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than other synthesized ferrites.

INTRODUCTION

In relation to energy and environment, there seems to be
a rapid expansion in the field of nanotechnology for the past
four decades to identify an efficient material in the field of heter-
ogeneous photocatalysis [1-3]. There seems to be synthesis of
many efficient nanomaterials for its successful application
towards photocatalysis, supercapacitor, as a sensor and for anti-
bacterial activity. There is also a significant increase in multi-
disciplinary nature of the synthesized nanomaterials nowadays.
The efficiency of the synthesized materials is associated to its
advances in the field of nanotechnology field as it allows a
control of size and morphology [4,5]. There was a complete
lack of order in the reporting of synthetic ferrites made from
alkaline earth metals [6,7]. This drives the pursuit of more reli-
able and powerful catalysts that can be energized by sunshine.

Considering this view, in modern technology, ferrites with
AB,O, unit (B =Fe** and A = M**) are complex oxides exhibits
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The spinel ferrites MFe,O, from alkaline earth metals (M = Mg, Ca, Sr, Ba) were identified as potential photocatalyst. The present work |
deals with the synthesis of mentioned ferrites by solution combustion synthesis using urea as fuel. X-ray pattern displays the formation of |
pure phase, whereas the functional groups were confirmed by FTIR studies. The UV-DRS spectra revealed that MgFe,O4 (2.3 eV) had an
energy band gap that was optimal for visible light phototcatalytic degradation. The ferrites MgFe,O4, CaFe,Os4, SrFe,O4 and BaFe,O, |
displays excellent photocatalytic degradation performance for reactive blue 4 dye under visible light within 120 min resulted 93%, 84%, |
92% and 79%, respectively. Compared to other synthesized ferrites SrFe,O, shows remarkable specific capacitance with 288.7 x 10° F/g |
ascertains the super capacitor nature and also indicates better results to sense lead nitrate at very lower concentrations from cyclic |
voltammogram studies. The antibacterial activity against Bacillus and Pseudomonas (30 mg/mL) showed that CaFe,O, was more effective |
|
|
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interesting physical and chemical properties with promising
applications in photocatalysis [8], gas sensing [9], in vitro cyto-
toxicity [10], diagnosis as well as treatment related to magnetic
devices [11], high density data storage and magnetic carriers
for site-specific drugs delivery [12]. Nanosized ferrites plays
an essential role in photocatalysis due to their large surfaces
that enhances the absorption along with the sensor response.
All the alkaline earth metal ferrites possess an energy band
gap of around 2 eV or less than that and well absorb huge amount
of solar light leading to enriched photocatalytic activity [13].
Unlike other wideband gap semiconductor, ferrites easily accept
the visible light and remove the contaminants from water, air
and can support for bacterial inactivation.

MgFe,0, is one of the promising photocatalyst because
of its stability, limited band gap and low sensitivity to photo-
anodic corrosion [14,15], whereas CaFe,O. exhibits superlative
performance, more biocompatible as calcium is non-toxic in
nature. Similarly, SrFe,O, has great potential for the photo-

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.



https://orcid.org/0009-0004-4226-3973
https://orcid.org/0000-0003-1629-6283
https://orcid.org/0000-0002-0759-9453
https://orcid.org/0000-0001-9979-8689
https://orcid.org/0000-0003-0340-5321
https://orcid.org/0009-0000-0165-7950

1892 Swamy et al.

Asian J. Chem.

decomposition along with hydrogen production [16-18]. It can
be prepared at very high temperature and also possess optical
properties with low band gap energy within the visible spectrum
[19]. BaFe,O4 was chosen due to its less cost, curie temperature
of high level, excellent chemical stability and high saturation
magnetization [20-23].

Even though many researchers imply the importance of
these ferrites as photocatalyst, it need to be explored towards
other applications. Thus, due to the huge importance of ferrite
materials in environmental applications, supercapacitors and
sensors, herein, a sincere effort has been undertaken to synthe-
size alkaline earth metal ferrites. In this work, the possible uses
of the alkaline earth metal ferrite, including its properties as a
supercapacitor and its ability to detect extremely low concentra-
tions of lead nitrate, which has antibacterial properties are
discussed. The nanoferrites from from alkaline earth metals
(M =Mg, Ca, Sr, Ba) were prepared via solution combustion
synthesis using the biofuel urea and analyzed for various chara-
cterization such as PXRD, FTIR, SEM and UV-DRS techniques.

EXPERIMENTAL

All the analytical grade chemicals viz. magnesium nitrate
hexahydrate [Mg(NOs),-6H,0], calcium nitrate tetrahydrate
[Ca(NOs),-4H,0], strontium nitrate [Sr(NOs),], barium nitrate
[Ba(NOs),], iron nitrate nonahydrate [Fe(NOs),-9H,0], urea
and reactive blue 4 were procured from S.D. Fine Chemicals
and used as such.

Synthesis: For the synthesis of magnesium ferrite, 1:2 ratio
of magnesium nitrate hexahydrate and iron nitrate nonahydrate
were taken in a cylindrical petri dish. Required amount of urea
(oxidized fuel ratio was 1) added to petridish containing iron
nitrate and magnesium nitrate, 50 mL of distilled water was
transferred to dissolve and make homogenous solution by using
magnetic stirrer. The mixture was mixed well with magnetic
stirrer for 20 min at 60 °C to get viscous solution. The petridish
containing homogeneous viscous redox mixture solution was
kept inside a preheated muffle furnace at 450 + 5 °C. The
solution started to boils then dehydration occurs. The solution
starts decomposes resulted to the formation of magnesium ferr-
ites with large amount of gasses liberated. The entire process
was completed within 10 min. The obtained magnesium ferrite
was calcinated at 600 °C for 3 h. Similarly, the other alkaline
metal ferrites viz. calcium, strontium and barium ferrites were
also prepared.

Charactization: The crystallinity nature of the obtained
final products were characterized employing Bruker PXRD,
whereas the morphological characteristics and the size of the
particle was investigated by scanning electron microscopy
(SEM, Hitachi-3000). The UV-visible reflectance spectra was
measured on Perkin-Elmer UV-visible Lambda 365 spectro-
photometer. FTIR spectra was taken in a Perkin-Elmer FTIR
spectrometer (Spectrum-1000). An electrochemical analyser
CHIG608E potentiostat with a trielectrode system was used to
measure the cyclic voltammetry (CV), EIS and sensor measure-
ments which includes combined graphite powder electrode,
platinum wire and Ag/AgCl as working, counter and reference
electrodes, respectively and 1.0 M KCl solution as electrolyte.

Antibacterial activity: Antibacterial assay of the alkaline
metal ferrites (M = Mg, Ca, Ba and Sr) was measured as zone
of inhibition on agar well diffusion plate. Briefly, 30 mg/mL
concentration of prepared alkaline earth metal ferrites were
prepared in deionized water and loaded into well created on
solidified Muller Hinton Agar (MHA) plates seeded with 50 uL
of test organism Bacillus and Pseudomonas. Ampicillin was
used as a positive control. The plates were allowed to incubate
at 37 °C and recorded for zone of inhibition after 24 h.

Photocatalytic degradation studies: Photocatalytic
activity of prepared alkaline earth metal ferrites was evaluated
by taking reactive blue 4 as a reference dye, which is available
commercially. A stock solution of reactive blue 4 dye (1000
ppm) was prepared by using distilled water. Then, 250 mL of
10 ppm of reactive blue 4 dye solution was prepared from the
stock solution and transferred into circular glass reactor having
the surface area 176 cm”. Optimized 0.07 g of alkaline ferrite
(Mg, Ca, Sr and Ba) catalyst was transferred into circular glass
reactor containing reactive blue 4 solutions and stir the solution
in dark condition for 30 min by using magnetic stirrer to check
the adsorption and desorption equilibrium of dye and catalyst.
Visible light was allowed on reactive blue 4 solution containing
catalystin an open air. A 4 mL of reaction mixture were collected
at regular time interval of 15 min and centrifuged to remove
the catalyst and subjected for degradation of reactive blue 4
was determined using UV-Visible spectrophotometer. The per-
centage of reactive blue 4 dye degradation (D) with respect
to time was estimated using eqn. 2:

D, = %x 100 2)

g

RESULTS AND DISCUSSION

Powederd XRD studies: Fig. 1 represents the PXRD pattern
of the prepared alkaline earth metal ferrites. All the synthesized
nanomaterials show pure phase without any impurity. In case
of MgFe,O,, the plane at (311) corresponds to the spinel ferrite
formation. All the observed diffraction peaks confirm the
presence of centroid cubic structure of ferrites with JCPDS
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Fig. 1. PXRD spectra of synthesized alkaline earth metal ferrites
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card No. # 88-193536-0398 [24]. All the indexed peaks of card no. #0001-2027] [26,27]. The XRD data of BaFe,O,
CaFe,0, matched well with JCPDS card no. #78-4321 indica- exhibited the orthorhombic structure and are well-matched as
ting the formation of orthorhombic structure with good purity ~ per JCPDS card no. 46-0113 [28].

[25]. The SrFe,O, spectra indicates the nanocrystalline nature SEM studies: Fig. 2 represents the surface morphology
of typical peak of spinel ferrite with cubic structure [JCPDS of the prepared alkaline earth metal ferrites along with the
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Fig. 2. SEM and EDAX images of (a & e) MgFe,O4 (b & f) CaFe,O4 (¢ & g) SrFe,O, (d & h) BaFe,O., respectively
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Fig. 3. Reflectance spectra (a) and their band gap graph (b) of alkaline earth metal ferrites

EDAX. MgFe,0, possess very small particles with agglomera-
tion (Fig. 2a), whereas CaFe,O, have fine grain structure with
pores and voids (Fig. 2b). The structure of SrFe,O4 was found
to be soft and smooth surface nature with slight grains appear-
ance (Fig. 2¢), moreover the BaFe,O, shows larges grains with
agglomerations and voids (Fig. 2d).

Diffused reflectance spectral (DRS) analysis: The DRS
analysis of the prepared ferrites are depicted in Fig. 3. The
strong absorption bands of alkaline earth metal ferrites were
observed in the range from 400 to 800 nm and few narrow
absorption peaks in the wavelength of 230 to 400 nm was also
observed. The energy band gap (E,) of the prepared ferrites
were calculated by plotting energy (hv) vs. F(R)’hv as
elucidated from Kubelka-Munk equation (eqn. 1):

(1-R)" K
—n < ey
2R S

The obtained energy band gap of synthesized MgFe,O.,
CaFe,Oy, SrFe,0,, BaFe,O,nanoferrites were found to be 2.3,
2.8,2.4 and 1.65 eV, respectively as depicted in Fig. 3b. Thus,
the MgFe,O, verified a relatively narrow band gap of 2.3 eV,
indicating that the higher photo-response in the visible light
compared to other prepared ferrites.

FTIR studies: Fig. 4 shows the FTIR spectra of the prep-
ared ferrites, where a wide band around 3354 cm™ was ascribed
to the stretching and bending vibrations of O-H bond. The
OH peaks were associated to the water molecules absorbed over
the surface of the ferrites. The peaks around at 880 cm™ was
assigned to the stretching vibrations of M-O-M (M = Fe/Ba/
Mg/St/Ca). The bands near the range of 600-500 cm™ and
470-450 cm™ are belongs to tetrahedral and octahedral sites,
respectively which ascertains the availability of oxygen-metal
tensile bonds in spinel ferrite [29].

Antibacterial activity: According to the well-diffusion
screening of alkaline ferrites were clearly possess antibacterial
properties against Bacillus and Pseudomonas. Among four
alkaline ferrites, calcium ferrites has showed appreciable zone
of inhibition 0.77 +0.03 mm and 0.27 + 0.03 mm, respectively
for Bacillus and Pseudomonas (Fig. 5). Among the prepared
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Fig. 4. FTIR spectra of alkaline earth metal ferrites
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Fig. 5. Antibacterial activity of alkaline earth metal ferrites

alkaline ferrites, strontium ferrites had the smallest growth
inhibition zone. The Gram-positive bacteria were more liable,
which may be due to the difference in the cell wall composition.
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Photocatalytic degradation studies: The absorbance
spectra of reactive blue 4 dye degradation with interval of time
15 min using prepared alkaline earth metal ferrites is shown
in Fig. 6a-d. It clearly shows that the maximum peak intensity
at 485 nm decreases with increase in time interval hence, it
confirms that reactive blue 4 degraded. The percentage degra-
dation of reactive blue 4 using MgFe,0., CaFe,04, SrFe,O4
and BaFe,0, as catalyst was found to be 93%, 84%, 86% and
89 % respectively (Fig. 6f and Table-1).

TABLE-1
KINETIC STUDIES UNDER UV LIGHT ON ALKALINE
EARTH METAL FERRITES PHOTOCATALYSTS

Photocatalysts Degradation (%) k x 10 (min™)
MgFe,0, 93 29.04
CaFe,0, 84 24.94
SrFe,0, 92 19.30
BaFe,0, 79 20.81

Mechanism: The catalyst alkaline ferrite in reactive blue
4 dye solution generates electron hole pairs when visible light
falls on it due to absorption of light. The generated electrons in
conduction band react with dissolved oxygen in dye solution
to form super oxide anion (0O5), in addition to that H,O reacts
with holes in the valence band to form *OH radicals. The gene-
rated superoxide anions (Oz) and *OH radicals reacts with
reactive blue 4 molecules and degradation occurs. Magnesium
ferrites shows the highest degradation of reactive blue 4 may
be due to optimum energy band gap of 2.3 eV.

Reusebility: The recyclability of photocatalyst is more
essential for practical approaches. To understand the recyclability
of the prepared alkaline earth metal ferrites, 5 consecutive
cyclic dye degradation experiments were carried out using the

0.4+t

ferrite catalyst. After each cycle, the catalyst can be removed
using the external magnet and washed dried for the next cycle.
The cyclic runs of dye degradation is shown in Fig. 6e, the
results proven that prepared ferrite photocatalyst retains after
5 consecutive runs of experiments with meager reduction in
the degradation percentage confirms that the prepared alkaline
earth metal ferrites is suitable for the industrial applications.

Electrochemical studies: The electrochemical analysis
were performed in combination of three-electrode with 1.0 M
KCl as the aqueous electrolyte at room temperature. Analysis
includes cyclic voltammetry (CV), electrochemical impedance
(EIS) and sensor studies were experimented. The specific capa-
citance (Scp) can be evaluated for the synthesized electrode
from CV by eqn. 3:

B jldv

vmxAV ©
where [ = current, V = potential, m = electrode mass, v = scan
rate and AV = operating voltage window.

The electrochemical performance of MgFe,O., CaFe,Oy,
SrFe,0, and BaFe,O, was assessed through cyclic voltammetry
(CV) by the three-electrode system. The curves from CV of
MgFe,0., CaFe,0., SrFe,0., and BaFe,O, at various scan rate
are shown in Fig. 7a-d, which confirms the ideal capacitive
behaviour having rectangular shape of cyclic voltammogram
(CV). The curve validated that CV curves progressively shifted
and sloped along with the increase of scan rate by retaining
the shape, it is maintaining the rectangular position and electro-
chemical stability even when scan rate increases. Among the
prepared alkaline metal ferrite, SrFe,O, displayed a higher
space area below the CV curve signifying higher value of Scp
of 288 x 107 F/g than other ferrites. The Scp value of all the
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Fig. 7. CV graph of synthesized alkaline earth metal ferrites at various scan rates

prepared ferrite electrode at 0.01, 0.02, 0.03, 0.04 and 0.05 V/s
scan rates are given in Table-2. The Scp values decreased as the
scan rate increases due to the slower penetration of the electro-
lytic ions into the pores of the sample at higher scan rate [29,30].

TABLE-2
SPECIFIC CAPACITANCE DATA FROM CV OF
SYNTHESIZED ALKALINE EARTH METAL
FERRITES AT VARIOUS SCAN RATES

Specific capacitance x 107 F/g

Scan rate
MgFe,0O, CaFe,O, SrFe,0, BaFe,O,
0.01 63.42 99.04 288.72 130.08
0.02 42.31 56.87 186.90 79.93
0.03 35.11 43.94 135.80 60.07
0.04 32.36 36.38 121.04 45.60
0.05 31.93 30.99 93.77 37.672

Impedance (EIS) analysis was performed to know the
electrochemical nature of the supercapacitor electrodes. Fig. 8
BaFe,0., which revealed unique supercapacitor nature having
a quasi-circle present in high-frequency area and a slanting
line present in the low-frequency area [31,32]. The diameter
estimated from the quasi-circle entails the charge-transfer
resistance (R as electrolytic solution persuading towards the
electrode [33]. MgFe,O, (146 Q), SrFe,0, (155 Q) results
smaller R, (31 Q) than CaFe,O, (677 ), BaFe,O, (751 Q),
validated huge ion migration ratio at the boundary between
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Fig. 8. Nyquist plot of synthesized alkaline earth metal ferrites

0 500 2000

electrolytic solution and electrode [34]. All the electrodes have
vertical tails present in low-frequency range, due to enhanced
ionic accessibility of the electrolyte to intercalate into the
internal pores.

We have extended the electrochemical studies for the
prepared electrodes using graphite towards sensor applications.
In this point of view, these electrodes were utilized to identify
the presence of lead nitrate in 0.1 M KClI electrolyte. Fig. 9a-d
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Fig. 9. Sensor study of synthesized alkaline earth metal ferrites for sensing lead nitrate

exhibit the CV curves of MgFe,0,, CaFe,04, SrFe,O4 and
BaFe,O, electrodes for detecting lead nitrate of different concen-
tration. As represented in Fig. 9b-d, the sensing of lead nitrate
in the electrolyte was confirmed by the appearance of new
reduction potential peaks as compared to the bare electrolyte.
The sensibility and stability was further confirmed by incre-
asing the concentration of lead nitrate in the electrolyte by the
electrode. It was clear that SrFe,O, detect lead nitrate at 10
mM, CaFe,O, at 25 mM, BaFe,0. at 20 mM, whereas MgFe,O,
didn’t show any significant change compared to bare electrode.
Thus, all electrodes, with the exception of MgFe, Oy, are capable
of functioning as a good sensor electrode in the specified elect-
rolyte.

Conclusion

The synthesis of spinel ferrites MFe,O,4 from alkaline earth
metals (M = Mg, Ca, Sr, Ba) were performed by the solution
combustion method using urea as fuel and successfully con-
firmed by various techniques like XRD, FTIR, SEM and UV-
DRS. The resulted band gap of the ferrites was suitable for the
visible light photocatalytic degradation. The enhanced degra-
dation study for the reactive blue 4 dye solution by the ferrites
might be due to its crystallinity and band gap. The MgFe,O,
results enhanced photocatalytic activity, SrFe,O, gives better
capacitance (288 x 107 F/g) from CV studies as well as a sensor
activity towards lead nitrate at low concentration, while CaFe,O,

displays agreeable inhibition towards antibacterial activity for
the bacteria Bacillus and Pseudomonas.
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