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a b s t r a c t

Bio-motivated CeO2 NPs were fabricated using plant extract of Cleome simplicifolia. The chemicals present
in the plant extracts played pivotal role in the fabrication of CeO2 NPs. Initially, fabricated CeO2 nanopar-
ticles were authenticate by using the XRD pattern which resembles a cubic structure. UV–Visible data
estimated the band gap of CeO2 around 3.50 eV. SEM images revealed nearly monodisperse spherical
shapes due to agglomerization of CeO2 NPs. DPPH assay of CeO2 NPs exhibited an excellent antioxidant
property. Moreover, molecular docking of CeO2 NPs was investigated by new protein molecule.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International
Conference on Advanced Functional Materials (Innovations in Chemical, Physical and Biological Sciences).

1. Introduction

Nowadays, a synthesis of bio-coherent metal/metal oxide
nanoparticles and semiconductor nano-structure is a significant
part in the field of science and technology. Recently, cerium oxide
nanoparticles (CeO2 NPs) have been immensely utilized as semi-
conducting materials with wide band gap energy 3.50 eV. CeO2

NPs are capable in showing the applications in various fields viz.
drug delivery, agriculture, pharmaceuticals and biosensor [1–5].
Earlier, a variety of synthesis techniques has been employed to fab-
ricate the CeO2 NPs such as sol–gel [6], co-precipitation [7], micro-
wave [8], hydrothermal [9], flame spray pyrolysis [10], and
sonochemical [11]. However, the applied methods are compact
with several negative aspects such as very expensive, use haz-
ardous chemical, toxicity, complicated, time-consuming and harm-
ful to perform [12]. In response, researchers are searching for
alternatives to conventional methods. ‘‘Green approach” has a

capacity to minimize the elimination of harmful gases and chemi-
cals during the formation of NPs [13]. The green method possesses
abundant benefits such as low-cost, eco-friendly, large scale pro-
duction on a commercial basis and a lot of biomedical applications
[14,15].

Therefore, we referred the various kinds of literatures concern-
ing cerium oxide NPs and found that, cerium is the first rare earth
metal of lanthanide series in the periodic table. Cerium can be pre-
sent in both 3+ and 4+ states. Therefore, in a bulk condition cerium
oxide can be in existence as both CeO2 and Ce2O3. At nanoscale,
cerium oxide reveals a mix of cerium in the 3+ and 4+ states on
the surface of the nanoparticles [16]. As a result, CeO2 NPs are
being extensively used in nanotechnology due to their helpful
applications as catalysts, fuel cells, and antioxidants in biological
systems [17–21]. Hence, CeO2 NPs have been synthesized by using
many bio- components such as fungal extracellular, honey and
white egg. These bio-components, behaving like stabilizing and
anti-oxidizing agents cause to manufacture crystalline structure
of NPs with different shape, size, and morphology. Such observed
things inspired us to do something new. Thus, we have adopted
a green approach to synthesize CeO2 NPs by using plant extracts
of Cleome simplicifolia and its antioxidant properties have been
reported for the first time here.
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The Cleome simplicifolia existed in Cleomaceae family. The plant
is about 15 to 60 cm tall, annual herb and native of Asia. This plant
can be observed in the parts of Andhra Pradesh, Chhattisgarh, Goa,
Gujarat, Karnataka, and prominently found in the part of Maha-
rashtra. The plant is collected from the western part of Nagpur.
Every part of the plant has been used in medicine. The plant is
being used as a traditional medicine by the tribal’s. Earlier, many
researchers reported the bioinspired synthesis of CeO2 nanoparti-
cles using Curvularia lunata [22], Olea europaea [23], Aloe arbadensis
[24], and Hibiscus Sabdariffa [25].

In the present study, we have carried out bio-assisted synthe-
sized CeO2 NPs using plant extract of Cleome simplicifolia. After fab-
rication, CeO2 NPs were confirmed by different microscopic
techniques. On the other hand, we have studied the antioxidant
property of fabricated CeO2 NPs. Similarly, we have also studied
how protein (enzyme) interacts with a molecule (Ligand) of syn-
thesised CeO2 NPs under molecular docking. This is the first report
on Cleome simplicifolia assisted green synthesis of CeO2 NPs.

2. Materials and methods

2.1. Chemicals reagents

Cerium nitrate hexahydrate Ce(NO3)3�6H2O with purity 99%,
procured from Merck, where as 1-Diphenyl-2-picrylhydrazyl
(DPPH) was purchased from Himedia laboratories. Without any
purification all chemicals were used to carry out the experiments.

2.2. Fabrication of leaves extract

In the present work, Cleome simplicifolia was collected from
Gorewada National Park, Nagpur, India. The plant was recognized
with the support of taxonomists. The plant was cleaned several
times using potable water, again with sterilised water to eliminate
the surface contamination and soil present on the plant. Subse-
quently cleaned plant pieces were shadow dried for 5 to 6 days,
then the dehydrated plant was cut into fine particles and make a
powdered with the help of mortar and pistol. An aqueous solution
of the plant was prepared by mixing 20 g of sterile fine particles of
plant in 300 mL distilled water, boiled at 60 �C for 30 min and later
the solution was cleaned by Whatman filter paper No.42 to take
away the undesirable materials. Then, the solution was centrifuged
at 3000 rpm for 3 min whereas the supernatant was used for fabri-
cation of nanoparticles.

2.3. Bioinspired synthesis of cerium oxide NPs (CeO2 NPs)

0.86 g of cerium nitrate hexahydrate (Ce (NO3)3�6H2O) was sus-
pended in 200 mL water, where 20 mL extract was added drop-
wise and stirred the mixture for half an hour by using a magnetic
stirrer. Green colour precipitate in a conical flask at the bottomwas
obtained. The volume of supernatant liquid was removed from the
conical flask to concentrate the obtained product as a precipitant.
The obtained precipitant was washed thoroughly with sterilised
water repeatedly, followed by alcohol and later dried it in an oven
at 80 �C to acquire the very well particles of CeO2 NPs. Further, the
dried precipitate was calcinated at 800 �C for 2 h (Scheme 1).

2.4. Spectroscopic instrumentation for CeO2 NPs

The intense peak of CeO2 NPs was investigated with the help of
lambda 35 UV–Visible Spectroscopy. JASCO 460 PLUS FTIR spec-
trometer was used to determine the IR spectra in the region of
4000–400 cm�1. Cu Ka radiation (k = 1.54060 Å) with nickel
monochromator was used to record the XRD pattern of fabricated

NPs in the region of 2h from 10� to 80�. Scherrer’s formula
[D = 0.9k/bcos h] was employed to determine the standard crystal-
lite size of material. The morphology of material was examined by
JEOL JSM-7100 F instruments.

2.5. Antioxidant activity

The reducing capability of the CeO2 nanoparticles was exam-
ined by a DPPH free radical scavenging technique according to
our previous work [26]. Near about 10 to 50 lg of CeO2 nanoparti-
cles was mixed to 100 lL of DPPH solution. Afterwards the reaction
mixture was incubated for 30 min at room temperature where the
absorbance (A) was recorded at 517 nm using a spectrophotome-
ter. This procedure was repeated for three times. Here, ascorbic
acid was employed as a standard material. At last scavenging mea-
surement of free radicals was calculated as % inhibition according
to the standard formula.

2.6. Docking study

The 2-D and 3-D structures of these molecules were designed
by using Chem Office software 12. The process of 2D and 3D design
is elaborately explained in the user manual of the Chem Office and
was used here without any modifications. CHIMERA and PYMOL
tools were used to visualize the docked site.

3. Results and discussion

3.1. X-ray diffraction and infrared spectroscopy of CeO2 NPs

A Fig. 1a shows the crystalline structure of fabricated CeO2 NPs.
The 2h values of diffraction peaks were observed at 47.42, 28.51,
and 33.06 matched with (2 2 0), (1 1 1), and (2 0 0) planes of the
material. Correspondingly, erstwhile peaks were obtained at 2h
values of 78.99, 76.57, 69.00, 59.09, and 56.30 are analogous to
(4 2 0), (3 3 1), (4 0 0), (2 2 2), and (3 1 1) planes of CeO2 material.
Off course, CeO2 materials perfectly matched with JCPDS card no.
34-0394 and revealed a face centre cubic structure [27]. The
recorded full width at half maxima of these peaks which are inter-
preted to determine the average crystalline size of synthesised NPs
by using standard equation. An average crystalline size of CeO2 NPs
was found as 33.31 nm.

Moreover, the material was recorded by FT-IR spectroscopy
(Fig. 1b) to authenticate the chemical bonding. The strong band
was obtained at 3425 and 1498 cm�1 because of the O–H vibra-
tional frequency of hydration molecules contaminated during
analysis [28–29]. A peak obtained at 1455 cm�1 equivalent to the
in-plane and out-of-plane pending of O–H bond exists in absorbed
water molecule. The peak obtained at 1151 cm�1 was responsible
for the overtone bond for trace of the Ce-OH. The peaks were
obtained at 862 and 957 cm�1 were perfectly matched with bend-
ing vibrations of the Ce-O species. Finally, the peak achieved at
below 862 cm�1 indicated formation of the Ce-O bond [30].

3.2. Raman and UV–visible spectroscopy of CeO2 NPs

Raman spectrum of material has been displayed in Fig. 2a. A
cubic structure of cerium oxide nanoparticles was also confirmed
by Raman spectroscopy. The stretching vibrational peak obtained
at 463 cm�1 due to the oxygen atoms. This renders the vibration
very sensitive to micro-structural changes such as oxygen sub lat-
tice disorder and non-stoichiometric [31]. A broaden and asym-
metric peak obtained at 463 cm�1 as the oxygen vacancy
concentration increases, and the T2g mode structure shifts to lower
frequency. These changes may also be accompanied by the appear-
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ance of a strong longer peak at 521 cm�1 which were attributed
due to the O vacancies [31].

UV–visible spectroscopy was performed to understand the elec-
tronic structure and to estimate the optical band gap of material.
The spectrum data of CeO2 NPs have been shown in Fig. 2b. A

strong absorption band obtained at 370 nm was authenticated to
the formation of desired material. Besides, in support of the pre-
sent material a literature survey revealed that similar bands were
observed in the earlier report [32]. A peak located at around
300–600 nm shifted towards shorter wave-length, which clearly

Scheme 1. Fabrication of CeO2 NPs.

Fig. 1. (a) XRD and (b) FT-IR patterns of synthesized CeO2 NPs.

Fig. 2. (a) Raman and (b) UV–visible spectrum of synthesized CeO2 NPs.
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indicated that it might be due to the blue shift. Further, by using
UV–visible data, band gap energy of material estimated around
3.50 eV. The band gap energy was estimated by plotting (aht)2

of the micro-crystalline materials against the photon energy (ht).
UV-absorption edge provided accountable guess of the band gap
of any system.

3.3. Surface morphology of CeO2 NPs

Morphological study of synthesized CeO2 NPs was investigated
by using SEM (Fig. 3). The study shows that high homogeneity
emerged in the surface of the sample occur because of increasing
the annealing temperature. The morphology of fabricated CeO2

material shows spherical in shape at calcined 800 �C temperature.
Also, data reveal nearly uniformity in spherical shapes with aver-
age diameter of each 60–85.1 nm (inset image in Fig. 3). Nearly
uniform microspheres are shown in Fig. 3. In fact, these uniform
microspheres emerged by aggregation of numerous nearly
monodisperse nanospheres. Hence, the process of aggregation to
spherical morphology caused by aging time, orientation, interac-
tion, nucleation and extended heating at the higher temperature
and fusion of nanoparticles, which lead to agglomeration that
serves as crystal seed to grow the microspheres [33–35].

3.4. Antioxidant activity

In the past years, CeO2 nanoparticles showed ROS scavenging
capabilities that defence in gastrointestinal epithelium and human
breast line models. A thorough study certainly shows that CeO2

NPs with low Ce3+/Ce4+ surface ratios function as proficient antiox-
idant catalyse idiophone [36]. The DPPH scavenger radical method
was broadly drawn to determine the proton donating capacity of
synthesised CeO2 NPs and to prevent the formation of free radicals.
The DPPH scavenger radical method was utilized according to our
previous work [37,38]. The scavenger free radical DPPH absorption
plot was articulated to the green synthesized CeO2 NPs from the
extract contrasted with ascorbic acid as a positive control. We
observed that CeO2 NPs have the ability to remove DPPH free rad-
icals as shown in Fig. 4. DPPH scavenger free radical activity was as
concentration-dependent; as a result, the antioxidant property of
synthesised NPs was increased when the concentration of NPs in
a solution increased [39,40]. Also, the study showed CeO2 NPs
was more efficient than ascorbic acid.

3.5. Docking assay of CeO2 NPs

3.5.1. Selection of inhibitor
Here our main aim is to develop an efficient inhibitor (material)

against drug-resistant bacteria, therefore, we are working here to
identify and develop inhibitors of essential biological pathways

that are not targeted by current therapies. A clinically pertinent
antibacterial agent can be leaded by the fatty acid biosynthesis
pathway [41,42]. Several small molecules were identified through
a combination of high-throughput, besides, fragment screening
was co-crystallized with b-ketoacyl-acyl carrier protein syntheses
III from Escherichia coli and Streptococcus pneumonia. Structural-
based drug design provided a new class of inhibitors. After opti-
mization for gram-negative enzyme, inhibitory potency to study
inhibition of an enzyme crystal structure of PDB ID 4Z8D which
were targeted by inhibitor trans-4-[({[(2-chlorobenzyl) oxy] car-
bonyl} amino) methyl] cyclohexane carboxylic acid are listed in
Fig. 5a [43]. The finalized 3D structures of the molecule were tested
for global minima by ascertaining the minimum energy value of
the molecule which was calculated as �9.65284 kcal/mole, and
the same was replaced with the synthesized CeO2 nanoparticles.

3.5.2. Molecular docking analysis
The interaction of nanoparticles with cells, DNA and protein has

extensively acquired an immense interest in the field of bio-
nanosciences. Fig. 6a shows the molecular docking of material.
Fig. 6b-c exhibits the docking results of CeO2 NPs with a size of
1.5 and 1 nm (PDB ID 4Z8D) correspondingly. An energy values
for larger and smaller CeO2 NPs clusters was calculated in the form
of binding energies which were found as �651.85 and
�540.90 kcal/mol respectively. The molecular docking study
demonstrated the superior binding affinity for bigger clusters.
The docked images of CeO2 NPs are displayed in Fig. 6 (a-f) respec-
tively and CeO2 NPs of 1.5 nm with interacting close amino acid
residues 247 ASN, with close distances of 1.201482, 1.449510,
2.118387, 1.984162, and 1.20254 in A (Armstrong) are shown in
Fig. 6c. The molecular docking study of synthesized CeO2 NPs
was explored with a fine harmony and the plot of accessible sur-
face area and experimental data.

Fig. 3. SEM image of synthesized CeO2 NPs.

Fig. 4. Antioxidant property of plant extract (PE) and synthesized CeO2 NPs.

4 R. Gomaji Chaudhary et al. /Materials Today: Proceedings xxx (xxxx) xxx

Please cite this article as: R. Gomaji Chaudhary, P. B. Chouke, R. D. Bagade et al., Molecular docking and antioxidant activity of Cleome simplicifolia assisted
synthesis of cerium oxide nanoparticles, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2020.05.062

https://doi.org/10.1016/j.matpr.2020.05.062


Fig. 5. (a) trans-4-[({[(2-chlorobenzyl)oxy]carbonyl}amino)methyl]cyclohexanecarboxylic acid; (b) 3-D Interaction of protein crystal structure PDB ID 4Z8D Natural inhibitor
ligand code 4LBin center ball and stick surface mode; (c) 3-D ball and stick model of CeO2 Nanoparticle fit in wireframe binding site, and (d) 3-D CeO2 ball and stick mode fit
in center CPK bonding site [43].

Fig. 6. (a-f) Protein crystal structures of PDB ID 4Z8D complex with CeO2 as inhibitor red in centre ball and stick mode. Hydrogen bonds (2.5–3.5 Å) are depicted as blue, red
lines in translucent surface carton mode binding site show specific mode of interaction with selected amino acids residues. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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4. Conclusion

In short, the Cleome simplicifolia assisted CeO2 NPs which is
authenticated by the XRD technique and resembles to a cubic
structure. The crystallite size of CeO2 NPs is estimated around
33.31 nm by Scherer equation. The morphology investigation of
material has revealed spherical shapes with nearly monodisperse
having average diameter of each 60–85.1 nm. Antioxidant activity
of CeO2 nonmaterial has demonstrated a more effective and an
excellent activity against ascorbic acid. Moreover, the molecular
docking study of material has shown an outstanding result with
high binding energies �651.85 and �540.90 kcal/mol, and has
revealed a greater binding affinity towards big clusters.
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