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INTRODUCTION

In today’s society, there is a rising and compelling need
for environmental friendly high-power storage options. Super
capacitors have attracted great attention on high power energy
and outstanding cycling stability [1]. Recently, several metallic
magnetic nanocrystalline of uniform particle size have been
fabricated [2]. Cobalt ferrite and its substituted analogues hold
significant technological significance across different fields.
The utilization of coatings on graphene oxide and titania has
gained significant attention in various applications [3,4]. One
prominent strategy involves the application of coatings by the
synthesis of graphene oxide and titania utilizing the solvo-
thermal process [5-7].

It is reported that dosage amount of cobalt aluminium ferrite-
graphene oxide-titania ferrite system increased the physical
and chemical structural properties [8,9]. Spinal ferrite (Co2+

x Fe2+
1-x)-

(Al3+
y Fe3+

2-y)O4 have attracted interest to many applications, subs-
titution of Fe3+ ions with Al3+ ions in +III oxidation state [10]
and Fe2+ ions with Co2+ ions in +II oxidation state [11], the ferrite
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2-y)O4@ graphene oxide@titania

nanocomposite was prepared at different ratios exhibiting the enhanced properties. Initally, the ferrite nanoparticles (Co2+
x Fe2+

1-x)(Al3+
y Fe3+

2-y)O4
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has been proposed as a method to induce interesting structural
properties.

Due to the small size and strong magnetic features of cobalt
ferrites result in their aggregation and limited photoinduced
reactivity due to rapid photocarrier recombination, which adver-
sely impacts their photocatalytic efficiency [12]. In addition,
the incorporation of cobalt ferrite nanoparticles with  graphene
oxide has the advantage of tunable properties, a substantial
surface area and a high electron mobility rate [13]. Simultane-
ously considerable attention has also been paid towards the
structural, magnetic and electrical properties of some metal
ion doped spinel ferrites [14-16]. The biological characteristics
of ferrites are significantly influenced by their dimensions,
morphology, polydispersity, charge and the composition of
their coating [17,18]. Thus, keeping in mind about these points,
in this article, aluminium substituted cobalt ferrite (Co2+

x Fe2+
1-x)

(Al3+
y Fe3+

2-y)O4 (0 ≤ x and y ≥ 2) were obtained by a sol gel method
and then the preparation and characterization of cobalt alumi-
nium ferrite (magnetic core)@coating with GO (layer)@ coating
with titania (photoactive shell) were carried out by direct coating
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of titania using titanium isopropoxide as a titania precursor.
Finally, the antimicrobial activity of prepared multifunctional
ferrite against several pathogenic microorganisms were also
carried out.

EXPERIMENTAL

Cobalt chloride hexahydrate (CoCl2·6H2O), anhydrous
iron chloride  (FeCl3), anhydrous citric acid (C6H8O7), Millipore
water, potassium permanganate, hydrogen peroxide 30% solu-
tion, titanium isopropoxide (TTIP) were procured from Merck
Ltd. India. The other chemicals viz. anhydrous aluminium
chloride  (AlCl3), ferrous chloride tetrahydrate (FeCl2·4H2O)
graphite fine powder, sulphuric acid, methanol were purchased
from Loba Chemicals, India .

Synthesis of cobalt aluminium ferrite nanoparticle by
sol-gel method (magnetic core): The (Co2+

x Fe2+
1-x)(Al3+

y Fe3+
2-y)O4

spinel (0 ≤ x & y ≥ 2) (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0 and y = 1.0,
0.8, 0.6, 0.4, 0.2, 0) powder were prepared by sol-gel method.
The metal chlorides and citric acid as precursor were dissolved
into Millipore water with homogeneous stirring. The pH value
7 was maintained by dropwise addition of 25% NH3 solution.
The formed sol-gel product was heated to 80 ºC on a hot plate
with continuous stirring for 0.5 h and then upon condensation
a xerogel was obtained, which further heated to100 ºC finally
to get ferrite powder. The powder was calcined for 4 h at 800 ºC
to enhance the crystallinity. These samples are denoted as CA1-
CA6.

Synthesis of graphene oxide coated ferrite nanoparticle
by solvothermal method [(Co2+

x Fe2+
1-x)(Al3+

y Fe3+
2-y)O4@GO]

(core/shell): Graphene oxide was synthesized by the modified
Hummer method. Briefly, 20 g of graphite powder was added
to conc. H2SO4 (500 mL) in a breaker at 0 ºC with continuous
stirring followed by the addition of KMnO4 (60 g) while main-
taining the reaction temperature below 15 ºC. Then raised the
reaction temperature to 35 ºC while stirring, the colour of the
reaction changed to brown colour. The solution was then diluted
with 1.5 L Millipore water to followed by addition of 20% of
H2O2 and raised the reaction to 100 ºC for 0.5 h with continous
stirring. Finally, the solution was washed with Millipore water,
acetone and 10% HCl in order to remove the residual metal
ions. The product was filtered, dried in oven at 90 ºC for 24 h
to obtain graphene oxide powder.

In next step, the graphene oxide coating on the synthesized
cobalt aluminium ferrite was done by adding 1 g of GO and 1 g
of ferrite powder in 250 mL of Millipore water. The solution
was then ultrasonicated for 100 min at 90 ºC and after the
removal of solvent, the powder sample was calcined at 600 ºC
for 2 h to obtain coated cobalt aluminium ferrite@graphene
oxide powder, which is denoted as CG1 to CG6.

Synthesis of titanium dioxide coated magnetic nano-
particle@GO by solvothermal method [(Co2+

x Fe2+
1-x)(Al3+

y Fe3+
2-y)-

O4@GO@TiO2] (core/shell/shell): A colloidal TiO2 solution
and 2 mL titanium isopropoxide (TTIP) in 250 mL methanol
were mixed with 1 g of  CG1-CG6 powder while stirring at
60 ºC for 5 h and then ultrasonicated at 30 ºC for 100 min.
Afterward, the solution was heated further to 80 ºC to evaporate
the solvent and finally calcined at 600 ºC for 2 h to obtain cobalt

aluminium ferrite@GO@titania nanocomposite (CGT1 to
CGT6) [19].

Characterization: The structural characterization of the
prepared sample was performed using Philips X-ray diffracto-
meter with Cu as the anode material. The UV-Vis absorption
spectra of sample were acquired using a double beam ultraviolet-
visible spectrophotometer using Jasco UV-Vis NIR instrument
in the 200-800 nm range. The X-ray photoelectron spectroscopy
(XPS) was used to determine the composition of the prepared
samples using a PHI 5600ci spectrometer with an Al Kα mono-
chromatic X-ray source at 15 kV and 350 W. The IR spectra
of the samples were recorded at room temperature in the range
4000-500 cm-1 using Alpha Bruker FT-IR instrument.

Antibacterial activity: The antibacterial activity was done
using disc diffusion method. In brief, A 20 mL of Mueller
Hinton agar were adjusted into sterile Petri dishes. The isolates
and standardized bacterial stock suspension were adjusted to
0.5 McFarland and streaked on Mueller Hinton agar medium
plates using a sterile cotton swab. Sterile filter paper discs (6
mm, Whatman No. 1) were soaked with different concentra-
tions (12.5, 25, 50 and 100 mg/mL) of the prepared samples,
and then placed on the surface of agar. The plates were then
incubated for 24 h at 37 ºC and the diameters of the inhibition
zones were measured in mm.

Antioxidant activity: The antioxidant activity of the prep-
ared ferrites was assessed using the DPPH method. The concen-
trations of the coated ferrite nanocomposite (25, 50, 75, 100,
and 125 µg/mL) were added to a 10 mL solution of 0.1 mM
DPPH (Sigma-Aldrich, USA) and the mixture was then kept
in the dark at room temperature for 0.5 h to allow the reaction
to occur. Subsequently, the absorbance at a wavelength of 517
nm was measured using ethanol as a reference. The experiment
was carried out in a similar manner using ascorbic acid (Sigma-
Aldrich) as the reference standard.

RESULTS AND DISCUSSION

XRD studies: The XRD patterns of cobalt aluminium ferrite
(Co2+

x Fe2+
1-x)(Al3+

y Fe3+
2-y)O4@graphene oxide@titania nanocom-

posites (CGT1-CGT6) is shown in Fig. 1. A strong crystalline
peaks of graphene oxide were observed at 26º corresponding
to the (002) plane of its hexagonal structure of graphite [20,21].
Moreover, a peak at 25º corresponds to anatase (101) plane of
titanium isopropoxide (TTIP) crystallite of anatase (101) plane
(JCPDS card no 21-1272), which confirmed the mesoporous
structure formation [22]. In Co-Al-Fe oxide samples, all the
diffraction planes were in good agreement with the α-Fe2O3

hematite phase (rhombohedral) with JCPDS card No. 72-0469.
UV-Vis studies: Fig. 2 displays the UV-Vis spectra  of

cobalt aluminium ferrites nanocomposites as well as with doped
with GO and titania nanocomposites. The cobalt, aluminium,
iron and graphene showed more absorption the UV region but
low absorption in the visible region. The band gap value of multi-
functional coated ferrite nanocomposite was approximately
~ 1.7 to 2.8 eV as obtained by using Tauc plot (Fig. 2d) [23].

FT-IR studies: The FT-IR spectra of CGT1, CGT3 and
CGT6 samples of cobalt aluminium ferrite@GO@titania is
shown in Fig. 3. The band value in the range of 3745 cm-1
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Fig. 1. XRD spectra of the prepared (Cox
2+Fe2+

1-x)(Aly
3+Fe3+

2-y)O4@GO@titania
nanocomposites

corresponds to the OH groups. A peak at 2939 cm-1 is attributed
to the carbon residual vibration, while the characteristic peaks

of graphene oxide were appeared at 2921 and 1034 cm-1, how-
ever, the prepared nanocomposites display slightly different
pattern in the region between 2000 to 400 cm-1 due to the
presence of different metallic species. For example, a characte-
ristic peak at 1035-1034 cm-1 corresponds to the FeO2 species,
while the absorption peaks at 1130-1123 cm-1 assigned to the
ν(Ti-O-C) bridging vibrations of isopropoxy groups [24-26].

XPS studies: The oxidation states of the elements and the
oxygen vacancy with doping in the samples can be predicted
from the images of XPS as shown in  Fig. 4. Table-1 mentioned
the binding energy values of Fe, Co, Al, O, C and Ti, which
displays the peak value and FWHM (eV) values. From the high
resolution spectrum of Co 2p, it can be seen that there are peaks
at bonding energies of 775.61 eV and 775.61 eV (CGT3 and
CGT6), corresponding to 2p1/2 and 2p3/2, respectively [27-29].

Antibacterial activity: The antibacterial results of the
doped spinal ferrite against E. coli and S. aureus at 1 µg/mL
(Fig. 5). In addition, the incorporation of coated spinal ferrite
nanocomposites with carbon material, particularly graphene
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TABLE-1 
X-RAY PHOTOELECTRON SPECTROSCOPY BINDING ENERGY VALUES OF  

SYNTHESIZED DOPED SPINAL FERRITE NANOCOMPOSITES 

C 1s Ti 2p O 1s Fe 2p Al 2p Co 2p 
Sample Binding 

energy 
FWHM 

(eV) 
Binding 
energy 

FWHM 
(eV) 

Binding 
energy 

FWHM 
(eV) 

Binding 
energy 

FWHM 
(eV) 

Binding 
energy 

FWHM 
(eV) 

Binding 
energy 

FWHM 
(eV) 

CGT1 285.41 3.00 459.12 2.75 530.90 4.05 724.72 4.25 78.76 0.25 – – 
CGT3 285.83 3.52 459.54 1.85 531.27 3.87 724.72 4.25 78.76 2.24 775.61 1.32 
CGT6 285.28 2.89 459.22 2.53 530.58 1.61 711.30 2.41 – – 775.61 1.32 
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oxide (GO), has the advantage of tunable properties, a subs-
tantial surface area and a high electron movement rate [30].

Antioxidant activity:  It is evident from the results (Fig.
6) that synthesized coated spinal ferrite nanocomposites exhi-
bited potent antioxidant activity at different concentrations,
however,  free radical scavenging activities of cobalt aluminium
ferrite nanocomposites were inferior to the standard (ascorbic
acid). With increased doses of spinal ferrites, the antioxidant
activity was also increased accordingly upto 59%. This anti-
oxidant activity could be linked to the transfer of free electrons
of spinal ferrite nanocomposites to free radicals of DPPH
molecules [31].
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Conclusion

In this work, a multifaceted coated spinal ferrites viz. cobalt
aluminium ferrite@graphene oxide@titania nanocomposites
(Co2+

x Fe2+
1-x)(Al3+

y Fe3+
2-y)O4 (0 ≤ x and y ≥ 2) (x = 0, 0.2, 0.4, 0.6,

0.8, 1.0 and y = 1.0, 0.8, 0.6, 0.4, 0.2, 0) were synthesized,
characterized and also evaluated its biological activity . Intially,
cobalt aluminium ferrite was prepared via sol-gel method using
citric acid as precursor. In order to enhance the structural

qualities, the coating of graphene oxide followed by the second
coating of titania via solvothermal method was done. The powder
XRD studies show the formation of cobalt aluminium-doped
hematite of multiphase structure, while in the doped cobalt-
spinal ferrite samples, all the diffraction planes were in good
agreement with the α-Fe2O3 hematite phase (rhombohedral).
Moreover, the spinal ferrites nanocomposite showed moderate
antioxidant activity and besides, in vitro analysis also showed
a  moderate antibacterial activity on E. coli and S. aureus.
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