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ABSTRACT: In this study, the iron oxide nanoparticles were synthesised by green synthesis technique 
using lotus seed extract. The phytoconstituents present in the seed extract play a significant role in the 
fabrication of nanoparticles and acts as a stabilizing, reducing and capping agent. The prepared iron 
oxide nanoparticles were analysed using various techniques such as X–ray diffraction (XRD), scanning 
electron microscope (SEM), Fourier transformed infrared spectroscopy (FT-IR), Energy dispersive X– 
ray, and UV–Visible spectroscopy techniques. XRD result reveals that the average crystallite size was 
45.1 nm and the crystallite shape was face – centred cubic in structure. The band gap energy of α-
Fe2O3 nanoparticles was calculated to be 2.74 eV from UV–Visible analysis. The dye was determined 
using iron oxide nanoparticles. The photocatalytic degradation efficiency of methyl orange was 
achieved about 93.5 % in the conditions of 50 ml of 100 mg/L dye concentration, pH = 7.0, 10 mg/ml 
α-Fe2O3 and reaction time 120 minutes. The results of this study highlights that the nanomaterials 
prepared through green route have great importance in dye degradation applications.  
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1.  INTRODUCTION
 

Water pollution is getting increased day by 
day due to the discharge of toxic and non-
degradable compounds in recent years [1,2]. 
There are about 10,000 dyes that are 
manufactured and being used for different 
applications. The removal of dye compounds 
from waste water is a great challenge because of 
its high water solubility, chemical, photo and 
thermal stability. The release of untreated 
waste water with the presence of dyes can 
cause adverse health effects to the humans and 
surrounding environment. Methyl orange (MO) 
is one of the commonly used dyes in textile 
industries for colouring fibers, cotton, silk and 
wool. Moreover, a long exposure to MO may 
cause serious issues such as skin irritation, 
respiratory problems and mental disorders 
[3,4]. Therefore, an efficient material is urgently 
required to degrade successfully various dye 
pollutants. 

Iron based transition metal oxides are widely 
exploited for photocatalytic degradation of dyes 

due to its different metal-oxygen ratios, narrow 
band gap, stable thermodynamic phase and 
varied structure–activity relationship 
properties. α-Fe2O3 is one of the most 
commonly utilized polymorph in photocatalytic 
degradation of dyes due to its exceptional 
electronic, high corrosion resistance, chemical 
stability, and mechanical properties. But the 
major drawback of this photocatalyst is its high 
recombination rate of photogenerated electrons 
and holes (<10 ps) [5, 6]. There are several 
methodologies such as hydrothermal, co-
precipitation, sol-gel, solvothermal, 
electrochemical and chemical precipitation are 
followed to prepare iron oxide nanoparticles 
with low photogenerated charge carrier 
recombination rate [7-10]. The major 
drawbacks in hydrothermal process are limited 
scalability and specialized equipments 
requirement to maintain the preparation 
conditions. In the electrochemical method, the 
limitations are one can use only materials that is 
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having the property to be deposited 
electrochemically. In co-precipitation method, 
controlling the particle size and distribution is 
difficult, which requires careful control of pH 
and temperature. Therefore, a lot of attention 
has gained recently to fabricate iron oxide 
nanomaterials (α-Fe2O3 NPs) using plant 
extracts to reduce the charge carriers 
recombination rate. The idea of undertaking 
green route is to avoid the use of toxic 
chemicals and high energy requiring 
procedures. Moreover, the plant extracts 
included into the preparation of nanomaterials 
has the ability to increase the photoactivity of 
the metal oxides [11-13]. Because of the 
synergistic effect, the light absorption ability, 
electron-hole pairs separation, and the 
photocatalytic efficiency of obviously could be 
improved. 

Hence, the present work mainly focuses on 
the biosynthesis of iron oxide nanoparticles by 
employing lotus seed extract, as a reducing and 
capping agent and also to investigate the ability 
of the material for the photocatalytic 
degradation of methyl orange dye. 

2.  MATERIALS 

Iron chloride (FeCl3) was obtained from 
Mercury scientific chemicals, Salem, Tamil 
Nadu. Lotus seeds were gathered from local 
surrounding in Salem district. Methyl orange 
dye (MO), distilled water, Whatman filter paper 
(Grade No. 1), and ethanol was purchased from 
Chemico glass and scientific company, Erode, 
Tamil Nadu. 

2.1. Preparation of lotus seed extract 

The lotus seeds were washed in distilled 
water. After cleaning, the seeds were allowed to 
dry.  The dried seeds were grounded into 
powder consistency.  20 g of lotus seeds powder 
were added to 100 ml of distilled water and 
continuous stirring for 1 hour at  on a hot 
plate. After one hour the solution was allowed 
to reach the room temperature.  Using 
Whatman filter paper the extract was filtered 
and kept the extract for further use at 4°C. 

2.2. Synthesis of iron oxide nanoparticles 

     1 gm of ferric chloride was mixed with 10 ml 
of lotus seed extract. Then, the solution was 
stirred for 1 hour at 25°C.  The colour change is 
occurred as a result of iron oxide nanoparticles 

produced.  Later, the obtained solution was 
centrifuged twice for 15 mins at 4000 rpm. 
Then, the particles were washed with ethanol 
and water alternatively for three times. Finally, 
the sample was dried for two hours at 60 ºC in 
hot air oven.  

2.3. Characterization of iron oxide 
nanoparticles: 

The synthesized iron oxide nanoparticles (α-
Fe2O3 NPs), were analysed through different 
techniques such as SEM-EDX, XRD, FTIR and 
UV–Visible spectroscopy.  The scanning electron 
microscopy technique (SEM, JEOL (JEM-2100F), 
100 kV) was used for the morphology analysis 
of iron oxide nanoparticles. X – ray diffraction 
(XRD), Cu – Kα radiation at a wavelength of 
1.541 nm, 2𝜃 at 20°- 80° was used to detect the 
structural properties and phase identification of 
iron oxide nanoparticles through Bruker D8 
advanced powder diffractometer. A Fourier 
transform infrared microscopy (Spectrum 65 
FTIR, Perkin Elmer) was used to study the 
morphological characteristics and O-H bonding 
of iron oxide nanoparticles from 4000-400 cm-1 
wavelength range. A UV–Vis spectrometer 
(Philips 8800) was used to study the 
photocatalytic reaction. The optical band gap of 
sample powders was studied using BaSO4 as 
reference sample from 310 to 800 nm to record 
the absorption peaks of iron oxide 
nanoparticles.  

The photocatalytic activity of iron oxide 
nanoparticles was investigated using 50 mL of 
10 ppm MO dye and 10 mg of catalyst was 
added in a round bottom flask under stirring 
condition at dark room. The flask containing the 
reaction mixture was placed 15 cm away the 
lamp source.  Then, the solution was irradiated 
to light (250 W Halogen, Philips, India). 
Afterwards, 2 mL of sample were withdrawn at 
specific time intervals and absorbance was 
measured by UV–Vis spectrometry. MO 
concentrations were measured without using 
light irradiation and iron oxide nanoparticles. 

3. RESULT AND DISCUSSION 
3.1. X – ray diffractometer (XRD) analysis of 
Fe2O3 NPs 

The crystalline properties of green 
synthesised iron oxide nanoparticles have been 
examined by XRD analysis as shown in Figure.1. 
The XRD patterns of iron oxide nanoparticles 
(α-Fe2O3 NPs) showed distinctive peaks at 2𝜃 
values of 
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29.72°, 35.62°, 38.83°, 49.08°, 61.80° and 66.46° 
corresponding to (012), (104), (110), (024), 
(214) and (300), respectively. The XRD pattern 
confirmed that no other impurity peaks were 
found. The XRD pattern was agreed well with 
the usual α-Fe2O3 peaks. Further, no other Fe2O3 
polymorph was seen in the XRD result of the 
sample. Further, the crystallite size of iron oxide 
nanoparticles was determined by using Debye 
Scherrer’s formula. 

D =   k λ / β Cos𝜃 

In the above equation, D refers the crystallite 
size, λ indicates the wavelength, β denotes the 
peak lines, k represents the shape factor, 𝜃 is 
the Bragg’s diffraction angle [14]. The average 
crystallite size of α-Fe2O3 nanoparticles was 
calculated using Scherrer’s formula and found 
to be 45.1 nm.  

 

 

 

 

 

 

Figure 1: Fabrication of iron oxide nanoparticles in XRD pattern 

3.2. FT-IR analysis of Fe2O3 NPs 
 

FT-IR analysis was used to identify functional 
groups present in the range of 400 to 4000 cm-1. 
The α-Fe2O3 NPs FT-IR results are given in 
Figure 2.  The stretching mode of aromatic O–H 
is visible at 3392cm-1[15]. The other 
characteristics peaks of CH3 and CH2 are visible 
at 2935cm-1 and 1639cm-1, respectively.  C–H 
overtones resulted in a peak at 1428cm-1.  
Spectra of aromatic rings C=C show the 
stretching mode at a wavelength of 1161 cm-1, 

Although methylene C-H bending mode occurs 
between 1032cm-1. The peak at 843 cm-1 is the 
result of M-O-M bending.  The peak at 569 cm-1 

is occurred due to the stretching vibrations of 
iron oxide. The reduction of metals and the 
capping of iron oxide nanoparticles were 
accomplished by the phytochemicals available 
in the seed extract.  The iron oxide 
nanoparticles formation has been confirmed by 
FT-IR analysis [15]. 

 

 

 

 

 

 

 

 

Figure 2: The FT-IR spectra of iron oxide nanoparticles 
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3.3. SEM analysis with EDX of Fe2O3 NPs 
Figure 3(a) shows the morphology of 

synthesised iron oxide nanoparticles by SEM 
analysis. The SEM image shows that iron oxide 
nanoparticles were formed in spherical shape. 
The results also show that particles are 
agglomerated in nature. The presence of 
stabilizing, reducing and capping agents in lotus 
seed extract may promote the formation of 
nanoparticles with less agglomeration and 
spherical in shape. The energy dispersive X-ray 

(EDX) analysis was conducted to determine the 
elemental composition of prepared samples, as 
shown in Figure 3(b). The EDX spectrum 
indicates that the prepared sample consists of 
Fe (90.11%) and O (9.89%) only. The 
distribution of Fe and oxygen O confirms the 
homogeneity of the sample. Histogram 
distribution plot from SEM image shown in 
Figure 3(c), demonstrated that the average size 
of was found to be 45.1 nm using Image J 
software.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 (a): SEM analysis and (b): EDX spectrum of iron oxide nanoparticles 

(c): histogram of the particle size distribution of α-Fe2O3 NPs from SEM analysis 

 
3.4. UV– visible spectroscopy 
 

The UV–Visible absorption spectra of α-Fe2O3 
NPs synthesized using green methods were 
analysed at room temperature.  Figure 4 shows 
the UV–Visible spectroscopy results of α-Fe2O3. 
The results indicate that it has strong light 
absorption ability. Also it suggests that the there 
was a quick movement of electrons from the 

valence band to the conduction band energy 
was occurred [16]. The band gap of iron oxide 
nanoparticles was determined using the 
equation E = hc/λ, where h is Planck’s constant, 
c is the speed of light, and λ is the wavelength. 
The UV–Visible spectrum of lotus seeds extract 
showed a peak at 452 nm, indicating the 
stability of the formed iron oxide nanoparticles, 
with the higher intensity suggesting a high yield 
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of nanoparticles.  The bandgap energy of 2.74 
eV was calculated and is consistent with the 

band gap values reported in the literature [16].   

 

 

 

 

 

 

 

 

Figure 4: UV – Visible spectrum of iron oxide nanoparticles 

 

 

 

 

 

 

Figure 5(a):  Photocatalytic absorbance spectrum of iron oxide nanoparticles,  
(b): Plot of ln (Cf/Co) as a function of irradiation time for MO dye 

 

3.5. Photocatalytic activity 

The photocatalytic activity of α-Fe2O3 NPs for 
MO degradation was studied under visible light 
using a 250 W Halogen lamp. Figure 5(a) shows 
the reduction of absorption peaks of MO dye 
during the photodegradation reaction. In 50 ml 
of methyl orange solution, 10 mg of catalyst (α-
Fe2O3 NPs) was added. The solution was stirred 
for one hour in a dark environment to attain 
adsorption – desorption equilibrium, the 
degradation test was carried out to determine 
the photocatalytic behaviour of biosynthesis 
mediated iron oxide nanoparticles. The kinetics 
study for photocatalyst of MO dye by iron oxide 
sample is represented in Figure 5(b).  The 
decreased dye absorption peak over time 

suggests that complete breakdown of dye 
molecules into smaller organic acids. The 
solution was examined using UV–Visible 
spectrometer to determine the concentration of 
dye compounds after degradation process at 
regular time intervals. The dye degradation 
efficiency was calculated using the equation, 
Degradation efficiency (%) = [Ci – Cf / Ci]× 100. 
In this equation, Ci refers initial absorbance of 
the dye solution; Cf denotes absorbance after 
photocatalytic activity [17]. The significant 
photodegradation activity exhibited by the 
biosynthesised α-Fe2O3 NPs nanoparticles is 
compared with previous reports as shown in 
Table.1. The higher MO degradation efficiency 
can be attributed to the higher activity of α-
Fe2O3 nanoparticles prepared using 
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biosynthesis route. The hydroxyl radicals 
generated during the photoreactions promotes 
the redox reactions to degrade the MO dye 
molecules. In particular, α-Fe2O3 prepared 
through biosynthesis approach efficiently 
captures the electrons and remarkably 
decreased the electron-hole pair recombination 

events [18-20]. The mechanism depends on the 
generation of superoxide radicals (•O2⁻) and 
hydroxyl radicals (•OH). The radical species 
play a crucial role in the degradation process to 
attack the Methyl Orange (MO) dye molecules in 
order to break their complex structure into 
simple and smaller molecules [21-24]. 

Table 1 Comparison of various dye degradation of Fe2O3 NPs 
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Rh B 

Husked rice-
shaped iron 
oxide 
nanoparticles 
(Fe2O3 NPs) 

393 50 50 92% 50 
Biogenic 
Preparation 

[16] 

MB 

Hematite α-
Fe2O3 NPs from 
iron chloride 
(FeCl2·2H2O) 
solution using 
Mentha 
pulegium 
extract 

256 to 300 10 100 78.68% 120 Biosynthesis [17] 

MO 
Ferric chloride 
(FeCl3·6H2O) 465 to 490 10 8 77% 360 

Plant  extract 
method 

[18] 

MO 
FeNbO4 

monoclinic 
nanocomposite 

365 to 395 15 20 96% 50 
Hydrothermal 
and sol gel 
methods 

[19] 

MB 

Ag/CuO and 
Ag/TiO2 

380 10 40 86% 40 

Chemical-free 
and plasmon-
driven 
Synthesis 

[20] 

MO 

Iron Oxide 
Nanoparticles 
using Lotus 
Seeds 

452 10 50 93.5% 120 
Green 
Synthesis 

Present 
work 

 
CONCLUSION 

α-Fe2O3 NPs were successfully prepared 
through green synthesis approach using lotus 
seed extract. SEM and XRD analysis confirmed 
that the iron oxide nanoparticles were obtained 
with high crystallinity and lesser agglomeration. 
This result suggests that recombination centers 
for photogenerated charge carriers and lower 
unoccupied molecular orbital were generated 
while using the biomediated preparation route. 
FT-IR results suggest the successful fabrication 
of all α-Fe2O3 NPs. The reduction in band gap is 
due to the green synthesis route that generates 
additional electronic states which facilitated to 
attain decreased band gap and enhanced light-
absorption characteristics, which would lead to 
achieve increased photocatalytic degradation 

rate. Higher photodegradation efficiency (93.5 
% in 120 min) of MO was obtained in this work 
which was compared with other reports. The 
improved degradation rate of MO dye could be 
attributed to the fast charge transfer, reduced 
band gap and a decreased electron-hole pair 
recombination rate. The results of this work 
could offer a low-cost, less energy and green 
synthesis route to extend the photoactivity into 
visible range and also for scaled-up operations 
to treat various other dyes. 
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