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Abstract:  

 

This study reports the effect of Ni substitution for Mn on structural, magnetic and 

magnetocaloric properties of La0.7Sr0.3MnO3 manganite synthesized by sol-gel technique. The 

structural, morphological and magnetic properties are investigated using x-ray diffractometer 

(XRD), scanning electron microscope (SEM) and vibrating sample magnetometer (VSM) 

systems. XRD results showed that all samples crystallize in rhombohedral structure. 

Thermomagnetic measurements showed that TC decreases with the addition of Ni from 363 K 

for x = 0.00 to 324 K for x = 0.06.   ΔSM 
 determined by Maxwell’s relations and Landau theory 

gave compatible results in the transition temperature and region above.  ΔSM
max values were 

determined as 4.52, 4.51, 4.41 and 3.90 Jkg-1K-1 for x = 0.00, 0.02, 0.04 and 0.06 at 5T, 

respectively. The Arrott plots and the scaling analysis of ΔSM, which collapsed on a single 

curve, showed that magnetic transitions are second order. 
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1. Introduction  

  

          Because of global warming and climate change, our dependence on air conditioning and 

cooling systems is increasing day by day to improve our living standards. This situation causes 

an enhancement of energy consumption in these areas. Energy consumption must keep under 

control for the development of countries in all areas. Therefore, countries have to make 

regulations and they study to improve new systems with low energy consumption. Among the 

existed and studied cooling and air conditioning systems, magnetic refrigeration (MR) systems 

have been quite hopeful because of high energy efficiency and low energy consumption [1] when 

compared to conventional gas compression systems extensively using in all areas. These systems 

have quite good properties environmentally [2]. In addition, these systems are also low cost and 

noise [3]. MR systems work according to magnetocaloric effect (MCE). Briefly, this effect is 

defined as the temperature change of a magnetic material under magnetic field [2]. Except of 

refrigeration, the MCE has been drawn interest for the conversion and harvesting of the energy 

[4] and medical area (such as drug delivery and hyperthermia) [5].  

Magnetic entropy change (ΔSM) and adiabatic temperature (Tad) change are two magnitudes 

which are defining the MCE [6]. All magnetic materials show magnetocaloric (MC) properties 

because of being an internal property of the materials [7]. The basic purpose of the studies on the 

MCE is to provide the appropriate cooling element for MR systems [5, 8, 9]. The MC materials 

have to meet certain requirements in order to be used in MR applications [2, 3]. Since the 

discovery of the MCE, it has been identified different families of materials that may be suitable 

for MR systems [8-14]. Among of these material families, RE1−xAxMnO3 perovskite manganites 

(where RE states rare earth elements and A points out monovalent or divalent elements) have 

investigated intensively for their physical properties [15-20]. The physical properties of 

manganite materials affect by several factors such as sample production method, chemical 

stoichiometry and the type of metal ion [21]. The type of metal ion replaced by the A or Mn site 

changes the double exchange (DE) interaction. Consequently, this affects the magnetic and MC 

properties of the samples. There are some studies showing the effect of element replacing such 

as Co, Cr, Cu, and Ni by Mn on magnetic and MC properties [21-25]. In these studies, it is aimed 

to obtain materials that can be used as candidate refrigerant material for MR systems. 

One of the perovskite manganite family, La-based La0.7Sr0.3MnO3 compound has been 

attracted quite due to its high magnetic phase transition temperature and high colossal 

magnetoresistive value [26]. To improve the physical properties and attain deep information of 

La0.7Sr0.3MnO3 compound, the La0.7Sr0.3MnO3 compound has been prepared by using different 
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techniques [26-28]. Furthermore, by making dopings/substitutions to both of A and B-site, the 

effects on physical properties have been investigated [23, 24, 26, 27, 29-31].    This study reports 

the effect of Ni-doped La0.7Sr0.3Mn1-xNixO3 (0 ≤ x ≤ 0.06) manganites prepared by sol-gel 

technique on the structural, magnetic and MC properties.  

2. Experimental Procedure 
  

    La0.7Sr0.3Mn1-xNixO3 (0.00 ≤ x ≤ 0.06) manganite samples abbreviated as LSM, LSM2, 

LSM4 and LSM6, respectively, have been produced by sol-gel technique. To synthesize the 

sample, La(NO3)3.6H2O, SrO, NiO and Mn(NO3)2.6H2O compounds are used. The processes of 

the sol-gel method are given in the previous studies [32]. To obtain the samples targeted, 

stoichiometric ratios of the initial materials firstly were solved in optimum solvents. The 

solutions were mixed by the magnetic stirrer at a certain temperature. To obtain gel form, 

auxiliary chemicals were added to the solutions in appropriate proportions. To obtaining the dried 

form, the samples were heated on a hot plate. The final samples were calcined 600 ℃ for 6 h.  

The sintering temperature and time for the sample is 1200℃ and 24 h, respectively. The structural 

properties and grain structure of the samples were investigated by using x-ray diffractometer 

(XRD) with a PANalytical-EMPYREAN diffractometer and scanning electron microscope 

(SEM) using a FEI-Quanta 650 Field Emission microscope. To identify the magnetic properties 

and compute the value of ∆𝑆𝑀 for the samples, magnetization measurements vs. temperature 

(M(T)) and magnetic field (M(H)) were performed by using physical properties measurement 

systems (PPMS) with a vibrating sample magnetometer (VSM) option of Quantum Design PPMS 

DynaCool-9. The M(T) measurements were performed at the temperature interval between 5-

380K under a magnetic field of 10mT. After determining the magnetic phase transition 

temperature of the samples, the M(H) measurements were made with 4K temperature increments 

in the transition temperature range up to 5T.                                                                                                            

3.  Results and Discussions  
 

Figures 1(a-d) show the XRD spectra taken at room temperature for La0.7Sr0.3Mn1-

xNixO3 (0.00 ≤ x ≤ 0.06) manganites. As seen from the figure, the diffraction patterns of all 

samples are similar to each other, and it observed that there is no detectable secondary phase. 

The diffraction peaks were indexed in the rhombohedral structure. Lattice parameters and unit 

cell volume of the samples are specified by using Fullprof software and these values are given 
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in Table 1. As seen from Table 1, the unit cell volume of the samples decreases with increasing 

Ni concentration. This decreasing may be explained by Ni2+ ionic radius (0.55 Å) is smaller 

than Mn3+ (0.65 Å) one. Even though the unit cell volume and lattice parameters change with 

Ni2+ content, no change in crystal structure was observed. These changes in the structural 

properties of the samples are expected to cause variation in the magnetic and MC properties of 

the compounds. The structural results obtained in this study are similar to the literature [33, 34].  

Manganites are found in perovskite structure and it is controlled by equation formulized 

with   𝑡 = (𝑟𝐴 + 𝑟𝑂) √2(𝑟𝑀𝑛 + 𝑟𝑂)⁄  is known as tolerance factor (t).  It is a dimensional criterion 

that depends on the sizes of the ions and characterizes the distinct structures derived from the 

perovskite structures. In the equation, the ionic radii of the A cation, B cation and oxygen are 

represented by rA, rB and rO, respectively. The values of rA and rB are given in the Table 1. In 

ideal perovskites t is equal to one and crystal structure is cubic. But, the crystal structure of the 

materials covaries with the changing of the t value. [35]. For rhombohedral structure, t values 

are between 0.96 and 1.0 [36]. By using Shannon’s Table [37], we have calculated the average 

radii of A and B-sites as well as t value and these values are given in Table 1. The t value for 

the samples increases with increasing Ni ratio in the system from 0.9792 for x = 0.00 to 0.9812 

for x = 0.06. When Ni is added instead of Mn, according to the neutrality equation 

(La0.73+ Sr0.32+Mn0.7−x3+ Mn0.3+x4+ Nix2+O32−) [38], Mn3+ decreases while Mn4+ increases. In case, it is 

occurred that a decrease in the average ionic size of the B- site. As result, the average ionic size 

of B site decrease and the t values increase.  The calculated t values affirm that the crystal 

structure of the samples is rhombohedral. 

Morphological properties of the samples affect the magnetic and MC properties of the 

samples. Therefore, the morphology of the samples was investigated using SEM at 20 KX 

magnifications. The SEM images of the samples are given in the Fig.2. From SEM images, it 

is seen that grains have slightly different sizes and polygonal volume particle structures, mostly 

spherical and the grain boundary is clear for all samples. The grain sizes of the samples are 

calculated by using Image J software and are seen in Table 1. The histograms of the grain size 

are given in Fig. 3. It is observed that the grain size is reduced with increasing Ni concentration.  

The elemental analyzes of the samples were performed using SEM with equipment 

energy dispersive x-ray spectroscopy (EDS). Figure 4 shows the EDS spectra of the samples.  

All elements seen from EDS peak reflections belong to the elements that form the samples. The 

peak reflection of any element other than the compounds used in the sample production process 

was not scanned.  In addition, it can be seen from the EDS spectra that the number and intensity 

of Ni peaks increase in proportion to the increase in Ni concentration.  Atomic percentages of 
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the elements that compose the compound according to the results of the EDS analysis are given 

in Table 2. According to the chart, it is seen that the elements forming the compounds do not 

suffer any loss during production.  

Thermomagnetic measurements were carried out to study the magnetic behavior of 

La0.7Sr0.3Mn1-xNixO3 (0.00 ≤ x ≤ 0.06) samples and to determine their transition temperatures.  

Figure 5 shows the zero-field cooling (ZFC) and field-cooling (FC) magnetization curves in the 

temperature range 5-380 K under 10 mT. From the magnetization curves, it is seen that the 

samples change from the ferromagnetic (FM) to the paramagnetic (PM) with increasing the 

temperature. As thermal interaction energy increases with the increase of temperature the FM 

coupling is disrupted and consequently magnetization rapidly decreases to zero at a 

temperature. This temperature called as Curie temperature (TC). As seen in figure, while the 

ZFC and FC curves overlap in the PM region, it is seen that the curves diverge when moving 

towards the FM region. Since the highest separation is observed in the LSM4 sample, we can 

say that the most anisotropy is in this sample. Another situation that confirms the high 

anisotropy of this material is that the magnetization increases as the temperature decreases in 

the FC curve. In cases where anisotropy is low, the magnetization value follows a constant path 

with temperature decrease. The TC values of the samples were determined as 363, 351, 344 and 

324 K for LSM, LSM2, LSM4 and LSM6, respectively. From the results, it is seen that TC 

decreases as the amount of Ni replaced by Mn increases. Ni doping in the Mn region causes an 

increase in the number of ions from the Mn3+ state to the Mn4+ state. The transformation of the 

Mn3+ (t3
2g, e1

g) ion to the Mn4+ (t3
2g, e0

g) state is defined as the hole (space) doping [39].  The 

Mn4+ / Mn3+ ratio formed with the addition of Ni to the structure was calculated as 0.43, 0.48, 

0.55 and 0.62 for LSM, LSM2, LSM4 and LSM6, respectively. Thus, it can be said that with 

the increase of Ni amount, a decrease in the TC is observed due to the decrease in the number 

of conduction electrons. In addition, newly formed Mn3+- O -Ni2+, Mn4+- O - Mn4+ and Ni2+- O 

- Ni2+ bond interactions that will weaken the FM double exchange interactions and support the 

antiferromagnetism with the substitution of Mn by Ni2+ ions [34]. As a result, the TC gradually 

decreases as the amount of Ni increases. 

After the determination of the TC temperatures, isothermal magnetization measurements 

were taken in this temperature region in order to determine the ΔSM, which are mostly changing 

in this region. The M(H) measurements were carried out in the TC region in 4K temperature 

steps up to 5T applied magnetic field and are shown in Fig. 6 for the samples. As can be seen 

clearly from the Fig. 6, M(H) curves leading to the saturation particular to FM state at low 
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temperatures, while they are in the form of linear curves specific to PM state at temperatures 

above the TC. 

To determine the magnitude of the MCE, the ΔSM values of the samples from the 

isothermal magnetization curves are calculated using the approximated Maxwell’s 

thermodynamic relation [40]: 

 |∆𝑆𝑀| = ∑ 𝑀𝑖−𝑀𝑖+1𝑇𝑖+1−𝑇𝑖𝑖 ∆𝐻,                                                                                                                                     (1) 

 
where Mi and Mi+1 are the magnetizations at Ti and Ti+1, respectively. The temperature 

dependent ΔSM curves obtained at different magnetic fields are given in Fig. 7. Since the ΔSM 

is a magnitude proportional to change of magnetization, it goes to a maximum in the TC region 

where the greatest change occurs. From Fig. 7, it is seen that the ΔSM curves of the samples go 

to maximum at their TC temperatures, supporting this explanation. With the increase in the 

applied magnetic field value, the ΔSM values increased, as expected, depending on the increase 

in the number of magnetic moments in the direction of the magnetic field. Furthermore, the 

peak of ΔSM curves over a wide temperature range reveals that the magnetic phase transition 

has a second order character [41]. The maximum magnetic entropy change (ΔSM 
max) values are 

determined as in Table 3 at different magnetic fields. These values are larger than the results 

given in the literature of doping to Mn-site in different manganite materials [34, 42-45]. It is 

clear from the Table 3 that the ΔSM 
max values decreased with the increase of Ni amount as in 

the TC. This decrement is due to the decrease in the number of conduction electrons, which also 

causes a decrease in the TC due to the increase in the number of Mn4+ (t32g e
0

g) ions with addition 

of Ni to the structure. 

Relative Cooling Power (RCP) expresses technological importance of the MCE and 

refers to the amount of heat transferred from the hot to cold sinks in an ideal refrigerant cycle 

[46]. The RCP value of a material can be evaluated from the equation below; 𝑅𝐶𝑃 = −∆𝑆𝑀 𝑚𝑎𝑥 × 𝛿𝑇𝐹𝑊𝐻𝑀                                                                                                               (2) 

where  𝛿𝑇𝐹𝑊𝐻𝑀  shows full width of the ΔSM curve at half maximum [46]. RCP values are 

calculated for all samples and shown in Table 3. Initially, the RCP value increased with the 

expansion of the temperature range of the ΔSM curve with the addition of Ni to the structure, 

but it systematically decreased with the increase of the Ni concentration.  

For the purpose of understanding the nature of the transition from FM to PM state, 

curves of H/M vs. M 2, called as Arrott plots, are evaluated from these M(H) curves. Figure 8 
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shows the Arrott plots for all samples. The Banerjee criterion [47] states that the magnetic phase 

transition has a second-order transition if the Arrott curves around the TC have a positive slope 

and a first-order transition otherwise. From the Fig. 8, it can be said that the samples have a 

second-order transition due to their positive slope in TC region. Materials showing second-order 

magnetic phase transition are more advantageous than those with first-order transition because 

they have low thermal and magnetic hysteresis, which is of great importance for technological 

requirements [48]. It is seen from the Arrott curves of each sample at its transition temperature 

that the curves pass through the origin. This signifies that there is a true long range FM 

interaction [42]. Another method that verifies the second-order phase transition is the universal 

master curve proposed by Franco [49]. In this method, ΔSM values are normalized to its 

maximum value and the temperature axis is rescaled according to the equations below [49]; 

𝜃 = {− (𝑇 − 𝑇𝐶 ) (𝑇𝑟1 − 𝑇𝐶)    𝑇 ≤ 𝑇𝐶⁄  (𝑇 − 𝑇𝐶 ) (𝑇𝑟2 − 𝑇𝐶)⁄    𝑇 > 𝑇𝐶                                                                                    (3) 

where Tr1 and Tr2 are the temperatures below and above Tpeak. These temperatures are values 

corresponding to the arbitrary value of h<1 to ΔSM (Tr1,2) / ΔSM 
peak = h. Figure 9 shows the 

normalized ΔSM vs. θ at different applied fields. It is clear from the figure that the normalized 

entropy change curves overlap on a single curve for all samples. This shows that the magnetic 

phase transition is second-order. 

To identify the magnetic phase transition’s order, the Landau theory which takes into 

account the electron interaction and magneto-elastic coupling effects is also used [50]. For a 

sample exhibiting second-order phase transition at temperatures near TC, the Gibbs free energy 

depended on magnetization and temperature can be written as the following equation. 𝐺(𝑀, 𝑇) = 𝑎(𝑇)2 𝑀2 + 𝑏(𝑇)4 𝑀4 + 𝑐(𝑇)6 𝑀6 +  … … − 𝜇0𝐻.                                                         (4) 

In Eq. (4), the terms of a, b, c are known as Landau coefficients. The temperature 

dependence of Landau coefficients has been calculated for all samples, and the ones for LSM 

and LSM6 manganite are given in Figs. 10 (a-b). Information about the type of the magnetic 

phase transition can be provided from the Landau theory. [19, 51]. The a coefficient gets a 

minimum value at temperatures near TC. The b coefficient including the elastic and the 

magnetoelastic terms of free energy determines the type of magnetic phase transition [52]. If 

the b coefficient is positive at TC, it is second order [53]. Around TC, the value of the b 

coefficient is positive for the samples as seen from Figs. 10 (a-b). This expresses that the phase 
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transition for the samples is second order. The c coefficient affected by experimental errors is 

a constant. This coefficient is always positive at TC [54]. 

According to the energy minimization, for a magnetic system; the equation of state 

system can be given as: 

𝐻𝑀 = 𝑎(𝑇) + 𝑏(𝑇)𝑀2 + 𝑐(𝑇)𝑀4                                                                                              (5) 

The theoretical −∆𝑆𝑀  value of the FM materials is computed by; 

−∆𝑆𝑀 = (𝜕𝐺𝜕𝑇)𝐻 = 12 𝑎′(𝑇)𝑀2 + 14 𝑏′(𝑇)𝑀4 + 16 𝑐′(𝑇)𝑀6                                                        (6) 

 Figure 10 (c)  shows the temperature dependence of the theoretical and experimental −∆𝑆𝑀  curves for 5T. The obtained −∆𝑆𝑀  are in agreement with each other above TC 

temperatures. This result gives information that the magnetoelastic coupling and electron 

interactions may alter both  −∆𝑆𝑀  values and the temperature dependence of the  −∆𝑆𝑀   curves 

[55-56]. Below TC temperatures, there are differences between the obtained experimental 

values. This may arise from the Jahn–Teller effect, exchange interactions and micromagnetism 

[57]. 

 
4. Conclusions 
 

The effect of Ni substitution with Mn in La0.7Sr0.3MnO3 manganite on structural, 

magnetic and MC properties was studied. Sol-gel technique was used in synthesis samples. It 

has been observed from XRD spectra that the samples have mono-phase and rhombohedral 

symmetry. M(T) showed that the samples change from the FM to the PM state with increasing 

the temperature. TC temperatures are determined as 363, 351, 344 and 324 K for LSM, LSM2, 

LSM4 and LSM6, respectively. The TC decreased with the increase of the Ni concentration. 

This situation is attributed to the fact that the DE interaction is weakened due to the increase in 

the Mn4+ number in the structure with the increase of Ni concentration.  ΔSM of the samples 

were determined from the M(H) measurements taken in the regions of TC. ΔSM 
max values were 

calculated as 4.52, 4.51, 4.41 and 3.90 Jkg-1K-1 for LSM, LSM2, LSM4 and LSM6 at 5T, 

respectively. The magnetic phase transitions were determined as second-order from the Arrott 

curves and universal master curves for the samples. Results showed that the technologically 

important RCP values increased with the expansion of the temperature range of the ΔSM curve 

with the addition of Ni to the structure. These results are important in terms of bringing the TC 
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of the La0.7Sr0.3MnO3 manganite to room temperature without causing too much decrease in 

ΔSM values and with the improvement in RCP values.  
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Table 1. The lattice parameters, unit cell volume, A-site and Mn-site radius, tolerance factor t and 
grain sizes of La0.7Sr0.3Mn1-xNixO3 samples. 

 

Table 2. The atomic percentage of the La0.7Sr0.3Mn1-xNixO3 samples. 

 

 

Table 3. Curie temperature, TC, relative cooling power, RCP and maximum magnetic entropy 
change, −∆𝑺𝑴𝒎𝒂𝒙 for La0.7Sr0.3Mn1-xNixO3 samples. 

 
 

 

 

 

 

 

 

 

 

 

 

 

x a (Å) b (Å) c (Å) V (Å3) <rA> 
(Å) 

<rMn> 
(Å) 

t  Grain Size 
(μm) 

0.00 5.5006 5.5006 13.3531 349.8966 1.384 0.6105 0.9792 0.361 

0.02 5.5045 5.5045 13.3563 350.4693 1.384 0.6095 0.9798 0.492 

0.04 5.5014 5.5014 13.3501 349.9143 1.384 0.6084 0.9802 0.414 

0.06 5.5015 5.5015 13.3395 349.6491 1.384 0.6063 0.9812 0.407 

x 
Atomic Percentage 

   La        Sr Mn Ni O 

0.00 14.37 5.48 20.26 0 59.89 

0.02 14.72 5.41 20.76 0.48 58.63 

0.04 14.75 5.28 20.14 0.82 59.00 

0.06 14.62 5.51 19.70 1.33 58.84 

x TC (K) RCP (J.kg-1) 
(5T) 

−∆𝑺𝑴𝒎𝒂𝒙
 (Jkg-1K-1) 

1 T 2 T 3 T 4 T 5 T 

0.00 363 219 1.57 2.51 3.26 4.09 4.52 

0.02 351 235 1.47 2.46 3.25 3.92 4.51 

0.04 344 233 1.40 2.35 3.11 3.79 4.41 

0.06 324 200 1.17 2.21 2.84 3.55 3.90 
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Figure 1.   The XRD pattern of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples. The 

observed and calculated data are solid circle (red) and solid line (black) 
respectively. The blue line is the difference between the observed and calculated 
data. The positions of Bragg position reflection are represented by vertical green 
ticks. 
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Figure 2. SEM images of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples taken at 20 
KX magnifications. 
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Figure 3. The size distribution histogram of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4. EDS spectra of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.   
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Figure 5. M(T) curves of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples. Insets: 
Temperature dependence of dM/dT.  
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Figure 6. M(H) curves of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples. 

 

 

 

Figure 7. ∆𝑆𝑀(𝑇) curves of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples at different 
applied magnetic fields. 
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Figure 8. Arrott plots of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.  Rescaled temperature θ versus normalized magnetic entropy change curves at 
different magnetic field for La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.    
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Figure 10. The temperature dependence of the Landau coefficients for (a) LSM and (b) LSM6. 
The temperature dependence of the experimental and theoretical −∆𝑆𝑀  curves for 
LSM and LSM6 samples under magnetic field of 5 T.   
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Figure 1

The XRD pattern of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples. The observed and
calculated data are solid circle (red) and solid line (black) respectively. The blue line is the difference
between the observed and calculated data. The positions of Bragg position re�ection are represented by
vertical green ticks.



Figure 2

SEM images of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples taken at 20 KX
magni�cations.



Figure 3

The size distribution histogram of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.



Figure 4

EDS spectra of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.



Figure 5

M(T) curves of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples. Insets: Temperature
dependence of dM/dT.



Figure 6

M(H) curves of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.



Figure 7

∆S_M (T) curves of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples at different applied
magnetic �elds.



Figure 8

Arrott plots of La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.



Figure 9

Rescaled temperature θ versus normalized magnetic entropy change curves at different magnetic �eld for
La0.7Sr0.3Mn1-xNixO3 (x = 0.00, 0.02, 0.04, 0.06) samples.



Figure 10

The temperature dependence of the Landau coe�cients for (a) LSM and (b) LSM6. The temperature
dependence of the experimental and theoretical -∆S_(M ) curves for LSM and LSM6 samples under
magnetic �eld of 5 T.


