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Abstract

Introduction Synthesis of multifunctional oxide nanomaterials using a cost-effective and eco-friendly route is being exten-
sively carried out in recent times. NiO is one among the many metal oxides that has various technological applications such
as gas sensing and catalysis.

Methodology In the present study, NiO nanoparticles were successfully synthesized from an aqueous extract of Rhamnus
prinoides leaf which acts as reducing and stabilizing agents. The formation of NiO nanoparticles was confirmed by different
techniques such as powder X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), and scanning electron
microscopy (SEM). In addition, Rietveld refinement analysis was also used to confirm the formation of face-centered cubic
NiO nanoparticles.

Results XRD pattern analysis revealed that the synthesized NiO nanoparticles have face-centered cubic structure in the
bunsenite phase with an average crystallite size of 25.72 nm. FTIR spectral analysis of NiO exhibited the presence of a
functional group responsible for the synthesis of NiO nanoparticles. Antibacterial activities of the synthesized nanopar-
ticles were evaluated against Gram-positive (Staphylococcus aureus, listeria Mnocytogenes), and Gram-negative bacteria
(Escherichia coli, Salmonella typhimurium) and the synthesized NiO nanoparticles exhibited effective growth inhibition
property of Gram-negative bacteria.

Conclusion In summary, nano-sized NiO nanoparticles were successfully synthesized through a cost-effective and environ-
mentally friendly method, and its effectiveness for Gram-negative antibacterial growth inhibition was tested.

Lay Summary The green synthesis of nanoparticles using plant leaf extract is a good alternative to conventional synthesis
methods because of the simple synthesis procedure and eco-friendly property. Moreover, the synthesized nanoparticles are
stable compared to those synthesized by conventional methods. In this work, NiO nanoparticles were successfully synthesized
and their antibacterial activity was tested to be effective for Gram-negative bacteria (E. coli).
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Introduction

In recent years, nanostructured materials received the atten-
tion of several researchers due to their improved perfor-
mances that arise from increased surface-area-to-volume
ratio and the quantum confinement effect compared to their
bulk counterpart [1]. Metal oxide nanomaterials, in particu-
lar, preserve the lion’s share as a result of their unique opti-
cal, electrical, magnetic, and catalytic properties, and their
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chemical reactivity, and thermal stability [2]. Among these,
nickel oxide (NiO) nanostructures, exhibiting wide bandgap
(3.6 to 4.0 eV) semiconducting property, receive paramount
importance due to its multifunctional applications, inexpen-
siveness, and non-hazardous behavior [3, 4]. The prominent
technological applications of NiO nanostructures include gas
sensing [5], supercapacitor electrodes [6], photocatalysis [2,
7-13], and antibacterial activities [14—16].

So far, different synthesis methods have been used to pro-
duce NiO nanostructures such as hydrothermal [5], combus-
tion synthesis [17], sol-gel [18], co-precipitation [19], and
biosynthesis [20-24]. However, the biosynthesis technique
which uses fungi, bacteria, and plant materials is an alter-
native to the conventional one due to its cost-effectiveness,
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environmental friendliness, and scalability to large-scale
production [21-24].

Rhamnus prinoides L’ Herit (Rhamnaceae) (R. prinoides),
Gesho in Ambharic, is an ever-green medicinal plant that
has been used traditionally for the treatment of different
infectious diseases [25—-27]. In Ethiopia, the leaves, fruits,
or roots of R. prinoides are used to treat scabies, hepatitis,
tinea capitis, “chiffea” (eczema), ringworm, and dandruff,
and for the management of waterborne and related diseases
[28]. It has been shown that R. prinoides is an effective
reducing and stabilizing agent for the successful synthesis
of nanoparticles [29]. In this research work, we make use of
the aqueous extract of freshly collected R. prinoides leaf as
reducing and stabilizing agents for the successful synthesis
of NiO nanoparticles.

Materials and Methods
Materials
All chemicals used in this research work were of analyti-

cal reagent and used without further purification. Nickel
chloride hexahydrate (NiCl,-6H,0O) with purity 97% was

supplied by FINKEM Industry of India; sodium hydrox-
ide (NaOH) with purity 98% was from Titan biotech Ltd.;
and distilled water 99% purity was purchased from Addis
Ababa, Ethiopia. Leafs of R. prinoides were collected from
Shashemene Zone, Oromia region, Ethiopia.

Preparation of Plant Extract and Precursor

Freshly collected, healthy leaves of R. prinoides were taxo-
nomically authenticated and cleaned with running water
followed by distilled water. The leaves were shade dried
at room temperature until all moisture was lost (25 days).
Weighed 30 g of R. prinoides leaves was boiled using 600 ml
of distilled water at 50 °C for 60 min. The aqueous extract
was then cooled down to room temperature, filtered using
Whatman No.1 filter paper, checked pH of 5.9, and stored at
4 °C for further use (Fig. 1). On the other hand, 0.1 M solu-
tion of nickel chloride hexahydrate (NiCl,.6H,0) was pre-
pared by dissolving 11.8845 g of NiCi,.6H,0 with 500 ml
of distilled water while heating the solution at room tem-
perature for about 30 min (Fig. 1). The mixture was stirred
continuously until it forms a uniform solution and cooled
down to room temperature.
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Fig. 1 Schematic of NiO synthesis procedure. a Aqueous extract of plant leaf. b NiCl, precursor solution. ¢ Plant extract and precursor. d Green-
ish colored paste. e Oven-dried powder. f NiO nanopowder calcined at 500 °C
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Synthesis of NiO Nanoparticles

In a typical reaction, 250 ml of the precursor solution was
added into 250 ml of the aqueous extract of R. prinoides
drop-wise. The mixture was then boiled at a temperature of
80 °C while stirring continuously until the mixture forms a
uniform solution for 1 h. After the addition of R. prinoides
leaves extract, the color of the precursor salt changes from light
green (Fig. 1) to brownish (Fig. 1) which is a clear indication
of the reducing effect of the extract [30]. Finally, 5 ml of 0.5 M
sodium hydroxide was added to complete the reaction (Fig. 1)
and the mixture was cooled down to room temperature. The
mixture is centrifuged at 4000 rpm for 5 min and washed using
distilled water repeatedly and the paste (Fig. 1) was collected
and dried in a drying oven at a temperature of 80 °C for 6 h
[7] (Fig. 1). The dried powder is then transferred to a ceramic
crucible and calcined at 500 °C for 2 h [7] and the resulting
powder is carefully packed in a plastic sample holder for later
characterization and application (Fig. 1).

Characterization

FTIR spectrometer (Nexus 470, wavelength range from 4000
to 500 cm™! and 4 cm™! resolution) was used to confirm the
functional biomolecules associated with the R. prinoides
extract and the synthesized NiO nanoparticles [24]. The purity
and crystal structure of the synthesized NiO nanoparticles
were examined with powder X-ray diffraction (XRD) and the
pattern was recorded using an X-ray diffractometer (Phillips X
Pert Model) equipped with a detector voltage of 40 kV in the
20 range of 5-80° and scanning speed of 5/min.

The inter-planar spacing, d, for face-centered cubic crystal
structure is calculated from the powder XRD pattern using
Eq. (1):

a

dhm =
vVh? +k2+12 M

where a is the lattice parameter constant, and 4, k, and [ are
Miller’s indices.

The average crystallite size, D, is determined from the XRD
peaks using Scherrer’s Eq. (2):

kA
~ PBcoso’ )

where k is the Scherrer’s shape factor with a value of 0.9,
A is the wavelength of radiation, f is the full width at half
maximum (FWHM), and € is the diffraction angle.

Results and Discussion
Phytochemical Test of R. prinoides

First, the presence of bioactive compounds in the leaf extract
of R. prinoides was examined and the result is shown in
Table 1 below.

Fourier Transform Infrared (FTIR) Spectroscopy

The FTIR spectrum of R. prinoides leaf extract (Fig. 2)
which shows absorption spectrum at 3669.7 cm™! is assigned
to O—H group stretching vibration and bands at 2984.6 cm™"
and 2899.5 cm™! are attributed to H-OH bending vibration
modes [24]. Bands from 1722 cm™! to 1056 cm™! are attrib-
uted to the C-O stretching and vibration modes. Figure 2 is
the FTIR spectrum of the biosynthesized NiO nanoparticles.
The broadband at 3361 cm™" is characteristic of the hydroxyl
group (O—H); this is due to the adsorptions of water mol-
ecules onto the NiO. Peaks observed at 1576.9 cm™,
1393.7 cm™, and 1034.6 cm™' correspond to the symmet-
ric and asymmetric stretching vibration and C-O. A peak of
452 cm™! is assigned to the stretching mode of NiO [15, 24].
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Fig.2 FTIR spectra of a R. prinoides and b NiO nanopowder without
calcination

Table 1 Phytochemical test of

o Name of plant
R. prinoides

Phytochemical analysis

Alkaloids

Tannins

Flavonoid  Saponin  Terpenoids  Steroids  Glycosides

R. prinoides ++ +

+ + + + ++

+ + strong presence of component and + presence of component.
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Table2 XRD characteristics of ~ \fijerindices 20 (deg) 6(deg) cosd  FWHM, f(deg) FWHM,§ dy, (A) Crystallite
NiO nanoparticles a 02 rad.) size (nm)
(111) 37.35 18.675 09473 0.2718 0.4744 2.4066  30.85
(200) 43.33 21.665 09293 0.2726 0.4758 2.0848  31.36
(220) 62.96 31.48 0.8528  0.3425 0.5978 1.4751  27.19
(311) 74.55 37275 0.7957 0.3453 0.6027 1.2583  28.91
(222) 78.59 39.295 0.7739  0.3660 1.7453 1.2049  10.27
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Fig.4 SEM images of NiO
nanoparticles

XRD Patterns of the As-Synthesized Nanoparticles

The synthesized NiO powder sample was calcined at
500 °C [2, 7] and the crystal structure analysis was car-
ried out using powder X-ray diffraction, and the obtained
patterns are presented in Fig. 3. XRD analysis revealed
that face-centered cubic NiO nanoparticles were synthe-
sized. The series of 20 diffraction peaks at 37.35°, 43.33°,
62.96°, 74.55°, and 78.59° can be indexed to (111), (200),

Fig.5 Anti-bacterial test of NiO
nanoparticles on E. coli (EC)
strain

@ Springer

(220), (311), and (222) planes, respectively (JCPDS card
no. 00—047-1049) which is confirmed by the Rietveld
refinement analysis (Fig. 3). The lattice constant of the
synthesized NiO is calculated as a=4.18 A. Furthermore,
the sharp diffraction peaks confirm the high crystallinity
of the synthesized NiO nanoparticles.

Thus, the average crystallite size is calculated from
the existing five peaks at (111), (200), (220), (311), and
(222) using Scherer’s Eq. (2), to be 25.72 nm (Table 2).
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Table 3 Antibacterial tests

No Name of bacteria Type of bacteria Positive control 20 ug/ml Concentration Inhibition
of chloramphenicol (mg/ml) diameter
(mm)
1 E. coli Gram-negative 11 mm 250
2 E. coli Gram-negative 11 mm 125

Applying Eq. (1), the average inter-planar spacing is also
found to be 16.9 nm.

Scanning Electron Microscope (SEM)

The formation of bunsenite phase NiO nanoparticles was
revealed from SEM image (Fig. 4). The synthesized NiO
nanoparticles have cubic structure as is observed from the
SEM image.

Antibacterial Activities of NiO Nanoparticles

The antibacterial activity of the synthesized NiO nanopar-
ticles was evaluated against the standard and clinical strain
of Gram-positive and Gram-negative bacteria using the
agar well diffusion method (Fig. 5). S. aureus and Listeria
manoytogenes were chosen for the Gram-positive bacteria
and S. typhimurium, E. coli, and Candida albicans were used
for the Gram-negative bacteria. Initial concentration was
prepared by dissolving 0.25 gm of synthesized NiO nanopar-
ticle powder in 10 ml of dimethyl sulfoxide (DMSO) solvent
and two successive serial dilutions were made by taking 2 ml
and 5 ml from the resulting mixture. Chloramphenicol and
DMSO drug solutions were used as the positive and negative
control, respectively.

The inhibition diameter which is taken as the mean per-
pendicular diameter of the inhibition zone for the E coli spot
was measured with a ruler (Table 3). The activity index is
observed by dividing the inhibition diameter of the sample
by that of the reference chloramphenicol drag solution which
comes out to be 8 mm for 250 mg/ml, and 7 mm for 125 mg/
ml, resulting in an activity index of 0.727 and 0.636, respec-
tively. The synthesized NiO nanoparticle, thus, inhibited the
growth of Gram-negative bacteria which is in agreement
with earlier reports [15].

Conclusion

In conclusion, NiO nanoparticles with an average crystal-
lite size of 25.72 nm were successfully synthesized from
the leaf extract of R. prinoides as a reducing and stabiliz-
ing agent and nickel chloride hexahydrate precursor, and
investigation of its antibacterial activity was conducted. The

Rietveld refinement analysis also confirmed the formation of
face-centered cubic structure. The stretching vibration mode
observed at 1034.6 cm™! and 452 cm™ also corroborates the
successful synthesis of NiO nanoparticles. The synthesized
NiO inhibits the growth of Gram-positive bacteria, E. coli.
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