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1. Introduction

Multiferroics refer to the multifunctional materials that
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Nanostructured Bi(;.xGd)FeOs; — A Multiferroic
Photocatalyst on its Sunlight Driven Photocatalytic
Activity

Sakar Mohan,® Balakumar Subramanian,®* Indranil Bhaumik,” Pradeep Kumar
Gupta,” and Sellamuthu N. Jaisankar,

The photocatalytic activity of sol-gel synthesized nanostructured Bi; ,Gd,FeOs; (x = 0, 0.05,
0.1, 0.15) particles on the degradation of methylene blue (MB) was demonstrated for the first
time under sunlight. The X-ray diffraction (XRD) studies showed that the substitution induced
structural changes in 10 and 15% Gd substituted BFO. The morphology analysis by field
emission scanning (FESEM) and high resolution transmission electron microscopy (HRTEM)
presented the composition driven particle size reduction and morphology changes in BFO from
irregular to spherical shape. The band gap estimation by UV-visible diffuse reflectance
spectroscopy revealed that increasing concentration of Gd significantly reduced the band gap
of BFO from 2.38 eV to 2.29 eV. An anomalous magnetic enhancement was observed in
Big.90Gdg.10FeO3; nanoparticles due to the manifestation of antiferromagnetic (AFM) core —
ferromagnetic (FM) shell-like structure that revealed by its M-H hysteresis curve. An
increasing trend in the photocatalytic activity of BFO was observed with increasing
concentration of Gd. In the case where an enhanced photocatalytic activity observed in
Big g5Gdg 1sFe03 could be due to its increased ferroelectric domains that drive the charge
carriers to catalyst surface-dye interface leading to more effective degradation of the dye.
Conversely, an anomalous photocatalytic activity was observed in Big ¢oGdg 10FeOsthat should
be attributed to its AFM/FM core/shell-like structure.

through the crystal with an incommensurate long-wavelength
period of 62 nm8 and cancels the macroscopic magnetization

exhibit simultaneous effects of ferroic properties such as
ferroelectricity, ferromagnetism, ferroelasticity, etc. Perovskite
bismuth ferrite (BiFeO;—BFO) is one of the single-phase
multiferroic materials that exhibits intrinsic spontaneous
ferroelectricity (TC~1100 K) and G-type antiferromagnetism
(TN~643 K) at room temperature.®> BFO possesses
rhombohedrally distorted structure and belongs to R3c space
group.®* Over the decades, extensive studies have been carried
out on BFO to understand the science behind the features and
functions of multiferroic materials. The ferroelectric property of
BFO originates from the Bi-O hybridization due to the stereo-
chemical activity of Bi 6s? lone pair electrons and the magnetic
property originates due to the partially filled 3d orbital of Fe**
ions that leads to the manifestation of G-type
antiferromagnetism (G-AFM).5, 6 In view of a unit cell of BFO
crystal, the magnetic moments of Fe ions are coupled
ferromagnetically within the pseudocubic (111) planes and
coupled antiferromagnetically with respect to the adjacent
planes.” Thereby, the established G-type AFM spin propagates
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and limits the linear magneto-electric (ME) property in BFO.9
On the other hand, when the Fe magnetic moments are aligned
perpendicular to the [111] axis, the crystal symmetry of BFO
allows a “canted” AFM sublattice that results in a macroscopic
magnetization known as weak ferromagnetism.”*°

However, the magnitude of spontaneous polarization and
magnetization of bulk BFO is relatively low compared to the
typical ferroelectric and ferromagnetic materials. Therefore, it
is essential to improve both properties simultaneously to
develop devices with enhanced multiferroic functionalities for
versatile applications. Consequently, size-dependent magnetic
properties have been obtained in nanoscale BFO particles. %18
Alternatively, controlling the dimensions of the material, such
as thin film, fibrous, tubular, rod-like structures of pure and
doped BFO are also found to exhibit dimension-dependent
enhanced magnetic and ferroelectric properties.**” Similarly,
enhanced spontaneous ME and ferroelectric properties have
been obtained in rare earth such as La, Nd, Sm, Tb, Gd-
substituted BFO.%?? It was found that the incorporation of such
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rare earth elements significantly changes the chemistry of BFO
that drastically enhances its physical properties.

On the other hand, this multiferroic BFO is also recognized
as a visible light-driven photocatalyst owing to its narrow band
gap (~2.2 eV). Consequently, considerable amount of studies
have been carried out on its visible light-driven photocatalytic
ability to degrade various pollutants such as Congo red,
Rhodamine B (RhB), methyl orange and methylene blue
(MB).2*% Toward enhancing its photocatalytic ability on the
degradation of pollutants, BFO has been synthesized by varying
its structural parameters such as morphology,? size,?*
dimensions® and by varying its compositional parameters such
as composites,?® core/shell structuring,?” substitution,?® and
Plasmon sensitizations.?® However, sunlight-driven
photocatalytic activities of BFO system are yet to be studied.
To the best of our knowledge, there are hardly any report other
than the one reported by us on sunlight-driven photocatalytic
activity of BFO.* It is indeed fascinating to study the
photocatalytic origin of BFO in the perspective of its perovskite
structure and ferroelectric property. The distorted lattice system
of perovskite-structured ferroelectrics possess significant
impact on crystal fields that are capable of changing its
electronic band structures and dipole—dipole interactions in the
material that reflects in enhancing the production of photo-
induced charge carriers (i.e. e/h* pairs) as well as the charge
transfer and redox reactions at the surface of the
photocatalyst.3> Owing to such possibilities, the perovskite
(ABOs) structures offer smart ways of generating new materials
for photocatalytic-based applications.®® It is known that the
intrinsic electric dipole moments of a ferroelectric material
cause polarization alignment and result in the formation of
ferroelectric domains.®* While these ferroelectric domains
interact with other phases (such as liquid, gas, metal surfaces,
etc.), the overall surface reactivity of these ferroelectric
material is significantly influenced and this changes its physical
properties. Such changes mainly enhance their photo-reactivity
by facilitating the production and separation of photo-induced
electron-hole pairs in the materials.® It is very much possible
for such phenomena to occur predominantly in the
semiconducting ferroelectric material® as well as in
multiferroic BFO as observed in this study.

Often, rigorous evaluation of materials and various
phenomena associated with their properties under different
experimental conditions are necessary to establish their
versatility, and to understand the materials' property at their
entirety. With this context, here we report the sunlight-driven
photocatalytic activity of pure and Gd-substituted BFO on its
ability to degrade the organic pollutant such as MB. The rare
earth Gd was chosen as a substitution element because of its
ionic radius 0.938A, which is smaller than that of Bi®* ions
1.17A. Such replacement of smaller ionic radius element is
expected to create a larger lattice distortion in BFO toward its
chemical and physical property enhancements. Since Gd ions
are magnetically active, the interaction between Bi®* and Gd**
may significantly enhance the magnetic property of BFO.
Besides, enhancing the magnetic property of BFO is essential
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for its recovery and to separate it from the dye medium for
further recycles or the safe disposal of the photocatalyst as can
be viable in other iron oxide based systems.*®

2. Experiment

2.1. Material synthesis

For the study, gadolinium-substituted BFO nanoparticles
with substitution formula of Bi;.x)Gd(x)FeO;, where x = 0,
0.05, 0.1, 0.15, were prepared by the conventional sol-gel
process. In a typical procedure, appropriate amount of bismuth
(1) nitrate hydrate and iron (Ill) nitrate hydrate precursors
were taken in the required stoichiometric ratio and dissolved in
the de-ionized water. Citric acid with 1:1 stoichiometric ratio
with respect to the metal nitrates was added to the above
solution for gelation purposes. To this, 2 mL of nitric acid (70%
conc.) was added and stirred for about 2 h to obtain a
homogeneous sol. Further the sol was heated up to ~80°C to
obtain gel and dried to powder. Finally, the end-powders of all
the compositions were annealed at 650°C for 3 h to obtain the
BFO phase.

2.2. Photocatalytic experiment

The organic dye MB was chosen for the photocatalytic
studies. 1 mg MB was dissolved in 1 L of deionized water to
prepare the solution of MB dye. Accordingly, Bi, ,Gd,FeO;(x =
0, 0.05, 0.1, 0.15) catalyst was taken such that the amount of
photocatalyst and dye was 50 mg and 1 mg respectively.
Further, the mixture of dye and catalyst was kept under the
irradiation of sun light. Subsequently, the degradation of MB
was monitored by UV-visible absorption spectroscopy for
every 1 h.

2.3. Materials and characterizations

The precursors were procured from Alfa Aesar (Puratronic,
USA) with 99.99% purity. All the annealed samples were
subjected to structural studies by X-ray diffraction (XRD)
(PANalytical Instruments, Holland). Morphology studies by
field emission scanning electron microscopy (FESEM) (Hitachi
HighTech SU6600, Singapore) and high resolution scanning
transmission electron microscopy (HRSTEM) (Techni G2 S-
TWIN, FEI, The Netherlands) techniques. The magnetic study
was carried out by vibrating sample magnetometer (VSM)
(Lake Shore - 7404 VSM, USA). Finally, the optical and
photocatalytic studies were carried out by UV-Visible diffuse
reflectance/absorption  spectroscopy  (PerkinElmer, UV
Lambda-600, USA), respectively.

3. Results and discussions

3.1. Crystal structure and phase analysis

The crystal structure and phase of Bi;,Gd,FeO; (x = 0,
0.05, 0.1, 0.15) compositions were examined by XRD analysis
and results are shown in Fig. 1(a). The diffraction pattern of
pure BFO is well matched with the distorted rhombohedral

This journal is © The Royal Society of Chemistry 2012
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Fig. 1 XRD pattern of (a) Bi;«Gd,FeOs (x=0, 0.05, 0.1, 0.15), (b) doublet peak
(012) and (110) merging Gd-substituted BFO.

Intensity (a.u.)

(012)
(110)

structure with R3c space group of BiFeO; system (JCPDS card
No. 20-0169) and the observed peak merge and shift in the
XRD pattern of Gd substituted compositions indicated the
manifestation of structural changes in the host BFO due to Gd
substitution. The existence of the typical non-perovskite
Bi,Fe Oy secondary phase was observed in non-substituted
BFO and BiggsGdgosFeOs; composition with very small
intensities.>’

Table 1. Unit cell parameters of Bi;.,GdxFeO; compositions

Composition a=b(A) c (A Cell volume (A%
BiFeO; 5.5839 13.8831 374.8769
Bi.gsGdoosFeOs 5.5762 13.8530 373.0316
Bi.90Gdo.10Fe03 5.5657 13.7785 369.6263
Big.gsGdo15Fe0; 5.5609 13.5002 361.5512

However, the higher concentration of Gd in BFO host
prevented the formation of this secondary phase and the pure
phase was obtained in BigggGdg10FeO3; and BiggsGdg 15Fe03
compositions. This proves that the substitution of a certain
amount of Gd stabilizes the perovskite BiFeO; phase.*® The
crystallite size was calculated from the XRD pattern (maximum
intensity peak) using Scherer’s formula (t= 0.94A/Bcos6) and
found to be 68, 59, 53, and 42 nm for pure, 5, 10, and 15% Gd-
substituted BFO, respectively. The calculated unit cell
parameters such as lattice constants and cell volume of the
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compositions are shown in Table 1 and the graph plotted on the
concentration of Gd Vs lattice constant and cell volume is
shown in Fig. 1(c) and insert, respectively.

Further, it can be observed that the doublet peaks ((012) and
(110)) of the BGFO compositions started merging with the
increasing concentration of Gd in BFO and became as a single
broadened peak for the Bigg9Gdg 10FeO3 composition as shown
in Fig. 1(b). This could be due to its partial phase
transformation from rhombohedral to orthorhombic phase
(Pn2;a) which allows polar ionic displacement in BFO along
[010] direction.®® Along with the merging of the doublet peak in
BiggsGdg15FeOs, an additional peak (indicated by an arrow
mark) also appeared in its XRD pattern that could be due to the
structural distortion from rhombohedral to pseudotetragonal
structure.
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Fig. 1(c) Increasing concentration of Gd Vs lattice constant and cell volume
(insert) of the compositions

This structural changes may further resulted in the splitting
of (100); and (001), peaks that could be indexed to tetragonal
symmetry.*® These kinds of structural changes in BFO have
already been reported, however, such structural changes in
nanoscale BFO due to Gd substitution are different from those
of La- or Nd-doped BFO ceramics and thin films, 3" %% 42 and
this may be essentially due to its smaller ionic radius and the
distribution of Gd**ions in the nanoscale BFO host.

3.2. Morphology analysis

Figures 2 (a)—(d) show the FESEM images of pure and Gd-
substituted BFO nanoparticles. The analysis showed that the
average particle size of Bi,,Gd,FeO3; compositions decreases
with increasing concentration of Gd from 5% to 15%. The
reduction in the particle size was due to the inhabitation of the
substituted Gd ions on the surface of the particles and this
significantly suppressed the particle growth.** The morphology
of pure BFO particles was found to be irregular and large in
size ranging between 100 nm and 400 nm. Upon the increment
of Gd concentration from 5 to 15%, the morphology of BFO
started changing from its irregular to spherical shape and the
particle size was also found to be reduced significantly.
Particularly, a homogeneous size distribution of spherical

J. Name., 2012, 00, 1-3 | 3



RSC Advances

ARTICLE

nanoparticles with an average size around 60 nm was obtained
in Big g5Gdo 15FeO5 composition.

Fig. 2 FESEM images of (a) pure BFO, (b) Bip9sGdoosFe0s, (c) Big.soGdo.10Fe03, (d)
Big.ssGdo.15Fe03.

15 0kV/X70,0k SE ) 500nm

Figures 3(a)-(d) show HRTEM images of Bi,Gd,FeO;
compositions and Figures 3 (e)—(f) show the lattice fringes of
pure BFO and SAED pattern of all the compositions,
respectively. It was also evident from these images that the
particles were aggregated and possessed irregular and spherical
shapes which is consistent with the FESEM images of the
respective compositions. The observed size reduction with
increasing Gd concentration was essentially attributed to the
smaller ionic radius of Gd*" ions compared to Bi** ions. As a
consequence of this, the lattice contraction was also took place
in the Gd substituted BFO, which can be corroborated with the
calculated lattice parameters of the compositions given in the
Table 1. Similarly, the reduced particle size of the compositions
was clearly noticeable in the micrographs, especially in the case
of BiggsGdg.15Fe0s.

o396 0m

Fig. 3 HRTEM images of (a)—(d) Bi;xGdsFeO; (x=0, 0.05, 0.1, 0.15), respectively,
(e) fringes of pure BFO, (f) SAED of Bi;.GdFeO3 compositions.

The observed lattice fringes of pure BFO essentially
revealed that the BFO phase formation occurred with a high
order of crystalline nature. The rhombohedral structure of BFO

4| J. Name., 2012, 00, 1-3
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was also confirmed from the measured lattice distance of 0.396
nm along (012) plane in the HRTEM images as shown in
Fig.3(e) and the value was consistent with the reported lattice
distance value of rhombohedral-structured pure BiFeO;
systems. 124

The distorted SAED patterns of pure and 5% BGFO
compositions as shown in Fig. 3(f) suggested that the defective
nature and the mixed phase of the material (BiFeO; and
Bi,Fe,Oq phases). A sharp and distinct circular ring SAED
pattern of BiggGdgoFeOs; composition revealed the
manifestation of high order of crystallinity in the particles and
the discrete spots suggested the presence of defect-free
polycrystalline nature and systemic lattice orientation in the
nanoparticles. The observed complex SAED pattern of
BiggsGdg 15sFeO3; composition may be due to its structural
transformation from rhombohedral to pseudotetragonal like
structure.

3.3. Magnetization studies

The room temperature magnetic behavior (M—H curves) of
Bi,.,Gd,FeO5; compositions are shown in Fig. 4(a).
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Fig. 4 (a) Magnetization of M—H curves of Bi;,GdFeOs; compositions, (b) M—-H
curve of BipgoGdgioFeOsthat reflects the manifestation of AFM/FM core/shell
structure.
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It was evident from the M-H hysteresis curves that
increment of Gd ions in BFO host increases its magnetic
properties. However, an enhanced magnetic property was
observed in BiggoGdg 10FeO3; compared to other Gd-substituted
BFO compositions. This could be due to the following factors:
Firstly, it may be due to the partial change of crystal phase from
its parent rhombohedral to orthorhombic phase. As a result of
this, it is possible for BiggoGdg 10FeO3 lattices to have a larger
distribution of iron (Fe) ions with valence (+3) states in the
[FeOg] clusters that cause an imbalanced state between the anti-
parallel sub-lattices of Fe®*" ions with appropriate electron
densities®® and induce the FM orientation at the surface of the
nanoparticles owing to its larger surface area. Consequently,
this variation in the electron density across the volume to the
surface might have led to the formation of AFM core and FM
surface (core/shell) structure in Big.90Gdg 10F€03
nanoparticles.***” Accordingly, the manifestation of such
AFM/FM - core/shell structure in this particular composition
was evident from the observed displacement of M—H hysteresis
curve toward negative and positive axis as shown in Fig. 4(b).
Secondly, it is well known that Gd ions are magnetically active
with S = 7/2 spins that also may have significantly contributed
to the FM coupling between Gd*" and Fe®' ions in this
particular composition as a result of this partial phase change
from rhombohedral to orthorhombic as dictated by its XRD
pattern.*®

3.4. Band gap estimation

The band gap of the synthesized Bi,,Gd,FeO3; compositions
was estimated from the obtained UV-Visible diffuse reflectance
spectra as shown in Fig. 5(a) and the estimated band gap values
are 2.38, 2.36, 2.32, 2.29¢V for Bi,,Gd,FeO; where x = 0,
0.05, 0.1 and 0.15 respectively.
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Fig. 5 (a) UV-DRS spectra of Bi; ,Gd,FeOs compositions
It was found that band gap of BFO decreases with

increasing concentration of Gd in BFO host. Despite the
decrease in particle size with increasing Gd concentration, the
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observed reduction in band gap may be due to charge transfer
from the electron donor levels formed by the 4f orbital of Gd**
ions to the conduction band of the host BFO*%" as
schematically represented in Fig. 5(b).

| 11 |
. | y  (b)
: A : : Gd 4f energy:
I I } levels I
| 11 |
| Eg~238eV, 1 Eg ~2.29 eV, I
| A~520 hm 0] A~541 nm I
| 11 |
| ve : |
I Pure BFO L Gd substituted BFO I

Fig. 5 (b). The concept of band gap engineering in Gd-substituted BFO.

It is known that the band gap of BFO is formed by the
orbital overlap between the oxygen 2p and iron 3d levels.*° In
Gd-substituted BFO, the Gd 4f level lies below the conduction
band of host BFO as shown in Fig. 5(b). This newly formed Gd
4f energy level effectively interacts with valence O 2p orbital
and leads to the charge-transfer transition from Gd energy
levels to the conduction band of BFO and therefore the band
gap was found to be reduced in Gd-substituted BFO compared
to the pure.

3.5. Photocatalytic studies

As described in Section 2.2, the appropriate amount of dye
and Bi,,Gd,FeO; (x =0, 0.05, 0.1, 0.15) photocatalyst mixture
solution was taken and exposed to the sunlight to study their
photocatalytic efficiency on the degradation of MB. The
individual degradation spectra of MB by Biy,Gd,FeO;
nanoparticles and their C/Cq ratio are shown in the Fig. 6(a)—
(e). At end of 4 h of sunlight exposure, the Bi,.,Gd,FeO; (x =0,
0.05, 0.1, 0.15) were degraded by 58%, 72%, 94%, and 92% of
the dye, respectively. As shown in the C/C, graph, the
photocatalytic activity of BFO increased with increasing
concentration of Gd. However, BiggoGdg0FeOs; showed an
anomalous enhancement in degradation of up to 94% compared
to other compositions. This can be understood by considering
the perspective of the observed anomalous improvement in
weak FM nature of Big 9oGdg 10FeO3 composition.

3.5.1. Photocatalytic mechanism in Bi,.,Gd,FeO3 nanoparticles

It is discussed in the sections 3.1 and 3.2 that the
orthorhombic phase of BiggyGdgioFeO; allows polar
displacements in BFO and the increased electron density at the
surface of BiggoGdo 10FeO5 enhanced its magnetic property by
forming the AFM-core/FM-surface. It is therefore during the
photocatalytic process, this electron density which is an
electron cloud in the FM surface might have facilitated the
photocatalytic enhancement in the following two ways. Firstly,
it is possible for these electron clouds behaved like a large local
electric field (likely a polarized surface) and lead BFO to

J. Name., 2012, 00, 1-3 | 5
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strongly absorb the photons and facilitate the generation of
more number of electron-hole pairs in the photocatalyst.
Secondly, the recombination rate of these electron-hole pairs
can also be significantly reduced by trapping them in these
electron clouds. As a result, these trapped -carriers can
effortlessly promote to the photocatalyst—dye interface and
significantly degrade the dye as depicted in Fig. 7 (a)-(c).
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Fig. 6 Degradation graph of (a)-(d) Bi;xGdsFeO; (x = 0, 0.05, 0.1, 0.15)
compositions, (e) C/Co ratio of the compositions, (f) photocatalytic mechanism in
BFO.

Further, the significant improvement in the photocatalytic
activity of 5% and 15% Gd-substituted BFO compared to pure
can be explained as follows. It is known that whenever a
semiconductor material establishes a contact with other phases
(such as gas, liquids, metal surfaces, etc.), it is possible for the
formation of a space charge double layer along with the
redistribution of electric charges at their interfaces.®* °
Similarly in BFO, which is a semiconducting ferroelectric
material, the dipole-dipole interactions cause polarization and
produce ferroelectric (negative and positive polarization)
domains.

These ferroelectric domains can be significantly influenced
by the interactions with other phases and results the
polarization-charge imbalanced surfaces.**! Such charge
imbalance may be balanced by the mobile carriers of the host
materials and/or through the adsorption of other phases on the
host surface. During such charge balancing process, the energy
band of the host materials bend downwards or upwards at near-
surface regions and forms accumulation and depletion layers as
shown in Fig. 8(a)-(b). The upward and downward band

6 | J. Name., 2012, 00, 1-3

bending occurs when the effective surface charge becomes
more negative and positive, respectively.5°5?

O,

Reductton
0,
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I:zsev — PERT z.:ev Entrapmemof
z - charge
VB - ' VB - V o carriers
T i H*+OH* W= _
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ectron charge H,0
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carriers

Fig. 7 (a) AFM/FM core/shell structure of BipgGdg10FeOs nanoparticles, (b)
development of photo-induced charge carriers in the particle, (c) entrapment of
charge carriers in the surface electron clouds of the particle that facilitates the
photocatalytic activity.

In such circumstances, with the irradiation of light, the
formation of electron-hole pairs and their separation get
enhanced in the catalyst. Eventually, these photo-induced
charge carriers perform reduction and oxidation reactions on
the surface of positive and negative domains, respectively.
Therefore, it is evident that the enhancement in the ferroelectric

property of a semiconducting ferroelectric material may
directly enhance its photocatalytic activity as well.
(a) (b)
Positive Negative
domain of domain of
BFO BFO

Neglive space
charge layer

Near-surface region
(interface)

Positive space
charge layer

Fig. 8 Formation of space charge interface layer around (a) positive domain, (b)
negative domain of the ferroelectric Bi;sGd«FeO3 and causing band bending.

Accordingly, the observed enhanced photocatalytic
efficiency of BiggsGdg15FeO3 composition may be due to its
enhanced ferroelectric property through the formation of more
number of ferroelectric polarization domains. This could be
substantiated from the XRD pattern of BiggsGdg15FeO3 which
suggests that the structural distortion of BFO from
rhombohedral to pseudotetragonal like structure may enhance
its ferroelectric polarization. Moreover, such structural
distortion enhances the ferroelectric property of BFO as
claimed in this study can also be found in the literature.*3°354
Such perspectives of investigating BFO as a semiconducting
ferroelectric material may lead to better understanding of its
photocatalytic origin as an attempt made in this study.

4. Conclusions

In summary, nanoparticles of Bi,.,Gd,FeO; (x = 0, 0.05,
0.1, 0.15) were synthesized by sol-gel method and their sunlight
driven photocatalytic efficiency on the degradation of MB
under the sunlight was studied for the first time. XRD analysis

This journal is © The Royal Society of Chemistry 2012
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revealed that the substitution of Gd at 10% and 15% changed
the crystal structure of BFO from rhombohedral to
orthorhombic and pseudotetragonal like structure respectively.
The band gap of Bi;«GdyFeO; compositions was decreasing
with increasing concentration of Gd that suggested the
formation of electron donor levels by 4f orbital of Gd*" ions to
the conduction band of BFO. Further, the magnetic property of
BFO also improved with Gd substitution. The observed
anomalous magnetic property of Bigg9Gdg 10Fe0O5 could be due
to the formation of AFM-FM core/shell-like structure that was
revealed by its M-H hysteresis curve. The enhanced
photocatalytic efficiency of Bi, ,GdFeO; compositions can be
attributed to its surface charge modification that occurred by
the charge interaction at the interface of BFO-dye medium. The
improved photocatalytic efficiency of BiggsGdg15FeO3
nanoparticles could be due to the interaction between the
ferroelectric domains and dye medium through the formation of
space charge layers where the charge transfer and redox
reactions get enhanced and led to the degradation of the dye
very effectively. On the other hand, the anomalous
photocatalytic enhancement of Bigg9Gdg10FeO3; nanoparticles
could be attributed to its enhanced surface reactivity due to the
formation of AFM/FM core/shell structure in which the photo-
induced carriers were effectively trapped by the electron clouds
of FM surface and significantly reduced the charge carrier
recombination and increased the redox reactions. It was evident
from the study that the exploration of the photocatalytic origin
of BFO in terms of its semiconducting ferroelectric property
would give new insights to develop efficient photocatalysts for
solar-based photocatalytic applications.
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Novelty of the work

We report the manifestation of sunlight driven photocatalytic activity in the nanostructured
Gd substituted bismuth ferrite (BiFeOs) multiferroic photocatalyst.



