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ABSTRACT

PVP-coated nanoparticles are increasingly being developed for photocatalytic applications. The fabrication of PVP-
coated Fe O3 nanoparticles is demonstrated in this work using a novel method. The existence of PVP and Fe,O3
phases is identified by powder XRD analysis. SEM, FTIR, and UV techniques were used to examine the
morphology and structural examination of the materials. UV—Visible DRS studies reveal optoelectronic transfer and
redshifts in PVP-coated composites. Besides, the reduction of average particle size was also identified by SEM and
XRD. The potential application of PVP-coated Fe,O3 as a photocatalyst was investigated with the use of an aqueous
solution of degraded Congo Red dye. Data from photocatalytic research show that Fe;O4-coated PVP (6 wt%)
exhibits considerably better photocatalytic activity towards the destruction of CR dyes. The improved photocatalytic
activity of the hybrid composite is caused by the combination of phases of PVP and Fe,O3 with differing band gaps.
Detailed evidence of the photocatalytic activity's mechanism is also provided.
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INTRODUCTION

Over the last twenty years, environmental concerns have gained international prominence. Globalization
is causing significant pollution and eroding the dependability of water supplies, both of which have a
direct influence on people's and the general public's health.!? Textile industry emissions are highly
politicized, with a large amount of hazardous and often scarcely biodegradable colorants.>* So far, the
world has generated about 1,000,000 tonnes of various dyes.>® Azo dyes are a well-known family of
coloring chemicals that have a wide range of uses in engineering.” The presence of many azo groups (-
N=N-) that interact to produce color differentiates them; when one of these groups is eliminated due to an
unanticipated incident, the the-conjugated system is affected, as well as the material's color scheme is
lost.®® The chemical makeup of Congo red dye is shown in Figure.1.It is particularly resistant to damage
caused by typical dyeing methods. Due to its enduring presence in the environment, toxicity to aquatic
organisms, probable carcinogenic qualities, and capacity to induce skin irritation and allergic reactions in
some people, Congo red dye can be hazardous to both the environment and human health. In order to
resolve these problems, semiconductors offer a practical solution for the reactive oxygen species that are
produced as a result of the photocatalytic action of organic contaminants, such as oxygen in the air and
the coloring of visible light.!°

Nanostructured semiconductor materials are an advanced type of photocatalysts because they exhibit
unique optical, electrical, and mechanical properties that differ from their bulk counterparts, enabling
them to be used in various applications including electronics, optoelectronics, solar cells, sensors, and
catalysis. Among the various semiconductor nanomaterials, Fe3Os is promising, inexpensive, and
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straightforward to manufacture photocatalyst that also has the ability to separate solids from liquids using
an external magnetic field. The removal of Congo red dye utilizing chemically generated Fe;O4
nanoparticles as adsorbent was explored by Debnath et al.!! Saad et al., employed the sol-gel process to
create two-color dyes, the first one dye is reactive red (RR) and the second dye is malachite green. The
dyes nanocomposite with Fe;O4 activation for ultrasonic-assisted adsorption.'? Recent studies report that
the photocatalytic — performance can be  significantly enhanced by constructing a
semiconductor/semiconductor hetero junction structure using other materials, this not only enhances the
absorption of visible light but also prevents photo-generated electrons and holes from recombining. '3. For
instance, Khashanet al. have successfully produced Fe;O4@TiO- hetero structure nanocomposites, which
have an average size ranging from 50-100 nm, markedly different from the size of Fe;O4 (2-10 nm) and
the thickness of the TiO; shell (5 nm) separately.'* It has been observed from the literature reports that the
binding of PVP to gallium ions and complexes can aid in the formation of high-quality y-Ga,Os;
nanostructures by reducing initial stage particle formation, crystallization and structural growth of y-
Ga,0s in mild hydrothermal conditions, thus indicating the potential of this method to be applied in the
production of a-Fe>O; nanostructures.!>!¢ Surface modification with polymers implanted on magnetic
nanoparticles is a novel and appealing approach.!”'According to Vadivel et al., PVP coating successfully
modifies the CoFe,Os magnetic nanoparticles physical, morphological and magnetic properties.."
Because PVP polymer is soluble in water, non-hazardous, and frequently utilized in a various field of
applications, we employed it as a coating material in this work.? Compared to other synthesis methods
such as solvothermal, and hydrothermal, the precipitation method offers the advantage of producing a
small crystalline size, which can be controlled by selecting the appropriate precipitating agent during the
reaction.’'In order to utilize the advantageous of precipitation method as well as PVP coated iron oxide
nanoparticles, In this research, we used the precipitation process to create PVP-coated FesOs
nanoparticles and we looked at their structural and optical characteristics as a function of polymer
concentration, as well as a photocatalytic study to remove Congo red dye from water-soluble solution.
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NaO3S v e SO3Na
Fig.-1: Congo Red Chemical Structure

EXPERIMENTAL
Material and Methods
The chemicals used in this experiment were all analytically pure and utilized in accordance with the
instructions. Ferric chloride hexahydrate (FeCl3.6H,0),Polyvinyl pyridine (PVP),
Ferroussulphateheptahydrate (FeSO4.7H>0),(NH4OH) , congo red dye (CR) and 26% of ammonia were
received from merk. The solvent was deionized water. Concentrated water was used to clean all of the
glassware. The investigations were conducted entirely with dry equipment.

The creation of PVP-coated iron oxide nanoparticles

Chemical co-precipitation was used to make PVP-coated Fe3O4 nanoparticles. In a typical experiment, a
250ml lessened flask was filled with 50ml of 0.01M ferric chloride aqueous solution, 50 ml of 0.033M
aqueous solution ferrous sulphate, and 1 g (PVP). To create a standardized solution, the solution mixture
was agitated for 30 minutes,additionally 0.25 M ammonia solution was made using 50 mL of deionized
water., which was subsequently treated to the solution till the pH achieved 11. On a motorized stirrer, for
three hours, the solution was vigorously agitated. at normal temperature. Dark black was created as the
solution., which represents the creation of Fe;O4. An everlasting magnet bar was utilized to magnetically
filter the supernatant, which was then homogenized in methanol and isolated yet again. To eliminate the
excess amine molecules, this process was done four times. Before being calcined for 4 hours at 400 C,

537
POLYVINYL PYRROLIDONE (PVP)-COATED Fe;04s NANOPARTICLES P. Rajeswaran et al.



RASAYAN J. Chem.
Vol. 16 | No. 1 |536-542| January - March | 2023

black granular PVP-coated Nanocrystals were dried at room temperature for the complete day.?
Components made from Fe;O4/PVP(2g), Fe;04/PVP(4g) and Fe;O4/PVP(6g) employing 2,4 and 6 g of
PVP, accordingly. The synthesized PVP-coated Fe;O4 materials' X-ray diffraction patterns could be seen
in the 2 theta range of 10-80 with a step size of 0.025 degrees on an X-ray diffractometer. With the help
of a JEOL 6490 LB SEM, radiographs of the compounds were acquired (SEM). At a 3kV working
electrical energy, the scanning electron microscopic pictures were obtained. Using Perkin Elmer spectrum
two devices, We obtained the substance as-prepared FT-IR spectra. A carry 100 spectrophotometer was
employed to collect UV-visible spectra in the 200-800 nm range while operating in absorption mode.

RESULTS AND DISCUSSION

XRD Analysis

XRD analysis was performed on the above-mentioned generated Fe3;O4, Fe;04/PVP (2%), and Fe;O4/PVP
(6%) materials to assess phase, crystal arrangement, and purity and it is shown in fig.1. Using the X-ray
diffraction peaks in the XRD pattern of such compounds, it is simple to identify the magnetite FezO4
phase. The materials obtained by calcining a deposit at 400°C for three hours are completely pure Fe;Os,
as can be seen from the XRD pattern. Sharp peaks can be seen on the XRD and widened in the diffraction
pattern, suggesting the development of Superb Fe;O4/PVP materials that are crystalline and compact. The
equivalent diffraction peaks to (220) (311) (400) (422) (511) and (440) are nearly comparable to the
Fe;04 crystals cubic spinal structure defining peaks. Despite the fact that Scherer's equation is only
approximate, it provides an estimate of crystallite size for particles less than 100 nm.?* The instrumental
and sample-dependent effects both contribute to the breadth of diffraction peaks. The average particle size
was determined using the XRD peak (311). According to reports, the materials Fe;O4s/PVP (0%),
Fe;04/PVP (2%), and Fe3O4/PVP (6%) all h;ld average crystallite sizes of 35, 30, 30 nm.
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Fig.-2: XRD pattern of a) Fe304 b) 2%PVP-Fe304 ¢) 6%PVP-Fe;04

FTIR

Figure-2 illustrates the following FT-IR spectra of nanocrystals decorated with varying amounts of PVP.
The stretching frequency of the water molecules' adsorbed -OH band on the surface of PVP-coated Fe;O4
nanoparticles causes one peak in the FT-IR spectrum to appear in the 3444-3401 c¢cm 'range.The peaks
that were reached in these samples around 1615 and 1642cm™ are associated with the intensity of C=0O
stretching. The magnetite frequencies (at 572cm™ and 633cm™ in these samples) represent two vibration
bands.?* The IR active mode of vibration has been identified as the source of the single vibrational band at
572 in Fe304 nanoparticles.”® The C=0 absorbance zones shift from 1680cm™ to 1662cm™ when PVP
concentration rises. The results demonstrate that the carbonyl group in PVP is connected to iron oxide and
the reduction in particle size is a result of the manner PVP and Fes;Oj, interact resulting in the prominence
of nanoparticle surfaces. The peak at 1289cm™ is due to the N-vinyl pyrrolidones C-N stretching
vibration. These FT-IR spectra provide substantial evidence that the PVP-coated magnetite nanoparticles
originated by C=0 interaction.

Scanning Electron Microscopy studies

FesOs4 nanoparticles have a broadly spherical form, according to scanning electron microscopy
investigations (fig. 4). According to studies, globular-shaped nanoparticles occur when The interface
between Fe;04 magnetic nanoparticles maintained a constant nucleation rate per unit area.?®*’ Figure 4.a
depicts typical SEM micrographs of aggregation of ultrafine particles in the FesO4/PVP (0%), Fe3;04/PVP
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(2%), and Fe;04/PVP (6%) samples. The magnetic dipole-dipole interaction between nanoparticles causes
agglomeration in these samples.?®
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Fig.-3: FT-IR spectra of a) Fe304 b) 2%PVP-Fe;04 ¢) 4%PVP-Fe;04 ¢) 6%PVP-Fe;04
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Fig.-4: SEM images of a) Fe304 b) 2%PVP-Fe304 ¢)6%PVP-Fe;04

UV-Vis DRS analysis

The effectiveness of photo conversion depends on the band gap width and optical absorption capacity. In
order to estimate these parameters, UV-Vis DRS was utilized, and the spectra of each sample's optical
absorption are shown in Fig. 4a.. Spectra show that all of the substances significantly absorb visible light
(410-495 nm). After Polyvinyl Pyrrolidone inclusion, the absorption edge of PVP in Fe3Os is
considerably moved towards a higher wavelength (495 nm). The substances' band gap energy is dropping,
and the absorption edge of the powdered samples exhibits a clear red shift. The intensity of the band of
the samples was determined utilizing the K-M model.**! The energy band gap values fall from 3.59 to
3.37 eV as PVP concentration rises from 2 to 6 wt%, according to the absorption edge values.
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Fig.-5: UV-Spectra of a)Fe304 b)2%PVP-Fe304 ¢)4%PVP-Fe;04 ¢) 6%PVP-Fe;04

Photocatalytic activity measurements

To test the photocatalytic performance of PVP-coated Fe;O4 materials, Congo red dye degradation was
used. According to photocatalytic analysis, Congo red's adsorption-desorption equilibrium is
accomplished in the dark for 30 mins. In the beginning, several irradiations of the photocatalytic activity
of a synthetic catalyst for the degradation of CR dye were studied. According to the findings, the reactive
dye decolorization is significantly impacted by the number of catalysts used and the duration of the
irradiation period. Photocatalytic performance information is shown in Figures-7 and 8. The figure
showed that when PVP concentrations increased, the photocatalytic activity of PVP-coated Fe;O4
increased. Moreover, observing the respective UV absorption peak of Fig.6, the absorption intensity of
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the dye molecule continuously decreases when increasing the irradiation time. The complete vanishing of
peak observed only after 120 minutes, suggests the photoactivity of materials and photodegradation
increases with increased time. The efficiency of materials to degrade the CR dye was measured by the
standard expression 1 = (1 —C/C,),C0 is the level of CR concentration prior to lighting. and C represents
the dye concentration following a specific irradiation period. The enhanced photocatalytic performance of
the materials was estimated to be 36,45, and 78% for pristine,0%,2% and 6% of Fe3Os samples
respectively after 120 minutes. After 120 minutes of UV exposure, Fe;O4 samples coated with PVP (6
wt%) showed a tremendous rise in the catalytic efficiency of CR dye. PVP coating (6 wt%) effective
responses to the photocatalytic activity, with Congo red dye degradation having the highest decolorization
at 78%. This might be explained by the fact that PVP-coated materials have a larger surface area than
uncoated ones. This could boost the effectiveness of the electron-hole separation and offer more places
for the adsorption of color molecules to take place.*> Moreover, the materials' reusability was
tested(Figure 10). This suggests the sway and reusability of the materials. When the sun's light is present,
The separation of the photogenerated holes and electrons may be improved by the VB electrons' capacity
to transition to the Fe,O3; conduction band. More organic compounds can be attached to the surface of the
photocatalyst when it has a desired surface area, which is advantageous for photocatalytic activity.
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Fig.-7: Photo catalytic degradation efficiency of a) Fe;04b) 2%PVP-Fe304 ¢) 6%PVP-Fe304
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Fig.-8: Cycles of degradation

CONCLUSION

A co-precipitation approach was used to effectively synthesize Fe3O4 nanoparticles wrapped in varying
quantities of PVP. The Fe3O4/PVP nanoparticles evolved into an inverted spinal structure of crystalline
cubes Fe;04/PVP nanoparticles with high photocatalytic properties due to the huge pore size and surface
area. In the above work we checked the photocatalytic activity of FesO4/PVP (0%), Fe;04/PVP (4%) and
Fes04/PVP (6%) respectively by using a CR as an adsorbent. The highest photocatalytic reaction was
found at FesO4/PVP (6%)as an adsorbent because it had a huge pore size and surface area compared to
others. Congo red’s equilibrium took 90 minutes to reach and It is unaffected by the CR dye's original
concentration. So it can be said that PVP-coated Fe;O4 nanoparticles perform and also adsorbents to
absorb the color and consequently, it might be applied to industrial-scale wastewater remediation.
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