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ABSTRACT

This work reports the synthesis of iron oxide (Fe3O4) nanocomposites (NCs) such as Fe304/GO, Fe;O4/rGO using
Co-precipitation method. The synthesized NCs were characterized by X-ray diffraction (XRD), Field emission
scanning electron microscopy (FE-SEM), Fourier transforms infrared spectroscopy (FTIR), and Diffuse reflectance
ultraviolet-visible spectrophotometry (DRS). The XRD analysis showed the formation of Fe;04/rGO
nanocomposite. FE-SEM images revealed that Fe3O4 spherical nanoparticles are uniformly deposited on the reduced
graphene oxide (rGO) sheets. FTIR confirms the formation of inverse ferrite spinel structure and DRS studies
showed the strong absorption in the visible region and both types (direct and indirect) of energy bands were
calculated for iron oxide (Fe3O4) NCs.
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INTRODUCTION

Currently graphene oxide (GO) is an emerging innovative material in the world of science and technology
because of their unique and outstanding properties.'> The water-soluble derivative of graphene oxide, is
highly appreciated and continues to be intensely investigated by scientists around the world due to its
unique two-dimensional lamellar structure and high surface area as well as full surface accessibility
and edge reactivity.*** GO is an allotrope of carbon contains a random distribution of oxygen-containing
functional groups which are combined with the carbon atoms retain sp* hybridization. GO is cheaper and
easier to manufacture than graphene and can be easily reduced to Graphene-like sheets by removing the
oxygen-containing groups leads to easily to be mixed with different polymers and other materials and
enhance properties like conductivity, elasticity, tensile strength and more in solid form for composite.® In
recent few years, considerable attention has been devoted to metal oxides especially on FesO4
nanoparticles because of their low cost, non-toxicity, eco-friendly and facile preparation methods.
Moreover, Fe;O4 nanoparticles exhibit remarkable magnetic, electrical, optical and chemical properties
which enhance their response to the external magnetic field and therefore greatly facilitate the treatment
of the particles in practical uses.” Graphene-based iron oxide (Fe304) nanocomposites can be synthesized
by different methods such as hydrothermal synthesis®®, thermal decomposition!®!!, co-precipitation '>13,
sol-gel method ', and colloidal chemistry method.'> Among these preparation techniques, chemical co-
precipitation technique has proven to be the most promising technique for the production of
nanomaterials. Chemical co-precipitation technique is quite simple, cheap, the most environmentally
friendly and the particles can be obtained with controlled particle size.
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In the current work, our motivation is to synthesize and characterize the iron oxide nanocomposites to
show their enhanced properties for numerous applications in various fields such as catalysis, water
purification, capacitors, sensors, biomedical diagnosis and therapy.'®!” First Fe;O. nanoparticles are
synthesized through chemical co-precipitation technique.'® Fe;04-rGO nanocomposite was prepared by
incorporating Fe;O4 nanoparticles on the surface of reduced graphene oxide (rGO). During the reduction
process, the carboxylic and epoxy groups of graphene oxide are lost, resulting in the less dispersion of the
magnetic nanocomposite in water and other polar solvents’.The synthesized nanocomposites were
characterized by XRD, FTIR, FE-SEM and DRS UV-VIS spectrophotometer.

EXPERIMENTAL
Materials
Chemical reagents such as Ferrous chloride tetrahydrate (FeCl,-4H,O, AR) p urchased from Sigma
Aldrich, Ferric chloride hexahydrate (LR) purchased from Dr. MACS BIO-PHARMA PRIVATE
LIMITED. All other chemicals used in this work were of analytical grade and were used directly without
any purification. Unless otherwise specified, Deionized water was used for all the experiments.

Synthesis of Fe;O4 Nanoparticles

Fe3Os4 nanoparticles were synthesized by chemical co-precipitation procedure. Typically, 2 g of
FeCl>.4H,0 was dissolved in 21 ml DI water and4 ml HCl to prepare an aqueous solution (A). Further 5.4
g of FeCl3.6H,O was dissolved in 20 ml of HCI to prepare an aqueous solution (B). Solutions A and B
were then mixed together at room temperature, stirred with 900 rpm and allowed to reach equilibrium for
1 hr. Then 17.5 ml ammonia (NH4OH) solution was added quickly to increase the PH value of solution
which is required for the formation of Fe;O4 nanoparticles'®. Initially, a brown precipitate was obtained
which eventually turned black as the sample continued to oxidize. Thus obtained precipitate after 30 min
was washed with DI water several times with the help of a bar magnet and dried in a vacuum oven at 60
°C.

Synthesis of Fe;04rGO Nanocomposite

GO was prepared according to the modified Hummer’s method by oxidizing the graphite powder '°. In a
typical reaction to prepare Fe3O4-rGO nanocomposite, 20 g of GO was dispersed in 20 ml deionizer water
by ultrasonication process for 2 hrs, to obtain a homogeneous solution, after which 5 ml HC] was added.
Then 3 drops of hydrazine hydrate were added by maintaining the reaction temperature of around 80°C to
85°C and stirred for lhr at 900 rpm. Subsequently, 5.4 g of FeCl3.6H,O was added and the stirring
continued for lhr. Then 2 g of FeCl,.4H,O was added to the mixture solution of GO and the mixture
solution was stirred for 30 minutes. Finally, NH4OH solution (30 % NH4OH) dissolved in 225 ml DI
water was added and stirred for 30 min. The solution turned to black ?°. Then the precipitate was washed
several times with DI water until it reached a neutral PH = 7. The precipitate was separated and dried in a
vacuum oven at 60 °C.Fe3;04-GO nanocomposite was also synthesized under similar conditions
mentioned above except the addition of hydrazine hydrate.

RESULTS AND DISCUSSION

Structural Properties

XRD patterns of Fe;O4 nanoparticles, Fe;04-GO, and Fe;04-rGO nanocomposites are shown in Fig.-1.
The XRD pattern of Fe;O4 nanoparticles shows six characteristic peaks for 20 values of 30.26°, 35.74°,
43.22°, 53.32°, 57.24° and 62.8°corresponding to (220), (311), (400), (422), (511) and (440) Bragg
reflections of face-centered cubic spinel Fes;Ousstructure, respectively (JCPDS no.85-1436). These
characteristic peaks were also noticed in the XRD patterns of Fe3O4-GO and Fe304-rGO nanocomposites.
No additional impurity peaks were detected in all the XRD patterns indicating the high phase purity of
these cubic Fe3Os nanoparticles/nanocomposites. The diffraction patterns of composites show no
structural changes in comparison with Fe3O4 nanoparticles. Though the XRD patterns of nanocomposites
indicated no change in the characteristic peaks, a slight change in peak intensity and width was observed
2! The broad nature of peaks suggests the nano nature of all the samples. The average crystallite size was
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determined from the full-width half maxima (FWHM) of the strongest reflection of the (311) peak using

the Scherrer formula %2,
0.91

D= 1

- Bcosb

The FWHM and average crystallite size values for all the samples are given in Table-1. The lattice
parameter of the Fe;O4 nanoparticles, as calculated from the XRD pattern, is found to be 8.366°A. It is
significantly lower than that of bulk material (8.396°A). This is due to the internal atoms are compressed
into the spherical entities forming the nanoparticle assembly .
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Fig.-1: XRD patterns of Fe;O4 nanoparticles, Fe304-GO and Fe3;04-rGO nanocomposites

Table-1: Crystallite size calculated from XRD data of different samples

Sample FWHM(degree) | Crystallite size (nm) | Lattice parameter °A
Fe;04 0.8 11.5 8.366
Fe304/GO 0.81 10.4 8.386
Fe;04 /rGO 0.83 7.82 8.403

FTIR spectra of iron oxide (Fe3O4) nanoparticles, Fe304-GO and Fe;O04-rGO nanocomposites are exposed
in Fig.-2. The absorption peak at 562.34 cm’' pragmatic in case of FesO4 nanoparticles belongs to the
stretching mode of Fe-O bonds in Fe;O4 2*. The broad absorption at 3396.20 cm! related to the O-H
stretching represents the presence of hydroxyl groups that reside at the Fe3O4 nanoparticles surface, the
band at 1622.28 cm is due to the angular vibration of O-H. The manifestation of all these bands in IR
spectra for all the samples can be ascribed to a surface covering by hydroxyl groups of water 2326, But the
FTIR spectrum of Fe304-GO nanocomposite suggests that the formation of Fe3O4 and GO. A broad band
at 561.19 cm! is attributed to Fe-O vibration of Fe;Os. The characteristic band of O-H stretching
vibration appeared at 3410.98 cm’, indicating that the C=0 group is partially reduced to C-OH group.
Whereas, FTIR spectrum of Fe;04-rGO exhibits a peak at 1622.11 cm™ assigned to the C=C stretching
vibration. This indicates that GO is totally electro reduced to rGO. The Fe-O vibration band at 561.25 cm’
I also indicates the presence of Fe;O4; furthermore, it indicates that Fe*> have been oxidized into Fe;O4
nanoparticles by graphene oxide *’. These results specify the reduction of GO to rGO and presence of
Fe304 nanoparticles.

FE-SEM images of Fe;O4 nanoparticles, Fe304-GO and Fe;04-rGO nanocomposites are shown in Fig.-3.
It shows that the surface of rGO sheet is uniformly and densely anchored with Fe;O4 nanoparticles; thus,
the perfect anchoring and uniform dispersion of FesOs4 nanoparticles on GO sheets prevent the
agglomeration, which provides larger surface area; thus, facilitates the electrons transfer process 5.
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Fig.-2: FTIR spectra of Fe;04 nanoparticles, Fe304-GO and Fe3;04-rGO nanocomposites

Moreover, no independent Fe;O4 nanoparticles outside the rGO sheets are observed, which implies that
all the decorated nanoparticles are firmly attached to the surface. FE-SEM studies showed dense
morphology for all samples with a uniform distribution of spherical particles.

Fig.-3: FE-SEM images of (a) Fe3;O4 nanoparticles, (b) Fes04-GO and (c) Fe304-rGO nanocomposites

Optical Properties

Diffuse reflectance ultraviolet-visible spectrophotometry (DRS) is used to determine the optical
properties of the samples. Fig.-4: shows the DRS UV-Vis spectra of pure Fe;O4 nanoparticles, Fe3O4-GO
and Fe;04-rGO nanocomposites. The sharp absorption edge observed at near band edge for all samples.
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Fig.-4: UV-Vis spectra Fe3O4 nanoparticles, Fe304-GO and Fe3O4-rGO nanocomposites
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Fig.-5: (a) and (b) are Tauc plots of the Fe;O4 nanoparticles and FesOsnanocomposites for direct indirect band gaps
respectively

The band gap for the samples was calculated using the following formula > :
ahv = A (hv- Ey)™? (2)

Where a is the absorbance, h is Planck’s constant, v is the frequency, A is the proportion constant, n is
assumed to be 1 and E; is the band gap. Linear extrapolations are made by drawing a tangent line through
the maximum slope and taking its intersection with the X-axis at (ahv)?> = 0. An extrapolation to a=0
gives an absorption energy that corresponds to the band gap. The direct and indirect band gap of the
Fes04 nanoparticles and Fe;O4 nanocomposites are calculated using tauc plots and are shown in Fig.-5(a)
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and (b). The direct band gap energy values of Fe;Os nanoparticles, Fe304-GO and Fe3O4-rGO are
observed to be 2.76 eV, 2.81eV and 2.83 eV respectively. From these observations the band gap values
are increased in nanocomposites due to the particle size decreases.*® This leads to a shift in the absorption
edge toward the high energy side which is called quantum size effect 332, The indirect band gap of Fe;04
nanoparticles, Fe304-GO and Fe3O4-rGO are observed to be 2.53 eV, 2.83 eV and 2.93 eV respectively
which also showed an increase in the energy band gap.

CONCLUSION
Iron oxide (FesO4) nanocomposites (NCs) were successfully synthesized using the co-precipitation
method. XRD pattern represented the high phase purity of cubic Fe;O4 NCs. The diffraction peaks of
Fe304-rGO composite were in good agreement with the face-centered cubic spinal structure and showed
no structural changes in comparison with Fe3O4 nanoparticles. FTIR spectra showed that the reduction of
GO to rGO and also the presence of Fe;O4 magnetic nanoparticles. Both the direct and indirect band gap
energies of Fe;O4 nanoparticles and Fe;Os NCs were calculated and found that the band gap energy
values increased for Fe3;0s-GO and Fe3;O4-rGO. These results indicate that synthesized NCs enhanced
their properties and these NCs can be promising materials for the applications in catalysis, water
purification, etc.
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