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Abstract
Nanodimensional copper ferrite has been successfully synthesized via a modified complexometric method using ethylenedi-
aminetetraacetic acid and citric acid as the complexing agent and the fuel, respectively. The physical and chemical behaviors of
this spinel ferrite material have been explored by using different kinds of techniques including thermogravimetric analysis/
differential scanning calorimetry (TGA/DSC), X-ray diffraction (XRD), field emission scanning electron microscopy (FE-
SEM), atomic force microscopy (AFM), high-resolution transmission electron microscopy (HR-TEM), vibrating sample mag-
netometry (VSM), and N2 adsorption–desorption isotherm. The crystallite size falls in the range 13–30 nm depending on the
calcination temperature required for phase formation. The surface morphology of the polycrystalline ferrite material is almost
spherical. The band gap value and BET-specific surface area are determined to be 1.40 eVand 32m2 g−1, respectively. This spinel
ferrite behaves as a mesoporous (2–50 nm) material, and the material formed at a higher calcination temperature has agglom-
eration tendency. The CuFe2O4 exhibits typical soft ferromagnetic behavior with saturation magnetization value of 52 emu g−1.
Of interest, it has the capability to degrade 96% of methylene blue in acidic medium (pH = 4) in 45 min under the visible light in
presence of H2O2 as oxidant.
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Introduction

Over the last decades, nanostructured spinel ferrite (MFe2O4)
materials have drawn considerable attention of the researchers
of materials chemistry and physics due to their unique physi-
cal and chemical properties [1]. Copper ferrite is one of the
important materials belonging to the fascinating class of spinel
ferrites because it exhibits phase transitions, changes in semi-
conducting properties, and shows electrical switching and
tetragonality variation when treated under different conditions
in addition to interesting magnetic and electrical properties
with chemical and thermal stabilities [2]. It is used in the wide

range of applications in gas sensing, catalytic applications, Li
ion batteries, high-density magneto-optic recording devices,
color imaging, bioprocessing, magnetic refrigeration, and
ferrofluids [2–8]. Nanosized copper spinel ferrite shows un-
usual properties in comparison with their bulk analogs and
received enormous attention due to their potential applica-
tions. At the same time, these well-established properties of
spinel ferrites crucially depend on the synthesis methods [9].

Several physical and chemical methods have been devel-
oped for the synthesis of copper ferrite including solid-state
reaction, solution combustion, sol–gel, coprecipitation,
mechano-chemical method, polyol route, microemulsion,
and hydrothermal route [10–15]. These methods have several
advantages as well as some disadvantages. The major disad-
vantage of the microemulsion route is its low production rate,
and it is also costly. The solid-state reaction and mechano-
chemical methods are both energy and time consume process-
es. In the case of sol–gel technique, time consumption and
costing are the main challenging factors. In the coprecipitation
method, sometimes impurities are formed along with the de-
sired material. However, complexometric process is an
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efficient method for the preparation of metal oxide material
in their nanodimension. The attractive features of
complexometric process are its ability to synthesize materials
with high purity, better homogeneity, and high surface area in
a single step. Recently, Yan et al. studied complexometric
route to synthesis irregular CuFe2O4 nanoparticle using ethyl-
enediaminetetraacetic acid (ETDA) as a chelating agent [16].
Tu and coworkers synthesized CuFe2O4 from industrial Cu
sludge with irregular surface morphology via combustion
route [17]. Furthermore, irregular surface morphology with
low value of saturation magnetization (7.24 emu g−1)
nanodimension CuFe2O4 has been synthesized by Hankare
et al. by autocombustion sol–gel process [18]. Wang et al.
have prepared irregular mesoporous CuFe2O4 with low value
of saturation magnetization [19]. Nanocrystallite CuFe2O4 has
been prepared by Khedr et al. via flash combustion method
[20]. There are impurities also obtained with the desire phase.
Synthesis of irregular surface morphology of CuFe2O4 with
impurities (α-Fe2O3) via decomposition process has been re-
ported by Randhawa et al. [21]. Selvan et al. reported synthe-
sis of CuFe2O4by combustion process [22]. However, α-
Fe2O3 is obtained as an impurity. We are trying to synthesis
nanocrystallite CuFe2O4 via simple complexometric method
with proper surface morphology.

Catalytic applicability is another important area for these
spinel group materials as compared common iron hydroxides
(Fe3O4, α-Fe2O3, and α-FeOOH). Many of them have been
shown to be effective for dye degradation due to their stable
structure, low band gap energy, and excellent magnetic prop-
erties [23]. The low efficiency of converting solar energy into
chemical energy greatly restricts their applications in photo-
catalytic reaction. Recent study exhibits that CuFe2O4 has
been widely used as a heterogeneous photosensitive Fenton
catalyst due to its narrow band gap [24–26], excellent visible-
light response, low cost, and good photochemical stability.
Sharma et al. [27] has been reported that CuFe2O4 acts as a
better catalyst as compared to CoFe2O4, NiFe2O4, and
ZnFe2O4in the optimum reaction conditions, which may be
attributed to coupling between Fe2+/Fe3+and Cu+/Cu2+ redox
pairs, thus generating more efficient Fenton reagent under
illumination. Furthermore, the photocatalytic activity of
CuFe2O4 in photo-Fenton-type reaction [23, 28, 29] has been
affected by rapid recombination of electron-hole pairs, a high
value of ion leaching, and a low ratio of surface area to mass.
Several attempts had been introduced to reduce the recombi-
nation of photoinduced electron-hole pairs and increase the
photocatalytic efficiency of material by synthesizing various
structures, doping with other elements, coupling with other
semiconductors, and supportingwith other materials. Till date,
methylene blue (MB) degradation by hydrogen peroxide has
been reported with systems that employ classical Fenton oxi-
dation with various transition metal ferrites [30–34], silica–
titania supported ferrites [35, 36] or ferrite material bound to

polymeric support complex [37]. A significant issue is the
separation of catalyst from the reaction medium. In many
cases, this is unfeasible due to technical and or economical
constraints. The use of homogeneous transition metal ion
complex as catalysts is not effective due to their toxic and
harmful nature as well as their difficult separation process
for repeated use. It is thus highly desirable to synthesize het-
erogeneous magnetic CuFe2O4 as catalyst for this purpose.

With this perspective, we report in the present work a sim-
ple procedure to synthesis of copper ferrite with narrow size
distribution by a single-step modified complexometric pro-
cess. In this process, we have used EDTA as the complexing
agent and CA as the fuel. We have explored the material
properties (micro-structure, optical and magnetic) as well as
photocatalytic behavior (for MB degradation) of this ferrite
material. This facile synthetic approach is projected to be an
effective, low-cost fabrication process that has a high potential
for scaling up.

Experimental

All chemicals were of analytical grade and used as purchased
without further purification. The precursors used are nitrate
salts of copper(II) and iron(III) procured from E-Merck,
India. The purity levels of all precursors are at > 99.9%.
EDTA and CA are purchased from Merck, India (> 99.9%).
Oxidant 30% H2O2 from Merck, India and dye methylene
blue (82%) from Loba Chemie, India were used.

In a typical synthesis, the stoichiometric amounts of
Cu(II)–nitrate (0.001 mol) and Fe(III)–nitrate (0.002 mol)
were dissolved in minimum amount of deionized water under
stirring condition at room temperature. The resulting solution
was stirred for about 30 min to make it homogeneous. The
measured amount of EDTA (0.002 mol) was then added into
the metal nitrate solution. Subsequently, calculated amount of
CA (0.002 mol) was added in the reaction mixture at stirring
condition. After this addition, the total mixture was stirred for
1 h to make it homogeneous. Then, the solution was burned in
spot furnace at 300 °C. After complete combustion, a blackish
red powder was produced. This precursor was calcined at
various temperatures (based on TGA-DSC studies as detailed
below) to obtain the desired ferrite material.

Thermal gravimetric analysis (TGA) and differential scan-
ning calorimetric (DSC) studies were performed using
Diamond Pyris 480, PerkinElmer instrument under nitrogen
flow of 150mLmin−1 with a heating rate of 15 °Cmin−1 using
α-Al2O3 as the standard to study the changes due to thermal
effect at predetermined programmed rate. Powder X-ray dif-
fraction data were collected in a Bruker D8 advance X-ray
diffractometer using Lynxeye detector (1 D mode). The pat-
terns were run with Cu Kα = 1.5418 Å at 40 kV and 40 mA
with step size of 0.02°. The textural properties of the catalysts
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were investigated by the N2 sorption analysis. The N2 sorption
isotherm was measured at − 195 °C using NovaWin2
(Quantachrome instruments, USA). Before each measure-
ment, the sample was degassed at 110 °C for about 3 h. The
optical behavior was analyzed by UV–Vis spectroscopy
(PerkinElmer, Lambda 35) in the range of 200 to 800 nm in
absorption mode. Molecular signature of the sample was de-
termined by FT-IR (model Prestige 21, Shimadzu) in transmit-
tance mode in the range of 400 to 4000 cm−1. Two milligrams
of solid sample was mixed with 200 mg of vacuum-dried IR-
grade KBr. The mixture was dispersed by grinding for 3 min
in a vibratory ball mill and placed in a steel die of 10 nm
diameter and subjected to a pressure of 12 t. The sample disk
was placed in the holder of the double grating IR spectrometer.
The morphological behavior of the material was recorded on a
scanning electron micrograph (SEM, model JAX-840A,
JEOL) and field emission scanning electron microscopy
(FE-SEM, model S-4800, Hitachi). The composition analysis
of the material was carried out by EDX using INC X Oxford
under the acceleration voltage set at 10 keV. High-resolution
transmission electron microscopy (HR-TEM) study was car-
ried in JEOL-JEM-2100. The sample was dispersed in ethanol
and then treated ultrasonically in order to disperse individual
particles over carbon coated copper grids for analysis. Surface
topological study was recorded by atomic force micrographs
(AFM) on nano-K vibration isolation by minus-K technology
(NTMDT) in semiconductive method. Magnetic measure-
ment was carried out at room temperature using vibrating
sample magnetometer (VSM, Lake Shore 7407 series) with
a maximum magnetic field of 20 kOe.

Results and discussion

Figure 1 shows the TGA-DSC curves of the copper ferrite
precursor. In the diagram, the red line indicates the nature of
heat flow during heat treatment and the green line denotes the
weight change with respect to the programmed temperature.
The endothermic peak at around 100 °C occurs due to the
remove of volatile material and water molecule. The exother-
mic peak at ~ 520 °C may be attributed to the decomposition
of metal-EDTA complex into their corresponding metal ox-
ides. During the heat treatment, the mass change of the pre-
cursor takes place in two definite steps. The major weight loss
of ~ 53% up to 400 °C is due to the removal of volatile mate-
rial (ethylene glycol and water). Beyond this temperature ~
30%, mass of the ferrite precursor is reduced due to the de-
composition of metal-EDTA complex. The plateau formed
beyond 800 °C suggests the formation of a stable ferrite phase.
From the TGA-DSC studies, we thus chose three calcination
temperatures, namely 400, 600, and 800 °C, and the heating
rate of 5 °Cmin−1 for 4 h to obtain the desired ferrite materials,
named respectively as CuFe4, CuFe6, and CuFe8.

Figure 2 shows the X-ray diffraction patterns of the copper
ferrite materials obtained on calcination at various tempera-
tures. The diffraction peaks have been indexed to (101), (112),
(200), (103), (211), (202), (004), (220), (312), (105), (303),
(321), (224), (400), (413), and (404) reflection planes of the
tetragonal body center cubic lattice of CuFe2O4 (JCPDS PDF
# 34-0425). This confirms formation of single phase copper
ferrite in the synthesis procedure. There are some impurities
observed along with the desire ferrite at low calcination tem-
perature (400 and 600 °C). As expected, the sharpness and
intensity of the diffraction peaks of copper ferrite increase
with the increase in calcination temperature. This is due to
enhancement of crystallinity of the nanoparticles. Owing to
its best phase characteristics, we have chosen the sample ob-
tained on calcination at 800 °C (CuFe8) for most of the sub-
sequent studies.

The crystallite size of the materials has been calculated by
using the Scherrer’s Eq. (1):

D ¼ 0:9λ
βCosθ

ð1Þ

where D is the average crystallite size of the phase under
investigation, λ is the wavelength of X-ray, β is the full width
at half maximum (FWHM) of the diffraction peak, and θ is the
Bragg angle. The crystallite sizes of CuFe2O4 are found in the
range 13–30 nm depending on the calcination temperature.

The BET-specific surface area and pore volume of CuFe8
are measured to be 32 m2 g−1 and 0.14 g cm−3, respectively.
The pore diameter of this material is found to be below 21 nm.
It confirms that CuFe8 behaves as a mesoporous material
(diameter of the mesopore being2–50 nm). This observation
suggests that the specific surface areas of the CuFe2O4 mate-
rial are improved compared with some of the literature reports
[38–40]. Faungnawakij and coworkers synthesized CuFe2O4

as a catalyst for steam reforming by complexometric method
using CA as a complexing agent with BET surface area
(1 m2 g−1) [38]. Nanodimension CuFe2O4 has been synthe-
sized via microwave-induced combustion process by Liu et al.
with specific surface area (6 m2 g−1) [39]. Anandanet et al.

Fig. 1 TGA-DSC curves of the copper ferrite precursor
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reported synthesis of irregular surface morphology CuFe2O4

with BET surface area (14 m2 g−1) [40].
Figure 3 shows the absorption spectrum of the finalized

ferrite material. The absorption behavior of the ferrite material
is originated due to the charge transfer between the metal ions.
Haart and his coworkers have proposed that the metal to metal
charge transfer transition takes place in two ways. The charge
transfer transition takes places between Fe3+ and Fe2+ in the
ferrite system, and the other absorptions may be due to the
electron transfer in between O(2p) level and the Fe(3d) level.

The direct band gap value of the material is measured by
using the Tauc’s equation (Eq. (2)):

αhνð Þ2 ¼ A hν−Eg
� � ð2Þ

where hν is the photon energy, Eg denotes the band gap value,
α is the absorption coefficient, and A is a constant. The ab-
sorption coefficient α may be expressed as follows:

α ¼ 2:303
Ab

t

� �
ð3Þ

In the above equation, Ab is the absorbance and t is the
thickness of cuvette. Figure 3 also depicts the (αhν)2 vs.
hνcurves, from which the band gap of CuFe8 determined by
the method of extrapolation to be 1.40 eV.

Figure 4 represents the FT-IR spectrum of CuFe8. The
spinel ferrites exhibit two main adsorption bands below
1000 cm−1, due to the presence of metal–oxygen vibration
mode. In the ferrite system, the metal ions are distributed
among the two sublattices, namely tetrahedral (A sites) and
octahedral (B sites). The bands centered at 400 cm−1 and
600 cm−1 are attributed to the stretching mode of the octahe-
dral complex (ν2) and tetrahedral complex (ν1), respectively
[41]. The peak at ~ 572 cm−1 is ascribed to stretching vibration
of the tetrahedral sites, and the band at ~ 420 cm−1 is due to the
octahedral sites in spinel compounds [42]. The band at
1037 cm−1 may be contributed to the Fe-Cu stretching. The

broad absorption band at ~ 3432 cm−1 is attributed to the
stretching of OH. The band at around 1421 cm−1 may be
attributed to the symmetrical stretching vibrations of CO2.

Figure 5a–d depicts the SEM images of CuFe8 at various
resolutions. The material is porous in nature. The pores are
generated due to the evolved gases during the heat treatment
process. The grain boundary separation between two neigh-
boring particle is easily isolable. The particles are agglomer-
ated in nature. However, for better understanding of the sur-
face morphology, we carried out FE-SEM and AFM studies.
The agglomeration of the particle is related to various factors
such as shape, surface area, and energy ormagnetic interaction
among them. Such kind of agglomeration also enhances the
mechanical properties of material (hardness, density, and
ductility).

Figure 5e shows representative EDX spectrum of CuFe8.
The EDX spectra indicate the presence of Cu, Fe, and O as
constituent elements in the ferrite materials. The relative atom-
ic abundance and weight percentage of the elements present
are included in the spectra also (see Fig. 5e). The atomic ratio
of Cu/Fe is found to be 0.45 that is lower than the theoretically

Fig. 3 UV–Vis spectrum and plot of (αhν)2 vs. photoenergy (eV) of
CuFe8

Fig. 4 FT-IR spectrum of CuFe8

Fig. 2 XRD patterns of copper ferrites precursors at various calcined
temperature
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expected value. Such kind of deviation may be caused by the
structural defects present in the sample.

Figure 6 shows the FE-SEM images of CuFe8. The surface
morphology of CuFe8 is almost spherical in nature. The grain
boundary between two neighboring particle is connected.
There are some pores observed in the synthesized ferrite ma-
terial (see Fig. 6a, d. The particle size of theCuFe8 is measured
to be around 25 nm.

Figure 7a, b represents the general view of CuFe8 whereas
HR-TEM image of an isolated particle is included in Fig. 7c.
The particles are spherical in shape with average size ~ 32 nm
as evidenced in the FE-SEM studies. Moreover, the HR-TEM
image for CuFe8 displays distinct lattice spacing of 2.52 Å
corresponding to (211) planes (see Fig. 7c).

The selected area electron diffraction (SAED) patterns (see
Fig. 7d) of the CuFe8 exhibit ring type diffraction pattern
revealing their polycrystalline nature. The rings indicated in
the figure correspond to the diffraction planes (202), (211),
and (103) for CuFe8.

Figure 8 shows the surface topographic view of CuFe8.
The spherical copper ferrite particles are homogeneously dis-
tributed throughout the surface (see Fig. 8). The material ex-
hibits equal size distribution. The surface topographic view of
the ferrite material looks like a semisphere.

Figure 9 depicts the M–H curves of CuFe8 at room tem-
perature. The magnetic properties such as saturation magneti-
zation (Ms), remanence magnetization (Mr), coercivity (Hc),
and magnetic moment (ηB) of the material are measured. The
magnetic properties of the ferrite materials are significantly
changed compared to their bulk state. The crystallite size in-
fluences the magnetic behavior of material in nanodimension
regime [43]. TheMs andMr values of CuFe8 are measured to
be 52.40 and 40.30 emu g−1, respectively. From the hysteresis

loops, the loop squareness ratio (R = 0.77) of the remnant to
the saturation magnetization (Mr/Ms) is calculated to deter-
mine the inter- and intra-grain exchange interactions,
sublattice magnetization, magnetic anisotropy, and morphol-
ogy of the sample [44, 45]. However, the Hc value is deter-
mined to be 148.90 Oe. From the nature of the curve, it may be
concluded that the sample acts as a soft type magnetic
material.

It is observed that the magnetic behavior of copper ferrite is
enhanced compared with some of the literature reports.
Table 1 compares the magnetic properties of various literature
reports (most relevant ones) of copper ferrite material with our
work.

CuFe2O4 has a unique property, namely it exists in both the
tetragonal and the cubic phases. However, at higher calcina-
tion temperature, tetragonal phase is more stable than the cu-
bic phase [52]. CuFe2O4 has inverse spinel structure in the
tetragonal phase. In this case, the octahedral sublattices are
occupied by all the Cu2+ ions, whereas Fe3+ ions divide equal-
ly between the tetrahedral and octahedral sublattices [53]. The
cubic phase contributes more magnetic moment than the te-
tragonal phase. It is due to the presence of more number of
cupric ions (Cu2+) at the tetrahedral sites of the cubic phase in
comparison to the tetragonal phase.

The magnetic moment (ηB) in Bohr magneton is calculated
using the following formula:

ηB ¼ Mw �Ms=5585 ð4Þ
where Mw represents the molecular weight (in g), and MS

denotes the saturation magnetization (emu g−1) of the sub-
stance. The unit of ηB is emu.

The degradation of MB is carried out in the absence as well
as in presence of the CuFe8 due to the better crystallinity as

Fig. 5 a–d SEM and e EDX images of CuFe8, respectively
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well as phase purity. The reaction conditions have been decid-
ed on the basis of our previous study for MB degradation
study [34]. The pH of the medium plays a crucial role in
dye degradation, and hence, we have explored the effect of
different pH, acidic (pH = 4), neutral (pH = 7), and alkaline
(pH = 9).

The photocatalytic activity of MB degradation is measured
by applying the following equation:

Degradation %ð Þ ¼ C0−C
� �� �� 100 ð5Þ

where C0 is the initial concentration of MB, and C is the
concentration of MB after degradation for certain time. The

C0/C ratio can be replaced by Ao/Abecause the concentration
(C) is directly proportion to the absorbance (A).

Figure 10 exhibits the MB degradation patterns at different
pH over CuFe8. In the absence of catalyst, only 7% degrada-
tion takes place after 3 h. The intensity of blue coloredmixture
gradually vanished with the progress of the time that indicated
the degradation of MB that occurred with different rates in
different pH media. The CuFe8 shows the best photocatalytic
activity in acidic medium compared to neutral and basic me-
dium. About 96%MB is degraded after 45 min over CuFe8 in
acidic medium, whereas these values are 92 and 60% after
60 min at pH = 7 and pH = 9, respectively. The low band
gap value and high surface energy enhance the photocatalytic
activity of the material.

Fu and coworkers have studied MB degradation over
CuFe2O4–graphene composite material in the presence of
Uv radiation. It degraded ~ 96% of MB within 240 min
[46]. Albuquerque et al. have found that CuFe2O4 degrades
~ 35% of MB after 150 min under the same reaction condi-
tion [54]. Guo et al. has carried out MB degradation over
graphite carbon coating CuFe2O4 in the presence of light
irradiation and H2O2 as oxidizing agent [55]. It is found that
~ 97% of MB is degraded over this catalyst in 80 min.
Anandan and coworkers explored MB degradation over dif-
ferent kinds of oxidant under the presence of UV light [40].
It has been reported that only 16% of dye is degraded over
CuFe2O4 in 75 min. However, 95% of MB is degraded in
the presence of oxidant (peroxydisulfate) over same cata-
lyst (in same time interval). Zhuang et al. carried out deg-
radation of MB in the presence of reducing agent NaBH4

over CuFe2O4 [56]. It takes 8 min for almost 100% degra-
dation. However a negligible amount of dye degrades in
50 min over only CuFe2O4. From this study, it may be con-
c l uded tha t syn thes i zed ma te r i a l shows be t t e r

Fig. 6 FE-SEM images of CuFe8
under different resolutions

Fig. 7 a–c HR-TEM image and d SAED pattern of CuFe8
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photocatalytic activity compared with some of the previous
literature reports.

The photocatalytic degradation of MB follows a first-order
kinetic reaction (Eq. (6)):

Fig. 8 AFM image of CuFe8

Fig. 9 M-H curve of CuFe8 at room temperature

Table 1 Comparison of magnetic properties of CuFe2O4

Material Ms (emu g−1) Mr (emu g−1) Mr/Ms Hc (Oe) Reference

CuFe2O4 7.23 3.65 0.50 1576.6 [18]

27.59 4.40 0.16 288.45 [19]

48.05 9.30 0.19 76.00 [43]

22.21 6.70 0.30 1704.41 [46]

40.03 36.53 0.91 779.54 [47]

19.00 – – – [48]

8.90 1.89 0.21 225.3 [49]

37.38 0.81 0.02 26.38 [50]

1.36 0.52 0.38 444.90 [51]

52.40 40.30 0.77 148.90 This work
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ln
Co

C

� �
¼ kt ð6Þ

where k is the rate constant, and t is the reaction time. The
plots of ln(C0/C) vs. time give a straight line (see Fig. 11)
indicating first-order reaction for the photocatalytic deg-
radation. The slopes yield apparent rate constants (k) of
degradation. The magnitude of k is highest in the acidic
medium compared to the neutral or alkaline medium.
Particularly, the magnitude of k is 5.24 × 10−2 and
1.14 × 10−2 min−1, respectively, in the acidic and basic
m e d i a . F o r n e u t r a l m e d i u m , t h e v a l u e i s
3.14 × 10−2 min−1. The present findings thus project this
modified complexometric process as a fascinating method
to synthesize nanostructured ferrite material with good
photodegradation behavior under visible light in the pres-
ence of peroxide oxidant.

Conclusions

Nanostructured polycrystalline copper ferrite has been suc-
cessfully synthesized by a modified complexometric method
using EDTA as a complexing agent and citric acid as a fuel,
respectively. The crystallite size of copper ferrite is found in
the region 13–30 nm depending on the calcination tempera-
ture. The surface morphology of the material is spherical. The
particles are almost equal in size and homogeneously distrib-
uted throughout the surface. The BET-specific surface area
and the pore diameter of the CuFe8 are 32 m2 g−1 and
21 nm, respectively. It confirms that CuFe8 behaves as a
mesoporous material. Copper ferrite has an agglomeration
tendency due to magnetic interaction among the particle and
high surface energy. The ferrite material shows significant
photo catalytic degradation of MB under the visible light in
the presence of H2O2. In particular, it degrades 96% of MB in
acidic medium (pH = 4) after 45 min. The synthetic procedure
is simple, facile, economical, and ecofriendly.
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