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The paper reports the use the sol-gel auto-combustion method for the preparation of nanocrystalline La1-xSrxFeO3 

(x = 00.7). The physical and chemical properties, microstructure, morphology and magnetic properties of the particles 

thus formed were studied. The X-ray diffraction (XRD) results indicated that Sr2+ instead of perovskite La are attributed 

to the lattice forming solid solution La1-xSrxFeO3, which has single orthogonal perovskite structure, space group Pnma, 

and does not show any impurity peaks. Fourier-transform infrared (FT-IR) spectroscopy confirmed the presence of Fe-

O-Fe bond antisymmetric stretching vibration of FeO6 regular octahedron. The scanning electron microscope (SEM) 

analysis showed that introduction of Sr2+ ions can inhibit the growth of size of the particles thereby forming particles 

with spherical shape and better dispersion properties. The magnetic properties of the sample showed that with increase in 

Sr2+ ion concentration leads to increase in sample’s magnetism. 
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1. INTRODUCTION 

Perovskite-type (ABO3) rare-earth metal oxide [1, 2] is 

a kind of new inorganic non-metal material that possesses 

unique physical and chemical properties. Lanthanum 

ferrite composite oxide nanopowder (LaFeO3) are nano-

scale particles of a material [3, 4], which possess unique 

magnetic, optical and electrical properties, that can be 

attributed to the congregation of multifactorial effects, 

such as small size effect, surface effect [5, 6]. The 

properties of these nanoparticles may sometimes vary from 

the macro-scale material itself [7, 8]. Their properties are 

based on that alkaline earth elements can replace the rare 

earth elements and change its crystal microstructure and 

electromagnetic properties. In this paper, the low 

temperature synthesis of perovskite type composite oxide 

nanoparticles La1-xSrxFeO3 through the citrate sol-gel 

method is reported. The effect of Sr2+ substitution La1-

xSrxFeO3 nanoparticles the influence of Sr2+ substitution in 

magnetic properties and microstructure are investigated. 

2. EXPERIMENTAL SECTION 

2.1. Sample synthesis 

This experiment by using citrate sol-gel synthesis  

La1-xSrxFeO3(x = 00.7) powder, studied different 

proportions of Sr doped and calcination temperature for 

microstructure, morphology and magnetic properties of the 

samples. The desired quality of the sample was weighed 

sample La(NO3)3·6H2O, Fe(NO3)3·9H2O, Sr(NO3)2 and 

citric acid; citric acid dissolved in deionized water, to be 
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completely dissolved before obtaining A solution; a variety 

of nitrate dissolved in citric acid solution A until 

completely to give B solution. Slowly adding ammonia 

was used to adjust B solution PH = 7 to obtain a sol. After 

putting sol at 60 ℃ and water bath pot stirring, sol 

becomes wet gel after about 3 h, then stirring was stopped. 

The wet gel was aged for about 12 h, placed blast oven 

130 ℃ drying 6 h get xerogel. Accelerant (ethanol) was 

added to the dry gel from spread, to get mud yellow fluffy 

powder. Polishing powder was placed in a crucible, 

according to the required temperature and time, 

respectively, calcined in a muffle furnace. 

2.2. Sample characterization 

The integrated technique of thermogravimetric 

analysis and differential scanning calorimetry (TG-DSC) 

(SDT Q600, TA Instruments, USA) was used to analyze 

the dry gel through thermal decomposition process. In this 

experiment, X-ray diffraction (D/max-2500v/pc, Rigaku, 

Japan) was used to characterize the structure of the 

material: the main parameters of the X-ray diffraction 

process were as follows: accelerating voltage, 40 kV; 

electric current, 20 mA; Cu-Kα radiation; scanning speed 

is 10°/min; scanning range from 10° to 80° (2θ). Fourier 

transform infrared spectroscopy (FT-IR) (Spectrum Two; 

Perkin Elmer, USA) was performed to observe functional 

groups and chemical bonds of the samples. Then, infrared 

(IR) spectroscopic analysis of the samples was performed 

in the wavelength range of 400-4000 cm-1. Scanning 

electron microscopy (NoVaTM Nano 430; FEI, USA) was 

used to observe the microstructural properties of LaFeO3 

nanomaterial, including particle size, geometrical shape, 

uniformity, and contact phenomenon. The magnetic 

character of the samples was tested with a vibrating sample 
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magnetometer (VSM-100) that was performed from the 

Changchun Tome Magnetoelectricity Technology 

Development Ltd, Jilin, China. We tested hysteresis loop 

of the samples at room temperature under the following 

conditions: the maximum magnetic field H = 0.8 T, and the 

highest sensitivity was 5 × 10-5 emu. With this process, we 

determined the magnetic parameters of samples, including 

the saturation magnetization (Ms), remnant magnetization 

(Mr), and coercive force (Hc) values. 

3. RESULTS AND DISCUSSION 

3.1. TG analysis 

 

Fig. 1. TG and DTA curves of La0.9Sr0.1FeO3 xerogel powder 

The TG and DTA curves of La0.9Sr0.1FeO3 xerogel 

powder are represented in Fig. 1. It can be seen that when 

the temperature rose from 30 ℃ to 228 ℃, the weight of 

xerogel slowly decreases. This change can be attributed to 

citric acid decomposition and the release of the adsorbed 

water of the sample and other volatile substances present in 

it [9 – 10]. The exothermic peak at 228 ℃, is extremely 

close to the temperature corresponding to maximum 

observed weightlessness in the TG curve, which is due to 

the heat combustion and release of the citric acid salt [11]. 

Additionally, the same temperature also corresponds to the 

oxidative decomposition of residual NO3- [9]. As the 

temperature rises above 228 ℃, the TG curve tend to be 

stablized, which indicates that the La1-xSrxFeO3 compound 

oxide has reached its crystalline state. Indirectly, the TG 

curve revealed that the minimum temperature of 

preparation of completely crystallized nanocrystalline La1-

xSrxFeO3 is 228 ℃. 

3.2. XRD analysis 

The XRD diffraction patterns of La1-

xSrxFeO3(x = 00.7) represented in Fig. 2 show that it did 

not calcine. Furthermore, the (121) peak drift figure of 

XRD patterns demonstrated that all the samples were of 

perovskite orthogonal structure with Pnma space group 

(62). Moreover, the diffraction peak of the sample 

corresponded to the standard peak of LaFeO3 (No.37-1493 

JCPDS). It was also observed that increase in Sr2+ doping 

concentration caused the diffraction peak intensity to 

abate. However, it still maintained its orthogonal structure 

with little or no modifications in the symmetry of crystal 

structure [3, 4]. Fig. 2 also shows peak shift as the Sr 

doping amount increases. As analyzed by the Bragg 

equation: 

λθd nsin2  , (1) 

where d is the grain size, θ is the diffraction angle, λ is the 

X-ray wavelength. 

The XRD spectrum diffraction peak shift is in the 

direction of high angle. Along with it, the crystal cell 

parameters show reduction, which means that the doping 

by Sr changes La atoms in the LaFeO3 lattice and causes 

lattice distortion and cell shrinkage, thereby changing its 

physicochemical properties [9 – 11]. 

 

Fig. 2. XRD diffraction pattern of La1-xSrxFeO3(x=00.7) which 

did not calcine and (121) peak drift figure 

The lattice parameters changes during the analysis are 

listed in Table 1. It is shown that when x ≤ 0.5, the cell 

volume decreased with increasing Sr doping concentration. 

Such behavior can be attributed to the changes in A bit size 

and Fe valence that are congruent with Sr alternation. 

These results were found to be contradictory, especially 

because Sr2+ ionic radius (0.144 nm) is larger than La3+ 

ionic radius (0.136 nm). This can be explained by the fact 

that as Sr2+ concentration increases, Fe3+ (ionic radius- 

0.0645 nm) gets oxidized to Fe4+ (ionic radius –

 0.0585 nm) so that the electrically neutral nature of the 

whole compound is preserved [2].  

Table 1. The lattice parameter of non-calcined La1-xSrxFeO3(x=0~0.7) 

Content, x a, Å b, Å c, Å vol, Å3 Density, g/cm3 Crystallite, nm 

0 5.56753 7.87365 5.56852 244.11 6.6053 28.6 

0.1 5.57234 7.86790 5.55069 243.36 6.6256 20.7 

0.2 5.54630 7.86803 5.57923 243.47 6.6225 16.3 

0.3 5.55317 7.86374 5.56056 242.82 6.6402 16.2 

0.4 5.54624 7.86581 5.55294 242.25 6.6558 14.0 

0.5 5.54425 7.84253 5.55584 241.57 6.6745 12.5 

0.7 5.62733 7.77571 5.58716 244.47 6.5953 14.7 
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Interestingly, as the Fe4+ proportion of the compound 

increases, the number of covalent interactions between Fe 

and O ions increase. This further enhances atomic orbital 

overlapping between Fe-O, thereby causing decrease in the 

cell volume [4]. Another factor that is known to affect cell 

volume is the oxygen content of the compound [12, 13]. 

When Sr doping amount increases, the perovskite structure 

produces oxygen vacancy [14, 15] which leads to cell 

volume change. Increase in volume was also detected 

when x = 0.7, which may be related to many factors, 

including internal stress, oxygen vacancy, the effects of 

surface energy and surface stress [3, 16]. According to the 

Scherrer's formula, particle size gets reduced, until the 

doping amount reaches 0.7, after which they tend to 

increase in size [5, 6]. 

 

Fig. 3. XRD diffraction pattern of La0.9Sr0.1FeO3 sample calcined 

at different temperatures 

Fig. 3 represents the XRD diffraction pattern of 

La0.9Sr0.1FeO3 calcined at different temperatures. The XRD 

patterns show that the main diffraction peak is consistent 

with the standard sample LaFeO3 (JCPDS No. 37-1493) 

card. It also shows that no other phase is generated, and the 

space group is Pnma. Furthermore, the obtained peaks that 

are characteristic of the orthogonal structure indicate that 

the three kinds of calcination tend to immerse the Sr2+ in 

the crystal lattice of the perovskite [7]. 

The average grain size of the sample when 

La0.9Sr0.1FeO3 was calcined at different temperatures, was 

found to be 19.3 nm, 20.7 nm, 26.4 nm and 23.0 nm, 

respectivelly (uncalcined, 500 ℃, 700 ℃, 800 ℃). The 

values indicate that they follow a trend of first decreasing 

and then increasing. As shown in Table 2, the diffraction 

peak half width were found to be 0.412, 0.431, 0.267, 

0.130 respectively, which indicated that the values first 

tend of increase, then decrease [17, 18], which when 

calcining temperature is 700 ℃, the average grain size of 

sample is greater than 800 ℃ calcination, and consistent 

with Zhou Kaiwen’s research [18]. It can be seen in the 

Fig. 3 that the diffraction peak of sample is sharper when 

calcining temperature is 700 ℃ as compared to the 

diffraction peak obtained at 800 ℃. 

3.3. FT-IR spectrum analysis 

Fig. 4 shows the infrared transmission spectrum of 

La1-xSrxFeO3(x=00.7) sample calcined at 700 ℃ for 2 h.  

 

Fig. 4. FT-IR spectrum of La1-xSrxFeO3 (x = 00.7) sample 

calcined at 700 ℃ for 2 h 

The figure shows that, the main band at about 569 cm-1 

represents Fe-O-Fe bond antisymmetric stretching 

vibration in the FeO6 regular octahedron [16, 19]. This 

result agrees well with the result presented in [14]. Wang 

et al. [14] found that the vibrational band of Fe-O 

stretching appears at about 537.75 ~ 577.80 cm-1. The main 

band Fe-O-Fe vibrational stretching bands of the spectral 

absorption figure of the samples as represented by Li et al. 

[20] are around the 574 cm-1 and 400 cm-1, respectively. 

Few other recent publications indicate that the symmetric 

stretching vibration of carbonate is near 1052 cm-1 [18]. 

While 1378 cm-1 represents a small vibration peak 

corresponding to asymmetric stretching vibration of the 

metal [21 – 23], and 1623 cm-1 is indicative of the vibration 

derived from the asymmetric stretching vibration of 

carboxyl root, while Thirumalairajan et al. [24], found the 

vibrational band near 1627 cm-1. Around 2931 cm-1, there 

is a very small CO2 absorption band. Thirumalairajan et al. 

[25] represented a similar vibrational band at about 

2924 cm-1. The broad peak at about 3436 cm-1 represents 

the symmetric and asymmetric stretching vibration of 

water molecules [26], while correlation vibration of the 

water molecule is represented between 3300 cm-1 and 

3700 cm-1 [17, 27]. 

Table 2. The lattice parameter of La0.9Sr0.1FeO3 sample calcined at different temperatures 

Temperature, ℃ a, Å b, Å c, Å vol, Å3 Density, g/cm3 FWHM Crystallite, nm 

uncalcined 5.57429 7.8671 5.55015 243.39 6.6246 0.423 19.3 

500 5.56045 7.8621 5.56495 243.28 6.6276 0.397 20.7 

700 5.55335 7.8659 5.5596 242.86 6.6392 0.308 26.4 

800 5.55394 7.8657 5.56274 243.01 6.6350 0.351 23.0 
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3.4. Structures and grain sizes 

The scanning electron microscopy (SEM) images of 

La1-xSrxFeO3 samples (x = 0, 0.1, 0.4) that were calcined at 

700 ℃ for 2 h, is presented in Fig. 5. It can be seen from 

the diagram that the sample particles are ball shaped [3].  

Additionally, it was also found that when the doping 

amount is (x = 0.1), there occurs uniform particle size 

distribution and good dispersion and even the surface of 

the particles appears to be smooth. These results were 

found in coherence with those obtained by Zhao et al. 

[14]. Furthermore, it has also been established that when 

the doping amount is (x = 0.4), particle size decreases, 

sample density increases and porosity of appearance 

reduces gradually [7, 28, 29]. When the samples were 

exposed to three alternating reducing and oxidizing 

atmospheres, the oxygen carriers showed slight 

agglomeration behaviour [14]. 

 

Fig. 5. SEM images of La1-xSrxFeO3 samples (x = 0, 0.1, 0.4), 

calcined at 700 ℃ for 2 h 

Fig. 6 presents the particle size histogram of La1-

xSrxFeO3 samples (x = 0,0.1,0.4）calcined at 700 ℃ for 

2 h. According to the results obtained from statistical 

analysis of the particle size distribution, the particle size of 

un-doped samples was mainly concentrated in 28-68.8 nm 

range. As the Sr ion content changes (x=0.1), the particle 

size also gets modified and get concentrated in the 26-57 

nm range; when it is the content (x=0.4), the particle size 

lies in the 21.4-35.6 nm range. These results are indicative 

of the fact that increase in Sr content causes decrease in 

particle size. The established trend of change of average 

grain size is consistent with Jader 5.0 software statistics 

and distribution analysis software statistics. 

Fig. 7 represents the SEM images of La0.9Sr0.1FeO3 

samples calcined at 700 ℃, 800 ℃ for 2 h. It was found 

that when the calcination temperature is 700 ℃, there 

occurs uniform particle size distribution and dispersion. 

The shape of the particles is circular with visibly distinct 

grain boundaries, and the diffraction peak of sample is 

sharper when calcining temperature is 700 ℃ in Fig. 3. 

 

Fig. 6. Particle size histogram of La1-xSrxFeO3 samples (x=0, 0.1, 

0.4) calcined at 700 ℃ for 2 h 

 

Fig. 7. SEM of La0.9Sr0.1FeO3 samples calcined at different 

temperatures 

Analysis of the particles when the particles are treated 

at 800 ℃ showed that they gradually turn crystalline 

during which their grain shape remain spherical, but 

particle size decreases, and grain boundary becomes 

fuzzy, reunion is more serious. These modifications are 

most likely the outcome of exposure to high calcining 

temperature that increases the chemical stress between the 

crystals and, causes them to shrink together [15, 30]. 

When the relative outcomes of exposure to different 

temperatures are compared it can be realized that 

temperature that induces calcination has the most 

profound influence on the morphology of the sample. 

3.5. Magnetic properties of the particles 

Fig. 8 represents the hysteresis loop of non-calcined 

La1-xSrxFeO3 samples (x = 0, 0.4, 0.7). All data presented 

in the figure were measured at room temperature and the 
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strength of the applied magnetic field was 0.8T. It is well 

known that ferrite LaFeO3 has a G type antiferromagnetic 

structure, which is adjacent to the Fe3+ through the 

intermediate O2- antiferromagnetic coupling. Since, the 

eight surface along the c axis of FeO6 is tilted, it lies 

perpendicular to the antiferromagnetic direction. Due to 

this, the compound has a weak iron magnetic component 

that further results in weak ferromagnetism [5, 26]. The 

size of the weak ferromagnetic component is closely 

related to the strength of the super exchange interaction 

between Fe-O-Fe. The magnitude of the exchange action 

depends on the degree of overlap between the d orbitals of 

the iron atom and the p orbitals of the oxygen atom and 

the angle between the Fe-O-Fe [31, 32]. Combined 

analysis of the data presented in Fig. 8 and Table 3 

indicates that magnetization increases with increasing Sr2+ 

ion concentration. This may be due to the fact that 

increase in concentration may cause the Sr2+ ions to 

replace La3+ ions [33, 34]. 

 

Fig. 8. Hysteresis loop of La1-xSrxFeO3 samples (x = 0, 0.4, 0.7) 

In such condition, Fe4+ ions are formed to balance the 

overall electrical charge of the particles, which in turn 

enhances the ferromagnetic interaction between Fe3+ and 

Fe4+ ions [5, 35]. The substitution of La2+ ion by Sr2+ ion 

causes the transformation of certain fraction of Fe3+ to 

Fe4+ and the appearance of oxygen vacancies [36]. This 

can be explained by the fact that as Sr2+ concentration 

increases, Fe3+ (ionic radius – 0.0645 nm) gets oxidized to 

Fe4+ (ionic radius  – 0.0585 nm) so that the electrically 

neutral nature of the whole compound is maintained [2]. 

Another reason is that Sr2+ ions decreases the grain size 

and increases the spin magnetic moment of the surface, so 

that the magnetic properties of the samples are improved 

[26, 33]. 

Table 3. Magnetic parameter of non-calcined La1-xSrxFeO3 

samples (x = 0, 0.4, 0.7) 

Content, x 0 0.4 0.7 

Ms, emu/g 0.70 1.69 4.34 

Mr, emu/g 0.05 0.14 0.50 

Hc, Oe 145.95 109.49 110.49 

4. CONCLUSIONS 

The citrate sol-gel method with precise control and 

easy operation was proposed for the low temperature 

synthesis of Sr2+ ions doped LaFeO3 nanoparticles. The 

structure, composition and magnetic properties of the 

nanoparticles thus formed were also studied. The TG-

DTA data indicated towards the slow weightlessness of 

the nanoparticles as the temperature rose from 30 ℃ to 

228 ℃. It was also found that 228 ℃ is the crystallization 

temperature of La0.9Sr0.1FeO3 sample. The results obtained 

from XRD analysis showed that Sr2+ instead of perovskite 

La are responsible for the lattice forming solid solution 

La1-xSrxFeO3, which has a single orthogonal perovskite 

structure, space group Pnma and does not show any 

impurity peaks. When x ≤ 0.5, the cell volume and average 

grain size were found to decrease with the increase of Sr 

doping concentration. FT-IR infrared spectrum diffraction 

diagram confirmed the presence of functional groups in 

the sample. Further analysis revealed that the 

antisymmetric stretching vibration of the main band at 

about 569 cm-1 is due to the presence of Fe-O-Fe in the 

FeO6 regular octahedron. SEM analysis substantiated that 

introduction of Sr ions inhibits the growth of the particles 

which results in the formation of particles with spherical 

shape and with better morphology and dispersion 

properties. VSM measurements showed that La1-xSrxFeO3 

is weakly ferromagnetic. Furthermore, analysis, increase 

of Sr2+ ion concentration tends to increase the magnetic 

properties of the sample. Finally, it was concluded that the 

main factors that affect the coercivity of the samples are: 

magnetic anisotropy, grain size, micro strain, stress, 

crystal symmetry, spin-orbit coupling effect, magnetic 

single domain size, impurities and calcination 

temperature. 
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