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ABSTRACT

Green synthesis of magnetite nanoparticles is a significantly developing methodology because of its biocompatibility.
In the present work, iron oxide nanoparticles (IONPs) were synthesized by a simple Co-precipitation method using Commiphora
berryi plant exudates. FTIR, XRD and SEM techniques were used to characterize the as-synthesised iron oxide nanoparticles.
Photocatalytic activity of synthesized iron oxide nanoparticles was determined against Methylene blue (MB) dye in an aqueous
medium. Iron oxide nanoparticles acted as a photocatalyst and decomposed the dye under solar irradiation. Results show that
73 % of degradation efficiency was attained after 150 minutes with a nanoparticle dosage of 0.5 mg/L, making the IONPs a
potential applicant for various effluent treatment methods. Further, the results indicate that the efficiency increases with
increasing pH and decreases with increasing MB dye concentration. The antimicrobial activity of IONPS has been studied
against Escherichia coli and Staphylococcus aureus. IONPs show excellent antibacterial activity for both the organisms with

16.5 mm and 16.75 mm zone of inhibition, for E. coli and S. aureus , respectively.
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1.INTRODUCTION

Industrial waste contains excessive hazardous
materials which affect nature by water, air and soil
contamination (Ghosh et al. 2019). Increasing
environmental affairs affected humankind in this era of a
fast-growing population, industrial development and
macroclimate changes (Islam et al. 2019). Dye is a
colored substance with an affinity to the material to
which it is being applied like textiles, leather, plastic, etc.
Dye consumption by fabric, paper, cosmetic and leather
industries to color their products contributed a huge
amount of dyed wastewater in the environment (Motahari
et al. 2014). Industrial wastewater treatment requires the
removal of dyes and pollutants from the effluent.
Removal of dye from effluents is a demand for the good
sake of the environment. In recent decades, dye
degradation of industrial wastewater has become
necessary to control environmental water pollution.

Nanomaterials  with  desired size and
morphologies have drawn immense attention due to their
unigue morphology and size-dependent physicochemical
properties and their importance in basic scientific
research and potential applications (Mohapatra et al.
2010; Shi et al. 2012). Various transition metal oxide
nanoparticles exhibit high chemical stability, ecofriendly
nature, range of bandgap energies, good photocatalytic

activity and high surface area (Nwankwo et al. 2019).
Iron oxide nanoparticles are potential nanomaterials for
applications such as MRI agents, photocatalysts and
biomedical drug carriers. Due to their nano size, they
become a single domain and exhibit exclusive magnetic,
optical and electronic properties and they are used as an
effective tool for the elimination of pollutants from
wastewater and air. Methylene blue is a thiazine dye with
the molecular formula CisH1sCINsS, used in various
fields. It is a dark green odorless powder; when dissolved
with water, it gives the blue color solution. In the present
work, Commiphora berryi exudates stabilized magnetite
nanoparticles were synthesized by the Co-precipitation
method as nano-photocatalyst. These nanoparticles were
characterized by FTIR, XRD and SEM techniques and
their photocatalytic efficiency was established against
methylene blue dye.

2. MATERIAL AND METHODS
2.1 Materials

The chemicals ferric chloride (FeCls.6H,0),
ferrous chloride (FeCl,.4H20), NH4OH and hydrochloric
acid (HCI) were purchased from Merck. The plant
exudates were collected from Commiphora berryi shrub
by making a deep cut on the barks.
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2.2 Preparation of Iron Oxide Nanoparticles

The Iron Oxide Nanoparticles were synthesized
using the procedure suggested by Arsalani et al. (2018)
using an ethanolic solution of chosen plant exudates.
Briefly, an alcoholic solution of plant exudates with 1%
concentration was mixed with the NH4OH solution in a
beaker and heated to 90 °C. To the mixture, a hot solution
of 60 ml Fe(ll)/Fe(lIl) with 1:2 molar ratio was added
with vigorous stirring for about 10 minutes and pH of the
solution was adjusted to 11. The color change from
yellowish orange to black indicates the formation of iron
oxide nanoparticles. The prepared nanoparticles were
separated using an external magnet, washed with doubly
distilled water and dried in the oven for 1 hour at 90 °C.

2.3 Characterization of Nanoparticles

The synthesized iron oxide nanoparticles were
characterized using FTIR, XRD and SEM techniques.

3. RESULTS AND DISCUSSION
3.1 FTIR Analysis

The FTIR spectra of Commiphora berryi
exudates and Commiphora berryi exudates coated iron
oxide nanoparticles are shown in Fig. 1. The peak at
578 cm? is the distinctive peak for the Fe-O bond,
confirming the formation of Iron oxide nanoparticles
(Adrian et al. 2019). The plant exudates may contain
various phytochemicals like carbohydrates, polyphenols,
phytosterols, proteins, amino acids, flavonoids and gums
(Latha et al. 2006). The strong peak at 1030 cm™ is due
to the C-O bond on flavonols and the peak at 1450 cm*
is due to the aromatic ring in the extract. The broadband
at 3270 cm? is assigned to O-H stretching vibration of
phenolic compounds and N-H stretching of amino acids
(Suman et al. 2013).

The doublet at 2926 cm™* and 2864 cm™* are the
vibrations of lipids present in the exudates. The band at
1640 cm™ is due to N-H bending from proteins. The band
at 1372 cm? is due to C-N stretching found in the
proteins (Zahir et al. 2012) present in the plant material.
The bands at 1247 cm™ and 1726 cm™ correspond to
C-O-C stretching and C=0 stretching of polysaccharides
(Fahad et al. 2020).

3.2 X-ray Diffraction Analysis (XRD)

The XRD pattern of IONPs presented in Fig. 2
has six diffraction peaks with 26 values of 30.56°, 35.86°,
43.48°,53.86°,57.63° and 62.71°, which are the peaks of
the crystallographic planes: (220), (311), (400), (422),
(511) and (440). The diffraction peaks in the XRD pattern
correspond to the diffraction peaks of FesO4 according to
JCPDS Card number 88-0315. These peaks correspond
to the diffraction peaks of FesO4 nanoparticles (Tania et

al. 2019). The synthesized iron oxide nanoparticles were
figured out to be in pure crystalline form from the sharp
X-ray diffraction peaks. Crystalline sizes of the IONPs
were calculated using the Debye-Scherrer formula,
which is found to be 14 nm.
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Fig. 1: FTIR spectra of (a) Commiphora berryi exudates and
(b) Commiphora berryi exudates coated iron oxide
nanoparticles
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Fig. 2: X-ray diffraction pattern of CBIONPs
3.3 SEM Analysis

SEM image of IONPs in Fig. 3 exhibits well-
dispersed spherical shaped nanoparticles with less
particle agglomeration. The result confirms the role of
plant exudates as a surfactant to control the particle
aggregations.

4. PHOTOCATALYTIC ACTIVITY

To study the photocatalytic activity of
nanoparticles, MB dye solution having 150 ppm
concentration was prepared and taken in a 100 ml beaker
with 0.5 mg/L of iron oxide nanoparticles, kept in solar
light irradiation and the absorbance was measured with
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different time intervals; the equation calculated the
degradation efficiency of the synthesized IONPs,

Co—Ce

0

Degradation ef ficiency (%) = X100

where, Co - initial concentration of MB dye; C;
- concentration of MB dye at time t. The concentration of
the dye at a certain time was calculated as a function of
absorbance using a UV-Visible spectrophotometer. A
series of experiments were carried out to find the effect
of pH and the effect of dye concentration on the
degradation efficiency of IONPs.
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Fig. 3: SEM images of IONPs
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Fig. 4: (a) Degradation of MB with time and (b) Degradation
efficiency of IONPS

From Fig. 4 (a), it is seen that the concentration
of dye decreases by increasing the irradiation time from
0 to 150 minutes. Fig. 5(b) indicated that the degradation
efficiency of IONPs increased with time and reached
73% after 150 minutes of irradiation.

The effect of pH on the degradation efficiency
was a study with different pH of dye solutions ranging
from 2-10. Fig. 5 shows that the highest efficiency of
98% was attained at 240 minutes for pH 10; the
efficiency increased when the increase in pH value of the
solution. In alkaline pH, adsorbent molecules are

surrounded by negatively charged hydroxyl ions, which
cause effective adsorption of positively charged MB dye
molecules on the surface of iron oxide nanoparticles,
enhancing the degradation (Junwang et al. 2005).
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Fig. 5: Effect of pH on Degradation efficiency

In an acidic medium, the protons surrounded the
adsorbent molecules repelling the positively charged MB
dye from the surface of iron oxide nanoparticles, which
reduces the probability of degradation.

The role of the initial concentration of MB on
the degradation efficiency was studied by varying the dye
concentrations as 50 ppm, 100 ppm, 150 ppm and 200
pm. For this study, the pH of the solution was fixed at 2,
and 0.5 m/L concentration of IONPs has been used. Fig.
6 shows that the degradation efficiency decreases with
the increasing dye dosage. 50 ppm solution reached its
maximum degradation in 120 minutes and the 200 ppm
solution reached the maximum degradation only in 300
minutes.
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Fig. 6: Effect of irradiation time

At high concentrations, a certain amount of UV
light is absorbed by the dye molecules adsorbed on the
IONPs surface. Also, the MB molecules scatter the
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incident light, decreasing the absorbance efficiency of
nanoparticles, which decreases the degradation process.

5. ANTIBACTERIAL ACTIVITY

The medium was prepared by dissolving 2.8 g
of the commercially available Nutrient Agar Medium
(HiMedia) in 100 ml of distilled water. The dissolved
medium was autoclaved at 15 Ibs pressure at 121°C for
15 minutes. The autoclaved medium was mixed well and
poured onto 100 mm Petri plates (25-30 ml/plate) while
still molten. The nutrient broth was prepared by
dissolving 2.8 g of commercially available nutrient
medium (HiMedia) in 100 ml distilled water and boiled
to dissolve the medium completely. The medium was
dispensed and sterilized by autoclaving at 15 Ibs pressure
(121°C) for 15 minutes.

Table 1. Zone of inhibition of IONPS

Zone of inhibition (mm)
Name of the
organism 5 25 1 0.5 PC
mg/ml | mg/ml |mg/ml{mg/ml
S. aureus 16.75 12.5 935 | 525 17.5
E. coli 16.5 10.25 6.25 | 6.15 9.5

Petri plates containing 20 ml nutrient agar
medium were seeded with 24-hour culture of S. aureus -
902 and E. coli - 443 bacterial strains. Wells were cut and
various concentrations of IONPS (5, 2.5, 1 and 0.5
mg/ml) were added. The plates were then incubated at
37 °C for 24 hours. The antibacterial activity was assayed
by measuring the diameter of the inhibition zone formed
around the wells. Gentamicin antibiotic was used as a
positive control and the results were shown in Fig. 7.
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Fig. 7: Antibacterial activity of IONPs on E. coli and
S. aureus

The zone of inhibition (mm) increases with the
increasing concentration of iron oxide nanoparticles and
the values are given in Table 1.

At the concentration of 5 mg/L, the highest
inhibition is attained and the zone of inhibition (mm) is
16.5 and 16.75 for E. coli and S. aureus, respectively.

6. CONCLUSION

Iron oxide nanoparticle was synthesized through a
green Co-precipitation method using Commiphora berryi
exudates as a stabilizing and capping agent. Characterization
techniques confirm the formation of iron oxide nanoparticles
and the capping of plant exudates on the surface of the
synthesized nanoparticles. FesOs nanoparticles acted as
efficient photocatalysts for the degradation of Methylene blue
dye under solar irradiation. The degradation efficiency was
measured as 73% when nanoparticle concentration is 0.5 mg/L
with an irradiation time of 150 minutes. The efficiency of
IONPs increases with pH and degrades maximum dye at a pH
of 10. On increasing the MB dye concentration, the degradation
efficiency was reduced. For 50 ppm dye, the maximum
degradation was attained within 120 minutes; for 200 ppm dye
solution, 97% degradation was attained after 300 minutes.
Therefore, the synthesized IONPs can be used in environment-
related applications such as industrial wastewater treatment;
also, the iron oxide nanoparticles have potential antibacterial
activity against E. coli and S. aureus.
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