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Abstract

A novel, well-designed, silica-supported magnesium ferrite nanorods were

successfully developed at room temperature using the co-precipitation method.

The synthesized nanorods show an optical band gap of 3.1 eV, with the maxi-

mum wavelength absorptive at 334 nm. The average particle size is 36 nm with

the FCC crystal structure by the X-ray Diffraction technique (XRD). TGA

achieved thermal stability of targeted mesoporous materials at 600�C. Field
Emission Scanning Electron Microscopy (FE-SEM) and High-Resolution

Transmission Electron Microscopy (HR-TEM) techniques confirm the rod-like

structure. Energy Dispersive Spectroscopy (EDS) and X-Ray Fluorescence

(XRF) studies reveal the presence of all elements in the composition. The syn-

thesized nanorods are highly magnetic by the vibrating sample magnetometer

(VSM) technique, which shows a high coercivity value, that is, MgFe2O4@SiO2

is photocatalytically active. From BET analysis, the surface area, pore volume,

and pore diameter are 19.2 m2 g�1, 2.46 cm3 g�1, and 5.10 nm, respectively.

The experimental outcomes predict that the degradation efficiency (79%) of

methyl orange dye was accomplished using MgFe2O4SiO2 nanorods within

270 min.
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1 | INTRODUCTION

Nanotechnology has received the most attention in the cur-
rent decade due to its excellent various novel properties and
applications.[1] It has brought a revolution in several areas,
such as medicine, health, biology, catalysis, communication,
environmental protection, and many other disciplines.[2]

They have significant optical, electrical, and magnetic prop-
erties whenever metal-doped ferrite has a general formula of
Mgx�1FexO4 and has octahedral and tetrahedral sites[3] and

is used in a variety of diseases.[4] The Mesoporous metal fer-
rites composites are semiconducting materials with an n-
type of material, and the shell can be biologically compatible
with organic surfactants, gold, silica, SiO2, polymers, and
others. Among the above materials, silica is the best one as a
shell due to its being nontoxic, easily dispersed in water,
thermostable, and having high biocompatibility.[5–7] In an
acidic medium, the SiO2 shell affords a chemically inert sur-
face that shields nanoparticles from leaching. The silica
surface contains silane groups, allowing conjugation of its
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surface with various functional materials and the forma-
tion of covalent bonds–Si O Si in biological systems.[8]

belongs to their amorphous SiO2 layer, which was mostly
grown by hydrolysis and condensation of alkoxysilanes
such as tetraethyl orthosilicate (TEOS) with an added
acidic or basic catalyst. Materials have been drawn to the
opportunity to study the magnetic and photocatalytic
properties of mesoporous nanoparticles in confined
dimensions as part of core-shell nanostructures.

Recent studies have shown that the separation between
magnetic nanoparticles in composite materials and the sur-
face properties of the nanoparticles greatly affect their mag-
netic properties.[9] Among the core/shell materials, they can
also be used to protect medicines or other materials from dis-
solution or hydrolysis and to strengthen polymeric materials.
Silica with spherical morphology from nano to micrometer
size can be easily and controllably manufactured.[10]In the
case of application, in order to prevent aggregation of the
magnetic nanoparticles (MNPs), a protecting shell such as
silica is usually used to form a core-shell NPs@SiO2 struc-
ture. At the same time, the silica shell can generate a large
surface formed of Si-OH groups suitable for modification.[11]

After the reactions were completed, ferrites supported
nanocatalysts were highly stable, recyclable, and magneti-
cally retrievable.[12]These nanoparticles were synthesized
using different methods such as chemical reduction method,
hydrothermal method,[13] solid-state method and high
energy milling,[14] microemulsions,[15] sol–gel method,[16]

microwave method,[17] electrospinning,[18] co-precipitation
method,[19] ultrasonic wave assisted and also under visible
light irradiation method,[20,21] Stober methods,[22] polymeric
precursor method,[23] mechano-chemistry,[24] combustion
method,[25] green synthesis,[26] magnetic resonance imaging
(MRI),[27] biomagnetic separations,[28,29] in biosensors[30] and
biotechnology.[31] Magnesium ferrite materials have a wide
range of applications, including cell labeling and sorting,
high-density magnetic recording, microwave sensors, elec-
tronic devices, high-frequency devices, and radio frequency
coils.[32]

However, the biological and biomedical applications
of silica-supported magnesium ferrite nanoparticles have
received a lot of interest due to their anticancer and
antibacterial properties.[33–36] They are widely used to con-
trol bacterial pollution and ultimately control many infec-
tions.[37] They are observed in many forms, such as thin
films,[38] Nanopowders,[35] nanofibers,[39] nanowires,[40]

nanospheres, even histoarchitecture geometry particles[41]

and cubic spinel-type of structures also.[42] However, due to
the longer processing time for their application of magnetic
nanoparticles as catalysts, they were used for water purifi-
cation, controlling air pollution,[43] and many organic trans-
formations as well.[44] Muhammad Yakob[45] developed
silica-supported magnesium ferrite nanomaterials that are

nontoxic and biologically compatible with living organisms
and are used as photocatalysts in the photocatalytic degra-
dation of drugs[46] and methylene blue dyes.[47]The metal
nanoparticles are used for photocatalytic degradation[48–63]

and also for selective and aerobic oxidation of benzyl
alcohol.[64,65]

Herein, we report that the MgFe2O4@SiO2 nanorods
are synthesized by a simple co-precipitation method at
room temperature. The synthesis is done using magne-
sium perchlorate, ferric nitrate as a precursor, and hydra-
zine hydrates as a reducing agent. This technique,
however, is one of the simplest, most cost-effective, and
most feasible methods for producing high-purity, homoge-
neous, and crystalline nanorods. The resulting nanorods
exhibit a smaller band gap (3.1 eV), are non-hazardous,
non-toxic, effectively magnetic, and easily separated from
the reaction mixture. Thus, these are photocatalytically
active; they do not need any co-catalyst, and the stoichio-
metric amount is sufficient for complete degradation of
dye within 270 min, which is a the great advantage of
this work.

2 | RESULTS AND DISCUSSION

The synthesized MgFe2O4@SiO2 nanorods were charac-
terized using different techniques, such as the optical
properties were studied for the optical band gap of the
material using UV Visible spectrophotometer ranging
from 200 to 800 nm and the crystal structure, including
the particle size, was measured by using X-Ray Diffrac-
tion Technique (XRD) from a scanning angle of 20�–80�
at a scanning rate of 2� per minute. The thermal stability
of the product was measured using Thermo Gravimetric
Analysis (TGA) techniques at temperatures ranging from
30 to 900�C. For calculating granular particle size, trans-
mission electron microscopy was used. The structure and
the element analysis were done using Scanning Electron
Microscopy (SEM), Energy Dispersive Spectroscopy
(EDS), and X-Ray Fluorescence (XRF) for fluorescence
emission activity. The magnetic characteristics of the
material were determined by using a vibrating sample
magnetometer (VSM) at room temperature, and photo-
catalytic activity resulted from the degradation of methyl
orange dye only.

2.1 | Optical study

The optical properties were studied from the UV visible
spectrum. The silica-supported magnesium ferrite
nanorods were soluble in a very low concentration of
hydrochloric acid. The resulting solution was analyzed,
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ranging from 200–800 nm at maximum absorption of
~334 nm, as shown in Figure 1a. The corresponding band
gap for MgFe2O4@SiO2 was estimated by using the
TAUC plot of 3.1 eV shown in Figure 1b. The band gap
calculated by Tauc's plot relationship is expressed as
follows:

αhυð Þ1nn ¼C hυ –Eg
� � ð1Þ

where α = the absorption coefficient, ν = frequency
(ν = c/λ, h is Planck's constant, λ = wavelength, c = speed
oflight,) n = 2 for direct optical band gap, respectively,
C = proportionality constant and Eg = band gap.[54]

2.2 | X – ray diffractometry

In Figure 2, the XRD spectrum of silica-supported magne-
sium ferrite nanorods shows intense peaks corresponding
to the (hkl) planes at (100), (311), (220), (400), (422), (440)
at 25.10�, 37.7�, 47.9�, 53.6�, 62.4�, 70.2�, 75.1�, etc indicat-
ing the formation of FCC structure without any impurity.

The amorphous silica layer in MgFe2O4@SiO2 magnetic
nanorods[39] demonstrated the peak (100) at 2θ = 25.1�.
When compared to Salunkhe et al.,[39] The XRD pattern
reveals that it exhibits an XRD shift of a few degrees
because of the change in binding energy between
MgFe2O4 and the silica layer. The obtained result through
the following relation[24]:

a¼ d
ffiffiffiffi
N

p
ð2Þ

where “a” is lattice constant, “d” is interplanar spac-
ing and

ffiffiffiffi
N

p
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2þk2þ l2
�q

Þ ð3Þ

The volume (V) is calculated by using the following
relation:

V ¼ a3 ð4Þ

The X-ray density “dx” was calculated by using the
following relation:

dx¼ 8M
NAV

ð5Þ

where M = molecular weight, NA = Avogadro's
Number, V = volume of sample.

The broad diffraction peaks exhibit the fine particle
nature of ferrite powders. The average crystalline diame-
ter “DXRD” of the prepared samples was obtained from
the peak (311) peak of XRD by using the Scherer relation:

FIGURE 1 (a) UV visible spectra of MgFe2O4@SiO2 nanorods;

(b) TAUC plot ofMgFe2O4@SiO2 nanorods

FIGURE 2 XRD spectrum of MgFe2O4@SiO2 nanorods
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DXRD ¼ kλ
β cos θ

ð6Þ

where D = Particle Size, k = Constant (0.9), λ =

Wavelength of incident X-rays, β = Full Width of Half
Maxima (FWHM in radians), θ = Bragg's angle.

The average particle size of the material is 36 nm.
The results were compared to the MgFe2O4@SiO2 stan-
dard.[47] The inter-planar distance (d): 1.259 Å, the lattice
constant (a):1.32 Å, volume (V): 2.30 Å, and the X-Ray
density (dx): 23.60 � 10�24 g/cm3and the ion hopping
length of the tetrahedral: 4.70 Å sites(LA) and octahedral:
5.75 Å(LB). A spinel phase is observed in MgFe2O4@SiO2

nanorods due to cubic close-packed oxides with eight
tetrahedral and four octahedral sites per formula unit.

2.3 | Thermo-gravimetric analysis

Thermogravimetric analysis (TGA) can provide addi-
tional quantitative evidence on the structure of the nano-
particle coatings. It is an extremely valuable technique
for the surface characterization of nanorods. It allows us
to determine the bonding strength of the nanoparticle
surface and its stability.[27] The resulting powder sample
of MgFe2O4@SiO2 was examined by TGA for the removal
of impurities and observed that the initial decomposition
of MgFe2O4@SiO2 is between 30 and 150�C due to the
removal of absorbed water and the initial loss is 12%. The
second decomposition indicates that the temperature dif-
ference between 151 and 250�C is primarily due to the
loss of other residuals and any impurity during synthesis,
namely an excess of chlorides and nitrites, with a second-
ary loss of 10%. The final decomposition exhibits the

formation of metal oxide between 260�C and 900�C and
the final loss is 1.7% in mass fraction as shown in
Figure 3. Thus, the synthesized material shows 76% ther-
mal stability at a 600�C temperature. So, the samples
were calcined at a temperature of 600�C.

2.4 | Magnetic study

It is important that the core-shell material has super
paramagnetic properties while magnetic hysteresis mea-
surements were performed for MgFe2O4@SiO2 in an
applied magnetic field.[2,31] The sample was shown to
behave like soft magnetic materials with low hysteresis
loss. The magnetic hysteresis loop for the sample was
completely reversible. Among the most important proper-
ties of soft magnetic nanoparticles is saturation magneti-
zation.[38] Magnetic nanoparticles with superior magnetic
characteristics might be improved and applied more
effectively.[40] Extrapolation in a graph of M versus 1/H
reveals the saturation magnetization, It has a magnetic
saturation (Ms) of 11.38 emu/mg, a magnetic remanence
(Mr) of 7.76 emu/mg, a coercivity (Hc) of 23.49 Oe, and
an anisotropy constant (K) of 3.14 erg/cm3. The nanorods
observed a high level of permeability magnetization,
which was appropriate for the magnetic separation
shown in Figure 4. The magnetic moment was found to
be 1.19 B using the M versus H measurements. This indi-
cates that the magnesium nanorods are suitable for a
wide range of technological applications requiring tem-
peratures greater than room temperature, such as medi-
cal applications requiring local hyperthermia, such as at
cancer spots.[36] The Bohr magnetization was calculated
by using the following formula:

FIGURE 3 TGA spectrum of MgFe2O4@SiO2 nanorods FIGURE 4 VSM spectrum of MgFe2O4@SiO2 nanorods
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μB ¼
M�Ms

5585
ð7Þ

where μB = Bohr magneton, M = total molecular weight
of composition, Ms = Saturation Magnetization.

2.5 | Field emission scanning electron
microscopy and energy dispersive X-ray
spectroscopy

The FE-SEM technique can detect and analyze surface topo-
graphical, morphological, and compositional properties of
micro and nanostructures. The morphology of synthesized
materialswas studiedby theFE-SEMtechnique.[60]AsFigure5
shows, the FE-SEM images display that the MgFe2O4@SiO2

nanorods were produced with a uniform particle size distribu-
tion and highly formed into a uniform rod shape. Figure 5a,d
are shown at 200 nmandFigure 5b,c at 1 μmin size.

Figure 6 shows the chemical purities and elemental
composition of the MgFe2O4@SiO2 materials produced by
energy dispersive X-ray analysis (EDS), the existence of
Mg, O, Fe, and Si was determined by their corresponding
peaks. There is no other peak that indicates MgFe2O4@SiO2

does not contain any impurity. Hence, the synthetic material
is pure. The presence of all elements and their atomic per-
centage and weight percentage are listed in Table 1 below.

2.6 | High-resolution transmission
electron microscopy

In Figure 7, an HR-TEM image of MgFe2O4@SiO2 synthe-
sized at 500�C is presented. In terms of morphology and
crystallite size, the silica-supported magnesium ferrite
nanorods produced by the co-precipitation methodology

FIGURE 5 FE-SEM of

MgFe2O4@SiO2 nanorods

FIGURE 6 EDS spectrum of MgFe2O4@SiO2 nanorods

TABLE 1 The elemental composition of MgFe2O4@SiO2

nanorods

Sr.no. Elements Weight % Atomic %

1. O 60.48 82.30

2. Mg 2.94 2.63

3. Si 2.12 1.64

4. Fe 34.46 13.43

Total 100 100
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were uniform. The rod size in the 36 nm, shape structure
of MgFe2O4@SiO2 shown in FE-SEM was confirmed by
HR-TEM images.

2.7 | X-ray fluorescence

As a result of fluorescence properties, the emission inten-
sity peaks for elemental composition of synthesized
MgFe2O4@SiO2 nanorods indicate that the metal and its
oxides are the emission intensity peak at 2.332 cps/μA indi-
cates the presence of Fe2O3, for MgO at 0.236 cps/μA and
for silicate at 0.0927 cps/μA. Hence, it determines the pres-
ence of Mg, Fe, and SiO2 elements in the MgFe2O4@SiO2

nanorods shown in Figure 8 and Table 2 below.

2.8 | Photocatalytic degradation

The silica-supported Magnesium Ferrite Nanorods demon-
strated catalytic activity by photocatalytically degrading

Methyl Orange. Figure 9a depicts the UV–Visible absorp-
tion spectra of methyl orange dye in the suspension of
MgFe2O4@SiO2 nanocomposites with respect to irradiation
time. As can be seen from the figure, the characteristic
absorption peak of methyl orange dye at ~485 nm decreases
gradually with respect to time irradiation. The complete
degradation of methyl orange dye has been observed within
270 min by using MgFe2O4@ SiO2 nanocomposite.

The plausible mechanism[55,61] is as follows,
Figure 9b depicts a kinetic plot of the methyl orange

photo degradation reaction for various catalysts with
respect to varying irradiation times. The control of experi-
ments reveals that the concentration of methyl orange
has been constant in the absence of photocatalysts in the

FIGURE 7 HR-TEM of

MgFe2O4@SiO2 nanorods

(20 nm for both images)

FIGURE 8 XRF plot of MgFe2O4@SiO2 nanorods

TABLE 2 Elemental composition regarding to XRF data

Sr. no Material

Elemental composition

TotalFe2O3 MgO SiO2

1. MgFe2O4@SiO2 84.20 15.0 0.8 100%
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presence of sunlight, suggesting that methyl orange dye is
very stable photochemically. Within an irradiation time of
270 min., the complete degradation of methyl orange is
observed for 30 mol% MgFe2O4@SiO2 composites, while
less degradation was observed for without catalyst, 20, and
10 mol% MgFe2O4@SiO2 composites, respectively, and
hence it reveals that MgFe2O4@SiO2 required less time to
degrade methyl orange completely to that of other compos-
ites. This observation indicates that the photocatalytic deg-
radation reaction of the composite is highly dependent
upon the amount of MgFe2O4@SiO2 nanocomposite. Fur-
thermore, MgFe2O4@SiO2 catalyst has a higher photo
response and fluorescence in visible light, as it shows more
absorption in the visible region with the lowest band gap of
about 3.1 eV.

Figure 9c shows the plot of lnC0/C of methyl orange
dye in the suspension of all samples with irradiation time.
The linear nature of the graph of lnC0/C of all samples
with respect to irradiation time suggests that photocatalytic
degradation is first order. It is visibly observed that the
color of the Methyl Orange solution gradually changes
from orange to light orange and finally to colorless.

The kinetic study shown as follows,[58,61]

ln Co=Cð Þ¼ kt:

where Co = Initial concentration, C = Final concen-
tration, k = rate constant and t = time. It can be calcu-
lated from the simulation curve as shown in Figure 9c.
The rate of degradation was monitored by using UV –
Visible Spectroscopy and the degradation efficiency was
calculated by using formula[56]:

Degradation efficiency %ð Þ¼Co�C
Co

�100:

Co and C are the dye concentration at initial and vari-
ous times.

The MgFe2O4@SiO2 nanorods catalyzed degradation
shows 79% Degradation Efficiency of methyl orange dye.

2.9 | Catalyst recyclability

Reusability of the prepared MgFe2O4@SiO2 is one of the
most significant features for catalyst efficiency over practi-
cal reuses. Therefore, 3 cycles of photocatalytic degradation
of methyl orange were carried out using MgFe2O4@SiO2

under sunlight as shown in Figure 10. The efficiency of the
catalyst is measured by the total number of catalytic cycles
while maintaining the catalytic activity.[60] The catalyst's
outstanding efficiency was demonstrated after 3 cycles,
confirming the stability of the synthesized catalysts.

2.10 | BET analysis

The surface area and porosity of the MgFe2O4@SiO2

nanorods were measured using the Brunauer–Emmett–
Teller (BET) equation following the Barrett–Joyner–
Halanda (BJH) method. Figure 11 shows (a) BET surface
area and inset, and (b) pore size distribution From the N2

adsorption–desorption isotherm, the BET surface area of
the nanorods is 19.297 m2 g�1, total pore volume at P/Po

FIGURE 9 (a) Optical absorption spectra of methyl orange.

(b) Kinetic plot of methyl orange photo degradation reaction.

(c) Corresponding plot of ln C0/C versus time
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(0.99) is 2.46 cm3g�1and the average pore diameter was
found to be 5.10 nm. The isotherm represents type (V),
with an H3 hysteresis loop, which is a characteristic of
mesoporous materials. This mesoporous material was
evident from the adsorption of water molecules on the
surface.[59]

3 | EXPERIMENTAL PROCEDURE

3.1 | Chemicals

Himedia analytical grade magnesium perchlorate
(MgClO4)2, ferric nitrate Fe (NO3)3.9H2O, reducing agent
hydrazine hydrate (99.99% purity), and Tetra ethyl ortho
silicate (TEOS) were all purchased. The experiment was

performed using distilled water as the green solvent. The
silica-supported magnesium ferrites (MgFe2O4@SiO2)
were synthesized by the coprecipitation method.

3.2 | MgFe2O4 nanorod synthesis

The magnesium perchlorate and ferric nitrate were taken
in 1:2 M proportions in a round-bottom flask. The reac-
tion was stirred up to a homogenous mixture. After
obtaining the transparent solution, the stoichiometric
amount of hydrazine hydrate was added to the reaction
mixture and continuously stirred for 4 hr to maintain
pH = 09 at room temperature and provide excellent pre-
cipitates. The reducing agent, Hydrazine Hydrate, was
used to maintain the pH. Then the precipitate was fil-
tered and washed several times with mild hot distilled
water and then ethanol to make the precipitate free from
chlorides and impurities. Then the dried crude product
was calcinated at 600�C for 3 hr. The obtained brown-
colored precipitate is made of spinel MgFe2O4 nanorods.

3.3 | Silica-supported MgFe2O4 nanorod
synthesis

For half an hour, MgFe2O4 (1.0 g) was stirred in an
ethanol-water system (4:1) for half an hour. Then the
reaction was continuously stirred along with the addition
of hydrazine hydrate (2 mL) followed by the dropwise
addition of Tetra Ethyl Ortho Silicate (TEOS) (1.5 mL).
Then the reaction mixture was continuously stirred for
8 hr at room temperature. And finally, the precipitate
was washed several times with water. The dried product
was collected and calcinated at 500�C for 6 hr to finally
collect the MgFe2O4@SiO2 nanorods.

3.4 | Photocatalytic degradation study

The 25-ppm solution of methyl orange was prepared and
taken as the first sample. Then it was continuously
stirred in the dark for 30 min and taken as a second sam-
ple. The stoichiometric amount of MgFe2O4@SiO2 was
added and then the reaction was exposed to sunlight up
to complete degradation. The degradation was completed
within 270 min.

4 | CONCLUSIONS

The MgFe2O4@SiO2 nanorods have been successfully
synthesized by using the co-precipitation method. The

FIGURE 10 Catalyst recyclability

FIGURE 11 (a) BET surface area and inset, (b) pore size

distribution of MgFe2O4@SiO2 nanorods
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size of mesoporous nanorods is 36 nm and the optical
band gap is 3.1 eV, corresponding to a ~ 334 nm wave-
length. The TGA shows the 74% thermal stability of the
material. The VSM shows sufficient magnetization with a
1.19B magnetization value. The MgFe2O4@SiO2 is rod
shaped and is confirmed by FE-SEM and HR-TEM
images. The XRF emission plot indicates the presence of
all elements in the composition of MgFe2O4@SiO2.
MgFe2O4@SiO2 was successfully used for the complete
photocatalytic degradation of methyl orange dye in
270 minutes. The absorption peak of degradation is
shown at ~485 nm. Within the various compositions of
the catalyst, 30 mol% MgFe2O4@SiO2 shows complete
degradation. As a result, these nanorods show complete
photocatalytic degradation of methyl orange dye within
270 nm. The catalyst MgFe2O4@SiO2 is highly magnetic,
and it has been shown to have nearly similar efficiency
over 3 cycles and shows degradation efficiency of about
79%. The BET analysis shows the surface area, pore vol-
ume, and pore diameter are 19.2 m2 g�1, 2.46 cm3g�1,
and 5.10 nm, respectively.
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