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Abstract

The nickel oxide and different concentration of Cerium ions (0.01 M, 0.02 M and 0.03 M) doped NiO nanoparticles (NPs)
were synthesized by chemical method. The XRD spectra exhibited the cubic structure of NiO. The average crystalline
sizes were observed as 43 nm, 36 nm, 29 nm and 23 nm in NiO and Ce doped NiO NPs, respectively. The Ni (2p), O (1s)
and Ce (3d) oxidation states were confirmed by XPS spectra. The FESEM image and TEM image showed the flowers with
spherical nanostructure in undoped and doped NiO NPs. The Chemical compositions were identified by EDAX spectra.
Metal-oxide (Ni-O) functional groups were found at 439, 435, 445 and 446 cm™' in undoped and doped samples respec-
tively. The optical studies were carried out using UV-Vis spectra and PL studies. Magnetization values were enhanced in
Ce doped NiO NPs as compared to NiO NPs. Antibacterial activities were done by various human pathogens with using

NiO and Ce doped NiO NPs.
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1 Introduction

Rare earth (RE) 3d ion doped with NiO has been inten-
sively studied in the past decade, to obtain better optical
and magnetic properties [1]. RE atoms are possessing the
special 4f shells. RE atoms are the excellent candidates
for the luminescence centers of doped materials due to
the transition of intra —4f or 4f-5d narrow emission line.
The transition plays the important roles in the absorption
of RE atoms in the UV range. An energy transfer process
from the excited semiconductor host to doping lanthanide
atoms, promoted the doped NPs to circumvent absorp-
tion of optical centers with extraordinary improvement of
luminescent properties [2, 3]. Cerium as one element of
Lanthanide doped semiconductors has been used in the
focus of numerous unique potential applications like opti-
cal properties and biomedical applications [4-8]. The NiO
NPs are p-type semiconductors and have stable wide band

gap (3.4-4.0 eV) [9]. The NiO NPs are one of the promising
metal oxides for various potential applications like alkaline
batteries, gas sensors, electrochemical capacitors, smart
windows, biomedicine, drug delivery, and magnetic bar
codes [10-15].

The mechanism of antibacterial actions of the material
states were productions of reactive oxygen species (ROS)
[16] on the surface of these NPs in the light causes oxida-
tive stress in bacterial cells eventually, leading to death
of the cells. Reactive oxygen species contain the most
reactive hydroxyl radical (OH), the less toxic superoxide
anion radical ('O,") and hydrogen peroxide with a weaker
oxidizer (H,0,). This can damage Deoxyribo nucleic acid
(DNA), cell membranes, etc., which lead to cell death
[17]. The attachment of the NPs to the bacteria has also
been demonstrated. This is attributed to the electrostatic
attraction between the negatively charged bacteria and
the positively charged NPs. Such a contact may not only
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inhibit bacterial growth, but also the generated reactive
oxygen species may kill the cell [18]. It suggests that both
NiO NPs and Ni* are toxic, but have different modes of
actions which take place in the antibacterial cell death.

In the present investigations, NiO (A1), [cerium] Ce3*
ions (0.01 M (A2), 0.02 M (A3) and 0.03 M (A4)) doped NiO
samples are synthesized by chemical method. The Synthe-
sized samples are studied in structural, optical, magnetic
and antibacterial properties of A1, A2, A3 and A4 samples
and examined.

2 Materials and method

Nickel (I) nitrate hexahydrate (AR), cerium (lll) nitrate
hexahydrate (AR) and NaOH (AR) were used as precursor
materials for the synthesis of Ni,_,Ce, O (where x=0.0,0.01,
0.02 and 0.03) series.

The experimental procedure for the preparation of NiO
NPs (A1) sample has been reported in our previous paper
[1]. In the case of Ce doped NiO samples, the synthesis of
Ni,_.Ce,O (x=0.01 M (A2), 0.02 M (A3) and 0.03 M (A4)) of
cerium nitrate salt solution was mixed with Nickel nitrate
solution. 0.8 M of NaOH solution was added in drops to
the homogenous mixed metal solution to form a black
precipitate. The black precipitate was washed a number
of times with deionized water and ethanol. Further the
black precipitate was dried at 120 °C for 1 h. The obtained
Ce doped NiO samples were annealed at 700 °C for 5 h and
used for further studies.

The antibacterial activities of the Ni;_,Ce, O NPs for
x=0.0 (A1),0.01 M (A2), 0.02 M (A3) and 0.03 M (A4) were
investigated by the well diffusion method. They have been
reported in our previous paper [1].

2.1 Characterization techniques

The NiO NPs were characterized by X-ray (XRD) diffrac-
tometer (model: X’PERT PRO PANalytical). The diffraction
patterns were recorded in the range of 20°-80°. The mono-
chromatic wavelength of 1.54A was used. The XPS meas-
urements were performed with an XPS (Carl Zeiss) equip-
ment. The spectra were at a pressure using an ultra high
vacuum with Al Ka excitation at 250 W. The samples were
analyzed by Field Emission Scanning Electron (FESEM)
Microscopy (Carl Zeiss Ultra 55 FESEM) with EDAX (model:
Inca). FT-IR spectra were recorded with using Perkin-Elmer
spectrometer. The UV-Vis-NIR spectrum was recorded in
the wavelength range 190-1110 nm using Lambda 35.The
magnetic properties were analyzed by vibrating sample
magnetometer (Lakeshore mini VSM 3639).
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3 Results and discussion

The synthesized NiO and Ce doped NiO NPs is formed as a
cubic structure (Fig. 1), which is well matched with JCPDS
card no.: 01-175-0269 (space group Fm3m) without any
Ce0, and Ce,05. Characteristic peaks of impurities shifted
in slight higher angle (20) for A2, A3 and A4 samples as
compared to that of A1 samples (Fig. 2).The estimated
lattice constant (a), unit cell volume (V) and crystallite
size (D) values are (4.182 A, 4.179A, 4.166 A and 4.162 A),
(73.139 A372.982 A3,72.303 A* and 72.095 A%) and (43 nm,
36 nm, 29 nm and 23 nm) for A1, A2, A3 and A4 samples
respectively, those changes may be due to the substitution
Ce3*ions into NiO matrix.

Figure 3a-c shows that Ni (2p), O (1s) and Ce (3d) oxi-
dation state are studied for Niyg5Ceq 5,0 NPs using XPS
spectra. The Ni (2p5,,) and Ni (2p,,,) peaks are (879.63 eV,
871.91 eV, 866.02 eV, 860.90 eV, 855.36 eV and 853.60 eV),
respectively due to Ni* of NiO and satellite, shakeup struc-
ture for A3 NPs [19, 20]. Figure 3b shows Ce 3d state splits
into three signals are observed at (879.34 eV, 898.42 eV
and 906.40 eV) respectively. The Ce 3d state peaks are
found at 898.42 eV for Ce** 3d;,, oxidation states and in
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Fig.1 X-ray diffraction pattern of Ni,_,Ce,O nanoparticles for
x=0.0,0.01,0.02 and 0.03
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Fig.2 X-ray powder diffraction patterns of doping-induced peak
shift for NiO and Ce doped NiO nanoparticles

addition two satellite Ce** (3d,,,) and Ce®*(3ds),) states
located at 906.40 eV and 879.34 eV for Ce doped NiO
nanoparticles. The O (1s) signals are located at 529.26 eV,
530.91 eV and 532.25 eV in Ce doped NiO NPs, this is due
to the O~ in NiO NPs. The atomic percentages of the sam-
ples are shown in Table 1.

The FESEM image showed the topography of A1, A2, A3
and A4 samples are shown in Fig. 4a—d. The nanoflower
structure with uniform grain boundaries are found in the
pure NiO nanoparticles. The Ce doped NiO NPs are exhib-
ited in the spherical structure. Increasing with Ce con-
centration also decreased with spherical structure in NiO
nanoparticles. These topographical changes are due to
Ce*" ion substitution into NiO matrix. The average crystal
sizes are observed in nanoscale range 25-65 nm for NiO
and Ce doped NiO nanoparticles.

The TEM images showed the morphology of NiO and
Nig.9,Ceg030 NPs samples are shown in Fig. 5a, b. The Nano-
flower and spherical structure for NiO and Nij 4,Ce( (30
NPs. Figure 6a—d showed the elemental composition of
A1, A2, A3 and A4 samples were identified by the energy
dispersive analysis of x-ray (EDAX) spectral analysis. In the
case of Ce doped NiO samples, the Ce3* ion atomic per-
centage are observed at 0.60%, 1.29% and 1.67%. In NiO
samples, the chemical compositions of Niand O are found
to be 55.49% and 44.51% (Table 2) respectively. However,
in Ce doped NiO samples, the Ni percentage decreased
whereas the oxygen percentage increased.

A FT-IR spectrum is an easier tool for understanding
the functional groups. Figure 7 shows the IR spectra of
NiO and various concentrations of Ce doped NiO nano-
particles. The broad O-H stretching peaks are observed at
3335, 3450, 3446 and 3444 cm™" for NiO and Ce doped NiO
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Fig.3 XPS spectra of a Ni (2p), b O (1s) and ¢ Ce (3d) oxidation state
of Ce doped NiO nanoparticles
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Table 1 Atomic percentage of Ce doped NiO NPs

Ni 2p O1s Doping %

Atom. Con %
36.14

Atom. Con %
62.62

Atom. Con %
1.24 (Ce 3d)

nanoparticles respectively [21] The week C-H symmetric
and asymmetric stretching centered at (2838, 2886 and
2885 cm™") and (2971, 2944 and 2924 cm™") were observed
in both NiO nanoparticles. The O-H bending vibration
observed at 1647, 1641, 1638 and 1635 cm™" for NiO and
Ce doped NiO NPs respectively, which is attributed to the
adsorbed water on the surface of NPs [22]. The absorption
peaks observed at 417,415,417 and 412 cm™! corresponds
to Ni-O stretching vibration of NiO NPs. The absorption
peaks observed at 1647, 1636, 1638 and 1636 cm™' are
attributed to the bending mode H-O-H of water molecules
for all NiO nanoparticles. The Ni-O stretching bands are
observed at 439, 435, 445, and 446 cm™" in NiO and Ce
doped NiO nanoparticles [23].

The ultra violet visible (UV-Vis) absorption spectra and
the absorption edge peaks are located at 346, 322 nm,

318 nm and 328 nm (Fig. 8) for A1, A2, A3 and A4 sam-
ples. The Ce** ions substituted into NiO matrix, due to the
varying of the optical properties. This result, absorption
peaks edge values decreased with increasing Ce** ions
concentration. The optical band gap (E,) can be calculated
by Tauc relation [24]. The optical band gap was observed
at 2.65+0.1eV,2.8+0.1eV,2.85+0.1eVand 29+0.1 eV
(Fig. 9) for A1, A2, A3 and A4 samples. The Blue shift of
absorption and the increasing band gap of Ce doped NiO
nanoparticles are evidence of the quantum confinement
effect. The trends of the band gap energy value increased
due to the decrease in the crystalline size for Ce doped
NiO NPs. The corresponding effects are also reflected in
the x-ray powder diffraction (XRD) result due to Ce3*
substitution effects.

Figure 10 shows that a PL spectrum of A1, A2, A3 and
A4 samples with excited wavelength is 320 nm. The pure
NiO nanoparticles PL emission values are observed at
364 nm, 439,481 nm and 527 nm respectively. The strong
near band edge emission is centered at 364 nm, which
is due to the recombination of excitons. The blue emis-
sion located at 439 and 481 nm is attributed to the surface
oxygen vacancies of NiO NPs. The green emission bands

Fig.4 a-d FESEM images of Ni;_,Ce, O NPs for x=0.0, 0.01, 0.02 and 0.03
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Fig.6 a-d EDAX spectra of Ni;_,Ce,O nanoparticles for x=0.0, 0.01, 0.02 and 0.03

observed at 527 nm, this is due to the defects originated
from the NiO lattice such as cation vacancies, interstitial
oxygen trapping, and nickel vacancies produced by charge
transfer between Ni?* and Ni** ions [24, 25]. The intensities
of peak decreased with the increase in Ce content. This
doping effect produced a large variation inside the NiO
nanoparticles active sites and it formed nickel interstitials

(N;), and oxygen vacancies (V). This may be due to the
predominant of Ce3* ionic effect [25].

Figure 11 shows the VSM analysis of A1 and A3 sam-
ples. The A1 sample exhibits super paramagnetic behav-
ior and A3 exhibits ferromagnetic behavior at room tem-
perature. The saturation magnetization values (Ms) were
observed at 0.002 and 0.004 emu/g for NiO and Ce doped

SN Applied Sciences

A SPRINGERNATURE journal



Research Article

SN Applied Sciences (2019) 1:221 | https://doi.org/10.1007/5s42452-019-0232-y

Table 2 Elemental composition of NiO and Ce doped NiO NPs

Sample Weight %
Ni o Ce Total
Al 55.49 44.51 - 100
A2 53.48 45.69 0.60 100
A3 51.68 47.03 1.29 100
A4 50.07 48.34 1.67 100
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Fig.7 FT-IR spectra of of Ni,_,Ce,O nanoparticles for x=0.0, 0.01,
0.02 and 0.03

NiO nanoparticles. The magnetization values of A3 are
enhanced as compared to A1 sample due to the Ce3* ions
substitution in NiO matrix. This magnetic contribution may
be the orientation of strong exchange interaction in s—f
couple with Ce ions.

The antibacterial activities of A1, A2, A3 and A4 samples
tested against(G+) bacteria S. aureus and S. pneumoniae
and (G-) bacteria E. coli, P. aeruginosa, P. vulgaris, K. pneu-
monia and S.dysenteriae are studied by the well diffusion
method as shown in Fig. 12. The A1, A2, A3, A4 and Eryth-
romycin showed the antibacterial activity. The Zone inhi-
bition of bacterial cells may be due to distractions of cell
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Fig.8 UV-Vis absorption spectra of of Ni,_,Ce, O nanoparticles for
x=0.0,0.01,0.02 and 0.03

membrane, is mainly due to the combination of various
factors such as ROS and the release of Ni?*, bacteria losing
the viability of cell division, finally bacterial cells are death
[26-29]. The schematic diagram of antibacterial mecha-
nism is shown in Fig. 13. The S. aureus, E. coli, K. pneumo-
nia and S. dysenteriae bacteria caused serious infections
for human system such as breathing problem, dysentery,
anemia or kidney failure, wound infections and urinary
tract infections [30-33]. However, the synthesized A1, A2,
A3 and A4 samples have been used for curing pneumonia,
bloodstream infection, kidney failure, wound infection and
urinary tract infections.

4 Conclusions

In summary, NiO and Ce doped NiO nanoparticles were
prepared through chemical method. The XRD pattern
revealed that the synthesized nanoparticles exhib-
ited cubic structure. The oxidation states of Ni (2p) Ce
(3d) and O (1s) were identified by x-ray photoelectron
spectroscopy spectra for NiO NPs. The morphology
were identified through FESEM and TEM analysis. The
chemical compositions were identified through EDAX
analysis. FT-IR spectra explained Ni-O stretching vibra-
tion observed at 439, 435, 445, and 446 cm™' for respec-
tive NiO nanoparticles. The UV-Vis absorption spectra
showed the absorption peak edges which are observed
at 346,322,318 and 328 nm in A1, A2, A3 and A4 sam-
ples. The Ce doping of NiO NPs altered the band emis-
sion as compared to NiO NPs due to Nickel vacancies,
oxygen vacancies and surface defects. The enhanced
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Fig. 10 PL spectra of Ni,_,Ce, O nanoparticles for x=0.0, 0.01, 0.02
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Fig. 11 Hysteresis curve of NiO and Ce doped NiO nanoparticles

magnetization values of Ce doped NiO NPs are more
than that of NiO NPs, which was due to Ce3* ions sub-
stitution in NiO matrix. The NiO, Ce doped NiO NPs and
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Fig. 12 The progressive antibacterial activity of Ni,_,Ce, O nanoparticles for x=0.0, 0.01, 0.02 and 0.03 against Gram-positive (S. aureus and
S. pneumoniae) and Gram-negative bacteria (E. coli, P. aeruginosa, P. vulgaris, K. pneumonia and S. dysenteriae)
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Fig. 13 Antibacterial activity of Ce doped NiO nanoparticles
against bacterial pathogens

Erythromycin exhibited antibacterial activity. We sug-
gest that synthesized NiO and Ce doped NiO nanopar-
ticles can be used for the treatment of various human
diseases such as pneumonia, bloodstream infection, kid-
ney failure, wound infection and urinary tract infections.
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