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Abstract In the present work, pure and Sr2? ions sub-

stituted Mg ferrite nanoparticles (NPs) had been prepared

by co-precipitation method and their structural, optical, and

magnetic properties at different calcination temperatures

were studied. On this purpose, thermo gravimetric and

differential thermal analysis (TG–DTA), Fourier transform

infrared spectroscopy (FT-IR), X-ray diffraction (XRD),

scanning electron microscopy, UV–Visible diffused

reflectance spectroscopy, impedance spectroscopy, and

vibrating sample magnetometer were carried out. The exo-

and endothermic processes of synthesized precursors were

investigated by TG–DTA measurements. The structural

properties of the obtained products were examined by XRD

analysis and show that the synthesized NPs are in the cubic

spinel structure. The existence of two bands around

578–583 and 430–436 cm-1 in FT-IR spectrum also con-

firmed the formation of spinel-structured ferrite NPs. The

lattice constants and particle size are estimated using XRD

data and found to be strongly dependent on calcination

temperatures. The optical, electrical, and magnetic prop-

erties of ferrite compositions also investigated and found to

be strongly dependant on calcination temperatures.

Keywords Magnetic ferrites � Impedance spectroscopy �
VSM

Introduction

In the vast application of nanomaterials, the sizes of

magnetic and electronic devices are reduced greatly in the

recent year. Spinel ferrite nanomaterials are regarded as

one of the most important inorganic nanomaterials because

of their improved electrical (Rane et al. 2001), magnetic

(Kotnala et al. 2009), and catalytic properties (Srivastava

et al. 2009), respectively. Their physical and chemical

properties of spinel ferrites are different from their corre-

sponding bulk materials due to their higher surface to

volume ratio (Naseri et al. 2011). The unit cell of spinel

ferrite belongs to the cubic structure, oxygen anions formed

the close face-centered cubic (fcc) packing consisting of 64

tetrahedral (A) and 32 octahedral (B) metal ions. In a

normal spinel structure, the chemical formula takes in the

form of A2? [B3?]2 O4. From this structure, the A2?

cations occupied the tetrahedral site, whereas the B3?

cations occupy the octahedral site (Nakagomi et al. 2009).

The structural, electrical, chemical, and magnetic proper-

ties of metal ferrites strongly depend upon the nature of the

ions and their distribution among the A- and B-sites,

respectively (Baykal et al. 2008). The introduction of dif-

ferent metallic ions in the spinel structure, alter the distri-

bution of ions in both sites and leads to variations in

magnetic and electric properties (Ahmed et al. 2004). And

also, the blocking temperature, saturation magnetization,

and coercivity are clearly size dependent. So that, the

particle size is an important factor to control their property

of ferrite nanoparticles (NPs) (Liu and Zhang 2001). Spi-

nel-type ferrites are commonly used in many electronic and

magnetic devices due to their high magnetic permeability

and low magnetic losses (Giannakopoulou et al. 2002).

High electrical resistance and lower saturation magnetiza-

tion makes them suitable for magnetic and magneto-optical
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applications (Kim et al. 2001). Among various ferrite NPs,

MgFe2O4 has special attention in modern material due to

their improved electrical and magnetic properties (Chen

and Zhang 1998; Zhang et al. 2011).

Several reports are available for the introduction of

different metallic ions such as Zn, Cu, Li, and Mn into

MgFe2O4, and their structural, electrical, and magnetic

properties were studied well (Bharti et al. 2010; Mansour

2011). However, the effects of Sr2? ions in spinel

MgFe2O4 are not yet reported. The first systematic study in

the field of preparing of spinel ferrites was reported by

Hilpert in 1909 (Hilpert 1909). Recently, various fabrica-

tion methods have been reported, including the sol–gel

(Thankachan et al. 2013), co-precipitation (Ferk et al.

2014), solid-state reaction (Kotnala et al. 2008), ball mil-

ling (Chen et al. 2012), hydrothermal method (Hemeda

et al. 2014; Koseoglu 2013), and combustion technique

(Deraz and Shaban 2009) etc. Among these, co-precipita-

tion method is one of the advance methods for preparation

of metal ferrite NPs because of its simplicity, low cost, and

bulk production of NPs. In this work, a chemical co-pre-

cipitation method was used to prepare pure and Sr2? sub-

stituted MgFe2O4 precursors. The obtained precursors were

calcinated at different temperatures and their thermal,

structural, optical, and magnetic properties were studied by

thermo gravimetric and differential thermal (TG and DTA)

analyses, X-ray diffraction (XRD), Fourier transform

infrared (FT-IR) spectroscopy, scanning electron micro-

scopy (SEM), UV–Visible diffused reflectance spec-

troscopy (UV–Vis-DRS), Impedance, and vibrating sample

magnetometer (VSM) analysis.

Materials and methods

In the present work, the raw materials of magnesium nitrate

(Mg(NO3)3�6H2O), iron nitrate (Fe(NO3)3�9H2O), stron-

tium nitrate Sr(NO3)2, and sodium hydroxide (NaOH) were

used to prepare pure and Sr2? substituted MgFe2O4 NPs in

co-precipitation method. Deionized water was used as a

solvent. All the chemicals have the purity of more than

99 % and are used without further purification.

For synthesis of pure magnesium ferrite NPs, 0.2 mol

magnesium nitrate and 0.4 mol iron nitrate were dissolved in

100 mL of deionized water. The resulting solution was

stirred under constant stirring at 90 �C on the hot plate, until

a clear solution was formed. Further, 6 mol of NaOH was

added into a solution and the pH of the solution was kept in

the range of 12–13. Finally, the brown color precipitate was

formed. The formation of brown color precipitate indicates

that metal nitrates were converting into metal hydroxide.

The resulting precipitate was stirred for 2 h at a reaction

temperature. The obtained precipitates were filtered and

washed several times with deionized water for removal of

unreacted precursor. Further, the precursor was dried in the

electric oven overnight to get the dried powder. This dried

precursor powder was divided into three equal parts and

calcinated for 3 h at different temperatures (700, 800, and

900 �C respectively). In a similar way, Sr2? substituted

magnesium ferrite was synthesized.

Experimental details

The decomposition process of the precursors and formation

process of the pure and Sr-substituted MgFe2O4 NPs are

investigated by TG and DTA analyses with heading rate of

20 �C per mints installed at CISL, Annamalai University.

The structural and phase formation of ferrite NPs were

identified by XRD analysis (X’ PERT PRO-PANalytical,

PHILIPS) with CuKa (k = 1.54 Å) radiation, anode at

40 kV, and current of 30 mA in the range of 20�–80�,
available at Department of Physics, Alagappa University,

Karaikudi, Tamil Nadu. The obtained peaks were com-

pared with the Joint Committee of Powder Diffraction

Standard (JCPDS) files. The functional groups present in

the surface of obtained ferrite compositions were investi-

gated by FT-IR measurements performed in transmission

mode in the wavenumber range of 4000–400 cm-1 by

Perkin Elmer Spectrum RXI (FT-IR) spectrometer avail-

able at St. Joseph’s college, Tiruchy, Tamil Nadu. The two-

dimensional surface morphological natures of synthesized

samples were carried out by Scanning electron microscope

(SEM-JSM-5610 LUJELO model) at different magnifica-

tions available at CISL, Annamalai University, Tamil

Nadu. For evaluation of optical properties of ferrite com-

positions, UV–Vis diffuse reflectance spectrums were

carried out in the wavelength range of 200–900 nm using

UV140404B available at Cochin University, Kerala.

Impedance measurements were carried out using ver-

saSTAT MC impedance spectrometer in the frequency

range of 1 Hz–1 MHz available at St. Joseph’s college,

Tiruchy, Tamil Nadu. VSM analysis was performed at

room temperature to study the magnetic behavior of ferrite

composition on the effect of calcination temperature in

Lake Shore-7404 available at Central Instrumentation

Facility, Pondicherry, India.

Results and discussion

Thermal analysis

The decomposition process of synthesized precursors and

formation process of the pure and Sr2? substituted

MgFe2O4 NPs are investigated by TG and DTA. Figures 1

and 2 shows the TG–DTA results of the obtained product
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of pure and Sr2? substituted magnesium ferrite precursor.

From this observation, similar weight losses are observed

in both samples. As the temperature is increased from 28 to

1100 �C, the dried precursor lost its overall weight about

26 and 29 % for pure and Sr2? substituted ferrites,

respectively. The first weight loss in the TG curve appears

in the range of 28–280 �C, due to evaporation of residual

water present in the product and shows a corresponding

weight loss of 13 %. The next exothermic peak appears in

the DTA curve around 430 �C, and TG curve shows the

weight loss (9 %) in the temperature range between 210

and 387 �C, which is attributed to the decomposition of

organic compounds and transformation of metal hydroxide

into metal oxides as given in following equations.

Mg OHð Þ2! MgO þ H2O; ð1Þ

2Fe OHð Þ3! Fe2O3 þ 3H2O; ð2Þ

Sr OHð Þ2! SrO þ H2O: ð3Þ

After that, gradual change in weight loss is observed up to

630 �C, which is a corresponding weight loss of 3.5 %,

attributed to the decomposition of metal oxide into metal

ferrite as given in Eqs. (4) and (5).

MgO þ Fe2O3 ! MgFe2O4; ð4Þ
MgOð Þ1�xþ SrOð Þxþ Fe2O3 ! Mg1�xSrxFe2O4: ð5Þ

Beyond the temperature 630 �C, no weight loss is observed

in both pure and Sr2? substituted MgFe2O4 precursor. It

indicates the formation of stable ferrite in both samples.

Further the formations of ferrite NPs are confirmed by

XRD results.

Functional analysis (FT-IR)

The FT-IR spectroscopy is used to identify their functional

groups present in the ferrite compositions. All the FT-IR

characterizations are performed at room temperature in the

Fig. 1 TG–DTA analysis of

pure MgFe2O4 precursor

Fig. 2 TG–DTA analysis of

Sr2? substituted MgFe2O4

precursor
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wave number range of 4000–400 cm-1. Figures 3 and 4

show the FT-IR spectra of pure and Sr2? substituted

MgFe2O4 ferrite NPs, respectively. The FT-IR spectra shows

two strong band assignments in the range below 1000 cm-1,

attributable to the band assignment between inorganic ele-

ments and oxygen ions (Modi et al. 2013). Normally, the

higher frequency band is observed in the range of

600–500 cm-1, corresponds to vibrations of the A-site

[Mtetra$O] and the lower frequency band observed in the

range of 500–400 cm-1, due to the vibrations of the B-site

groups [Mocta$O]. These two bands are common features

for all ferrites (Waldron 1955; Labde et al. 2003). The

vibration of band in the tetrahedral sites occurs at higher

wavenumber than octahedral sites, which is due to the

smaller bond length of tetrahedral positions compared to the

octahedral sites (Pradeep et al. 2011). In pure MgFe2O4

samples, the tetrahedral frequency band v1 is observed at

579, 580, and 575 cm-1 whereas the octahedral frequency

band v2 is observed at 437, 438, and 432 cm-1 in the calci-

nation temperatures of 700, 800, and 900 �C, respectively.

As shown in Fig. 3b, slight variations of band positions are

observed with increasing calcination temperatures. It mainly

attributes the variation in ion distribution between tetrahe-

dral and octahedral sites with calcination temperatures. But,

in case of Sr2? substituted samples, these bands are shifted to

the higher wavenumber range (Fig. 4a, b). The variation in

A-site band assignment is higher than B-sites which attri-

butes that the Sr2? ion preference to B-site. Due to the

presence of large size Sr2? ions in B-sites, some of the Fe2?

ions migrate into A-sites as consequently tetrahedral vibra-

tion increases considerably. The peak present at around

1130 cm-1 due to stretching vibration of C–O group and

stretching of O–H band from the surface water molecules

appears at around 3324 cm-1.

Fig. 3 a FT-IR spectra of pure

MgFe2O4 nanoparticles at

different calcination

temperatures in the

wavenumber region of

4000–400 cm-1, b selected

wavenumber region

1000–400 cm-1
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Structural analysis

To evaluate their structural properties of ferrite NPs, XRD

characterization is carried out. Figures 5 and 6 show the

XRD pattern of the pure and Sr-substituted MgFe2O4 NPs

obtained at different calcination temperatures. The XRD

spectrum obtained at low temperature (700 �C) shows the

prominent diffraction peaks of pure magnesium ferrite,

appeared in 35.5� corresponding to the diffraction plane of

(311) which indicates that formation of MgFe2O4 (JCPDS

file no. 71-1232) and similar results are observed at all the

temperatures as shown in Fig. 5. However, small quantity

of another phase, such as a-Fe2O3 was also observed

(shown as x in Fig. 5). When the calcination temperatures

are increased (800 and 900 �C), the intensity of diffraction

peaks increased and impurities of the products are reduced

compared to the results obtained at 700 �C. This

observation shows that the calcination temperatures have

the significant role in the formation of magnesium ferrites.

The XRD spectrum of MgFe2O4 obtained at 900 �C shows

Fig. 4 a FT-IR spectra of Sr-

doped MgFe2O4 nanoparticles

at different calcination

temperatures in the

wavenumber region of

4000–400 cm-1, b selected

wavenumber region

1000–400 cm-1

Fig. 5 XRD patterns of pure MgFe2O4 nanoparticles at different

calcination temperatures
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high crystalline nature and diffraction peaks (2h) observed

in 30.17�, 35.52�, 43.08�, 57.08�, and 62.64� corresponding

to (2 2 0), (3 1 1), (4 0 0), (5 1 1), and (4 4 0) planes, match

well again with JCPDS file no 71-1232. In the case of Sr2?

substituted MgFe2O4 NPs, similar results are observed.

However, the diffraction angle in (311) plane shifted

toward low angle (35.3�) sites. This may be due to the

increase in cell volume by an increase in lattice constant by

the substitution of Sr2? in the place of Mg2? ions (Toledo

et al. 2000). A similar result was reported by Bhukal et al.

(2014). From XRD results, the lattice parameters (a) are

determined using relation (6).

a ¼ dhkl h
2 þ k2 þ l2

� �1=2
; ð6Þ

where a is the lattice parameter, d is the lattice spacing

between two planes, and h, k, l are the miller indices. The

average grain size of ferrite compositions is measured by

Scherer’s formula (Cullity 1956),

D ¼ Kk=b cos h; ð7Þ

where k is the wavelength of the X-ray source used in XRD

measurement, b is the peak width of the diffraction peak

profile at half maximum in radians, normally highest values

of b result in the small grain size, K is called shape factor,

which usually takes a value of about 0.9. The lattice

parameters are found to be in the range of 8.37–8.39 and

8.39–8.42 Å for pure and Sr2? substituted NPs, respec-

tively as shown in Table 1. The variation of lattice

parameters in different calcination temperatures implies

that the variation in the ion distribution between both A and

B sides. But in the case of Sr2? substituted ferrite NPs, The

lattice parameters are found to be higher than the pure

magnesium ferrite NPs. It is due to the larger ionic radius,

Sr2? (1.27 Å) cation replaced in the place of Mg2?

(0.72 Å) in the spinel structure. The grain size of both pure

and Sr2? substituted NPs are estimated using the Debye–

Scherrer equation and is found to be increased with the

calcination temperature lying in the range between 8–30

and 8–24 nm, respectively. At the same calcination

temperatures, the crystallite size obtained in Sr2? substi-

tuted MgFe2O4 was found to be lower compared to pure

MgFe2O4 NPs. These results conclude that the Sr2? ions

restrict the grain growth of the ferrite phase, whereas cal-

cination temperatures engage their grain growth. The

crystallite size less than 50 nm is desirable for obtaining a

suitable signal-to-noise ratio for switching applications

(Mahmood et al. 2013).

Morphological analysis

The SEM characterization is used to identify their

microstructure nature of ferrite NPs. Figure 7 shows the

two-dimensional surface morphological images of pure and

Sr2? substituted MgFe2O4 NPs obtained at 900 �C. Fig-

ures 7a, b reveal the SEM images of pure MgFe2O4 ferrite

NPs, which show the highly agglomerated spherical-

shaped particles. The agglomeration of pure MgFe2O4

ferrite NPs may arise from magnetic interactions between

ferrite particles. On the other hand, the Sr2? substituted

MgFe2O4 ferrite shows the uniform distribution of spheri-

cal-shaped particles with moderate agglomeration on

Fig. 7c, d.

Optical study (UV–Vis-DRS)

The optical properties of pure and strontium-substituted

ferrite NPs are investigated by UV–Vis-DRS spec-

troscopy. Figures 8 and 9 depict the reflectance spectra of

pure and Sr2? substituted magnesium ferrite NPs in the

spectral range of 300–900 nm, respectively. It is clear that

all the samples show optical properties in the visible

region. In pure MgFe2O4 samples, reflectance percentage

decreases with increasing calcination temperatures, but in

case of Sr2? substituted samples reflectance percentage

increased with increasing calcination temperatures. The

decreasing trend of reflectance values in pure magnesium

ferrite can be explained by densification of structure with

an increase in calcination temperatures. The increasing

behavior of reflectance values in Sr2? substituted samples

due to the presence of defect in the crystal lattice by

agreement with XRD results. The band gap energy of

synthesized samples derived from the optical reflectance

data using Kubelka–Munk function F(R) (Manikandan

et al. 2013),

F Rð Þ ¼ 1 � Rð Þ2=2R; ð8Þ

where R is the diffuse reflectance. The band gap values of

synthesized products are estimated by the graph plotted

between [F(R) hv]2 versus hv (Figs. 10, 11). The estimated

values of band gap for pure and Sr2? substituted samples

are 2.1, 2, 1.9 and 2.1, 1.8, 1.7 eV, respectively. From this

observation, the band gap energy decreases with increasing

Fig. 6 XRD patterns of Sr2? substituted MgFe2O4 nanoparticles at

different calcination temperatures
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calcination temperatures in both pure and Sr2? substituted

samples. The reduction of band gap energy with increasing

calcination temperatures probably attribute to the crystal-

lite growth of synthesized product (Roduner 2006).

Impedance analysis

The conductivity of ferrite materials is mainly attributed to

the companied effects of bulk or grain and grain boundary

contribution. The grain and grain boundary contribution

have different relaxation time, which can be separated out

by impedance measurement. The complex impedance

spectra give the information about the resistive (real part)

and reactive (imaginary part) components of a material

obtained by plotting the imaginary part of impedance

against real part of impedance which is referred to as

Nyquist plot, as shown in Figs. 12 and 13 for pure and Sr2?

substituted MgFe2O4 NPs, respectively. All the samples

exhibit one semicircle in higher frequency sites and one

straight line at low frequency sites depending upon the

electrical properties of the materials. The semicircle

obtained at high frequency sites represents the resistance of

grain and straight line obtained at a low frequency site,

represents the resistance of the grain boundary. The

obtained results are in good agreement with previous

studies (Baruwati et al. 2007; Kotnala et al. 2010). The

Table 1 The structural parameter of pure and Sr2? substituted MgFe2O4 ferrite nanoparticles

Temperature (�C) 2h (�) dhkl (Å) a (Å) V (Å3) D (nm)

MgFe2O4 700 35.5 2.526 8.377 587.86 8

800 35.43 2.531 8.3943 591.85 21

900 35.52 2.525 8.374 587.21 30

Mg0.8Sr0.2Fe2O4 700 35.3 2.533 8.421 597.16 8

800 35.43 2.531 8.395 591.64 12

900 35.3 2.532 8.398 592.28 24

2h diffraction angle in (311) plane, dhkl spacing, a lattice constant, V volume of the formula unit, D grain size

Fig. 7 SEM micrographs of

pure MgFe2O4 (a, b) and Sr2?

substituted MgFe2O4 (c, d),

respectively
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grain resistance plays an important role in the conductivity

behavior of the materials and it is much smaller than the

grain boundary resistance. The grain resistance of the

samples is equal to the diameter of semicircle in Nyquist

plot (Ye et al. 2003). In pure MgFe2O4 sample the diameter

of semicircle was increased with calcination temperatures

due to the improvement in grain growth with calcination

temperatures, whereas its decreases with calcination tem-

peratures in Sr2? substituted samples. The relaxation time

and grain capacitance of synthesized samples were esti-

mated using the relation (8),

sg ¼ 1=xg ¼ CgRg: ð9Þ

The obtained values are listed in Table 2. From this

observation, calcination temperatures are found to be

significant key factors to monitor the conduction process of

synthesized samples. The decreasing trend of impedance

values in Sr2? substituted samples compared to pure

samples, indicate an increase in AC conductivity.

Magnetic study (VSM)

Figure 14a, b depict the room temperature magnetic hys-

teresis loops for pure and Sr2? substituted magnesium

ferrite NPs at different calcination temperatures with a

maximum applied field of 12 kOe. The magnetic parame-

ters such as saturation magnetization (Ms), coercive fields

(Hc), and magnetocrystalline anisotropy (K) constant are

calculated from the hysteresis data and are listed in

Table 3. In the present work, the Ms of both NPs are

Fig. 8 Reflectance spectra of pure MgFe2O4 nanoparticles at differ-

ent calcination temperatures

Fig. 9 Reflectance spectra of Sr2? substituted MgFe2O4 nanoparti-

cles at different calcination temperatures

Fig. 10 Band gap energy of pure MgFe2O4 nanoparticles

Fig. 11 Band gap energy of Sr substituted MgFe2O4 nanoparticles
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increased with increasing calcination temperatures in the

range between 1.04–10.09 and 1.83–7.27 emu/g for pure

and Sr2? substituted NPs, respectively which is smaller

than that of bulk magnesium ferrite (about 26.9 emu/g)

(Liu et al. 2003). The increasing trend of Ms in both

samples might be explained by two factors. The first one is

grain size, which increased with calcination temperatures.

The sample calcinated at 900 �C, which has a higher grain

size, showed higher Ms compared to the other samples.

Hence in Sr2? substituted samples, the saturation magne-

tization values are smaller compared to pure samples at the

same calcination temperatures. Compared to pure magne-

sium ferrite, Sr2? substituted magnesium ferrite has small

Fig. 12 The Nyquist plot of pure magnesium ferrite nanoparticles at

different calcination temperatures

Fig. 13 The Nyquist plot of Sr2? substituted magnesium ferrite

nanoparticles at different calcination temperatures

Table 2 The impedance parameters of pure and Sr2? ions substituted ferrite nanoparticles measured at room temperature

T (�C) sg (ls) Rg (kX) Cg (ÅF)

MgFe2O4 700 3.4819 17,830 1.9527

800 3.6460 24,060 1.5154

900 4.8064 45,964 2.5523

Mg0.8Sr0.2Fe2O4 700 3.3252 18,830 1.7658

800 2.7651 9980 2.7713

900 3.3252 17,660 1.8831

T temperature, sg relaxation times, Rg grain resistance, Cg grain capacitance

Fig. 14 VSM hysteresis loop of pure (a) and Sr2? ions substituted

MgFe2O4 (b) nanoparticles calcinated at various temperatures
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grain size at the same calcination temperatures and shows

less magnetization values. The other factors can be

explained by cation distribution between the tetrahedral

and octahedral sites by Neel’s sub-lattice collinear model

(Néel 1950). According to this model, the saturation

magnetization is the vector sum of the magnetic moments

of the individual A and B sublattices as for relation

Ms = MB - MA, where Ms is the saturation magnetization,

MB and MA are the magnetization of B- and A-sites,

respectively. In the present study, the synthesized NPs are

considered as inverse spinel structure and their cation

distribution is estimated as follows.

Fe3þ
1�xMg2þ

x

� �
A

Mg2þ
1�xFe3þ

1þx

� �
B

O4;

Fe3þ
1�xMg2þ

x

� �
A

Mg2þ
1�xSr2þ

0:2Fe3þ
1þx

� �
B

O4:

It is well known that the Mg2? (0 lB) is non-magnetic and

Fe3? (5 lB) has higher magnetic moment in nature. In

inverse spinel, Fe3? ions favor for both tetrahedral and

octahedral sites, respectively. When the calcination tem-

peratures increase, ion distribution between A- and B-sites

are also modified as follows: in pure magnesium ferrite

NPs, part of the Fe3? ions present in A-site migrate to

B-site and push some non-magnetic Mg2? to A-site. As a

result, magnetic ions in octahedral side increases consid-

erably and lead to increased saturation. In addition, the

saturation magnetization of Sr2? substituted ferrite NPs is

observed with increase in calcination temperature. How-

ever, it is smaller than pure NPs obtained at same calci-

nation temperature. This may be due to the Sr2? ions

present in the B-site and the reduced migration of Fe3? ions

from tetrahedral side.

The coercivity (Hc) is the magnetic field required for

overcoming the magnetocrystalline anisotropy to flip the

magnetic moments. This magnetocrystalline anisotropy

constant (K) is determined through Stoner–Wohlfarth the-

ory using the following relation (Stoner and Wohlfarth

1948)

HC ¼ 0:98K=MS; ð10Þ

where K is the anisotropy constant and Ms is the saturation

magnetization. Variation of anisotropy constant K with

different calcination temperatures is shown in the Table 3.

It shows that the anisotropy constant K gradually increases

with temperature in both samples and maximum values are

observed in Sr2? substituted NPs. The coercivity of both

pure and Sr2? substituted MgFe2O4 NPs are increased with

increasing calcination temperatures. The pure MgFe2O4

NPs, calcinated at various temperatures show narrow hys-

teresis loop with very small coercivity values, evident for

soft magnetic nature of synthesized samples. As compared

with pure NPs, Sr2? substituted NPs at 700 �C show a

narrow hysteresis loop with small coercivity value

belonging to the soft magnetic nature of synthesized NPs.

However, when the calcination temperatures are increased

to 800 �C, the coercivity values also increase. The maxi-

mum value of coercivity 3647 erg/g is observed in ferrite

NPs obtained at 900 �C. This indicates that both pure and

Sr2? substituted ferrite NPs exhibit ferromagnetic nature.

Conclusions

From the present study, the pure and Sr2? substituted mag-

nesium ferrite NPs were successfully prepared by co-precip-

itation methods and their structural, morphological, optical,

and electrical properties were studied with different calcina-

tion temperatures. The lattice constant and grain sizes were

found to be increased with the increasing calcination tem-

peratures. FT-IR study revealed the formation of spinel ferrite

structure with two strong peaks at around 575–583 and

432–438 cm-1, respectively. Further, the formation of cubic

spinel-structured ferrite was confirmed by XRD spectra. The

observed band gap values for pure and Sr2? substituted NPs

lies in the range of 2.1–1.9 and 2.1–1.7 eV, respectively. The

impedance parameters such as grain resistance, grain capac-

itance, and relaxation time were also calculated and found to

be increased with calcination temperatures in pure magne-

sium ferrite NPs whereas it decreased in Sr2? substituted

samples. The VSM analysis confirmed the existence of fer-

romagnetic nature of Sr2? substituted ferrite NPs. In sum-

mary, all the properties of ferrite NPs are strongly influenced

by calcination temperatures.

Table 3 The magnetic parameters of pure and Sr MgFe2O4 ferrite nanoparticles measured at room temperature

Temperature (�C) D (nm) Ms (emu/g) Hc (Oe) K (erg/g)

MgFe2O4 700 8 1.04 4.47 4.94

800 21 5.51 59.37 333.80

900 30 10.09 123.57 1272.26

Mg0.8Sr0.2Fe2O4 700 8 1.83 5.12 9.56

800 12 6.89 98.62 693.35

900 24 7.27 491.69 3647.53

D grain size, Ms saturation magnetization, Hc coercive field, K magnetocrystalline anisotropy constant
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