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ABSTRACT

Multiferroics are the materials having ferroelectric and magnetic properties

simultaneously and can be tuned by controlling electric and magnetic field for

the desired applications. Pure and samarium-doped bismuth ferrite nanoparti-

cles Bi1-xSmxFeO3 (BSFO x = 0, 0.05, 0.10, 0.15, 0.20) with varied doping con-

centrations have been synthesized using sol–gel technique. The effect of doping

on structural, morphological, elemental composition and optical properties were

analyzed using various characterization techniques. X-ray diffraction (XRD)

analysis of Bi1-xSmxFeO3 samples show the compressive lattice distortion and

structural phase transformation from rhombohedral to orthorhombic phase. The

Rietveld refinement shows that the crystalline structure of pristine BiFeO3 (BFO)

is typical rhombohedral structure with R3c space group. Scanning electron

micrograph (SEM) reveals that with increasing Sm concentration the grain size

decreases up to * 30 nm. XRD and SEM analysis confirmed the synthesized

samples having pure phase formation and nanocrystalline nature. Ultraviolet–

Visible (UV–Vis) spectra of the samples show that the enhanced visible light

absorption would be a promising material for photocatalytic application. The

findings of X-ray photoelectron spectroscopy (XPS) verify the effective Sm

doping in BFO samples.

1 Introduction

Multiferroics are a crucial class of multifunctional

materials in the same phase which have electrical and

magnetic properties. These materials are extensively

studied in the growing discipline of attenuating

electromagnetic radiation, information storage

media, resistive switches, gas sensors and multi-state

memory devices, etc. [1–3]. Bismuth ferrite is one of

the most promising material and attract extraordi-

nary attention due to the combination of anti-ferro-

magnetic Neel temperature (TN * 643 K) and high
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ferroelectric Curie temperature (TC * 1143 K) [1, 4].

It is a G-type antiferromagnet with a symmetry per-

mitted slight canting of the Fe3? moments and fer-

roelectric properties in BFO are induced by a

rhombohedral distorted perovskite structure with

space group R3c [5]. Even though R3c symmetry

allow the presence of weak ferromagnetic moment

and net magnetization for the cause of the

Dzyaloshinskii-Moriya (DM) interaction [6, 7]. But

this material have limitation of the high leakage

current density which prohibits the functional

application in the manufacturing of the ferroelectric

devices [8, 9]. Therefore, to enhance ferromagnetic

property, significant efforts should be carried out to

suppress the spiral spin structure or to increase the

canting level of the antiparallel spins [10]. In the

meantime, it is crucial to investigate how to reduce

the leakage current density. The presence of leakage

current density of BFO is recognized to be

attributable to the chemical valence fluctuation of Fe

ions (Fe3?/Fe2?), oxygen vacancies and the loss of

bismuth [11]. It is broadly agreed that innate polar-

ization and magnetization are interconnected with

the single pair of Bi3? ion at the A site and the par-

tially filled 3d orbitals of Fe3? ion at the B site,

respectively [12]. Basically natural BFO is an insulator

with a wide bandgap of 2.5 eV [13]. The photo

response of BFO nanoparticles can be enlarged in the

ultraviolet and visible region attribute to the fact that

the microstructure, chemical structure and defects

can be enhanced by doping of rare-earth metal ions

[14]. Consequently, there is an increased possibility of

utilizing the ultraviolet and visible light for photo-

catalysis. Physical characteristics of BFO can be

monitored by doping which induce the lattice dis-

tortion, monitor the vaporization of Bi ions and pro-

vide the non-centrosymmetry. In addition, doping at

the A site with various ionic radii can make the

locked magnetization released by suppressing the

spiral spin modulation of G-type antiferromagnetism

[6]. As a result, advances in doped nano-sized BFO

materials, which play an important role in micro-

electronics devices, can be made to improve magne-

toelectric coupling [15–17].

In this work, nanoparticle BFO and Bi1-xSmxFeO3

(x = 0.00, 0.05, 0.10, 0.15, 0.20) samples were prepared

by a sol–gel method. Sm-doped BiFeO3 nanoparticle

samples were characterized by various techniques

including X-ray diffraction (XRD), Scanning electron

microscopy (SEM), X-ray photoelectron spectroscopy

(XPS) and UV–Vis spectroscopy. However, the effect

of Sm3? doped on structural, chemical element and

optical properties of BFO are less identified but Sm

doping was implemented to improve optical and

multiferroic properties in BFO nanoparticles. Because

of the small ion size of Sm3?, the crystal structure was

distorted and the non-centrosymmetry of the struc-

ture was increased. Here, the effect of Sm-doped BFO

nanoparticles on the crystal structure, chemical ele-

ment and optical property was studied comprehen-

sively, and the findings were discussed in detail.

2 Experimental details

2.1 Materials

Poly vinyl alcohol (C2H4O), nitric acid (HNO3), Bis-

muth (III) nitrate pentahydrate Bi (NO3)�5H2O, Iron

(III) nitrate nonahydrate Fe (NO3)3�9H2O, Samarium

(III) nitrate hexahydrate Sm (NO3)3�6H2O and Tar-

taric acid C6H6O7 were used as a precursor materials

for the synthesize of pure and doped bismuth ferrite

nanoparticles. These all materials were purchased

from Sigma Aldrich and used without any further

purification.

2.2 Materials synthesis

Bi1-xSmxFeO3 (x = 0.00, 0.05, 0.10, 0.15, 0.20) namely,

BiFeO3 (BFO), Bi0.95Sm0.05FeO3 (BSFO-5), Bi0.90-
Sm0.10FeO3 (BSFO-10), Bi0.85Sm0.15FeO3 (BSFO-15),

Bi0.80Sm0.20FeO3 (BSFO-20) were successfully syn-

thesized using the experimentally optimized sol–gel

technique with tartaric acid. In this process, precise

amount of bismuth nitrate Bi (NO3)3�5H2O ferric

nitrate Fe (NO3)3�9H2O and samarium nitrate Sm

(NO3)3�6H2O were dissolved in deionized water. As

Bi (NO3)3�5H2O undergoes decomposition in to bis-

muth hydroxides in water, it was first taking in

100 ml deionized water and kept on stirring. During

stirring few drops of dilute nitric acid was added

drop by drop until a clear and transparent solution

was obtained which confirmed the complete disso-

lution of Bi(NO3)3�5H2O. Then 50 ml and 25 ml

deionized water dissolved ferric nitrate and samar-

ium nitrate were added respectively. The stoichio-

metric amount of tartaric acid C6H6O7 was further

added for the complete combustion of the nitrates

[18, 19]. In present work tartaric acid was used as
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chelating agent for the synthesis of Sm-doped BiFeO3

nanoparticles. The uniqueness of the tartaric acid as a

chelating agent in synthesis of BiFeO3 nanoparticles

probably resides in the formation of hetero-metallic

polynuclear complexes in the solution, where react-

ing metal atoms come in close proximity. This may be

arise due to the presence of two carboxylate and two

hydroxyl groups with proper orientation to form a

polynuclear complex, which breaks on heating in the

presence of concentrated HNO3 leading to the for-

mation of pure phase BiFeO3 samples. The yellow

transparent solution was stirred vigorously for 12 h

over a hot plate kept at 60 �C. Further the transparent
solution was dried for 2 days in an oven to get the

fluffy gel at temperature 95 �C. Finally, the fluffy gel

was calcined at 600 �C for 2 h in furnace. The cal-

cined powder was grinded in agate mortar and

mixed with 5wt% polyvinyl alcohol as a binder to

prepare the pellets using hydraulic press. The pellets

were sintered at temperature 600 �C for 2 h. Samples

with varying samarium (Sm) concentrations in

BiFeO3 were synthesized with the calculated empir-

ical amount of samarium (III) nitrate hexahydrate

(Sm (NO3)3�6H2O) in the starting materials and fol-

lowed the same process for non-doped BiFeO3 sam-

ples. Detail about preparation processes are shown in

Fig. 1.

2.3 Characterizations

The structural properties and phase identification of

the prepared samples were determined using X-ray

diffraction (XRD) (Shimadzu XRD-6000, Japan). The

measurements were carried out at room temperature

using Cu Ka radiation having wavelength

k = 1.5406 Å, operated at 40 kV and 30 mA. The data

were collected in the range 2h = 10� to 110� with the

step size 0.01� and the scan speed of 1� per min.

Fullprof Software (Version Feb. 2012) was used for

Rietveld refinement of XRD data to reveal additional

structural properties of the material. Morphology of

the prepared samples was examined using scanning

electron microscope (JEOL Ltd., JSM-6380, Japan).

The optical properties were analyzed using UV–Vis-

ible (UV–Vis) spectroscopy. The spectra were recor-

ded over a range of 200–800 nm wavelength using

Perkin Elmer Lembda-750, USA, UV–Vis-1800 spec-

trometer. X-ray photoelectron spectroscopy (XPS)

was used by AXIS ULTRA spectrometer (Omicron

Nano Technology, ESCA?, Germany) with Al (ka)

source to analyze the oxidation states of the samples.

3 Results and discussion

3.1 Structural analysis

3.1.1 XRD analysis

Figure 2 shows the XRD patterns of the synthesized

samples confirm the phase formation and sharp and

intensive diffraction peaks are observed. The sharp

and intense XRD peaks signify better crystallinity of

the samples. In pristine BFO sample all diffraction

peaks could be similar to (JCPDS card no. 71-2494)

rhombohedral phase with the space group R3c [20]. It

is observed that no other secondary phase has found

in the samples which indicate the reaction kinetics

and thermodynamic stability of BiFeO3 via sol–gel

process. With increasing concentration of samarium

XRD peaks are shifted towards higher angle 2hwhich

is attributed to the difference in ionic radii of Bi3?

(1.17 Å) and samarium (1.07 Å). The percentage of

crystallinity in the samples is determined using the

origin software and applying crystallinity formula.

Crystallinity ¼
Area of crystalline peaks

Area of all peaks crystalline þ amorphous
� �� 100%

ð1Þ

The crystalline percentage of pure and Sm-doped

BiFeO3 nanoparticle are 94.46, 97.30, 94.90, 75.69 and

66.29. It indicates that the peaks are better crystalline

in nature. The enlarged view of (104) and (110)

diffraction peaks are clearly separated in BFO sam-

ples as shown in Fig. 3. Nevertheless, the separate

(104) and (110) diffraction peaks around 32� in pris-

tine BFO seem to be move towards higher angles of

2h and almost combine into a single wide peak which

is clearly visible for Sm doping starting from 10%

concentration, indicating that the rhombohedral BFO

structure have encountered certain changes Sm sub-

stitution in agreement with previously recorded BFO

doped metal ions [21–23]. These results are consistent

with an increase in lattice distortion for doped

nanoparticles with an increase in doping concentra-

tion, which contributes to the rhombohedral transi-

tion to the orthorhombic crystal phase. This

structural distortion would be resulted from the

19952 J Mater Sci: Mater Electron (2020) 31:19950–19960



Fig. 1 Experimental setup

diagram for the preparation of

the samples

Fig. 2 X-ray diffraction (XRD) patterns of the Bi1-xSmxFeO3

samples
Fig. 3 Extended view of (104) and (110) XRD peak of the

Bi1-xSmxFeO3 samples
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differences between Bi3? and Sm3? ionic radii. Lattice

parameters and cell volumes are presented in Table 1.

It is observed that lattice parameters and cell volumes

are decreased as Sm content is increasing. This indi-

cates that there is structural transition from rhom-

bohedral R3c space group to the orthorhombic Pnma

space group phase transition. The average crystallite

sizes of the samples were calculated using Debye

Scherer formula [24, 25].

D ¼ Kk
b cos h

ð2Þ

where constant K depends up on the shape of the

crystallite size (k = 0.89), assuming the spherical

shape particles, b is Full Width at Half Maximum

(FWHM) of intensity (a.u.) vs. 2h pattern, k is the

wavelength of Cu ka radiation (k = 0.15406 nm), h is

the Bragg’s diffraction angle and D is the crystallite

size. In Table 1, the size of the crystallite decreases

with a raise of doping ion concentration. This indi-

cates that the development of the lattice strain within

the lattice due to an ionic size mismatches between

bismuth and samarium which results in a local

structural disorder and that the nucleation rate as a

consequence reduces the crystallite size. Therefore,

the doped BFO samples have smaller particle sizes

compared to pristine BFO. The degree of distortion

reduces caused by dopants was calculated using

Goldschmidt tolerance factor (t) [26]

t ¼
1� xð ÞRBi3þ þ xRSm3þ

� �
þ RO2�

ffiffiffi
2

p
RFe3þ þ RO2�
� � ð3Þ

where RBi3þ , RSm3þ; RFe3þ and RO2� are the ionic radius

of Bi3þ, Sm3þ; Fe3þ and O2� respectively. The toler-

ance factor values are listed in Table 1, implying that

the distortion of the lattice increases with an increase

in doping concentrations [23, 27]. The corresponding

changes in the values of (t) were less than one which

ensures the rotation of the FeO6 octahedron along

[111] route. It is well known that BFO crystallizes as

the R3c space group rhombohedral [28, 29]. As a

consequence of this doping, the lattice in the host

became distorted, the rhombohedral R3c phase

weakened and orthorhombic Pnma phase formed for

x = 0.05 induced. When the concentration increased

from 0.10 and 0.15 the amount of rhombohedral

phase declined dramatically following a steady rise

in the orthorhombic phase. An even further increase

in concentration up to 0.20 contributed in the disap-

pearance of the R3c rhombohedral phase, which was

transformed in to the Pnma orthorhombic phase. This

ascribed to the chemical pressure of the Sm triggered

lattice distortion of the BFO host. The findings

obtained are in full accordance with the existing lit-

erature on high pressure caused structural effects in

BFO [30]. The Rietveld refining was conducted using

the ‘‘FULLPROF’’ software to further examine the

structural transformation.

Figure 4 demonstrates the Rietveld refinements of

XRD pattern for pristine BFO. Table 1 lists the refined

structural parameters along with the R-factors profile

derived from the Rietveld refinement of the XRD

patterns. The fitting parameters (Rf—factor, Bragg

Table 1 The average crystallite size, the average grain size, tolerance factor, lattice parameter, cell volume and the bandgap (Eg) parameter

from Tauc plot for pure and doped samples

Sm doping

concentration (%)

average crystallite size

(D) nm

Average grain size

(nm)

Tolerance

factor (Å)

Lattice parameter (Å) Cell volume

(Å3)

Eg

(eV)

BSFO-0 49 80 0.890 a = b = 5.5762

c = 13.8615

373.25 2.19

BSFO-5 37 60 0.889 a = b = 5.5709

c = 13.8335

371.80 2.11

BSFO-10 35 52 0.888 a = b = 5.5559

c = 13.6811

365.73 2.06

BSFO-15 33 41 0.887 a = b = 5.5533

c = 13.6871

365.54 1.98

BSFO-20 32 31 0.886 a = 5.4885

b = 5.5712

c = 7.7698

237.58 1.78

19954 J Mater Sci: Mater Electron (2020) 31:19950–19960



R-factor, and v2) in Table 1 indicate close coordina-

tion between the refined XRD patterns and noted.

The crystalline structure of pristine BFO is standard

rhombohedral structure of the space group R3c with

atomic positions of Bi/Sm and Fe 6a and O 18b

[31, 32]. The results of the XRD and Rietveld refine-

ment revealed that Sm doping caused internal

structure distortion related to changes in Fe–O bond

distances and bond angles [33]. According to the

above results, it is observed that Sm ions effectively

incorporated into the crystal structure of BFO, which

may play an important role in improving optical and

multiferroic properties.

3.1.2 SEM analysis

Morphology of the studied Bi1-xSmxFeO3 (x = 0.0,

0.05, 0.10, 0.15 and 0.20 abbreviated BSFO-0, BSFO-5,

BSFO-10, BSFO-15 and BSFO-20) samples are shown

in Fig. 5. It is observed that the grain size of the

samples varied from 30 to 80 nm. It can be seen that

the average grain size of substituted samples have

smaller size as compared to pristine sample as shown

in Table 1. The average grain size decreases from 80

to 30 nm suggesting that the Sm content of BFO

inhibits the grain growth, which can be used to

control the growth of grain size. The decreased grain

size may be due to bond dissociation energy of Sm–O

bond (619 kJ/mole) is higher than Bi–O bond

(343 kJ/mole) [34, 35]. The different radii size creates

stress and strain fields that disrupt the grain growth

process and cause degenerated. However, Sm doping

can suppress the gain growth and expose small size

of grains in the sample. This leads to increased

coordination of grain and reduced porosity. In gen-

eral, it is believed that the smaller the grain sizes, the

more are the defects at the grain boundaries, which

may have a significant influence on the optical and

multiferroic properties of the nanoparticles [35, 36].

The Krikendall effect may be the another reason for

decrease in grain size due to the substitution of Sm

which arise due to diffusion of constituting elements

of the samples [37].

3.2 Optical analysis

3.2.1 UV–Vis spectra

The optical properties of pure and Sm-doped BiFeO3

nanoparticles were studied using UV–Vis spec-

troscopy. BFO is a fascinating optical material, which

could be applied in photocatalyst and photoconduc-

tive devices [38]. It is well known that the optical

properties are relevant to the electronic structure

features and bandgap. To evaluate the optical

absorption feature of photocatalysts from Bi1-xSmx-

FeO3 (x = 0.00, 0.05, 0.10, 0.15 and 0.20) samples of

UV–Visible spectroscopy spectra in the wavelength

range 200 to 800 nm and the examination of the

samples carried out in Fig. 6. All photocatalytic

samples showed substantial light absorption in both

UV and Visible areas, suggesting that the Bi1-xSmx-

FeO3 prepared for photocatalytic reaction could react

to visible light. Compared with pure BFO, an

apparent blue shift can be observed in the doped

samples particularly in the x = 0.20. As shown in

Fig. 6, the photo response of the doped BFO

nanoparticles has been extended in the ultraviolet

and visible region, which can be used to detect

ultraviolet and visible light in the photocatalysis [39].

Optical bandgaps (Eg) of pure and Bi1-xSmxFeO3

(x = 0.00, 0.05, 0.10, 0.15 and 0.20) samples can be

calculated using the classical Tauc formula. Based on

the theory of optical absorption, the relationship

between both the absorption coefficient (a) and pho-

ton energy (hm) is defined as follows [40].

ahm ¼ A hm� Eg

� �n
2 ð3Þ

where A is proportionality constant, Eg is the optical

bandgap of the material, h is Planck’s constant, m is

the photon’s frequency, a is the absorption
Fig. 4 Rietveld refined X-ray diffraction pattern of pristine

BFO
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coefficient. The linear region of the (ahm)2 vs. hm plots
are extrapolated, Eg = hm indirect bandgap when

(ahm)2 = 0 is shown in Fig. 7. The estimated values of

Eg have been depicted in Table 1. The obtained

bandgap values were observed to be substantially

reduced compared to thin films, which are more

compatible with previous reports on pristine and

doped BFO samples [41, 42]. The decrease the

bandgap may be due to molecular orbital rear-

rangement and distortion in octahedral FeO6 with

Samarium doping [43]. Another reason for decrease

in energy badgap are the particle size and grain size

has a remarkable effect on optical properties [44, 45].

In this report, the bandgap values were observed to

decrease with the increase in Sm concentration,

which may be caused by the change of the Fe–O–Fe

bond angle and the Bi–O bond and Fe–O bond dis-

tance. The decreased energy bandgap is favorable for

the photocatalytic application in the visible region

[46].

3.3 XPS analysis

X-ray photoelectron spectroscopy (XPS) is an ideal

method for measuring chemical composition and

oxidation states of the compound components. XPS

spectrum shown in Fig. 8a and b demonstrated the

existence of Bi, Sm, Fe and O in the prepared samples

except for a limited value of the adsorbed carbon. The

C 1s peak position (284.8 eV) was used to calibrate

acquired spectrum. Peaks were analyzed using XPS

peak 4.1 software with the fitting function Lor-

entzian. The core level XPS spectrum recorded for

Bi0.90Sm0.10FeO3 and Bi0.85Sm0.15FeO3 samples are

shown in Figs. 9 and 10. Binding energies of Bi 4f7/2,

Bi 4f5/2, Fe 2p3/2 and Fe 2p1/2 peaks were observed

at 158.2106 eV, 163.54 eV, 158.21 eV, 163.56 eV,

Fig. 5 Scanning electron microscope (SEM) micrograph of the Bi1-xSmxFeO3 samples

Fig. 6 UV–Vis absorption spectrum of Bi1-xSmxFeO3

nanoparticles
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711.47 eV, 723.90 eV, 711.33 eV and 723.71 eV. The

Sm 3d spectra deconvoluted into two wide peaks of

Sm 3d5/2 and Sm 3d3/2 at1083.060 eV and 1110.21 eV

for BSFO-10 and 1083.91 eV and 1111.26 eV for

BSFO-15 shown in Figs. 9a and 10a. The advent of

these observed peaks predicts dominancy of the

Sm3? oxidation state in synthesized samples. These

spectra reveal that Sm and Bi exists in its favor-

able ? 3 state and Fe in predominant ? 3 valence

state [17, 23, 28]. The two intense peaks in Bi 4f core

level spectra shown in Figs. 9b and 10b at 158.20 eV,

163.54 eV (BSFO-10) and 158.21 eV, 163.56 eV (BSFO-

15) are corresponding to Bi 4f7/2 and Bi 4f5/2.The

separation between the Bi 4f7/2 and Bi 4f5/2-
is * 5.3 eV due to the spin orbit coupling indicates

that Bi3? oxidation state for BSFO-10 and BSFO-15

samples [47, 48]. The Bi 4f peaks in BSFO-15 sample

are significantly shifted to higher binding energies

Fig. 7 Tauc plot reveal the bandgap for Bi1-xSmxFeO3 nanoparticles

Fig. 8 XPS survey spectrum of Bi1-xSmxFeO3nanoparticles: a x = 0.10 and b x = 0.15

J Mater Sci: Mater Electron (2020) 31:19950–19960 19957



Fig. 9 Deconvoluted core level XPS spectra of a Sm 3d, b Bi 4f, c Fe 2p and d O 1 s lines of Bi0.90Sm0.10FeO3 samples

Fig. 10 Deconvoluted core

level XPS spectra of a Sm 3d,

b Bi 4f, c Fe 2p and d O 1 s

lines of Bi0.85Sm0.15FeO3

sample

19958 J Mater Sci: Mater Electron (2020) 31:19950–19960



relative to the BSFO-10 sample. This shifting could be

attributed to modifying Bi electronic structures [49].

The core level Fe 2p spectrum given in Fig. 9c shows

that two peaks at 711.46 eV and 723.90 eV located to

Fe 2p3/2 and Fe 2p1/2 and satellite peak at 718.23 eV

for BSFO-10 sample. Similarly, Fig. 10c shows two

peaks at 711.335 eV and 723.710 eV corresponding to

Fe 2p3/2 and Fe 2p1/2 and a satellite peak at 717.86 eV

approximately 8 eV above the Fe 2p3/2 peak for

BSFO-15 sample. These results predicts the Fe3?

oxidation states in the Sm-doped BFO sample [50]. As

we can see from Figs. 9c and 10c that Fe 2p spectrum

for BSFO-10and BSFO-15 samples were fit into mul-

tiple peaks. For BSFO-10 sample the peaks 711.46 eV,

718.23 eV, 723.90 eV and 726.57 eV and for BSFO-15

sample peaks at 711.33 eV, 713.43 eV, 715.01 eV,

717.86 eV, 723.71 eV and 726.62 eV were indicating

the Fe3? oxidation state, while 709.82 eV and

709.79 eV were corresponded to Fe2? [51, 52]. Thus,

the doping Sm?3at A site in BFO restricts the hopping

of Fe ions, which further leads to the suppression of

oxygen vacancies and increase in the resistivity of

BFO. Figures 9d and 10d shown the core level O 1 s

spectrum with the deconvoluted peaks centered at

528.918 eV, 529.84 eV, 531.70 eV, 533.35 eV,

535.40 eV for BSFO-10 and 529.25 eV, 530.89 eV,

532.69 eV, 534.44 eV for BSFO-15 sample correlating

to the lattice oxygen (Bi–O, Fe–O bonds), oxygen

vacancy, chemisorbed oxygen, and physically

adsorbed oxygen [52]. The intensity of the peak

around 530 eV decreases with increasing the Sm

content in BFO indicating the decrease in oxygen

vacancy. The above findings show the existence of

Sm, Bi, and Fe in BSFO-10 and BSFO-15 samples in

the states Sm3?, Bi3? and Fe3? respectively

[17, 23, 28].

4 Conclusions

We have successfully synthesized Bi1-xSmxFeO3

samples using the sol–gel technique. The X-ray

diffraction (XRD) analyses of Bi1-xSmxFeO3

nanocrystalline samples show the compressive lattice

distortion and structural phase transformation from

rhombohedral to orthorhombic phase. The particle

size obtained from the XRD method were 49, 37, 35,

33 and 32 nm and the grain size obtained from SEM

verifies that particles are in the range of 30–80 nm

respectively. XRD and SEM measurements confirmed

the pure phase formation, nanocrystalline nature.

Ultraviolet–Vis spectra of the samples show that the

bandgap reduced with an increasing concentration of

Sm doping. It is a suitable material for photocatalytic

application. The X-ray photoelectron spectroscopy

(XPS) results confirm the successful Sm doping in

BFO.
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