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Nyctanthesarbortristis for the first time. Also it is undergone at room temperature for
super capacitor applications and that was observed through electrochemical studies. The
prepared samples were characterized by powder X-ray diffraction (XRD), Field emission
Scanning electron microscopy (FE-SEM) and UV visible spectroscopic studies. The
powder X-ray diffraction study revealed the formation of a-Fe,O3 in the case ofannealed
sample. Microscopic images displays that the o—Fe,O; nanoparticles were highly
agglomerated in nature with the dimension of the order of 2-3 um. Cyclic voltammetry
and simultaneous galvanostatic charge/discharge studies were performed in order to find
out the suitability of the material for Supercapacitor applications. The electrochemical
results explores that the annealed sample (a—Fe,O3) had improved performance due to its
structural with superiority nature. Moreover, the capacitance retention of the a-Fe,O3
based electrode shows highly stable performance and also its suitability as a lasting
electrode material for Super capacitor applications.
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Introduction

In recent years, the global importance of semiconducting
metal oxides in the various fields of science and technology
that continuously paid more attention in the study and the
development of various synthesis methods for corresponding
applications. Moreover, metal oxide based semiconducting
nano materials have become a rapidly emerging new field in
materials science which covers both chemistry and physics
[1]. In this regard earlier reports using literature support the
suitability of Iron Oxide based nano materials for bio sensor
applications in particular green synthesized metal oxide based
nano dimensional materials. Sardar et.al prepared Iron Oxide
nanomaterials by using green synthesis approach in
association with Gooseberry leaves and that acted as a
reducing agent during synthesis process. These observations
suggested that electrochemical behavior of Iron oxide
nanomaterials may be a promising candidate for bio sensing
applications and showed enhanced efficiency of the prepared
materials [2]. Urbanova et.al., completely reviewed about the
sensing properties of Iron Oxide nanoparticles in detail and
discusses about the properties of enzymatic sensors in detail
[3]. On the other hand, various metal oxides were also
analyzed in order to find their suitability for bio sensor
applications. For example, Nirmalya et.al, analyzed the
unigue properties of ZnO nanoparticles in association with
different metal oxides for bio sensor applications. In addition
with the above, they have also discussed the future aspects of
nano hybrid materials for sensor applications [4]. Mathias
et.al., dealt high refractive index dielectric materials in order
to increase the sensitivity factor of a gold thin film despite its
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large evanescent electromagnetic field decay lengths. Hence,
Iron oxide nanoparticles were grafted onto a gold thin film
and were easily functionalized by biomolecular receptors
through a two-step copper catalyzed alkyne-azide
cycloaddition (CuAAC) “click” reaction [5]. Moreover,
Rodriguez et.al., observed the viability of a DNA sensor
based on the facile synthesis of GNRs decorated with FezO4
nanoparticles [6].Zhang et.al., introduced Iron Oxide nano
particles into chitosan/graphene based biosensors for
multifunctional device applications. It showed that the bio-
sensing performance decreased significantly and the linear
range was only up to 167mM. The Challenges
for introduction of MNP while remaining good performance
of chitosan/graphene based biosensors have attracted
increasing attention. Improvement of catalytic activity of
chitosan/graphene composites via structural modification has
been considered as a promising resolution for these issues [7].
Zhong et.al., developed a facile and controllable method for
synthesis of FesO; nanoparticles which encapsulated in
hollow carbon nanocages (FNHCs) along with SiO;
nanospheres as a sacrificial template. Owing to the unique
structure of multiple FesOs nanoparticles as cores integrated
with N-doped carbon nanocages, the results showed that as-
synthesized FNHCs exhibited greatly enhanced peroxidase
mimicking activity with extremely high signal-to-noise ratio
of ~91 fold [8]. Chouhan et.al performed on a new
electrochemical sensing device that was constructed for
determination of pesticides. In this report,
acetylcholinesterase  was  bioconjugated onto  hybrid
nanocomposite, i.e. iron oxide nanoparticles and poly (indole-
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5-carboxylic acid) (FesOsNPs/Pin5COOH) was deposited
electrochemically on glassy carbon electrode. FesOs NPs was
showed as an amplified sensing interface at lower voltage
which makes the sensor more sensitive and specific [9].

It is to be noted that green synthesis in association with
nanoscience and technology means the synthesizing of
nanomaterials or nanoparticles without using hazardous
chemicals that produce toxic by-products. In other words,
green method is an eco - friendly technique to synthesize
nanoparticles where it is not harmful to the environment and
human health. It is true that conventional methods can
fabricate nanoparticles in huge quantities with desired
morphology and size.

On the other hand, a green synthesized nano particle
employs the bottom-up approach where the metal atoms
assemble to form clusters and then eventually the nano
particles. The compounds present in green based materials
may act as both reducing and capping agents that can stabilize
the nanoparticles during synthesis process. This may also
control the size and shape of the nanoparticles which can be
used for various applications.

The present work focuses, Nyctanthes arbor tristis that is
one of the most useful traditional medicinal plants in India
which belongs to the family Oleaceae. The Plant grows in
tropical and subtropical region. It is distributed sub
Himalayan region of India and also found in Indian gardens
as ornamental plant [10]. It is a common wild hardy large
shrub or small tree. N. arbortristis is commonly known as
Night Jasmine, Harsingar and Parijat. Various parts of the
plant like seeds, leaves, flowers, bark and fruits have been
investigated for their significant pharmacological activity.
Phyto Chemicals like flavanoid, glycoside, Organic acids,
essential oils, tannic acid, carotene, friedelin, lupeol, glucose,
benzoic acid have been reported for significant hair tonic
[11]. Hepatoprotective, anti Leishmaniasis, anti viral, anti
fungal, anti pyretic, anti histaminic, anti malarial, anti
bacterial and anti inflammatory etc., Thus this non toxic and
benign seed extract is used for the synthesis of iron oxide
nano particles. The literature survey reveals that chemical
constituents of Nyctanthes arbor tristis seed 3-4
secotriterpene acid, Arbortristoside A & B, glycerides of
Linoleic acid, Myristic acids and Nyctanthic acid. The
arbortristoside A & B possess immunomodulatory and anti
testimonial activities [12 — 13].

Green synthesis of pure and doped FesO, - NPs are
capable to be used in various applications as reported in
literature. However, applications of FesO, - NPs are more
concerned by experts nowadays as human health is threaten
due to several issues such as pollutions, processed food
industry, weather change and unbalance lifestyle. These
issues may cause plenty of serious diseases and one of the
most popular diseases is cancer. FesO4-NPs show various
applications including antibacterial, tissue engineering and
hyperthermia. They also play important roles as magnetic
resonance imaging (MRI) contrast agent [14].

By bearing in mind the importance of Fe:0s nano
particles, the present manuscript focuses the green synthesis
of proposed nano particles for super capacitor application
using the extraction of Nyctanthes arbor tristis for the first
time.

2. Experimental methods
Materials and Preparation methods

The precursors such as FeCls and NHs was purchased
from Merc with analytical grade and used as such without any

further purification. The extraction of Nyctanthesarbortristis
was carried out using deionized water. The mixture of iron
solution with the extraction of Nyctanthesarbortristis was
kept under stirring process in order to obtain pristine iron
hydroxide using chemical precipitation method. Further, the
supernatant solution was removed and washed several times
in order to remove chlorine ions. The obtained powder was
dried using hot plate and kept in muffle furnace at
600°C/air/6h in order to remove the impurities and improve
the crystallinity.

FeCl,+NH, FeCly+NH;+ Iron Solution
| Plant Extract )
|
Aqueous Phase
] |
% E B ¢l
v - i - 600°C/6hrs : ‘
| s U v,
Fe,0, E<q) , Drying
L/ \J
Figure.1l. Schematic representation of the synthesis
Process.

Characterization methods

The synthesized samples are systematically characterized
to study the physico-chemical properties. The structure and
crystallinity of the samples are confirmed with BRUKER D8
ADVANCED X-ray Diffractometer in Bragg-Brentano
geometry using Cu K-alpha radiation (A=1.5406 A). Surface
morphology of the synthesized composite was studied by
FE-SEM  (HITACHI  S-3400). The electrochemical
performance of cyclic voltammetry (CV) and charge-
discharge technique was carried out by CHI 604C potentiostat
in a three electrode assembly.
3. Results and Discussion Powder XRD analysis

The respective X-ray diffraction patterns of as prepared
and annealed Fe»Os nanoparticles are shown in Fig. 2. The
diffraction pattern corresponding to as prepared samples
showed amorphous in nature reveals the formation of iron
hydroxide (FeOH) during synthesis process (Fig. 2a). On the
other hand, the diffractogram of annealed Fe.Osz shows the
high intense peak around 20 = 33°.4° and the associated peaks
at 35°.4> and 45°.9° are corresponding to the planes (104),
(110) and (113) belongs to the formation of a—Fe.Os with
JCPDS card no. — 33 - 0664 [11]. The XRD pattern of
a—Fe203 shows a high intensity peaks proves the crystalline
nature of the end products. Moreover, the sharpness of the
diffraction peaks also indicates the high crystalline nature of
a—Fe>0s nanomaterials. Furthermore, the diffraction peaks of
the nanoparticles are broadened with lower in intensity due to
small crystallite size and confirm the presence of a—Fe20s
[15]. The corresponding crystallite size in the case of
annealed sample calculated from the Debye Scherrer equation
was about 30.75 nm. Also, there is no evidence for secondary
crystallite phase that attributable to any other oxidation state
of Tron, confirms the highly pure o—Fe.Os phase in the
annealed sample [16].
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Figure 2. Powder XRD pattern of (a) as prepared
(b) a—Fe,O3 nanoparticles.
UV - Visible spectroscopic analysis
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Figure. 3. UV Visible absorption spectrum of (a) as
prepared (b) annealed Iron oxide (Fe:Os) nanoparticles.

The respective optical properties of the as prepared and
annealed (o—Fe20s) were  analyzed using  UV-Vis
spectroscopic technique. This result indicates that the optical
absorption obtained around 363 nm in the case of annealed
sample may be attributed to shift towards blue region as
shown in Fig.3 and also the obtained absorption edge may be
corresponding to o—Fe20s nanoparticles. It is to be noted that
the corresponding absorption region arises around 363 nm as
prepared and annealed samples which confirmed the shift
towards lower wavelength (blue shift) that is in agreement
with the powder XRD analysis due to its amorphous and
crystalline nature of the prepared materials. In focus, there is
no another absorption peaks rose due to the extraction from
Nyctanthesarbortristis. The values for the as prepared
calculated energy band gap and annealed nanoparticles are
found to be 3.5 and 5.29 eV respectively using Tauc Plot
[17]. It explains the reason for the blue shift of the absorption
curve in association with the reduction of the band gap energy
and also the recombination rate which may lead to the
photovoltaic activity applications of the prepared samples.
Microscope analysis

The microscope (FE-SEM) analysis of the prepared
samples was analyzed as shown in Fig.4 that explored that the
samples were not fully resolved as individual particles due to
the formation of as prepared and annealed o—Fe2O3 due to low
calcinations temperature. The morphology of the prepared
samples was found to be spherical in nature with the
dimension of the order of 2to3 upum. Moreover, the
morphology of the samples clearly shows the role of
extraction during the synthesis of a—Fe203 nanoparticles in
the case of both as prepared and annealed samples [18].

Figure 4. Microscopic images of as prepared (a & b) and

annealed Iron oxide (¢ & d) Fe2O3 nanoparticles.
FT — IR analysis

The corresponding FT-IR spectra which was recorded in
the range of 4000-400cm-1 in ambient condition in the case
of annealed sample a—Fe20O3 nanoparticles is shown in Fig. 5.
The FTIR spectra explores the stretching vibrations in the
regions between 3175 to 3726 cm-1 belongs to -NH-
stretching and alkyl stretching vibrations respectively that
confirms the trace of extraction of the plants during synthesis
process. Moreover, S = O, C = 0 and C-S (both stretching and
bending vibration) were observed the wavenumber regions
around 1628 to 686 cm-1 respectively in order to confirm the
functional groups present in the extracted plant of
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Nyctanthesarbortristis. In focus, the band around 465 cm-1
gives the F = O signal which confirms the formation of
a—Fe,03 nanoparticles and is in agreement with the powder
XRD results.
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Figure. 5. FT— IR spectra for a—Fe,O3 nanoparticles.

BET Surface Area Analysis

The Brunauer-Emmett-Teller (BET) analysis was used to
find the effective surface area of the prepared nanomaterials.
The results showed that annealed sample (without doping) is
having larger surface area (34.46 m>.g™) when compared to
that of rest of the samples. Also, it is to be noted that the
found value is very much higher than that of commercially
available Iron oxide nanomaterials (30m®.g™) [17]. This
occurrence of this large surface area obtained in the case of
pure annealed sample may be due to the introduction of
efficiencies during the treatment of annealing process of the
prepared sample also due to phase transition [18]. Moreover,
the contribution of occurring large surface area reflects in the
super capacitor applications which is discussed in detail
below.

Fe,O3; Nanopowder
Formation purity 92%
Specific  surface | 35 m’/g
area
Nature of | Elongated
morphology spherical
Color Red Brown
Particle size 20—-40 nm
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Figure 6. Raman spectrum of as prepared and annealed
Fe, O,

Figure 6. shows the typical Raman band spectrum in the
range 200-1400 cm-1 in order to confirm the formation of
prepared Fe:Os nanoparticles along with annealed
nanomaterials. Raman analysis clearly resembles the trace of
Fe-O bending and stretching vibrations between the regions
220-440 cm-1 and 660-940 cm-1 respectively. The weak

band peaks observed may be due to less crystalline nature of
the prepared materials. On the other hand, in the case of
annealed samples there could trace slightly blue-shifted peaks
shows the change in degree of crystallinity based on the
broadening of respective peaks which may be an another
evidence for the formation of Fe203 crysalline structure [18].
3.6 Electrochemical analysis

In order find the suitability of the annealed a—Fe203
nanoparticles  for  supercapacitor applications Cyclic
voltammetry study was performed in the voltage window
range from O to 1 V using three electrodes system in 1 M
aqueous solution of FeSOa. The corresponding CV curves of
the various electrodes recorded with the sweep rates of 10,
20, 40, 60, mVs-1 at room temperature are illustrated in Fig.
5. The obtained curves due to a—Fe>Os nanoparticles shows
the excellent capacitive behavior as shown in Fig 4. In focus
the lower scan rate the CV curves of the o—Fe20s
nanoparticles based electrode exhibit redox peaks attribute to
the reversible Faradaic redox reaction at the electrode surface
caused by the pseudo-capacitance of the o—Fe203
nanoparticles as an active material, rather than the double
layer capacitance. With increase in the scan rate the current
response in the composite increases, revealing its favorable
capacitive behavior of the prepared a—Fe.Os nanoparticles.
Also the nature clearly represents the linear progress CV
curves at the high scan rates with the current response to
voltage reverse at each potential.

The very low equivalent series resistance of the electrode
and rapid diffusion of electrolyte ions in o—Fe20Os
nanoparticles are confirmed by nearly straight side of the
square shaped curves also in rectangular.
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Figure 7. Electrochemical performance of as prepared
and annealed Iron oxide (Fe:0O3) nanoparticles.

4. Conclusions

An Eco friendly a—Fe203 nanoparticles and cost-effective
approach has been developed at room temperature for the first
time. The powder XRD analysis revealed the Crystalline also
clustered o-Fe:Os nanoparticles with 2-3 pm size are
observed in the Powder XRD analysis as well as in
microscopic analysis. The Raman spectra and corresponding
BET analysis clearly evidenced the contribution of annealing
process in order to improve the efficiency of the prepared
Fe203 nanomaterials. The resulting electrochemical activities
of o—Fe203 nanoparticles with a large specific capacitance at
a scan rate of 1 Ag™, which is found to be greater than that of
as prepared o—Fe203 nanoparticles. It is due to the fact that it
provides electrical and ionic conducting channels in an
electrolyte which plays major role for the high capacitance
value. Hence, this present work demonstrates a novel idea
and design for a high performance Supercapacitor a—Fe203
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based nanoparticles by a simple and low-temperature
synthesis process.
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