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ABSTRACT

Polycrystalline compounds La0.77-xMg0.23MnO3 (0 B x B 0.2) were elaborated

using the ceramic method. All the samples are indexed in the orthorhombic

structure (Pnma space group). Zero-field-cooled (ZFC) and field-cooled (FC)

magnetization measurements show that the samples undergo a paramagnetic-

ferromagnetic phase transition and the transition temperature is found to

increase from 140.82 K for x = 0.00 to 191.50 K, for x = 0.20. The compounds

reveal a second-ordered magnetic phase transition around TC. Isothermal

entropy change j � DSMj was estimated using the Maxwell relation method. The

relative cooling power also increases from 158.12 (J/Kg) for x = 0.00 to 175.94 (J/

Kg) for x = 0.20, under a magnetic field of 5 T. The results suggest that materials

could be useful for magnetic refrigeration.

1 Introduction

The development of new refrigeration technology,

based on the magnetocaloric effect (MCE) of a mag-

netic solid, has a significant interest in recent years, as

an efficient cooling technology and environmentally

benign than the traditional gas compression refrig-

eration technology [1].

The MCE is quantified by the isothermal magnetic

entropy change (DSM) or the related adiabatic tem-

perature change (DTad) under an applied magnetic

field. This phenomenon is originated from the cou-

pling of the applied magnetic field with magnetic

spins in a material [2, 3].

In most magnetic refrigeration prototypes, the

lanthanide metal gadolinium (Gd) was the best room

temperature magnetic cooling material with a Curie
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temperature is close to room temperature (TC-

= 294 K) and it possesses a large magnetic entropy

change under a magnetic applied field of 5 T (�DSM
= 10.3 J/(Kg K)) [4].

However, the high cost and easy oxidation of Gd

rare earth metal limit their usage as an active mag-

netic refrigerant in magnetic refrigerators (MR). For

these reasons, exploring new candidate materials for

MR becomes necessary.

Taking this into consideration, several researchers

groups focus on the search for cost-effective magnetic

materials and have a magnetocaloric effect to apply

as a magnetic refrigerator.

A large overview of the magnetocaloric effect

observed in perovskite manganites, which makes

them promising candidates for magnetic refrigera-

tion. Moreover, these perovskite oxides are easy to

prepare and show higher chemical stability. Another

important feature of these compounds is the ability to

control their physical properties by the type and the

concentration of doping elements in A- and/or B -

sites.

Among them, the manganites with the general

system of Ln1-xAxMnO3 (where Ln = rare-earth

elements and A = divalent alkali earth cations) show

significant MCE around the TC [5–9].

In addition, this family of materials generally offers

a high degree of chemical versatility and different

other physical properties, such as colossal magne-

toresistance [10, 11], superconductivity [12], spin-

glass states [13], and phase separation [14], which

find a wide range of other applications such as the

spin-electronic devices and the magnetic field sen-

sors. The magnetic properties in the perovskite

manganites system have been explained by several

theories, such as double exchange (DE) interaction

[15], super-exchange (SE) coupling [16], and Jahn–

Teller distortion [17]. Thus, the nature of the mag-

netic ordering with doped manganites depends on

the relative concentration of the Mn3? and Mn4? ions,

and the structural properties such as Mn–O bond

length and Mn–O–Mn bond angle. Hence, the exis-

tence of the Mn3?–Mn4? mixed-valence is necessary

to introduce both ferromagnetic state and metallic

conductivity.

Previously, has been reported that LaMnO3 is an

antiferromagnetic (AFM) insulating compound [18].

It has been shown that the substitution of La3? by a

divalent alkali metal leads to a mixed-valence Mn3?/

Fig. 1 X-ray diffraction patterns of La0.77-xMg0.23MnO3 (0 B x B 0.2) compounds at room temperature
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Mn4? state and induces a transition from paramag-

netic-insulator to ferromagnetic-metallic phase

[19, 20].

Among the A site doped lanthanum manganites,

the La1-xMgxMnO3 system can be more interesting as

the doping can modify the lattice parameters and the

Curie temperature of the magnetic phase transition.

According to J.H Zhao et al. [21], the transition

temperature of the system La1-xMgxMnO3 (0.05 B

x B 0.4) decrease with increasing of the doping con-

centration (Mg content) from 147.2 K for x = 0.05 to

114.8 K for x = 0.2.

In addition, the average site cation radius ‹rA›, as

well as the ratio of Mn3?/Mn4? can be modified also

by the creation of a vacancy in the A perovskite site.

Recent studies on the lanthanum-deficiency effects in
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Fig. 2 Rietveld refinement of the X-ray diffraction powder pattern of La0.77-xMg0.23MnO3 (0 B x B 0.2)
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La0.7-xCa0.3MnO3 powder samples showed an

increase in the Curie temperature TC with increasing

deficiency content [22].

Traditionally, the solid-state reaction method has

been shown as a very versatile technique to prepare

solid solutions and other metastable systems. The

principal objective of the traditional process is to

elaborate a single phase of the compound. In the

present work, we report the effect of La deficiency on

structural, magnetic, and magnetocaloric properties

of microcrystalline La0.77-xMg0.23MnO3 (0 B x B 0.2).

Table1 Lattice and statistical parameters from Rietveld refinement

Sample x = 0 x = 0.05 x = 0.1 x = 0.15 x = 0.2

Lattice parameters

a (Å) 5.51606 (3) 5.51644 (1) 5.51515 (3) 5.51486 (0) 5.51354 (0)

b (Å) 7.80954 (1) 7.80953 (2) 7.80691 (1) 7.80652 (0) 7.80749 (2)

c (Å) 5.537181 (7) 5.53804 (1) 5.53698 (4) 5.53708 (0) 5.53718 (1)

V (Å3)/Z* 59.640 59.639 59.600 59.595 59.589

Statistical parameters of fitting

Bragg R-factor 5.32 8.27 9.53 7.36 7.99

RF-factor 5.24 5.30 7.58 7.34 7.38

Chi2 1.90 1.69 1.57 1.25 1.90

Atomic positions

La/Mg 4c (x, 1/4, 0) – – – –

x 0.01686 0.01886 0.01887 0.01886 0.01886

Mn 4b (0, 0,1/2)

O1 4c (x, 1/4, y)

x 0.75066 0.75066 0.75068 0.75066 0.74666

z 0.04532 0.05232 0.05241 0.05232 0.01932

O2 8d (x, y, z)

x 0.24406 0.23806 0.23808 0.23806 0.24806

y 0.03238 0.03438 0.03440 0.03483 0.03438

z 0.79873 0.79873 0.79875 0.79873 0.79673

*Z: formula units per unit cell; Z = 4 for Pnma

Fig. 3 Unit cell volume as a function of La-vacancy rate (x)
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2 Characterization

The samples La0.77-xMg0.23MnO3 were prepared by

mixing the followed raw materials: La2O3, MgO, and

MnO2, all powders used are from Sigma-Aldrich

with a purity higher than 99.9%, in the desired pro-

portion according to the following reaction:

ð0:385� xÞ La2O3 þ 0:23 MgO
þ MnO2 �!La0:77�xMg0:23MnO3 ð1Þ

The starting oxides are mixed in an agate mortar

and then heated in air for 14 h at 900 �C. Next, the

powders were then pressed into pellets (of about

2 mm thickness and 13 mm diameter under a pres-

sure of 4 tons/in) and sintered at 1100 �C in the air

for 36 h with intermediate grinding and pelleting

cycles. Identification of the phase was investigated

using a Panalytical X’pert PRO3 diffractometer with a

Cu-Ka radiation.

(k = 1.5406 Å). The obtained data were refined by

the Rietveld refinement method with the FullProf

program [23].

Scanning electron microscopy (SEM, TESCAN

Vega 3SEM) was used to examine the morphology of

our powder compounds.

Raman spectra were recorded on a Jobin Yvon HR

800 (k = 441.6 nm) Raman spectroscopy at room

temperature.

The FTIR (Fourier transformation infrared spec-

troscopy) spectrums of the studied materials were

registered at room temperature using the FTIR Bru-

ker Tensor 27 spectrometer in the 400–1200 cm-1-

wavenumber range.

ZFC and FC magnetization measurements vs.

temperature (T) were carried out using a vibrating

sample magnetometer (VSM, Cryogenic—Cryofree)

in the temperature range of 10–350 K, under an

applied field of 2000 Oe. Isothermal measurements M

(H) were performed by varying H up to 5 T around

the TC at several temperatures. The MCE as a mag-

netic entropy change was estimated from the mag-

netic isotherms for all samples.

3 Results and discussion

The room temperature X-ray diffraction (XRD) pat-

terns of the La0.77-xMg0.23MnO3 (0 B x B 0.2) sam-

ples as well as the Miller index are present in Fig. 1.

All the experimental peaks are indexed in

orthorhombic symmetry.

Figure 2 reports the refinement of XRD patterns for

all the samples. It was found that our compounds

crystallize in the orthorhombic structure with the

Pnma space group (JCPDS data card No. 04-015-

1752). For x = 0.2, the refinement has revealed the

presence of a small impurity attributed to Mn3O4

phase. Essentially, it is necessary to note that the

stoichiometry of the compound is not affected by the

formation of the Mn3O4 secondary phase according

to [24]. We can note that a lanthanum deficiency does

not change the perovskite structure. Detailed results

of the refinements are given in Table 1.

Figure 3 shows that the unit cell volume decreases

with increasing La deficiency amount. This structural

change is caused by the increase of the Mn4? content.

Indeed, the Mn4? ion has a lower ionic radius

(\ rMn4?[ = 0.53 Å) compared to that of

(\ rMn3?[ = 0.65 Å) Mn3? [25].

DIAMOND software is used for the estimation of

the differences between the bonds Mn–O and the

angles Mn–O–Mn [26]. From Table 2, it can be seen

that the Mn–O length decreases while the Mn–O–Mn

bond angle increases almost linearly with the La

deficiency amount. Similar results are observed in

various perovskite manganites [27, 28].

Table 2 Distances and angles

of La0.77-xMg0.23MnO3 at RT Samples x = 0 x = 0.05 x = 0.1 x = 0.15 x = 0.2

Bond distances

Mn-O1 (Å) 2.381 (3) 2.409 (9) 2.409 (2) 2.409 (1) 2.405 (5)

Mn-O2 (Å) 1.807 (9) 1.816 (4) 1.844 (6) 1.844 (1) 1.844 (2)

Mn-O2 (Å) 2.1546 (1) 2.147 (8) 2.129 (2) 2.128 (8) 2.129 (2)

\Mn–O[ (Å) 2.114 (6) 2.124 (7) 2.127 (6) 2.127 (4) 2.126 (3)

Angles

Mn-O1-Mn (�) 110.10 (1) 108.51 (0) 108.22 (0) 108.21 (4) 108.21 (2)

Mn-O2-Mn (�) 160.73 (4) 160.63 (2) 159.12 (0) 159.11 (9) 159.11 (7)
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Fig. 4 The size–strain plot (SSP) plots for La0.77-xMg0.23MnO3 (0 B x B 0.2) compounds
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Fig. 5 The Halder–Wagner (H–W) plots for La0.77-xMg0.23MnO3 (0 B x B 0.2) compounds
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The average crystallite size (DSC) was calculated

from the most intense XRD peaks using the Debye–

Scherrer equation [29]:

DSC ¼ 0:9� k
b� cos h

ð2Þ

where k presents the X-ray wavelength

(k = 1.5405 Å), b the width at half maximum of the

most intense peak and h the Bragg angle.

Crystallite size (DSSP) was obtained by the size–

strain plot method according to the following relation

[30]:

ðdhkl b cos hÞ2 ¼
kk

DSSP

ðd2hkl b cos hÞ þ
e2

4
ð3Þ

where dhkl represents the distance between (hkl)

planes, k is the shape factor of the peak, and e is the

effective strain.

According to the above expression, a graph

between ðdhklbcoshÞ2 against ðd2hklbcoshÞ is plotted and

fitted linearly for all the compounds. The crystallite

size is determined from the value of the slope of the

linearly fitted data line (Fig. 4).

The Halder–Wagner (H–W) analysis is another

method to determine the crystallite size (DWH) using

the following equation [31]:

b�hkl
d�hkl

� �2

¼ 1

DWH

� �
b�hkl
d�hkl

2

� �
þ e

2

� �2
ð4Þ

where b� ¼ b cos h
k ; d� ¼ 2b sin h

k :

A plot between
b�hkl
d�
hkl

� �2
and

b�hkl
d�
hkl

2

� �
gives a straight

line and the average crystal size have been obtained

from the value of the slope of the line (Fig. 5).

The extracted values of DSC, DSSP, and DWH are

given in Table 3.

To describe the distribution of electron density

(ED) of La0.77-xMg0.23MnO3 (x = 0.0, 0.05, 0.1, 0.15,

and 0.2) compounds, the study of electron density

mapping has been performed and delineated using

the GFourier program in FullProf software. Two-di-

mensional maps distribution of Mn and O atoms

along xz direction in all samples is displayed in

Fig. 6. The dense and thick circular of the contours

around Mn might be assigned to the distribution of

valence d orbital electrons. Some intermediate posi-

tive contour of density is observed between the Mn

cations correspond to the 2p sites for O2- cations. The

reconstructed 2D electron density reveals the overlap

between the density of Mn and O atoms, which is

attributable to spin–orbit coupling interaction

between the unpaired 2p core-level electrons and

unpaired 3d valence shell electron in terms of Mn (3d

eg)–O (2p) bonding bands. ED distribution around

Mn–O bonds are found to be 1.113, 1.114, 1.185, 1.187,

and 1.668 e/Å3 for x = 0, 0.05, 0.1, 0.15, and 0.2,

respectively. Hence, can be seen that the electron

density of Mn–O bands ameliorated slightly com-

pared to the un-doped compound (x = 0.0). It is

known that the electron density eventually affects the

electrical and magnetic properties in these manganite

systems. Thus, we expect that the magnetic proper-

ties of this material could be enhanced moderately

[32].

The SEM images and the grain size histogram plots

are introduced in Fig. 7. SEM images reveal a non-

uniform distribution of grains. The acquired grain

size findings from SEM micrographs (using the

Image J software by fitting the particle size distribu-

tion with a Gaussian equation) for x = 0.0, 0.05, 0.1,

0.15, and 0.2 are 1.1, 1, 0.9, 0.8, and 0.95 lm, respec-

tively. They are much larger than those calculated by

the Debye–Scherrer, the size–strain plot, and the

Halder–Wagner (H–W) methods from XRD (Table 3),

which indicate that each grain is observed by SEM

consists of several crystallites.

The infrared transmission spectra from 350 to

4000 cm-1 for all compounds measured at room

temperature are presented in Fig. 8. The vibration

band at 402.72 cm-1, observed in all samples, is

attributed to the bending mode of Mn–O–Mn sensi-

tive to the bond angle. The band located at

628.28 cm-1 corresponds to the stretching mode and

is related to the change in length of the Mn–O–Mn or

Mn–O bond [33, 34]. It is worth noticing that these

two vibrations are related to the environment sur-

rounding the MnO6 octahedra and the lowering of

symmetry under the influence of a Jahn–Teller (JT)

Table 3 Average crystallite size for La0.77-xMg0.23MnO3

compounds obtained from Debye–Scherrer, size–strain plot and

the Halder–Wagner (H–W) methods

Samples DSC (nm) DSSP (nm) DHW (nm)

x = 0 42.020 30.011 40.016

x = 0.05 37.092 30.326 39.968

x = 0.1 37.077 29.475 39.277

x = 0.15 36.300 30.894 41.237

x = 0.2 37.327 30.812 40.016
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distortion. Remarkably, we show that for both bands

no consistency changes with La-vacancy amount can

be found.

Figure 9 displays the zero-field-cooled (ZFC) and

the field-cooled (FC) magnetization curves taken at

2000 Oe. It can be seen that the samples exhibit a

paramagnetic to ferromagnetic transition with

decreasing temperature. The differentiation curves

(dM/dT) are shown in the inset of Fig. 9. These

curves are refined by the Gauss equation to deter-

mine precisely the Curie temperature. With the

increase in La deficiency, TC enhances considerably,

from 140.82 K for x = 0 to 191.50 K for x = 0.2, which

indicates the improvement of the ferromagnetism.

These observations are consistent with the studies

reported in the literature for other similar materials

[35, 36]. Thereby, the increase of the Mn4? ions pro-

duced by the La deficiency enhanced the double

exchange interaction. This factor explains the increase

of the Curie temperature in these studied materials.

Fig. 6 Electron density map of La0.77-xMg0.23MnO3 (x = 0.0, 0.05, 0.1, 0.15, and 0.2) compounds

J Mater Sci: Mater Electron (2022) 33:1703–1723 1711



In addition, there is no bifurcation in the FC-ZFC

M (T) modes; this asserts that the magnetic interac-

tions are purely ferromagnetic at low temperatures.

The thermal evolution of the inverse of the sus-

ceptibility (v-1) for all the samples is reported in

Fig. 10. Thus, it is clear that the susceptibility obeys

the Curie–Weiss law [37]:

v ¼ C

T � hP
ð5Þ

where hp is the Curie Weiss temperature and C is the

Curie constant.

The hp and C parameters, deduced from the linear

fit in the paramagnetic region, are presented in

Table 4. The values of the hp are positive and superior

Fig. 7 Typical scanning electron micrographs and corresponding size distribution histograms of La0.77-xMg0.23MnO3 (x = 0.0, 0.05, 0.1,

0.15, and 0.2) samples

1712 J Mater Sci: Mater Electron (2022) 33:1703–1723



to the corresponding Curie temperatures, showing

that the dominant interactions between Mn ions are

ferromagnetic.

The Curie constant calculated from the fitting has

been used to estimate the experimental effective

magnetic moments lexpeff by the equation C = NA l2B/

3kB ðl2eff ) [38].
Where lB = 9.27 9 10–24 J.T-1 is the Bohr magne-

ton and kB = 1.38 9 10–23 J.K-1 is the Boltzmann

constant. Whereas the theoretical effective moments

ltheff are concluded from the genre formula of our

present system, according to the following relation:

ltheff ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:77� 3xð Þ leff Mn3þð Þ½ �2þ 0:23þ 3xð Þ leffMn4þ½ �2

q

ð6Þ

With leff (Mn3?) = 4.9 lB and leff (Mn4?) = 3.87 lB.

The values of lexpeff and ltheff are summarized in

Table 4.

We observed there is a difference between the lexpeff

and ltheff values, which can be related to the presence

of ferromagnetic-spin interactions in the paramag-

netic state [39].

Complementary, we have measured hysteresis

loops between - 10 and 10 T at 5 K. The isothermal

field-dependent magnetization loops curves are

plotted in Fig. 11. The inset of Fig. 11 exhibits a zoom

of the hysteresis loops at a low field for all the

compounds.

The compounds show a ferromagnetic behavior,

we can also observe that magnetization gradually

increases with the La deficiency (x). It is additionally

seen that the magnetization increases sharply with

the magnetic applied field and then saturates (x = 0.1

and x = 0.15). However, we show the absence of M

(H) saturation for samples with x = 0, 0.05, and 0.2.

This result confirms the presence of weak AFM

interactions.

Isothermal magnetization curves have been

undertaken under applied magnetic field ranging at

0–5 T for all samples and shown in Fig. 12. Is noticed

that the magnetization increases regularly with

increasing magnetic field and then saturates for fields

above 1 T. A similar behavior was also depicted

previously for La0.8Ba0.1Ca0.1Mn0.85Co0.15O3 [40] and

La0.65Dy0.05Sr0.3MnO3 [41]. The nature of the mag-

netic phase transition can be deduced by plotting M2

versus H/M from the nature of the slope of the

resulting curves according to Banerjee [42, 43].

Indeed, the magnetic transition is of the second-order

type if the curves have a positive slope and of a first-

order, if the slope is negative. As seen in Fig. 13, a

positive slope and linear behavior of the Arrott plots,

which indicates a second-order phase transition for

all compounds.

The change in magnetic entropy (DSM H;Tð Þ) of

magnetic materials with second-order transitions can

be calculated using the Maxwell thermodynamic

relation [44]:

DSM H;Tð Þ ¼ r
H

0

oM H;Tð Þ
oT

� �
H

dH ð7Þ

The magnetic entropy change between 0 and H (the

maximal value of the applied magnetic field) defined

in Eq. (7) could be approximated as [45]:

DSM T;DHð Þ ¼
XMi �Miþ1

Ti � Tiþ1
DHi ð8Þ

where Mi and Miþ1 are the experimental values of the

magnetizationat temperatures Ti and Tiþ1 under a

magnetic field DHi.

Figure 14 displays the isothermal entropy

�DSM Tð Þ of the La0.77-xMg0.23MnO3 (0 B x B 0.2)

compounds under several magnetic fields (from 1 to

5 T).

One notices clearly, that the �DSM Tð Þ curves for all
samples present a maximum close to the Curie tem-

perature for each magnetic applied field. Also, the

value of �DSmax
M increases with increasing the applied
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Fig. 9 Temperature dependence of ZFC and FC magnetization data taken at H = 2000 Oe for x = 0, 0.05, 0.1, 0.15, and 0.2. Inset:

derivative of magnetization marking the ordering temperature
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Fig. 10 Inverse magnetic susceptibility vs. temperature of the La0.77-xMg0.23MnO3 (x = 0, 0.05, 0.1, 0.15, and 0.2) compounds
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magnetic field. The maximum values of the magnetic

entropy change j � DSmax
M j, under 5 T magnetic field

change, are (see the Fig. 15a and Table 4) 2.59, 2.65,

2.78, 2.40, and 2.60 J kg-1 for x = 0.0, 0.05, 0.1, 0.15,

and 0.2, respectively. Comparable results were

explored by R. Ben Hassine et al. [46] for La0.67-
Sr0.22Ba0.11Mn1-xFexO3 (x = 0, 0.1, and 0.2) com-

pounds under the same applied magnetic field.

In addition to �DSmax
M , the relative cooling power

(RCP) is another important parameter to evaluate the

efficiency of magnetic refrigerators. The RCP can be

calculated using the following relation [47]:

RCP ¼ �DSmax
M T;Hð Þ � DTFWHM ð9Þ

where DTFWHM is the full width at half maximum of

j � DSmax
M jcurve.

The RCP values obtained upon different magnetic

applied field changes of l0H = 1, 2, 3, 4, and 5 T, are

displayed in Table 5 and Fig. 15b. We can see that the

RCP values are improving with the increase of the La

deficiency.

According to the thermodynamic theory, the

change of the specific heat DCp linked to a magnetic

field variation can be calculated from the DSM data

using the equation [48]:

DCp ¼ T
oDSM
oT

ð10Þ

The specific heat changes DCp of the La0.77-x-

Mg0.23MnO3 samples versus temperature at several

magnetic fields is presented in Fig. 16.

One can see clearly that the curves of DCp indicate

a change from a negative minimum DCmin
P to positive

maximum DCmax
P values around the Curie tempera-

ture TC. Moreover, we find that the DCmax
P =DCmin

P

values increase with the applied magnetic field.

These values and behavior are incoherent with those

reported in the literature [50–52].

4 Conclusion

La0.77-xMg0.23MnO3 powder samples were prepared

using the standard ceramic process for the composi-

tion range (0 B x B 0.2). X-ray diffraction shows that

these perovskites crystallize in an orthorhombic

structure (Pnma space group). Magnetic measure-

ments show that all samples presented a second-

order PM-FM, phase transition with an increase in

Curie temperature TC. We have also mentioned the

Table 4 hp and TC temperatures, experimental and theoretical

values of leff for La0.77-xMg0.23MnO3 compounds

Samples TC hp ltheff (lB) lexpeff (lB)

x = 0 140.8 140.25 4.68 5.25

x = 0.05 130.42 145.12 4.63 5.25

x = 0.1 131.02 143.5 4.58 5.06

x = 0.15 132.23 148.58 4.53 5.37

x = 0.2 191.5 185.02 4.48 6.09

Fig. 11 The magnetization hysteresis curves of

La0.77-xMg0.23MnO3 (x = 0, 0.05, 0.1, 0.15, and 0.2) samples

measured at 5 K. The inset shows a zoom of the hysteresis loops

at a low field for the samples
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Fig. 12 Magnetization vs field isotherms near TC for La0.77-xMg0.23MnO3 (0 B x B 0.2) samples
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Fig. 13 Arrott plots for La0.77-xMg0.23MnO3(0 B x B 0.2) samples
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Fig. 14 Thermal evolution of the entropy under different amplitudes of change in the magnetic field (from bottom to top DH = 1, 2, 3, 4,

and 5 T) for La0.77-xMg0.23MnO3 (0 B x B 0.2) samples
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maximum values �DSmax
M that varied between 2.40

and 2.78 J/KgK. Besides, the relative cooling power

(RCP) increases from 158.12 (J/Kg) for x = 0.00 to

175.94 (J/Kg) for x = 0.20, under a magnetic field of

5 T, with increasing La deficiency. According to the

results, La deficiency increases the cooling power,

which could be a method to be considered as a

promising way to develop new materials for mag-

netic refrigeration technology.

Fig. 15 Variation of the maximum entropy change (a), the relative cooling power (b) as a function of the applied magnetic field for

La0.77-xMg0.23MnO3 (0 B x B 0.2) compounds

Table 5 Maximum entropy

change (j � DSmax
M j) and

relative cooling power (RCP)

for La0.77-xMg0.23MnO3

samples, occurring under

magnetic field variations,

compared to some compounds

considered for magnetic

refrigeration

Samples DH (T) j � DSmax
M j ðJ=KgKÞ RCP ðJ=KgÞ References

La0.77Mg0.23MnO3 5 2.59 158.12 Our work

La0.72Mg0.23MnO3 5 2.65 158.13 Our work

La0.67Mg0.23MnO3 5 2.78 153.51 Our work

La0.62Mg0.23MnO3 5 2.40 164.26 Our work

La0.57Mg0.23MnO3 5 2.60 175.94 Our work

La0.67Ba0.33MnO3 5 5.8 151 [48]

La0.67Sr0.33Mn0.9Ni0.1O3 5 3 132 [49]

Gd 5 9.5 410 [52]
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Fig. 16 Temperature dependence of the specific heat change at different applied magnetic field variations for La0.77-xMg0.23MnO3

(0 B x B 0.2) samples
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