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Abstract : Iron oxide nanoparticles were synthesized using aqueous extract of Piper betle
leaves through rapid single step method which could be suitably scaled up for large-scale
production. The phenolic compounds present in the leaf extract were found to work as reducing
and capping agent facilitating the formation of nanoparticles. The synthesized iron oxide
nanoparticles were characterized by UV-Vis Spectroscopy, scanning electron microscopy,
atomic force microscopy and transmission electron microscopy. Both scanning electron
microscopy and atomic force microscopy analysis show that surface of the iron oxide
nanoparticles were well capped by the phenolic groups present in Piper betle. Transmission
electron microscopy analysis confirmed the spherical shape of the iron oxide nanoparticles with
an average particle size of 16 nm. Energy dispersive X- ray spectroscopy showed the presence
of elemental iron and oxygen indicating that the nanoparticles are essentially present in oxide
form. The synthesized iron oxide nanoparticles were utilized as green catalyst for the effective
decolourization of malachite green and methyl orange.
Keywords : Iron oxide nanoparticles; Piper betle; Methyl orange; Malachite green;
Degradation.

Introduction

Metal nanoparticles have found extensive use in different applications owing to their typical optical,
electrical and magnetic properties [1-3,33-45]. Different transition metal oxides including iron oxide
nanoparticles (FeONPs) have been focused in various applications such as sensors [4], catalysts [5], in
wastewater treatment [6], in energy storage [7], in tumor detection [8] and as antimicrobial agents [9].

There are good number of reports on the development of synthetic methods to produce FeONPs which
include reduction by chemical, electrochemical, photochemical methods and heat treatment [10-13]. These
methods not only use toxic chemicals but also produce toxic byproducts which have potential to become
hazardous to the environment. On the other side, green methods show path to minimize the usage of toxic
chemicals and reduce waste generation. Ultimately, the focus of the researchers has been on synthesizing
nanoparticles through green methods using different plant extracts which serve as reducing and stabilizing
agents.

Piper betle, a plant belonging to the Piperaceae family, has been known to possess phyto-constituents
such as acetyl eugenol, trans-isoeugenol, chavicol, chavibetol, chavibetol acetate and allyl pyrocatechol
diacetate [14, 15] capable of acting as reducing as well as stabilizing agents [16]. Already few reports available
on green syntheses of iron oxide nanoparticles using other plant extract [17-20]. As of now, Piper betle leaves
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have been used for only synthesizing gold and silver nanoparticles [14, 21]. Based on the rich content of
phenolic compounds and since it has not been explored much for the preparation of other metal/ metal oxide
nanoparticles it has been chosen for the synthesis of Fe3O4 NPs.

Dyes used in various industries  showed their  presence at  a  reasonable level  in  waste  water  even after
treatment and pose a serious threat to the environment. These dyes are known to cause major health problems in
humans which include carcinogenic and mutagenic effects [22-24].Conventional dye degradation techniques
such as coagulation, flocculation, adsorption and membrane filtration [25] not only uses hazardous chemicals,
but also results in incomplete degradation of dyes. Hence greener methods using biocompatible catalysts are of
great interest in recent time’s especially metal/ metal oxides in degradation methods. Reports are available on
the degradation of methyl orange and malachite green using iron oxide nanoparticles [19,26] synthesized
through chemical methods as well as green methods.

Hence in the present work, we have reported the green synthesis of FeONPs using Piper betle leaf
extract in which the phenolic constituents act as reducing as well as stabilizing agents. The synthesized FeONPs
have been utilized for catalyzing the decolourization of methyl orange and malachite green assisted by H2O2.

Materials and methods

Anhydrous Ferric chloride (FeCl3) and hydrogen peroxide (H2O2) procured from Merck, methyl orange
(MO) and malachite green (MG) procured from SD-Fine chemicals were used in this study. The structure of
MO (C.I. 13025) and MG (C.I. 42000) were shown in the Fig.1.Fresh Piper betle leaves were procured from
local market. Milli-Q water was used in all the experiments.

Fig.1.Structures for (a) MO and (b) MG

Preparation of FeONPs using Piper betle leaves extract

Freshly collected Piper betle leaves were washed several times with distilled water to remove dirt and
unwanted materials. These leaves (20 g) were finely chopped and mixed with 50 mL of water in a flask,
followed by stirred at 80°C for 30 minutes. The resultant extract was filtered through Whatmann filter paper and
stored at 4°C for further use. For the preparation of FeONPs, a mixture of 0.1 M FeCl3 solution and the Piper
betle extract in a 1:2 (v/v) ratio was stirred for one minute on mechanical stirrer and by distinct colour change
from pale brown to blackish brown. Formation of nanoparticles was seen by the change in intensity of the peaks
corresponding to plant extract as well as FeCl3 (shown in black and red color in Fig.2, between 220-280 nm)
with an with an appearance a new broad absorbance band (shown in green in Fig. 2) in the visible region
(between 500-700 nm) , in the UV-Visible spectrum [27].
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Fig.2. A UV-Vis spectrum of (a) Piper betle leaves extract (b) Ferric chloride and (c) FeONPs. The inset
shows the photographic image of the Piper betle leaves extract, Ferric chloride solution and after mixing
them (from left to right vials).

Characterization of FeONPs

The morphology of the FeONPs was imaged by scanning electron microscopy (SEM) using SEM
Model JSM 6360 with energy dispersive X-ray spectroscopy (EDS) and Atomic force microscopy (AFM) using
Nanosurf easy scan. Size and shape of the nanoparticles were obtained using TECHNAI SPIRIT G2
transmission electron microscope (TEM).

Catalytic activity of FeONPs during the degradation of dyes

Stock solutions (1x10-3M) of MO and MG were prepared and from which required concentrations were
prepared by dilution. For the degradation of MO and MG by H2O2, 250 µL (5×10-5 M) of the respective dye
solutions were mixed with H2O2 (1:10 v/v ratio of dye to H2O2) in a UV-Vis quartz cuvette. In another set of
dye and H2O2 mixture, 10 µL of synthesized FeONPs suspension was added to verify the catalytic effect of the
FeONPs on the decolourization process. The progress of the decolourization for both sets of dye solutions was
monitored by measuring the change in absorbance of the dye solutions on a JASCO V-670 spectrophotometer at
regular interval of time.

Results and discussion

UV-Vis spectroscopic analysis

FeONPs  were  prepared  by  using  the  aqueous  leaves  extract  of Piper betle. The formation of the
nanoparticles was observed to be rapid as indicated by the colour change which occurred immediately after
addition of the leaves extract to FeCl3.This is supported by the appearance of a broad absorption band seen
feebly in the higher wavelengths and no absorption in lower wavelengths (Fig.2) [28]. It is interesting to note
that the formed FeONPs were observed to have an envelope of FeOOH in similar manner as given in a previous
report [29].The formation of nanoparticles is known to take place through complexation of Fe salts followed by
capping of Fe with phenolic compounds [16].

FT-IR analysis of the leaves extract

FT-IR spectrum of the Piper betle leaves extract was recorded to identify the functional groups of the
phyto constituents responsible for the reduction of the metal precursors. FT-IR spectrum of the extract (Fig.3)
shows band at 3400 cm-1 due to intramolecular hydrogen bonded O-H groups. In addition, the peaks at 1631 cm-

1,1402 cm-1 and 1090 – 1030 cm-1 can be attributed to the C = O, in-plane bending vibrations of –OH, and C-O-
C stretching respectively [19].
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Fig.3. FT – IR spectra of Piper betle leaves extract

Morphology and particle size analysis of FeONPs

Both  the  SEM  and  AFM  images  (Fig.4)  indicate  the  morphology  as  cluster  of  crystals  due  to  the
capping of FeONPs with phenolic compounds present in Piper betle extract.

Fig.4. (a,b) SEM images of FeONPs and  (c,d) AFM images of FeONPs.

The  TEM  images  (Fig.  5)  of  FeONPs  showed  that  the  particles  are  polydispersed  and  spherical  in
shape.  The average particle  size calculated from the TEM images (Fig.6)  is  16 nm. The presence of  iron and
oxygen was confirmed by EDS analysis.
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Fig.5. TEM images of FeONPs and  EDS spectrum of  FeONPs

Fig.6. Histogram and statistical data obtained from TEM images of FeONPs

Catalytic activity of FeONPs in degradation of MO and MG

The synthesized FeONPs was used as catalyst for the decolourization of MO and MG dyes assisted by
H2O2 as an oxidizing agent. The kinetics of degradation of MO (5×10-5 M) and MG (5×10-5 M) using H2O2 (1:10
v/v ratio of dye to oxidizing agent) in the presence and absence of synthesized FeONPs was monitored by UV-
Vis spectroscopy and the data is shown in the [Fig. 7 (a) and (b)].

Fig.7. Kinetics of degradation of (a) MO and (b) MG using H2O2 in the presence of green catalyst
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In the absence of catalyst, decolourization of MO and MG was not noticed even after 24 h, indicating
that there was no direct oxidation pathway by peroxide. However, decolourization of MO and MG occurred
only when FeONPs was introduced into the solution mixtures indicating essentiality of the NPs for promoting
the decolourization which probably occur through free radicals pathway. The introduction of the nanoparticles
may facilitate the formation of OH• radical through which the degradation of the dye proceeds.  Because of the
higher concentration of H2O2 compared to the other reactants in the solution, both the reactions are seen to
follow pseudo first order kinetics. The rate constants for both the dyes were calculated by plotting log (a-x) vs t
[Fig.8 (a)  and (b)],  where ‘a’  is  concentration at  different  intervals  of  time and ‘x’  is  the concentration under
equilibrium conditions .The rate constant for MO was found to be 0.0563×10–3 sec-1 and  that  of  MG  was
2.97×10–3 sec-1. The degradation efficiency [Fig.9 (a) and (b)] of MO was 73.29 % and that of MG was 93 %.

Fig.8. Kinetic data for first order plot of (a) MO and (b) MG

Fig.9. The degradation efficiency of (a) MO and (b) MG catalyzed by FeONPs nanocatalyst

Conclusions

In this study, an eco-friendly synthetic method for successful preparation of FeONPs using Piper betle
extract at ambient conditions was reported. The phenolic compounds present in the Piper betle possibly, act as
both reducing and capping agents. The synthesized FeONPs were effective in catalyzing the degradation of MO
and MG dyes with H2O2 as an oxidizer. This could possibly pave a route for similar industrial application for
dye degradation from effluent.
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