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ABSTRACT 
 
Multiferrroic Bi1-xCaxFe1-xMnxO3 (x=0.15) is prepared by auto combustion method using glycine as a fuel. The effect 
of co-substitution of Ca and Mn on structural properties of bismuth ferrite ceramics was studied. The prepared 
samples are analyzed by XRD and FTIR studies. The crystallite development in the BCFMO is investigated by X-ray 
peak broadening methods like Williamson Hall (W-H) plot, Scherrer method and Size -Strain plot method.  A well 
defined perovskite phase with tetragonal system is observed from the XRD data. The results showed that the mean 
crystallite size of the BCFMO estimated from the different methods are highly inter correlated. The Rietveld 
refinement of XRD pattern shows that it belong to rhombohedral R3C space group. It also confirms that substitution 
of Ca2+ and Mn3+ creates oxygen vacancies in the system that in turn suppresses the displacement of Bi3+ ions from 
its centrosymmetric position and also the distortion. The FTIR studies carried out on these samples shows peaks 
correspond ing to 554 cm-1 which confirms the formation of metal oxide bonds and hence the formation of BFO.  
 
Keywords: BCFMO (Bi0.85 Ca0.15 Fe0.85 Mn0.15 O3), Perovskites, Debye Scherrer, Williamson-Hall, Scherrer 
method. 
_____________________________________________________________________________________________ 
 

INTRODUCTION 
 

Multiferroic are those materials which show simultaneous presence of ferromagnetism, ferro electricity and ferro 
elasticity at ambient conditions. They have the potential ability to couple the electric and magnetic polarization, so 
have taken the attention of scientists nowadays. But, very few materials are reported that shows both ferromagnetic 
and ferroelectric properties at room temperature. Among those materials, BiFeO3 (BFO) is one which is ferroelectric 
below 1103K and is a slightly canted antiferromagnet below 643K [1,2],and it possess a rhombohedrally distorted 
perovskite structure with space group R3c at room temperature. This space group allows the antiphase octahedral 
tilting and ionic displacement from the centrosymmetric position along [111]C direction of the parent cubic 
perovskite unit cell. The ferroelectricity in this compound is due to the off-centre structural distortions of cations 
whereas the magnetism is due to local spins. The R3c symmetry allows the existence of weak ferro magnetic 
moment due to Dzyaloshinky-Moriya interaction but the cycloid spin structure with the periodicity of ~62 nm 
prevents net magnetization leads to net zero magnetization [3-6]. Recently, it has been reported that by substitution 
on A- site and/or B-site in BFO, a high ferroelectric and ferromagnetic polarization or large magetoelectric coupling 
constant at room temperature is observed [7-12]. 
 
As BFO has narrow temperature range of phase stabilization, so is difficult to prepared it in phase pure ceramics or 
thin film. However, researches have tried different methods of synthesis of phase pure BFO either by chemical route 
and the solid state route followed by leaching with nitric acid [13, 14]. The nitric acid leaching is normally used to 
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eliminate impurity phases which leads to the formation of coarser powders and its poor reproducibility. Hence, we 
have adopted the chemical route of synthesis for uniform particle size and better reproducibility. 
 
The material scientists have aimed to improve the multi ferroic properties of BFO by doping with various elements. 
So, in this context their exist need to identify dopants that might rectify the issue of stability and synthesis, lead to a 
canting geometry that gives ferromagnetism, provide a means of controlling the nature and strength of  magneto 
electric coupling, and generate mechanisms for engineering transformation- related micro structures. Doping with 
Ca (BCFO) has emerge as a successful attempt, basically as the cycloidal magnetic structure is replaced by a canted 
antiferromagnetic structure that is indeed weakly ferromagnetic. [15-21] 
 
B. Ramchandran et al and D. Khothari et al [22, 23] have reported that substitution of Ca at A-site in BFO has 
resulted in weak ferromagnetic ordering. The Mn substitution at Fe site of BFO is reported to inhibit the grain 
growth which resulted in reduced particle size [24] and improve the magnetic as well as electric properties [25, 26]. 
S. Chauhan et al. had reported the structural phase transition in 15% Mn doped BFO sample due to the distortion in 
the rhombohedral structure with increasing Mn substitution which resulted in significant enhancement in 
magnetization [27]. J-Z Huang et al have reported the structural transition and improved ferro electricity in Ca and 
Mn co-substituted BFO thin films up to 10% substitution concentration[28]. 
 
In the present study, we report the synthesis of Ca and Mn co substituted BiFeO3 by auto combustion route using 
glycine as a fuel. The diffraction patterns shows the formation of perovskite structure and crystallite size is 
calculated from scherrer formula, scherrer plot, WH plot and SSP method and are found in the nanometer range. 
Line profile analysis (LPA) refers to the analysis of the shape of the peaks [1]. FTIR also shows bonds in the region 
400-600 cm-1 which further confirms the formation of perovskite structure. 
 

 EXPERIMENTAL SECTION 
 
2.1 Material Synthesis 
BiFeO3 nanoparticles have been prepared by autocombustion method using metal nitrates and glycine as a fuel but 
without using any solvent. Bismuth nitrate (Bi(NO3)3, 5H2O), ferric nitrate (Fe(NO3)3, 9H2O), Manganese nitrate 
Mn(NO3)2, Calcium nitrate Ca(NO3)2 and glycine (NH2CH2COOH) all were used with purity 99.9% or higher and 
without further purification. These compounds were taken in stoichiometric ratios in a glass beaker and heated at 80 
0C on a hot plate for combustion of the mixture to form brown color precursor. The precursor was grounded into 
powder using mortar and pastel and annealed in air at 500 °C for 2 hours. 
 
2.2 Characterization Tools 
2.2.1 XRD Analysis: 
X-ray Diffraction pattern for the sample BSFTO was taken using Bruker AXS D8 advance diffractometer. The 
scanning speed of the specimen is 2 degree/minute. 
 
From the XRD results, it was concluded that this crystal was found to be tetragonal system. 
 
The different methods used to evaluate the crystallite size of the sample are given below. 
 
2.2.1.1 Scherrer method 
X-ray diffraction profile is used to measure the average crystallite size of the sample. The lines in the diffraction 
pattern are of finite breadth but the lines starts broadening due to small size of the particles. The broadening 
decreases with the increase in crystallite size. The crystallite size for Bi0.85 Ca0.15 Fe0.85 Mn0.15O3 is calculated from 
X-ray diffraction profiles of strong reflections with intensity % by measuring the full width at half maximum 
(FWHM). The Debye Scherrer equation for calculating the crystallite size is given by 
                                                           

D =  

Where, K is the Scherrer constant, λ is the wavelength of light used for the diffraction, β the “full width at half 
maximum” of the sharp peaks, and θ the angle measured. The Scherrer constant (K) in the above formula accounts 
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for the shape of the particle and is generally taken to have the value 0.9. The results revealed that the crystallite size 
is less than 100 nm. 
 

Table 1: The (hkl) indices calculated from the 2θ values of the XRD profile are listed here 
 

2ϴ in degrees hkl 
22.5436 110 
32.1555 112 
39.5119 022 
46.1878 220 
52.1856 114 
57.3718 312 
67.4468 224 
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Fig 1: shows the XRD diffraction profile of the sample BCFMO at temperature of 500oC 
 
XRD data can be analyzed to study the peak broadening with crystallite size. Crystals formed may not be perfect 
due to their finite size. The disparity or deviations from perfect crystallinity leads to the broadening of the diffraction 
peaks. The two main factors of peak width analysis are the crystallite size and lattice strain. Hence the 2θ peak 
positions get shifted. The breadth of the Bragg peak is a combination of both instrument and sample dependent 
effects as   
    
β

2 crystallite size = β2measured – β2instrumental.     
 
Therefore D = Kλ/βcos θ => cos θKλ/D(1/ β) ----- (2). 
 
2.2.1.2 Scherrer plot method 
Scherrer Plots were drawn with 1/ β on the X-axis and Cos θ along the Y-axis at different temperatures as given in 
the Fig. 2. By linear fitting the data, from slope the crystallite size D was calculated. 
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Fig2: shows the Scherrer plots of BSFMO at 500oC 

 
2.2.1.3 Wiliamson- Hall (W-H) Plot method. 
W-H plots emphasized the strain induced plots. The peak width derived from crystallite size varies as 1/cos θ 
whereas strain varies as tan θ. This difference in behavior as a function of 2θ enables to distinguish between the size 
and strain effects on peak broadening. The Bragg width contribution from crystallite size is inversely proportional to 
the crystallite size [29]. W-H analysis is a simplified integral breadth method where size-induced and strain-induced 
broadening are deconvoluted by considering the peak width as a function of 2θ [30]. Addition of Scherrer formula 
and the strain induced broadening results in 
 
β

2
 hkl = K λ/D Cos θ + 4ε tan θ ------(3)  

 
where ε represents the strain. W-H plots are drawn with β Cos θ along the Y axis and 4sin θ along the X axis as 
given in Fig. 3. The slope and Y-intersect of the fitted line represent strain and particle size, respectively. 
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Fig3: shows the WH plots of BCFMO at 500oC 
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2.2.1.4 Size-Strain Plot Method 
The value of d (the inter planar spacing between the atoms) is calculated using the Bragg’s Law, or Wavelength of 
X ray = 1.5 Å for CuKα. Williamson-Hall plot has explained that line broadening was basically isotropic. Due to 
micro strain contribution the diffracting domains are also isotropic. Size-strain parameters can be obtained from 
the”Size-Strain Plot” (SSP). Here it is assumed that the ’strain profile’ is given by Gaussian function and the 
’crystallite size’ by Lorentzian function [31]. In the plots given below in Fig. 4, d2 

hkl βhkl cosθ and (dhkl βhkl cosθ)2 
were taken on X- axis and Y-axis respectively for all peaks. The crystallite size is calculated from the slope of the 
linearly fitted data and the root of the Y-intercept gives the strain [31]. 
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Fig 4: shows the Scherrer plots of BCFMO at 500oC 
 

2ϴ in degrees Scherrer Method W-H Plot Method 
Size –Strain Analysis 

Method 

 
By 

equation 
(A) 

by plot 
analysis 

crystallite 
size 

strain 
crystallite 

size 
strain 

22.5436 43.03 

4.52 
 

7.48 
 

 
0.0213 

 
12.19 

0.0350 
 

32.1555 15.1065 
39.5119 8.15917 
46.1878 9.75612 
52.1856 10.23225 
57.3718 3.20195 
67.4468 5.24141 

 
The Rietveld refined XRD pattern of Bi0.85Ca0.15Mn0.15Fe0.85O3is shown in figure 5 .The XRD pattern of the present 
studied sample is best fitted with the space group R3C, rhombohedral symmetry. The fitted parameters for the fit are 
χ

2
= 1.2, Rwp=2.94%. Some impurity peaks are also visible in the XRD pattern. These peaks can be indexed to 

Bi25FeO40. The substitution of Mn3+can be responsible for the generation of these impurity peaks [32]. 
 
The calculated lattice parameters for the sample are a=b=5.56846(8) Å; c=13.5586(5) Å. The present studied sample 
shows a decrement in lattice parameters as compared to undoped BiFeO3 (a=5.5775 Å; c=13.8616 Å) which can be 
attributed to the small ionic radii of Ca2+ (1.12 Å) as compared to Bi3+ (1.17 Å) [33]. The XRD peaks show a slight 
shifting towards higher angle side and this shift also confirm that substitution of Ca2+ and Mn3+generates 
compressive strain in the system and reduces the unit cell volume. 
 
In undoped BiFeO3, the double peaks are observed around 32º. In the present investigated sample, this splitting has 
been reduced (shown in inset of figure) due to the substitution of Ca2+ and Mn3+. As Ca2+ replaces Bi3+ in the 
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system, the charge imbalance will be created in the system which will be balanced by the oxidation of Mn3+ and Fe3+ 
into Mn4+ and Fe4+followed by generation of oxygen vacancies. These oxygen vacancies will suppress the 
displacement of Bi3+ from its centrosymmetric position and also the distortion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5: shows the Rietveld refined XRD pattern of Bi0.85Ca0.15Mn0.15Fe0.85O3 

 
2.2.2 FTIR Analysis 
To find out the results of FTIR, of the prepared powdered samples, it is necessary to transform the powdered form of 
samples into thin pellets using a KBr press. To convert the powdered form of sample into thin pellets, a mixture of 
the powdered sample and KBr, which is often taken in the ratio 1:10 were grinded with mortar and pestle. This 
powdered mixture was then pressed to make the thin pellet. The spectra of the samples were obtained in the range 
400 to 4000��-1 with IR prestige-21 FTIR (model-8400S). 
 
The strong absorption is shown by the bands in the range of 400-600cm-1. The band at 1380cm-1 arises due to the 
presence of the trapped nitrates while the bands shows at peak 1630cm-1 corresponds to bending vibrations of 
H2O[34]. 
 
In our case, strong absorptive peaks at 400–600 cm-1 are resulted due to the Fe-O stretching and bending vibration 
which is characteristic of octahedral FeO6 groups in the perovskite compound. The formation of a perovskite 
structure can be confirmed by the presence of metal-oxygen band [35,36] The peaks in the range of 436-547cm-1, 
1628cm-1, 2930cm-1 and 3445cm-1 have seen the the FTIR spectra which correspond to ferric oxide, bending 
vibration of water, bond  CH2 stretch is located and stretch vibration of OH bond respectively. It can be concluded 
that after completion of the self-combustion reaction, the resulting powder’s main components are metal oxides but 
a small amount of unreacted organic material also can be found. 
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RESULTS AND DISCUSSION 

 
In the present work a systematic and detailed study of the lead free ceramic BCFMO (Bi0.85 Ca0.15 Fe0.85 Mn0.15O3) 
was successfully done. The shape f the diffraction peaks are determined using Line Profile Analysis.  Using Debye 
Scherrer’s equation and making use of the width of the XRD peak, the mean crystallite size of the as prepared 
sample is calculated. The values calculated using the Scherrer formula are compared to the values obtained through 
Williamson-Hall plot, Scherrer plot and the Size-Strain Plot drawn. The broadening of the diffraction peaks and 
hence the 2θ peak positions get shifted is the result of the disparity or deviations from perfect crystallinity. Results 
obtained from different methods are in good agreement. For the size strain plots negative strain is also observed 
which can be accounted as the lattice shrinkage. The XRD data confirms that the material belongs to tetragonal 
system. Table 2 shows the hkl values calculated from the XRD profile. The Rietveld analysis of the sample is 
carried out and it is concluded that the dominant crystal symmetry of the sample is rhombohedral belonging to R3C 
space group. The lattice parameter of the doped sample is compared with the undoped BiFeO3 and it is found that 
they have decreased. The shift of XRD peaks towards higher angle also shows that the substitution of Ca2+ and Mn3+ 
has induced compressive strain in the system and has reduced its unit cell volume. Also, the Ca2+ and Mn3+ 
substitution in the BiFeO3 has created oxygen vacancies in the system which will suppress the displacement of Bi3+ 
from its centro symmetric position and also distortion. This distortion can leads to enhanced magnetic properties of 
BFO and hence improves its multiferroic character. The FTIR spectra contain peak corresponding to  strong 
absorptive peaks at 400–600 cm-1  which is due to the Fe-O stretching and bending vibration and is characteristic of 
octahedral FeO6 groups in the perovskite compound.  
 

CONCLUSION 
 

The nano ceramic material BCFMO (Bi0.85 Ca0.15 Fe0.85 Mn0.15O3) is prepared by the auto combustion route. The 
resultant powdered sample is characterized by XRD and FTIR analysis. The XRD line profile analysis indicated the 
formation of a perovskite phase at high temperature.  The results obtained by broadening analysis by Scherrer plot 
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method, W-H plot method and Size-Strain plot method are in high inter correlation. The Rietveld analysis of the 
XRD pattern shows that the rhombohedral crystal symmetry (R3C space group) is dominant in the BCFMO. The 
substitution of Ca2+ and Mn3+ creates oxygen vacancies in BFO which will suppress the displacement of Bi3+ from its 
centrosymmetric position and also the distortion. FTIR studies also confirm the formation of metal oxygen band in 
the region of 400-600 cm-1 which confirms the formation of perovskite structure. Further, magnetic and electrical 
characterization of the BCFMO could be done to reveal its enhanced multiferroic properties. 
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