
Vol:.(1234567890)

Journal of Materials Science: Materials in Electronics (2020) 31:3146–3158
https://doi.org/10.1007/s10854-020-02861-6

1 3

Structural, magnetic, and electrical characterization of Sr‑substituted 
LaFeO3 perovskite synthesized via sucrose auto‑combustion route

M. A. Gabal1,2   · F. Al‑Solami1,3 · Y. M. Al Angari1 · A. Awad2 · A. A. Al‑Juaid3 · A. Saeed4

Received: 24 November 2019 / Accepted: 3 January 2020 / Published online: 10 January 2020 
© Springer Science+Business Media, LLC, part of Springer Nature 2020

Abstract
In this work, a series of Sr-substituted lanthanum orthoferrite perovskites, La1−xSrxFeO3 (x = 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0), 
were prepared using the sucrose-assisted auto-combustion route to study the effect of Sr-substitution on the structural, mag-
netic, and electrical properties and to investigate the impact of the entire method on different properties. The auto-combustion 
process and the perovskites formation were followed using differential thermal analysis–thermogravimetry techniques. The 
obtained different phases were characterized using X-ray diffractometer (XRD), Fourier transform infrared spectroscopy, 
and high-resolution transmission electron microscopy HRTEM measurements. XRD revealed peaks attributed to SrCO3 
secondary phase increases in their intensity by increasing Sr-content till predominate at x = 1.0. It also showed a transfer from 
orthorhombic symmetry to rhombohedral one by increasing Sr-content. The obvious contraction in the unit cell parameters 
by Sr-substitution could be attributed to the Fe3+  → Fe4+ oxidation occurred to balance the total charge on molecule. The 
obvious increase in the magnetization by increasing Sr could be attributed to the formation of Fe4+ ions, strengthening the 
ferromagnetic component through sharing in the double-exchange interaction, Fe4+–O–Fe3+, as well as the formation of 
oxygen vacancies that disturb the uncompensated surface spin. Ac-conductivity measurements indicated a change in the 
entire conduction mechanism from electronic to ionic with improving conductivity by increasing Sr-content. Generally, the 
utilized sucrose method indicated an improvement in the obtained magnetization accompanied by lowering conductivity 
than previously reported systems in literature.

1  Introduction

Perovskite-type oxides with general formula ABO3 have 
been a currently attractive research topic owing to their vari-
able structural, chemical composition, and magnetoelectric 
coupling effect. They have several interested applications 
in many areas including, advanced materials, solid-state 
chemistry, magnetic storage media, sensors, and catalysis 
[1, 2]. In their structure, the A-sites are occupied with the 
cations having larger ionic radius and are coordinated to 12 

oxygen atoms while the cations with smaller ionic radius are 
coordinated to 6 oxygen atoms and are situated in B-sites 
[2]. Due to their high stability, these cation sites could be 
highly substitutable resulting in mixed ionic-electronic con-
ductivity [3].

Of these perovskites, lanthanum orthoferrite (LaFeO3) 
has been intensively investigated due to its wide applica-
tions in many advanced technologies such as solid oxide 
fuel cells [4], gas sensors [5], and photo-catalysis [6]. It has 
an orthorhombic crystal structure [2] with antiferromagnetic 
properties attributed to the antiparallel alignment of Fe3+ 
spins along a-axis besides the absence of any magnetic inter-
action between Fe3+ ions and nonmagnetic La3+ ions [7].

Many investigations have been carried out to enhance its 
properties through doping or partial substitution to cause 
valence alternation or oxygen vacancy [8–14]. To achieve 
this, the dopant or substituent should have less oxidation 
state than the crystal cations. In literature [7, 15–23], the 
most intensively studied substituent was strontium, which 
is a divalent element with larger ionic radii capable of caus-
ing oxidation for Fe3+ to Fe4+ ions and/or creating oxygen 
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vacancies that enhance O2− mobility [17]. This substitution 
was found to enhance extensive modifications in struc-
tural, magnetic, electronic as well as catalytic properties of 
LaFeO3.

Studies on pure and doped LaFeO3 perovskites revealed 
that the different properties of such materials are strongly 
influenced by the synthesis routes. In this context, various 
technique processes were employed for the preparation 
including solid-state [9], thermal decomposition [7, 21], hot 
soap [24], polymerization complex [12] microwave-assisted 
[25], microemulsion [26], electrospinning [23], hydrother-
mal [27], and auto-combustion [13–18]. Among these meth-
ods, the auto-combustion synthesis is considered as the most 
attractive one due to its simplicity, time saving, cost effective 
besides its environmentally benign.

In this work, we propose the synthesis of a series of Sr-
substituted lanthanum orthoferrite perovskites, La1−xSrxFeO3 
(x = 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0), using sucrose-assisted 
auto-combustion process. The structural, magnetic as well 
as the electrical properties of the system were characterized 
using XRD, Fourier transform infrared spectroscopy (FT-
IR), TEM, VSM, ac-conductivity, and dielectric measure-
ments. The effect of Sr-substitution on the different proper-
ties was investigated and discussed.

2 � Experimental procedures

High-purity analytical reagents lanthanum nitrate hexahy-
drate La(NO3)3⋅6H2O, strontium nitrate Sr(NO3)2, and iron 
nitrate nonahydrate; Fe(NO3)3⋅9H2O all from BDH were 
used as starting materials. Liquid ammonia (25% solution, 
Merck) and commercial sucrose C12H22O11 were used as 
received.

La1‐xSrxFeO3 perovskite‐type ferrites (x = 0.0, 0.2, 0.4, 
0.6, 0.8, and 1.0) were prepared by sucrose-assisted auto-
combustion method [28]. The stoichiometric mole ratios 
of La(NO3)3⋅6H2O, Sr(NO3)2, and Fe(NO3)3⋅9H2O were 
weighed and dissolved in distilled water. The sucrose aque-
ous solution (12 g in 100 ml water) was added to the nitrates 
mixture during constant stirring at 60 °C. The pH was then 
adjusted to about 7 using liquid ammonia. The viscous 
brown gel obtained was then digested at about 90 °C till 
all water contents completely evaporated. At this point, the 
gel initiated an auto-combustion process with the genera-
tion of large amounts of heat and gases till complete igni-
tion. The obtained as-prepared precursors were then col-
lected, grounded, and stored without any further calcination 
processes.

The crystallinity as well as the phase formation were 
characterized using X-ray powder diffractometer (Bruker D8 
operated at 40 kV, 25 mA using CuKα irradiation source). 
The crystals morphology was exhibited using a JEOL 2010 

TEM operated at 100 kV. Fourier transform infrared spec-
trum (FT-IR) was recorded using PerkinElmer (Model USA) 
spectrophotometer in the range 800–300 cm−1. Magnetic 
hysteresis loops were recorded at room temperature under 
field varying ± 10 kOe using vibrating sample magnetom-
eter (VSM-9600 M Lakeshore). The electrical measurements 
were measured using two-probe method and Hioki LCR high 
tester 3531 up to 723 K and in the frequency range from 
100 Hz to 5 MHz.

3 � Results and discussion

3.1 � DTA‑TG behavior of the as‑prepared gel 
precursor

The study of the thermal decomposition behavior of the 
obtained viscous brown sucrose gel precursor (as-prepared 
gel precursor), formed prior to the auto-combustion pro-
cess, will be helpful in elucidating the proper conditions for 
the complete synthesis of the entire orthoferrites. Figure 1 
showed typical differential thermal analysis–thermogravim-
etry (DTA-TG) curves in air for the as-prepared gel precur-
sor with x = 0.0.

The TG thermogram depicts that the decomposition 
proceeds through two distinct weight loss regions. The 
first region indicated a very small weight loss in the range 
70–135 °C. The accompanied endothermic DTA change 
attributed this loss to the dehydration of the gel precursor. 
In the second region, a continuous progressive mass loss at 
a steady rate was observed up to about 500 °C, accompanied 
by two successive overlapped exothermic DTA peaks. This 
main decomposition step could be attributed to the oxidative 
decomposition of the carbonaceous content of the precur-
sor during the auto-combustion reaction occurring between 
nitrates (oxidant) and sucrose organic moiety (fuel) [28] with 

Fig. 1   DTA-TG curves of gel precursor with x = 0.0



3148	 Journal of Materials Science: Materials in Electronics (2020) 31:3146–3158

1 3

the formation of stable product phase. The absence of sharp 
DTA peak around 150 °C attributed to the melting of sucrose 
[29] suggesting the complete chelation with the entire metal 
ions. A similar decomposition behavior was obtained for 
NiFe2O4 prepared via sucrose auto-combustion route [30].

The absence of any further weight loss or DTA changes 
suggesting the formation of orthoferrite phase without any 
indication for the presence of any organic residue. A typical 
expected combustion reaction between nitrates and sucrose 
moiety (for precursor with x = 0.2) could be represented as

0.2Sr(NO3)2 + 0.8La(NO3)3⋅6H2O + Fe(NO3)3⋅9H2O + 
C12H22O11 + 4.8O2 = La0.8Sr0.2FeO3 + 12CO2 + 2.9N2 + 24.
8H2O.

3.2 � X‑ray diffraction characterization

XRD measurements were carried out to identify the crys-
talline phases formed in La1‐xSrxFeO3 system (x = 0.0–0.1) 
during sucrose auto-combustion and to study the effect of 
Sr-substitution on different structural parameters. Figure 2 
displayed XRD patterns of the as-prepared precursors up to 
Sr-content of 0.8. On comparison with the JCPDS card file 
No. 37-1493 of LaFeO3 perovskite-type, it can be observed 
that the sample without any Sr-content (x = 0.0) exhibited 
single-phase orthorhombic crystalline LaFeO3 perovskite 

with reflection planes (101), (121), (220), (202), (141), 
(240), (143), and (204).

XRD pattern of the sample with Sr-content of x = 0.2 
showed the same LaFeO3 crystalline phase accompanied by 
the appearance of very weak diffraction peaks attributed to 
the formation of SrCO3 secondary phase. The appearance of 
such impurities could be attributed to the incomplete reac-
tion between the combustion products with the formation 
of SrO on the surface of LaFeO3 particles, converted into 
SrCO3 phase by the chemisorption of CO2 gas from sur-
rounding atmosphere at ambient temperature [31, 32]. The 
only changes obtained in the diffraction pattern of the sam-
ple with Sr-content of 0.4 are the transformation of LaFeO3 
crystal form from orthorhombic to rhombohedral symme-
try (according to JCPDS card file No. 82-1961 attributed 
to La0.8Sr0.2FeO3) besides the very slight increase in the 
intensity of SrCO3 diffraction peaks. Similar transformation 
behaviors were reported for Sr-substituted LaFeO3 systems 
[10, 33].

By increasing the Sr-content, it is observed that, both 
La0.4Sr0.6FeO3 and La0.2Sr0.8FeO3 hold the rhombohedral 
phase structure with an abrupt increase in the SrCO3 second-
ary phase diffraction peaks at x = 0.8. This result showed that 
the solubility limit of this system will be up to Sr-content 
of 0.6 and indicated the inability of solid solution formation 
after this concentration. XRD pattern of the sample with Sr-
content of 1.0 (Fig. 3) showed only the characteristic diffrac-
tion peaks attributed to orthorhombic SrCO3 and tetragonal 
Fe2O3 according to the JCPDS cards file No. 84-1778 and 
25-1402, respectively. The absence of any diffraction peaks 

Fig. 2   XRD patterns of La1‐xSrxFeO3 system (x = 0.0–0.8) synthe-
sized via the sucrose method Fig. 3   XRD patterns of the sample with x = 1.0
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attributed to SrFeO3 revealed the inability of formation at 
the present experimental conditions.

A closer look at the obtained XRD results and regard-
ing the previous DTA-TG study (Fig. 1) we can conclude 
that the energy released during the sucrose auto-combustion 
reaction could be fairly enough for the formation of lantha-
num strontium orthoferrites solid solutions up to Sr-content 
of 0.6 without the needing for any calcination processes, 
after which further calcination will be required to complete 
the reaction between the formed oxides and obtain single-
phase structure.

The obvious broadening of the obtained diffraction peaks 
could be attributed to the coexistence of multi-peaks [33] 
while, their shifts towards higher angles with increasing 
Sr-content indicated a decrease in the interplanner crystal 
spacing (d-spacing). Similar shifts are observed by other 
investigators for Sr-doped LaFeO3 [17, 18, 22, 34].

According to the Shannon’s tables [35], taking into con-
sideration the ionic radii of the hexacoordinated ions, the 
ionic radius of Sr2+ ions (1.18 Å) is larger than that of La3+ 
ions (1.032 Å) which means an increase in the lattice param-
eters by increasing Sr-content. Really, the substitution of 
higher valence state Fe3+ ions by lower valence Sr2+ ions 
would result in an oxidation of iron on the B-sites from Fe3+ 
to Fe4+ in order to balance the total charge on the molecule 
[18, 22, 34]. The smaller ionic radius of the formed Fe4+ 
ions (0.585 Å) compared to Fe3+ ions (0.645 Å) allowed the 
entire lattice parameters and thus the unit cell to contract. 
Overall, this valence change is more dominant than the ionic 
radius effect and cannot be neglected. In agreement with this 
contraction in the unit cell parameters, the calculated aver-
age crystallite sizes using Scherrer’s equation [36], tabulated 
in Table 1, indicated also a gradual decrease with increasing 
Sr-content.

3.3 � FT‑IR analysis

Figure 4 shows the characteristic part of FT-IR spectra for 
La1−xSrxFeO3 nanopowders.

All the spectra showed two broad absorption peaks 
around 570 and 330 cm−1 attributed to M–O contribution 
[12, 13]. The observed band around 570 cm−1 could be 
assigned to the Fe–O bond stretching vibration while that 

around 330 cm−1 to Fe–O–Fe deformation bending vibration 
in the octahedral sites. The change in the bands positions 
as a function of Sr-content is summarized in Table 1. The 
obvious shift in the bands position values towards higher 
frequency with successive Sr-substitution confirmed the iron 
oxidation process previously described. The smaller ionic 
radius Fe4+ ions will shorten and strengthen the Fe–O bond 
and consequently increasing frequency [21].

3.4 � TEM images

Figure 5 exhibits TEM and high-resolution transmission 
electron microscopy (HRTEM) images of the investigated 
ferrite samples (x = 0.0–0.8). From the images a1, b1, c1, 
d1 and e1 it is obvious that, particulates of agglomerated 
numerous nanocrystallite particles having irregular shape 
are appeared. Their estimated average particle sizes showed 
a gradual decrease with increasing Sr-content in agree-
ment with that obtained from the previous XRD analysis 
(Table 1). Similar behavior was reported by Lin et al. [37] 
for Ca-substituted LaFeO3 particles. The clearly resolved 
lattice fringes obtained from the magnification of a por-
tion of the HRTEM image (Fig. 5e2, a3, b3, c3, d3, and 
e3) indicated that interplanar spacings agreed well with that 

Table 1   Structural and electro-magnetic data for La1−xSrxFeO3 system (x = 0.0–0.8)

x Crystal type L (nm) D (nm) ν1 (cm−1) ν2 (cm−1) MS (mu/g) Mr (emu/g) Hc (Oe) TC (K) σ (ohm−1 cm−1)

0.0 Orthorhombic 24 22 572 333 0.36 0.040 150 573 1.6 × 10–6

0.2 Orthorhombic 16 14 570 333 0.45 0.043 365 555 2.7 × 10–8

0.4 Rhombohedral 15 13 578 335 0.98 0.036 121 533 8.3 × 10–8

0.6 Rhombohedral 13 12 588 337 2.80 0.165 97 518 7.7 × 10–6

0.8 Rhombohedral 12 12 590 341 6.84 0.342 85 513 1.8 × 10–5

Fig. 4   FT-IR spectra of La1‐xSrxFeO3 system (x = 0.0–0.8)
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Fig. 5   TEM and HRTEM images of La1‐xSrxFeO3 system. a x = 0.0, b x = 0.2, c x = 0.4, d x = 0.6, and e x = 0.8
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appeared in the XRD patterns. The measured interplanar 
spacing of 0.39 nm (Fig. 5a3, b3) is consistent with (101) 
reflection plane of orthorhombic LaFeO3. Also, the observed 
spacings at 0.265 and 0.278 nm obtained (Fig. 5c3, d3, and 
e2) are assigned to the reflection plane (121). On the other 
hand, the appearance of spacings at 0.40 and 0.347 nm 
(Fig. 5e3) confirmed the presence of SrCO3 secondary phase 
having diffraction peaks at 2θ angles of 20.3° and 25.9°.

3.5 � Magnetic properties

Figure 6 exhibits the magnetization curves at room tempera-
ture measured by VSM of La1‐xSrxFeO3 nanopowders with 
x = 0.0–0.8. As can be seen, the magnetization curves with 
x ≤ 0.2 are very narrow, indicating very weak ferromagnetic 
or antiferromagnetic characterization, while those of the 
highly doped samples (x ≥ 0.4) show larger loops character-
istic of ferromagnetic behavior. The saturation magnetiza-
tion (Ms) as well as the remanent magnetization (Mr) values 
are well enhanced by increasing Sr-content as appeared from 
Table 1.

The antiferromagnetic behavior of pure LaFeO3 could be 
attributed to the presence of rare earth La3+ ions replac-
ing Fe3+ ions and decreasing Fe3+–O–Fe3+ interaction [38] 
or mainly due to the anti-alignment of the two neighbor-
ing Fe3+ magnetic moments coupled through O2− ions, i.e., 
super-exchange interaction in antiferromagnetic spin order-
ing along a-axis. However, the very weak ferromagnetically 
behave of the samples with x = 0.2 could be either due to the 
small crystallite sizes which increases the surface uncom-
pensated spins [12, 39, 40] or the spin canting along the 
c-axis resulted in tilted of FeO6 octahedra [7, 23, 41].

Further enhancement in the magnetization by Sr-substi-
tution could be attributed to the formation of Fe4+ ions, as 

previously pointed out in XRD analysis. The formed Fe4+ 
ions resulted in a double-exchange interaction, Fe4+–O–Fe3+, 
which strengthen the ferromagnetic component. At higher 
Sr-contents, this double-exchange interaction becomes less 
significant and the oxygen vacancies resulting from the sub-
stitution of higher valence state La3+ ions by lower valence 
Sr2+ become more significant. This oxygen vacancies can 
disturb the uncompensated surface spin and consequently, 
super-exchange interaction resulting in increasing magneti-
zation [42]. Similar behaviors were obtained for other Sr-
substituted systems prepared via different methods [7, 42]. 
Generally, the present system showed higher magnetization 
values than those reported by Nforna et al. [7] and Yang [41] 
for Sr-substituted LaFeO3 prepared via thermal decompo-
sition of mixed metal acetylacetonates and citrate sol–gel 
method, respectively.

The coercivity values reported in Table 1 showed an 
abrupt increase by increasing Sr-content to 0.2 followed by 
a gradual decrease with increasing Sr-content. This large 
increase could be attributed to the interaction occurred 
between ferromagnetic Fe4+–O–Fe3+ and antiferromag-
netic Fe4+–O–Fe3+ exchange interactions [43]. The follow-
ing gradual decrease with increasing Sr-content could be 
attributed to the decrease in the magneto-crystalline anisot-
ropy. In addition, the coercivity is well known as a micro-
structure property [44, 45], showed a proportional relation 
with defects, surface effect, strains, particle size, etc. Thus, 
regarding Table 1, one can be concluded that the coercivity 
showed a particle size-dependent behavior since it exhibits 
a gradual decrease in its value with increasing Sr-content.

4 � Electrical properties measurements

4.1 � AC‑conductivity

Figure 7 illustrates the behavior of ac-conductivity vs. recip-
rocal temperature for different Sr-substituted samples. The 
plots followed the Arrhenius relation [28], in which con-
ductivity showing a gradual increase with increasing tem-
perature, except in the temperature range 363–444 K which 
indicated a gradual decrease with increasing temperature. 
This decrease is considered as a common behavior of most 
ferrite [28, 46] in which the successive evaporation of the 
surface adsorbed water (acting as an electron donor [47]) 
resulted in decreasing conductivity. Generally, the increase 
in the conductivity with increasing temperature indicated 
semiconducting properties of the entire compositions.

It is well known that [17, 34] the Sr2+ substitution for 
La3+ ions in LaFeO3 increases its electrical conductivity 
either by oxidizing Fe3+ to Fe4+ or increasing O2− mobil-
ity through generating oxygen vacancies. In this category, 
three types of conductivities could arise [34]: The first is 

Fig. 6   Room temperature hysteresis loops for La1‐xSrxFeO3 system 
(x = 0.0–0.8). Inset: Coercivity zoom
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the electronic conductivity appeared as a result of increas-
ing charge carriers due to the oxidation of Fe3+ to Fe4+, i.e., 
due to electronic compensation (formula 1); the second is 
the ionic conductivity attributed to the moving of O2− anion 
generated from oxygen vacancy, i.e., ionic compensation 
(formula 2) while the third is a mix of these two previous 
types (formula 3).

Thus, the electronic conduction will result in an increase 
in the average valence of the transition metal cations, while 
the ionic one reduces oxygen stoichiometry.

The obvious change in the slope of the Arrhenius plot, 
in the ascending range of conductivity vs. 1/T, could be 
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attributed to the change in the conduction mechanism. In 
the first ascending region (low temperature region), the 
obvious gradual increase in the conductivity with increas-
ing temperature could be assigned to the electronic conduc-
tion arised from electron hopping between Fe3+ and Fe4+ 
ions. The observed sharp increase in the conductivity at high 
temperature region indicated the significance of the ionic 
compensation due to oxygen nonstoichiometry [48].

The ionic conduction predominates only for the higher 
substituted samples (x ≥ 0.4) , and the transition temperature 
(TC) from electronic to ionic (Table 1) was accompanied 
by an obvious shift towards lower temperature by increas-
ing Sr-content (Fig. 7), confirming the predominance of the 
ionic compensation by increasing substitution that disturb-
ing the conductivity. This behavior could be attributed to 
the changing in the crystal structure from orthorhombic to 
rhombohedral as reported by Kafa et al. [34].

In addition, due to generating of more charge carriers, 
the conductivity values obtained at 500 k and 100 kHz for 
all the investigated samples (Table 1) indicated a gradual 
increase with increasing Sr-content. The obtained values 

Fig. 7   Relationship between 
lnσ and the reciprocal of the 
absolute temperature as a func-
tion of the applied frequency 
for La1‐xSrxFeO3 system 
(x = 0.0–0.8)
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are lower than those obtained by Triyono et al. [34] which 
could be attributed to the difference in the preparation meth-
ods. Finally, at higher temperatures, the conductivity of the 
investigated samples showed a metallic behavior in which 
conductivity hardly changed with temperature.

4.2 � Dielectric properties

Figures 8 and 9 show the dependence of real (ε) and imagi-
nary (εʺ) parts of dielectric constant on applied frequency 
as a function of temperature. The dielectric constants 
showed a gradual decrease with increasing frequency. A 
similar dielectric behavior was reported for Sr-substituted 

LaFeO3 [22, 49]. This decreasing behavior could be 
attributed to the inability of electrical dipoles to follow 
the increase in the alternating electrical field [50]. Moreo-
ver, the temperature dependence of the dielectric values at 
lower frequency and temperature independence at higher 
ones could be assigned to the charge carriers dispersion 
[51]. This normal behavior of most heterogeneous materi-
als can be explained on the basis of Maxwell and Wagner 
two-layer model with Koop’s phenomenological theory 
pertaining to space charge polarization due to the hopping 
Fe+3 ↔ Fe+4 at the grain boundaries [52, 53]. Generally, 
the obtained values of the dielectric constant in this work 
are lower than that reported by Triyono et al. [22] and 

Fig. 8   Relationship between the real part of the dielectric constant (ε) and the frequency as a function of the absolute temperature for 
La1‐xSrxFeO3 system (x = 0.0–0.8)
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Kafa et al. [34] for La1−xSrxFeO3 perovskites prepared via 
citrate sol–gel method.

The nearly constant dielectric behavior at low tempera-
tures changes to a gradual increase at higher ones (Figs. 10 
and 11) indicating the ability of the pumping force of 
temperature in liberating the trapped charge carriers and 
facilitating dipole orientations, increasing the orienta-
tional polarization. The temperature at which the dielec-
trics started to increase agreed well with that estimated 
through conductivity measurements (TC) and could be 
assigned again to the change in the conduction mechanism.

5 � Conclusions

Sr-substituted lanthanum orthoferrite perovskites, 
La1−xSrxFeO3 (x = 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0), were 
prepared using sucrose-assisted auto-combustion process. 
XRD revealed the appearance of some diffraction peaks 
attributed to SrCO3 secondary phase with increasing in 
their intensity by increasing Sr-substitution. The sam-
ples with Sr-content ≤ 0.2 indicated orthorhombic phases 
while those up to Sr-content of 0.8 showed rhombohedral 

Fig. 9   Relationship between the imaginary part of dielectric constant (εʺ) and the frequency as a function of the absolute temperature for 
La1‐xSrxFeO3 system (x = 0.0–0.8)
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phase. The obvious shifts in the peaks position towards 
higher angles, with increasing Sr-content, indicating unit 
cell contraction arise due to the oxidation of iron from 

Fe3+ to Fe4+. FT-IR spectra confirmed the ferrite forma-
tion through two broad absorption peaks around 570 and 
330 cm−1 attributed to M–O contribution. The Sr-substi-
tution was found to improve the magnetization as well as 
the conductivity due to the double-exchange interaction, 
Fe4+–O–Fe3+, and oxygen vacancies formation.

Fig. 10   Relationship between the real part of the dielectric constant (ε) and the absolute temperature as a function of the applied frequency for 
La1‐xSrxFeO3 system (x = 0.0–0.8)
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