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Abstract 

La1-xSrxMnO3 manganites have been produced using the hydrothermal method 

combined with thermal treatments. The influence of different thermal treatments 

on the structural and magnetic properties, morphology and chemical composition 

of these materials was analyzed. After the production, one of the samples (S1) 

was kept at room temperature; a second sample (S2) was submitted to a constant 

heating until reaching 900 °C during 9 h; finally, a third sample (S3) was 

submitted to temperature ramps of 200 °C and 100 °C until reaching 900 °C 

during 10 h. The X-ray diffraction studies indicated that samples S2 and S3 

crystallized with a rhombohedral symmetry. Since La1-xSrxMnO3 exhibits a very 

complex spectrum, X-ray photoelectron spectroscopy technique was used for 

identifying the great variety of doublets and bonds present in this manganite. 

Regarding to the magnetic characterization, sample S1, that exhibited low 

crystallinity, does not present a magnetic behavior. On the contrary, samples S2  



4022                                                                              R. A. Villa-Bustamante et al. 

 

 

and S3, submitted to thermal treatments showed that TC was greater than room 

temperature. As an special result, it was found that higher crystallinity was 

reached in sample S2, submitted to a unique temperature ramp at T=900 °C; 

nevertheless, the stoichiometry and TC were not favored; on the contrary, although 

sample S3, showed lower crystallinity, since it was submitted to several ramps of 

temperature, some of then, at values lower than the crystallization point (750 °C), 

it exhibited the desired stoichiometry (0.3) and TC=363.7±2; furthermore, S1 and 

S2 also exhibited a low coercive field due to their small grain sizes, which 

produce a superparamagnetic effect that can influence their magnetic behavior.  

 

Keywords: Magnetic Properties, X-ray Diffraction, Nanoparticles; Powders 

Processing; Crystallization 

 

1 Introduction 
 

Doped manganites have been widely studied during the last decades, due to their 

highlighted properties of magnetotransport, being one of the most relevant the 

colossal magnetoresistance. Furthermore, these materials exhibit a coupling 

between structure, orbital, charge and spin properties that can be affected in 

different ways: lattice deformation, doping level, oxygen stoichiometry, 

temperature and magnetic field, among others [1-4]. Additionally, between doped 

manganites, La1-xSrxMnO3 (LSMO) with x0.3 exhibits the highest Curie 

temperature (369 K) [5, 6]. This makes it an excellent candidate in several 

applications such as catalysis [7], hyperthermia [8], magnetoelectric multiferroics 

[9] and spintronics [10]. Several methods have been reported for synthetizing this 

manganite as: the combustion route [11], sol-gel method [12], co-precipitation 

[13], solid state reaction [14], and the hydroxide precursor technique [15]. In 

contrast, the hydrothermal method exhibits the advantage of a simple 

implementation and easy drive; furthermore, this method generates great chemical 

homogeneity products and offers the possibility of introducing the manganese in 

two different oxidation states. Moreover, it is well known that the thermal 

treatment strongly influences structural, morphological and magnetic properties of 

materials [16-18]. For this reason, it is important and interesting to carry out a 

study of physical property changes caused by thermal treatments. In most reports, 

the structure and chemical composition of these materials are presented without 

carrying out a wide XRD analysis regarding to the peaks overlapping in the 

patterns and doublets presented in XPS results; in this sense, we are interested in 

developing a study of these properties, determining the phases presented in the 

material, chemical bonds, and to correlate them with the magnetic characteristics. 

The aim of this work is to describe the process for synthetizing La1-xSrxMnO3 

using the hydrothermal technique. We applied two different thermal treatments 

and we carried out several characterizations in order to determine the influence of 

this parameter on the structural, compositional, morphological and magnetic 

properties of La1-xSrxMnO3. An analysis of the diffraction patterns and XPS 

results was carried out in order to identify overlapped peaks and the existence of  
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doublets. Furthermore, the magnetic behavior of these materials was studied and 

correlated with the structural and morphological properties. 

 

2 Experimental Design 
 

The process was developed using a closed cylinder of stainless steel (autoclave). 

Inside the cylinder, a vessel of teflon was introduced of 105.5 mL in volume and 

0.098 m in height. All the procedures were carried out in order to obtain 7 gr of 

material, including the product and sub-products. 

The precursors used for the synthetization are listed as follows: 

- Potassium permanganate (KMnO4), pure analytical (99.0%, PANREAC). 

- Hydrated manganese chloride (MnCl2 4H2O) (99.0 %, FISHER  

SCIENTIFIC). 

- Hydrated strontium nitrate (Sr(NO3)2 4H2O) (98.0 %, PANREAC). 

- Hydrated lanthanium nitrate (La(NO3)36H2O) (99.1 %, MERCK). 

- Potassium hydroxide (KOH) (85%, PANREAC). 

The equation of reaction is given by: 

0.7La(NO3)3 6H2O + 0.3Sr(NO3)2  4H2O + 0.7MnCl2 4H2O + 3.8KOH + 

0.3KMnO4  La0.7Sr0.3MnO3 + 2.7 KNO3 + 1.4 KCl + 10.1 H2O 

The quantities were calculated for x=0.3. Using magnetic stirrers, precursors were 

diluted in an independent way in deionized water, according to the conditions 

presented in table 1. 

 

Table 1. Conditions for the dilution of the precursors 

 

Precursor Time of 

Stirring 

(min) 

Angular 

velocity 

(R.P.M.) 

Volume of 

Deionized Water 

(mL) 

Potassium Hydroxide 

(KOH) 

 

5 

 

360 

 

5 

6 Hydrated Lanthanum 

Nitrate (La(NO3)3 

6H2O) 

 

5 

 

360 

 

5 

4 Hydrated Strontium 

Nitrate (Sr(NO3)2 4H2O) 

 

5 

 

360 

 

5 

4 Hydrated Manganese 

Chloride 

(MnCl2 4H2O) 

 

5 

 

260 

 

5 

Potassium 

Permanganate (KMnO4) 

 

10 - 15* 

 

360 - 500* 

 

10 

*The greater value of time and angular velocity were chosen when the mixture 

was not properly dissolved. 

 

After obtaining the aqueous solution of each precursor, all the other solutions 

were added to the potassium permanganate one, following the next order: lantha- 
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num nitrate, strontium nitrate, manganese chloride and potassium hydroxide. 

After that, the mixture was stirred at 500 RPM.  

Then, deionized water was added in order to obtain a filling factor of 60% (63.3 

mL) mixing during 2 hours. Then, the solution was poured in the teflon vessel. 

The autoclave was closed and it was heated up to 245 0C during 24 h in an oven, 

under an autogenous pressure. To hermetically seal the autoclave, it is necessary 

to use high temperature silicon and asbestos gaskets.  

 

 

Figure 1. Diffraction patterns of a) S1, b) S2 and c) S3. Scheme of the heat 

treatment for d) S1, e) S2 and f) S3. 

 

The final product was characterized by having a supernatant liquid that was later 

removed. The remaining product was washed using deionized water (several 

times), after it was heated at 120 oC during 15 h. This procedure generated a black 

powder. Once the material was produced, XRD analysis was performed, 

observing low crystallinity and the LSMO desired phase was not formed; for this 

reason, we decided to apply thermal treatments, in order to improve the 

crystallinity and obtain the LSMO phase. After that, one sample (S1) was kept at 

room temperature (Figure 1(b)) while S2 and S3 were submitted to thermal 

treatments as follows: i) a constant heating until reaching 900 °C during 9 h 

(Figure 1(d)) and ii) temperature ramps of 200 ºC and 100 ºC until reaching 900 

ºC during 10 h (Figure 1(f)). 
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The structure of samples was characterized using an x-ray diffraction (XRD) 

equipment Rigaku Miniflex II, with radiation Cu Kα 1.540562 Å, operated at 30 

kV and 15 mA. Its accuracy was of 0.01° and the measurement step was 0.02°. 

Chemical composition was determined by X-ray photoelectron spectroscopy, 

using a SPECS PHOIBOS 100/150 spectrometer with a hemispheric analyzer 

operated at an X-ray energy of 1486.6 eV of Al Kα radiation. The morphology of 

samples was obtained using a scanning electron microscopy (SEM) equipment 

FEI Quanta 250 environmental, with an accelerating voltage of 12.5 kV. Finally, 

the magnetic properties were determined using a vibrant magnetometer sample 

(VMS) Versalab Quantum Design. The magnetization depending on the 

temperature was measured from 50 K to 395 K, for Field Cooling (FC) and Zero 

Field Cooling (ZFC) curves. The applied field for ZFC measures was 100 Oe. For 

obtaining hysteresis loops, the magnetic field was varied between -30.000 and 

30.000 Oe.  

 

3 Results and Discussion 
 

La1-xSrxMnO3 powders produced using the hydrothermal method were 

characterized with XRD, XPS, SEM and VMS. Following, results obtained from 

these techniques are described and analyzed. 

 

3.1 X-ray Diffraction 

Figure 1 presents diffraction patterns of La1-xSrxMnO3 samples produced at 

different heat treatments, according to the schemes presented at the right of this 

figure. Regarding the sample S1, no thermal treatment was applied, and it was 

kept at room temperature (around 25 °C) as is shown in figure 1(b); on the other 

hand, samples S2 and S3 were submitted to a thermal treatment, according to the 

description presented above and shown in figure 1(d) and 1(f). At a simple view, 

the thermal treatment strongly affects the material crystallinity (which is directly 

related with high temperatures). According to the reports, LSMO begins to 

crystallize at around 750 °C [19], since samples submitted to thermal treatments 

(figures 1(c) and (e) for S2 and S3 respectively) exhibit more defined peaks than 

S1 (figure 1(a)). Furthermore, diffraction peaks show asymmetries that indicate 

the existence of overlapping peaks. It means that these peaks can correspond to 

more than one phase or crystallographic plane.  

In order to determine characteristics (position, width and intensity, among others) 

of the overlapped diffraction peaks, it is necessary to carry out some fittings that 

allow to make a deconvolution of hidden peaks.  

Deconvolution gives information corresponding to the peaks intensity, position 

and width; after that, a formal identification of the materials studied here was 

performed. Such an identification shows that the material corresponds to the card 

PDF No. 00-050-0308. It exhibits a unique phase belonging to a rhombohedral 

structure of the R-3C (#167) spatial group with lattice parameters a = 5.49±0.02 Å 

and b = 13.356±0.01 Å. The material identification was developed using the EVA 
software and the attached database (PDF 2. From such an identification, it is possible 
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to index the diffraction peaks; in figure 1, indexed pattern diffraction is shown for 

the case of samples S2 and S3.  

 

Table 2. Lattice Parameters of Sample S2 and S3. 

 

Sample a(Å) b(Å) V(Å3) Crystallite size 

(nm) 

S2 5.508±0.01 13.354±0.02 405.13±2.1 37.2±0.2 

S3 4.434±0.02 13.301±0.01 261.501±1.37 33.8±0.3 

 

According to the literature, the crystal dimensions of this material are in the 

nanometric scale [20-23]; then, it is suitable to calculate the average crystallite 

size which is obtained using the Sherrer equation [24]. With these data and using 

the (110) peak, the average crystallite size was calculated, and the values are 

included in table 2. From the x-ray diffraction analyses, a shifting toward higher 

angles of the peaks belonging to S3 with respect to S2 was observed. This 

behavior is due to the change in the La3+/Sr2+ ratio. Lower radius of La3+ (103 pm) 

compared with it for Sr2+ (118 pm) generates a decrease in the lattice parameter. 

These results are corroborated with XPS analysis. As is observed, sample S2, 

submitted to a unique heat treatment, exhibited better crystallinity that S3, 

submitted to a heat ramp. This could be explained taking into account that this 

material crystallizes at temperatures higher than 750 °C. It means that heat 

treatments at temperatures lower than 750 °C do not benefit the crystallization 

(figure 1(b) and (f)). On the other hand, sample S3 began to crystallize after the 

fourth ramp, and it was in the crystallization process for about 3 h; on the 

contrary, sample S2 was kept at 900 °C, a temperature that is greater than the 

crystallization temperature, during 9 h (figure 1(d)). schematic representation of 

the crystallization is included in figure 1. 

 

3.2 XPS Analysis 

 

Table 3. Composition of Lanthanum and Strontium in samples S2 and S3. 

 

Sample % La 3d %Sr 3p 

S2 46.67 53.33 

S3 67.48 32.52 

 

XPS analyses were performed for S1, S2 and S3. The high-resolution spectra of 

O1s, Mn2p, La3d and Sr3d for all the samples were obtained and the peaks 

identification is presented in table 3. The information corresponding to the 

perceptual compositions of La3d and Sr3d for S2 and S3 are obtained from these 

spectra and listed in table 3. From results presented in figure 2 for S1, it can be 

concluded that the presence of Sr in this sample is detected; nevertheless, the 
existence of a single doublet (figure 2(d)) indicates that Sr is not bonded with other 
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elements [25]; therefore, the substitution of La by Sr in the lattice of LaMnO3 is 

not produced. This result agrees with XRD analysis, where the LSMO phase is 

not detected. In the cases of S2 and S3, two doublets of Sr are detected (figures 

2(e) and 2(f)), because these samples were submitted to thermal treatments that 

provide the enough energy for crystalizing and make the substitution of Sr in the 

La sites. In the case of the O1s spectrum, as is presented in figure 3(a) for S2, 

three peaks can be identified, placed at 529.4 eV, 530 eV and 531 eV 

corresponding to oxygen embedded in the LSMO lattice (Olatt) [19, 26-28], 

adsorbed oxygens as O2
- , O2

2- , O-, CO3
2- (Oads) [26] and oxygen included in the 

molecular water adsorbed by the surface (OH2O) [7]. In the region of Mn2p, as is 

presented in figure 3(b) for S2, the typical orbital splitting corresponding to the 

doublet 2p3/2 and 2p1/2, separated of around 11.7 eV, is identified, according to the 

reports [6, 8, 10, 11]; furthermore, two doublets belonging to Mn4+ and Mn3+ ions 

were observed, agreeing with the literature [26-28]. On the other hand, note that 

weak satellites are observed below the main peaks. These satellites might arise 

from plasmon energy loss [29]. 

 

 

Figure 2. High resolution XPS of (a) La3d for S1, (b) La3d for S2, (c) La3d for 

S3, (d) Sr3d for S1, (e) Sr3d for S2, (f) Sr3d for S3. 

 

Lanthanum compounds are characterized for exhibiting a very complex X 

photoelectron spectrum. This complexity is due to the charge transfer from the 

valence band of the ligand atom to the 4f0 orbital of the core ionized lanthanum 

atom [30]; furthermore, the existence of satellite peaks from multiplet splitting 

augments the complexity of these analyses [31], as is observed in the high-

resolution spectra corresponding to La3d that are presented in figures 2(a), 2(b)  
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and 2(c). There exists a controversy regarding the fine structure of the La3d line. 

This fine structure can be attributed to the interatomic electron transfer from 

ligand to metal 3d orbitals. Most authors consider that the double peak structure of 

each spin–orbital component of La3d reflects states with the configuration 

3d94f0L and 3d94f1L, where L denotes the oxygen ligand and the underscore 

denotes a hole [32]. Teterin et. al [33] proposed that there is a strong influence of 

the secondary electronic processes that go with the photoemission (such as shake-

up/down processes and dynamics effect) on the La photoemission behavior [34]. 

The La3d exhibits a double splitting, one due to the spin-orbital interaction and 

the other produced by the transference of an electron from the oxygen valence 

band to the empty level of La 4f [27]; the first splitting has a separation of around 

16.8 eV as is reported [19, 26, 35, 36]. This behavior corresponds to this kind of 

compounds, and the La3d spectra are very similar for the whole series of the 

different species of Mn-site doping (and divalent cation substitution (A = Sr, Ca, 

Ce) [37]. Both, the spin-orbit split, 3d5/2 and 3d3/2 levels, show double-peak 

structures of nearly equal intensity [38]; On the other hand, there exists a fifth 

peak, named satellite. The satellite structures are known to arise from strong 

mixing of the two final-state configurations of 3d94f2 and 3d94f3. 

 
 

Figure 3. High resolution XPS of (a) O1s for S2 and (b) Mn3p for S2. 

 

For the case of the high resolution spectra of Sr, the orbital splitting 3d(5/2 - 3/2) is 

identified, exhibiting a separation of 1.75 eV, as is reported [19, 36]; furthermore, 

peaks of Sr 3d3/2 and Sr 3d5/2 are placed at 134.62 eV and 132.64 eV respectively, 

according to the literature [39]. 

From results presented in table 3, it was observed that the S3 sample, submitted to 

five ramps, exhibits a more similar stoichiometry (x0.325) to it desired (x=0.3) 

compared to S2, which reaches a value of x=0.53. These results agree with XRD 

analyses, since sample S3 exhibited lower cell volume (table 2) due to the lower 

Sr2+ concentration. 

The concentration of Mn4+ plays an important role in stabilizing the rhombohedral 

phase. The formation of Mn4+ in lanthanum manganite is highly influenced by the  
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annealing temperature and atmosphere [40]. There is a shifting toward higher 

angles of the peaks belonging to S3 with respect to S2. In LSMO, as in mixed 

valence manganites, Mn ion exhibits two different valences of Mn3+ and Mn4+, 

and the ionic radius of Mn3+ (0.07 nm) is greater than that it of Mn4+ (0.05 nm) 

[41]. However, the increase in Mn4+ ions concentration implies an increase in the 

oxygen. The increase in an oxygen ion can cause two Mn3+ to change into Mn4+, 

according to the balance equation of valence [42]. 

In the diffractograms, there is a shifting toward greater angles of peaks belonging 

to S3 respect to peaks of S2, these results suggest that the average grain of S3 is 

lower than it for S2. For the sample S3, it was found a greater concentration of 

La3+ with respect to S2 (corresponding to greater concentration of Mn3+) in 

detriment of the concertation of  Sr2+ (that decreases the concertation of  Mn4+); 

this behavior is in agreement with the difference between ionic radii of La3+ and 

Sr2+ (103.0 pm and 118.0 pm, respectively) is greater that the difference between 

the ionic radii of Mn3+ and Mn4+ (78.5 pm and 68.0 pm [7], respectively); then, 

for lower ionic radii of sample S3, the angles of peaks are greater. 

 

3.3 SEM Analysis 

Figure 4 presents SEM micrographs of S1, S2 and S3 at two magnifications. The 

influence of the thermal treatment on the samples morphology can be observed, 

especially in the case of S1. This sample exhibited microstructure with 

heterogeneous sizes and shapes as rods and cauliflower agglomerations of very 

small particles. For instance, in the literature, there exist reports of rods formation 

in LSMO production by hydrothermal technique. These “rod-like” entities were 

mainly composed of La and La(OH)3 [7]. Other authors have reported the 

formation of these nanorod structures in powders of manganites [43]. The 

formation of these different structures can be directly related to the amorphous 

character of this sample as is shown in figure 1(a), because the LSMO has not 

been formed, according to XPS results. On the contrary, In the cases of S2 and S3 

samples, no significant differences can be found in the morphology. They showed 

a homogeneous particle size morphology distributed in agglomerates; 

nevertheless, there exist differences in the average particle size (S3 exhibits larger 

grain sizes than S2). According to the literature, this is mainly because the 

processing temperature induces the agglomeration of smaller grains into larger 

grains. This behavior is attributed to the thermal process, which involves the 

dissolution of grain boundaries resulting in a larger grain size [44]. Agglomeration 

of particles can be explained as a common way to minimize their surface free 

energy [45]. The extreme change in the morphology when the thermal treatment is 

applied is due to structural changes. After the calcination process, the nanofibers’ 

surface was shrunk because of the material crystallization. 

Magnetic properties were analyzed using VMS technique. Figure 5 shows 

magnetization depending on the temperature for S1, S2 and S3. As is shown in 

figure 5(a), S1 does not exhibit ferromagnetic behavior. This is possibly due to the 

ferromagnetic phase of LSMO was not crystallized, according to XRD and XPS 
results. On the contrary, samples submitted to thermal treatments, S2 and S3, present 
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a magnetic transition from paramagnetic to ferromagnetic states at a critical 

temperature TC, according to figures 5(b) and (c). These figures illustrate the 

temperature dependence of field cooling (FC) and zero field cooling (ZFC) 

magnetization taken at 100 Oe. The critical temperatures of 339.11 K and 363.77 

K for S2 and S3 were determined from the point where dM/dT has a minimum. 

Many researches have focused on La1-xSrxMnO3 (x=0.3), which shows the highest 

Curie temperature among the family of manganites, TC ~369 K [6]. Sample S3, 

which exhibits a similar stoichiometry (x~0.325), also presents a critical 

temperature near to it reported. The difference between TC for a bulk material and 

powder is mainly due to the particle size, which increments surface effects, 

reducing TC [46]. 

 

 

 
Figure 4. SEM images of samples at two magnifications: (a) and (b) for S1, (c) 

and (d) for S2, (e) and (f) for S3. 
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3.4 Magnetic Properties 

 

 
 

Figure 5. Temperature variation of zero field cooled (ZFC) and field cooled (FC) 

magnetization measured at magnetic field of 100 Oe for a) S1 (without FC), b) S2 

and c) S3. 

 

The higher temperature of S3, can also be attributed to the crystallite and particle 

sizes. Although S3 presented lower crystallite size (measured by XRD) than S2, 

the behavior of the grain size (measured by SEM) is in opposition. S3 exhibited 

greater grain size than S2. It seems to be contradictory; nevertheless, each grain 

can contain various crystallites; then, a grain of sample S3 must be formed by 

greater quantity of crystallites than S2. On the other hand, each crystallite can 

represent a magnetic domain, and TC depends on the size of these domains. Issa et 

al [47] established that, a magnetic particle can exhibit a multi-domain structure; 

then, regions with uniform magnetization are formed, separated by domain walls, 

as is shown in figure 6(a); in this case, each crystallite into the particle can be 

considered as a domain with its own orientation; if the crystallite size, and then, 

the magnetic domain is reduced, depending on the material, there exists a critical 

volume that generates a high energetic cost for  forming domain walls, and the 

particle can be consist of a monodomain, as is shown in figure 6(b); however, the 

surface effects increase as the domain sizes decrease. Muroi et al [48] included 

other relevant aspects for explained the relationship between particle size and TC, 

for La0.7Ca0.3MnO3 powders synthesized by mechanochemical processing. 
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Figure 6. Schematic representation of the particle size influence on magnetic 

domains formation. A nanoparticle can be formed by several domains (a) bigger 

domains can magnetically behave independently and (b) smaller domains behave 

coherently, forming polarons.    

 

They found that the critical temperature increased as the particle size decreased. 

They based this explanation on the formation of magnetic polarons in smaller 

particles. Polarons consists on a ferromagnetic cluster accompanied by local 

lattice distortions (as structural grain boundaries, as is presented in figure 6(b)), 

that begin to appear in the paramagnetic background. Each magnetic polaron can 

be considers as a magnetic monodomain containing a unique spin. This 

phenomenon also produces an increase in the magnetic correlation length, 

represented by the average size of the magnetic domain. Concluding. Sample S3 

can exhibit higher temperature than S2, not only because of the stoichiometry, but 

also due to the smaller crystallite size. This crystallites into the particle behave as 

monodomains, being oriented in the same direction, and being separated only for 

structural distortions (polarons).   

Figure 7 presents the evolution of isothermal magnetization as a function of the 

applied magnetic field for samples S2 and S3. At temperatures, lower than 300 K, 

the magnetization increases sharply with the applied field indicating the presence 

of FM behavior. The data indicates that magnetization steadily decreases with 

increasing temperature due to thermal agitation which disturbs the oriented spins, 

thus, increasing the entropy of the system [49]. After 300 K, the magnetization 

begins to drop to a very small value at which manganite behaves like a 

paramagnetic material. It is clear that the magnetization versus magnetic field 

curve has a hysteresis loop with small area and low coercive field as is shown in 

table 4. These very small coercive field values are possibly due to the nanometric 

magnetic domains that makes the material to tend to the superparamagnetic state. 

According to the analysis performed in figure 6, each powder particle is formed 
by several magnetic domains, since the crystallite size is lower that the particle size 
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and these crystallites showed sizes lower than 40 nm; furthermore, because of the 

higher correlation length, exhibited. 

 

 

 

Figure 7. Hysteresis loops at different temperatures for a) S2 and b) S3. 

 

 

Table 4. Saturation magnetization and coercive field of samples S2 and S3 

 

Temperature 

(K) 

Saturation Magnetization 

(emu/g) 

Coercive field (Oe) 

 S2 S3 S2 S3 

100 - 63.94 - 116.49 

200 66.07 54.11 63.06 91.86 

300 45.17 35.62 34.73 45.99 

   

4 Conclusions  
 

La1-xSrxMnO3 powders were produced using the hydrothermal method and 

different thermal treatments. The experiment was developed for obtaining x≈0.3; 

nevertheless, some deviation was observed from this stoichiometry. One sample 

(S1) was kept at room temperature while samples S2 and S3 were submitted to 

thermal treatments. Structure analyses carried out using XRD showed that 

samples submitted to thermal treatments exhibit more defined peaks, compared 

with sample S1; they exhibited a unique phase belonging to a rhombohedral 

structure. The high-resolution spectra of XPS analyses performed for samples S1, 

S2 and S3 presented peaks O1s, Mn2p, La3d and Sr3d. For S1, the existence of a 

single doublet indicates that Sr is not bonded with other elements; therefore, the 

substitution of La by Sr in the lattice of LaMnO3 is not produced; on the contrary, 

in the cases of S2 and S3, two doublets of Sr are detected, implying the 

substitution of Sr in the La sites.  
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According to SEM analysis, S1 exhibited microstructure with heterogeneous sizes 

and shapes as rods and cauliflower agglomerations of very small particles; on the 

other hand, S2 and S3 showed a homogeneous particle size morphology 

distributed in agglomerates. 

Regarding to magnetic measurements, sample S1 does not exhibit ferromagnetic 

behavior; on the contrary, S2 and S3, present a magnetic transition from a 

paramagnetic to a ferromagnetic state at the Curie temperature TC at 339.11 K and 

363.77 K, respectively. The higher TC exhibited by S3 can be attributed not only 

to the stoichiometry, but also to the smaller crystallite size. Furthermore, S2 and 

S3 exhibited a very small coercive field values that are possibly due to some of 

the nanometric grains existing in a superparamagnetic state; the existence of a 

very small coercive field points to the blocking of other nanograins. 
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