tronic properties.[15–18] However, their potential of caloric
effect originating from the ferroelectricity or magnetism
has never been noticed, such as (CH3NH3)PbI3,[16–18]

(CnH2n+1NH3)2MCl4 (M = Mn, Fe, Cu; n = 1,2,3, . . .),[19–21]

etc. To reveal the multifunctional performance of organic–
inorganic hybrid materials and realize their large-scale appli-
cation eventually, in this paper, the fundamental study on MCE
in a prototype organic–inorganic hybrid with two-dimensional
(2D) or quasi-2D structure is presented in (CH3NH3)2CuCl4
(MA2CuCl4).

The compound MA2CuCl4 crystallizes in the layered per-
ovskite structure, consisting of staggered layers of corner-
sharing CuCl6 octahedra interleaved by alkylammonium
cations (CH3NH3)

+, as illustrated in Fig. 1(a). It has been
proved to be a 2D Heisenberg planar ferromagnet.[22–24] The
magnetism comes from Cu ions with an ab plane ferromag-
netic interaction between the magnetic ions.[22] A very weak
ferromagnetic coupling between the layers drives the system
to a 3D long-range order at Tc ∼ 8.9 K.[23] The earlier mag-
netic studies in this system centered mainly in the behavior of
the magnetic susceptibility[23,24] and ferromagnetic resonance
(FMR) studies.[25,26] The objective of this paper is to report
the studies of the magnetic entropy change with temperature
and ab plane magnetic field. In addition, we measured the
heat capacity under various ab plane magnetic fields to cal-
culate the adiabatic temperature change. Eventually, a large
magnetic entropy change near Tc is obtained. An abnormal
adiabatic temperature change below Tc is also observed.

2. Experiments
Single crystals of MA2CuCl4 are naturally grown layer-

by-layer along [001] direction by a solvothermal condition
method. Yellow plate single crystals with a maximum size
of 5 mm×5 mm×0.35 mm are obtained. Powder x-ray
diffraction patterns with CuKα radiation revealed the single
phase monoclinic perovskite structure with P21/a, which is
in agreement with literature.[27] The magnetization measure-
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ments were performed with a superconducting quantum inter-
ference device magnetometer (Quantum Design MPMS) with
the magnetic field (B) applied parallel to the metal-halogen
layers. The heat capacity was measured under the applied B of
0, 2, and 5 T using a physical property measurement system
(Quantum Design).

3. Results and discussion
Figure 1(b) shows the temperature dependence of magne-

tization under various magnetic fields. The Curie temperature
Tc, which is defined as the inflection point in M–T curve at
5 Oe (1 Oe = 79.5775 A·m−1), is 8.9 K, which is consistent
with the published data.[23,28] The zero field cooling (ZFC)
and field cooling (FC) curves are superposed with each other
at 5 Oe and 10 Oe, suggesting a typical ferromagnetic charac-
teristic in ab plane of MA2CuCl4. We can also see the Curie
temperature and magnetization increase significantly with the
increasing magnetic field, implying a potential of large mag-
netic entropy change.
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Fig. 1. (color online) (a) The crystal structure of the compound
MA2CuCl4. (b) The temperature dependences of magnetization for
MA2CuCl4 in zero-field-cooling (ZFC) at applied magnetic fields of
5, 10, 25, 100, 200 Oe and field-cooling (FC) at magnetic fields of 5,
10 Oe. The red dashed line indicates the Curie temperature Tc deter-
mined by the inflection point of low-field M–T curve.

Isothermal magnetization curves were recorded in the
temperature range of 5 K–30 K in the magnetic field up to
5 T [Fig. 2(a)]. The temperature step of 1 K is chosen for

5 K–30 K. The sweep rate of field is 40 Oe/s to ensure that M–
B curves are recorded in an isothermal process. Figure 2(b)
shows Arrott plots of magnetization in which neither the in-
flection point nor the negative slope is observed above Tc, sug-
gesting the occurrence of a second-order magnetic transition
in MA2CuCl4.
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Fig. 2. (color online) (a) Magnetization as a function of applied field of
MA2CuCl4 measured at 5 K–30 K. (b) The Arrott plots of MA2CuCl4.

From the thermodynamical theory, the entropy change
generated by the variation of the magnetic field from 0 to Hmax

is given by

∆SH =
∫ Hmax

0

(
∂S
∂H

)
T

dH, (1)

with Maxwell’s relation:(
∂M
∂T

)
H
=

(
∂S
∂H

)
T
, (2)

one obtains the following expression:

∆SH =
∫ Hmax

0

(
∂M
∂T

)
T

dH. (3)

In order to evaluate the entropy change ∆SH , some methods of
numerical approximation to the integral in Eq. (3) are needed.
One method is to use isothermal magnetization measurements.
In the case of magnetization measurements at small discrete
field and temperature intervals, ∆SH can be approximated from
Eq. (3) by

|∆SH |= ∑
i

Mi−Mi+1

Ti+1−Ti
∆Hi, (4)

where Mi and Mi+1 are the experimental values of the mag-
netization at Ti and Ti+1, respectively, under an applied mag-
netic field Hi. For our sample, the typical sample geometry is
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w = 5 mm, h = 3 mm, and t = 0.3 mm and the magnetic field
B is applied along the w direction. The demagnetization factor
can be roughly calculated to be Nw ≈ 2t/πw = 0.038, which
is small enough that we can use B/µ0 to estimate H.
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Fig. 3. (color online) (a) Entropy changes in MA2CuCl4 extracted from
magnetization measurements with the magnetic field changes from 0 to
1, 2, 3, 4, and 5 T. (b) Temperature dependence of adiabatic temperature
rise ∆Tad in MA2CuCl4 induced by a magnetic field change of 2 T and
5 T.

The entropy changes associated with magnetic field vari-
ations have been calculated with Eq. (4). In Fig. 3(a), we
plot the magnetic entropy change as a function of tempera-
ture for MA2CuCl4. As expected from Eq. (3), the peak of
magnetic entropy change of MA2CuCl4 is at the Curie tem-
perature where the variation of magnetization with the maxi-
mum entropy change ∆SH is 1.72 J/kg·K and 4.98 J/kg·K for
the field changes of 2 T and 5 T, respectively. The temperature
showing the maximum ∆SH under B = 1 T is 12.5 K, which is
higher than the Tc = 8.9 K extracted from the magnetization
data at low field (5 Oe), shifts to 17 K under B = 5 T. More-
over, the ∆SH spans in a wide temperature range, and the full
width of half maximum T approaches to 5 K and 18 K for the
magnetic field changes from 0 T to 2 T and to 5 T, respectively.
Consequently, relative cooling power (RCP),[29] evaluated by
RCP = |∆SH max|× δT , reaches 8.6 J/kg and 90 J/kg, respec-
tively. According to thermodynamics, the adiabatic temper-
ature change at an arbitrary temperature T0 can be expressed
as

∆T ∼=−∆SH(T0,H)
T0

Cp(T0,H)
, (5)

where Cp is the specific heat. We further performed the mea-
surements of the heat capacity in the fields of B = 0, 2, and
5 T, shown in Fig. 4(a). A thermal anomaly with an inflection

slope in zero field corresponding to the magnetic transition is
observed, as shown in Fig. 4(b). A broadened discrepancy ap-
pears between zero field and 2-T magnetic field above Tc and
rounds off in the field of 5 T, indicating a second-order phase
transition [see Fig. 4(a)]. If no magnetic transition has taken
place at low temperature in MA2CuCl4, the low temperature
heat capacity would change with decreasing temperature in the
same way as that at higher temperature heat capacity (param-
agnetic phase), as shown by the extrapolation line in Fig. 4(b).
To further confirm the effect of magnetic transition on heat
capacity, the relation of Cp/T 3 versus T is plotted, as shown
in the inset of Fig. 4(b). A cusp near Tc is clearly observed
as indicated by the dashed line, implying the existence of a
spin–lattice coupling in the magnetic transition process. Ap-
plying a magnetic field can suppress the specific heat below
18 K, which is in accordance with the exchange interaction
temperature of nearly isolated quadratic ferromagnetic layers
(ab plane) from paramagnetic state.
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Fig. 4. (color online) (a) Heat capacity of MA2CuCl4 measured under
the fields of B = 0, 2, and 5 T. (b) Heat capacity in zero field and its
fitting line (orange color) by the power formula (7) in a range of 2 K–
12 K and the extrapolation (blue color) below Tc. The inset shows the
temperature dependence of Cp/T 3, the magenta dashed line is the Tc
where a kink can be observed.

Based on Eq. (5), the adiabatic temperature rise (∆Tad) is
calculated and presented in Fig. 3(b). The maximum ∆Tad are
about 1.3 K and 2.2 K for magnetic field changes of 2 T and
5 T, respectively. We can see the ∆Tad below Tc increases with
lowered temperature, indicating the existence of low dimen-
sional heat capacity for MA2CuCl4 due to its layered struc-
ture. The Cp contribution in zero field is analyzed from crystal
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lattice and magnon by using the power law

Cp = a×T α +b×T 3/2, (6)

where Cp is the specific heat, the first term comes from crystal
lattice and the second one originates from the ferromagnetic
spin wave, to fit the heat capacity below Tc. The parameters
of α ≈ 1.48, a = 0.13, and b = 0.53 are obtained, indicat-
ing quasi-2D heat capacity nature and the main contribution
of heat capacity is arising from magnetic transition below Tc

since the value of b is larger than a. Based on Eq. (5), the
special layered structure abates the heat capacity at low tem-
perature compared to the traditional 3D materials, resulting in
an enhancement of ∆Tad with the decreasing temperature be-
low Tc.

The large magnetic entropy change in MA2CuCl4 must
have originated from the considerable increase of magnetiza-
tion or Tc with magnetic fields. With the observation of a large
magnetic entropy change and the increasing ∆Tad in low tem-
perature, one can conclude that a strong spin-lattice coupling
in the magnetic ordering process and quasi-2D crystal struc-
ture would lead to magnetic entropy change near Tc and favors
the MCE effect.

Though the maximum of entropy change is smaller than
the most conspicuous magnetocaloric materials, MA2CuCl4
single crystalline and its derivatives are easy to be synthesized
at room temperature and exhibits layered structure as well as
potential multicaloric effect that is beneficial for the appli-
cation in cryogen technique and alternative stimulus.[20,30,31]

Besides, since the Curie temperature of organic–inorganic
hybrids is easy to modify by the replacement of organic
functional group, a large magnetic entropy change may be
tuned from low temperature to near room temperature, which
is meritful for operating magnetic refrigeration at various
temperatures.[30]

4. Conclusions
In conclusion, MA2CuCl4 shows a large MCE with its

second-order magnetic transition. The results obtained show
a large magnetic entropy change near the ferromagnetic–
paramagnetic transition and an increasing adiabatic temper-
ature change below Tc. The large magnetocaloric effect in
MA2CuCl4 suggests that organic–inorganic hybrid is a suit-
able candidate as working substance in magnetic refrigeration
technology because of (i) large magnetic entropy change, (ii)
soft magnetism and reversible MCE, (iii) wide temperature
span of ∆SH and large RCP, (iv) easy to fabricate and tune

the magnetic transition temperature by modifying the organic
functional group, and (v) potentially multicaloric effect to en-
hance the MCE.
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