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Abstract -Cerium oxide nanoparticles (CeO, NPs) were prepared by co-precipitation method using cerium
chloride and sodium hydroxide (NaOH) in presence of sucrose as a green capping agent. The obtained yellowish
white powder was characterized via X-ray diffraction studies (XRD), transmission electron microscopy (TEM),
Fourier transform infrared spectroscopy (FT-IR), X-ray energy dispersive spectroscopy (EDX), UV-Visible
spectroscopy and photoluminescence (PL). The antibacterial activity of the synthesized nanoparticles were
observed in two Gram-negative and one Gram-positive bacterial pathogens, which exhibits encouraging result
and shows the zone of inhibition increased with concentration of the nanoparticles. The sensor measurement
was carried out by observing linear decrease in dc resistance with relative humidity at different humidity
environment (RHsy, to RHggy). The response and recovery time and the sensitivity factor Sy - 2876 was
calculated. The results illustrates that the synthesized cerium oxide nanoparticles acts a good sensor element to
apply in humidity sensor and antibacterial applications.
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1. INTRODUCTION

Cerium oxide or ceria (CeOy is a
lanthanide rare earth metal oxide having face
centred cubic (FCC) fluorite type structure [1].
Nanoceria exists a cycle between the Ce** and Ce**
valence states and it acts as a regenerative catalyst
owed to the presence of oxygen vacancies [2]. In
recent years the synthesis of nanoceria become
more attention due to its outstanding properties
such as large band gap energy (3.19eV), chemical
stability, high thermal stability and dielectric
properties (¢=24.5) [3]. These properties of CeO,
enhance in wide spread of application like waste
water treatment, bio-sensors, corrosion protection,
photo catalytic efficiency, cosmetics and
pharmaceuticals[1,4-8]  Currently  researchers
focused on the antibacterial activity of cerium
oxide nanoparticles (CeO, NPs) because of its
excellent redox nature also it hinder the bacterial
growth and scavenging free radicals [9].
Furthermore the non-aggregated NPs are very
important to use in practical application, to achieve
this expectation researchers will focused to reduce
the aggregation of NPs during preparation process.
In generally surfactants or capping agents are used

to control the aggregation and agglomeration of
metal oxides. In the case of CeO, NPs it is very
difficult to control the aggregation because of its
high surface energy and activity [10]. Fatemeh
Sadat et.al reported that the agglomeration of
nanoparticles were reduced using carbohydrate
sugars as a capping agent [11]. From the literature
study we decided to use sucrose as a green capping
agent as it is eco-friendly, non-toxic, low cost and
easily available.To the best of our knowledge no
research work was done using sucrose as a capping
agent for the preparation of CeO, NPs by co-
precipitation method. The foremost objective of
this study is to find the structure, morphology,
optical, humidity sensor and anti-bacterial studies
of the synthesized CeO, NPs.

2. MATERIALS AND METHODS

The chemicals used to prepare CeO, NPs
were analytical grade and used without further
purification. Cerium ammonium nitrate
Ce(NH4)>(NO3)s, Sodium hydroxide NaOH,
Sucrose, Ethanol and deionised water used for all
experiments.
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2.1 Preparation of the sample

In a typical procedure 0.1M of
Ce(NH,),(NO3)g solution was added to 0.1M of
Sucrose solution. 0.03 M of NaOH was added drop
wise to the above solution with constant stirring to
reach PH=11. The clear solution turned yellowish
after the reaction it was converted into light
yellowish suspension. Thereafter the reaction
continued for further 3 hrs under magnetic stirring
at room temperature. The final precipitate was
washed several times with deionised water
followed by ethanol. It was filtered and dried at
100° C for 4hrs to obtain pure CeO, NPs, finally
the powder was calcined at 500° C for 3hrs.

2.2 Characterization

The prepared CeO, NPs sample was
characterized by the following techniques. The
phase purity and crystallite size of the particles
were analysed via Powder X-ray diffraction studies
(XRD). The morphology and microstructure of
CeO, NPs were confirmed by SEM and TEM
techniques. The optical properties and functional
group identification was done through UV-vis, PL
emission and FTIR spectroscopy respectively.

2.3 Humidity sensor measurement

The method was followed as we
mentioned in our earlier published work in Elsevier
[12]. The controlled humidity was attained in
different humidity environments such as anhydrous
(5%) P,0s, (20%) CH3COOK, (31%) CaCl2.
6H20, (42%) Zn(NO3)2. 6H20, (51%) NaNO2,
(66%) NHACI, (79%) BaCl2.2H20 and (98%)
CuS04. 5H20.The sensor element prepared with a
fabricated pellet (10mm diameter and 1 mm
thickness) consist of copper wire on both sides, the
powder sample was dissolved in ethanol then
dispensed on the pellet which dried at room
temperature, finally it was kept at the above
humidity environments to measure the sensitivity
of the sample. The variation of dc resistance with
relative humidity (RH 5-98%) was measured with
the help of barigo hygrometer.

2.4 Antibacterial assay

The antibacterial activity of the CeO, NPs
was examined by agar well diffusion method
against three bacterial pathogens Staphylococcus
aureus, Escherichia coli and Pseudomonuas
aeruginosa at different concentration of the
samples. The stock bacterial culture was stored at 4

°C, the active culture was prepared by transferring
a loop of stock culture to the nutrient broth which
was incubated at 37 °C for 24 hrs and the turbidity
was adjusted to Man Farland 0.5. Muller- Hinton
agar was poured into the petriplates aseptically it
was allowed to solidify, the lawns were made by
sterile cotton and the wells were cuts with the help
of sterile cork borer. The sample extract at different
concentration 1.56, 3.125, 6.25, 12.5, 25 and 50
mg/ml was poured into the wells, finally the plates
were incubated aerobically at 37 °C for 24 hrs.
Afterward the antibacterial activity was estimated
by measuring the inhibition zone formed around
the well.

3. RESULTS AND DISCUSSION
3.1 XRD studies

The phase identification and crystalline
size of as synthesized cerium oxide nanoparticles
(CeO, NPs) were characterized by Powder X-ray
diffraction pattern as shown in Fig.1. It reveals the
four diffraction peaks corresponse to the cubic
phase of CeO, at 26 angle = 29.10° (111), 31.46°
(200), 48.95° (220) and 54.68° (311) respectively.
All the diffraction peaks were indexed to cubic
phase of CeO, having cell parameter a=5.411 A°
belong to Fm3m space group and also well
matched with (JCPDS Card No: 34-394). The
crystallite size of the sample was calculated using
Scherrer’s equation:
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Fig.1. Powder XRD analysis of as synthesized
CeO, NPs.
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Where D is the crystallite size, f is the full
width half maximum (FWHM), 6 is the diffraction
angle and A is the wavelength of the incident X-
ray. The calculated crystallite size of sample was
29.05 nm for the most predominent peak at 26=
29.10° (111) with d space value of 3.068A°. The
development of the sharp peaks in the spectrum
suggested the good crystallinity of the CeO, NPs.

3.2 FTIR spectroscopy
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Fig.2. FTIR Spectrum of as synthesized CeO, NPs.

The bonding nature and the presence
groups were observed through FT-IR spectrum as
shown in Fig.2. In this spectrum, the absorption
bands appeared at 957, 1126, 1630, 2359 and 3445
cm™, established the existence of pure CeO, phase.
Additionally the bands below 1000 cm™ is ascribed
to stretching vibration of Ce-O [13]. The band
located at the region of 1630 and 3445 cm™ are
assigned to bending and stretching vibrations of —
OH group present on the surface of CeO, NPs. The
bands near 1126 cm™ is attributed to the presence
of C-O-H group, which confirms the electrostatic
force between sucrose chains and CeO, NPs.

3.3 Morphological studies

The surface morphology and size of the
CeO, NPs were examined by Scanning electron
microscopy (SEM). Fig.3 shows the bunches of
small spherical particles at different magnification
and it clearly displays that the agglomeration of the
CeO, NPs was reduced by green capping agent
used in the preparation process, however the
images specifies high porosity on the surface of the
CeO, NPs which enhances the sensitivity of the
sample.
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Fig.3. SEM images of CeO, NPs.

Further, the microstructure and size of the CeO,
NPs was determined by TEM technique. Fig.4
reveals the corresponding selected area electron
diffraction pattern (SAED) of the sample at 0.01
nm, it exhibits the diffraction ring of cubic fluorite
structure and the spots indicates the high degree of
crystallinity of CeO, NPs [14]. The bright spots
confirms the formation of plane (111) with d space
value of 3.068 A° In addition it is well matched
with XRD and SEM results.

Fig.4. TEM images of CeO, NPs
3.4 Optical studies
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Fig.5a UV-vis absorption spectroscopy
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Fig.5a displays the UV-visible
spectroscopy and it exhibits the absorption peak at
283.76 nm. It shows better optical property,
whereas the presence of the peak at 283.76 nm
relates the quantum size effect of blue shift and
confirms the charge transition takesplace between
the O 2p and Ce 4f states in O* and Ce*" [15,16].
The band gap energy of the particles was calculated
using Tauc’s equation shown in Fig 5b.
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Fig.5b. Band energy plot of CeO, NPs by Tauc’s
equation.

The extrapolation of stright line on energy axis (hv)
will give direct band gap and it was found to be
3.76 eV, which is well contest with reported value
3.78eV for Cerium oxide [17] and it is higher band
gap value than bulk CeO, (3.19 eV).
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Fig. 6. displays photoluminescence spectra of CeO,
NPs.

Fig.6 shows the PL emission spectra of
CeO, NPs excited at 350 nm and the spectrum
displays multiple emission peak. The weak UV
emission peak centered at the region of 362 nm is

corresponds to band edge emission, a weak blue
emissions peak at 412 nm is ascribed to the
presence of surface defects. The blue emission peak
centered at 439 nm is assigned to high level
transition in  CeO, NPs.The weak blue-green
emission peak at 491 nm can be attributed to the
formation of oxygen vacancies during the
preparation of the sample. Finally the broad green
emission peak centered at 519 nm is due to the
radiative recombination of excitions and the surface
defects are excisting between Ce the inner 4f-5d
transition and O 2p valence state [18].

3.5 Antibacterial studies

The antibacterial activity of CeO, NPs was
done in three bacterial species staphylococcus
aureus, pseudomonuas aeruginosa and Escherichia
coli by Agar well diffusion method under six
different concentration of the sample as shown in
Fig.7a.

10 5. aureas  SE. coli P.aeruginosa

L I I\H i
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Fig.7a Diameter of the zone of inhibition of the
micro-organism at different concentration of CeO,
NPs.

The results shows that the CeO, NPs possess higher
antibacterial activity against Escherichia coli
compared to the other two bacterial pathegons. At
high concentration 50 mg/ml  Escherichia coli
possess higher (17 mm) zone of inhibition,
however it is observed low in pseudomonuas
aeruginosa. All the bacterial pathegons didn’t show
activity at lower concentration 1.56 mg/ml of the
sample.Table.1 shows that the zone of inhibition
was increased with sample concentration.

Infact the larger surface area of the
nanoparticles enhance the oxygen vacancies,
passage of highly reactive molecules due to
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porosity. The good crystalline nature of the sample
enhance the formation of reactive oxygen species
[19]. In our studies the positively charged CeO,
NPs react with negatively charged cell membrane
of given bacteria owing to electrostatic interaction
finally it leads to bacterial death [20]. Also the
diameter of zone of inhibition of bacterial species
was observed in the order of Escherichia coli >
pseudomonuas aeruginosa > pseudomonuas
aeruginosa.

3.6 Humidity sensor studies

Fig.8a shows the change in resistance log
R with relative humidity RH % of CeO, NPs
measured at room temperature. Humidity sensor
operating at room temperature having the
advantage of protonic conduction on the surface of
the semi-conduction materials. The presence of
high porosity nature on the surface of CeO, NPs

Table.1 Diameter of Zone of inhibition in mm

The plot of log R vs RH% shows a linear curve,
also decrease in resistance at 5-98% of RH for
CeO, NPs. The sensitivity factor S¢ was calculated
by Rse/Rogy, , Where Rsy, and Rggs, are dc
resistance at RH 5% and RH 98%. The calculated
S; value was found to be S;= 2876, however the
higher value of Sy raise the sensitivity of sample
towards a moisture [22] . The response and recovery
time was studied and the graph of log R vs Time
was measured for RH 5% and RH 98% as shown in
Fig.8b. The response and recovery time was found
to be 45s and 197s respectively. The observed
results conclude that the stability of CeO, NPs is
appreciable to utilise in sensor applications.

Zone of inhibition in mm
Micro-organism
50mg/ml 25mg/ml 12.5mg/ml 6.75mg/ml 3.12mg/ml 1.56mg/ml
Staphylococcus 15 10 5 3 Nil
aureus
Escherichia coli 17 15 3 2 Nil
Pseudomonuas 14 12 3 2 Nil
aeruginosa
Nil = No antibacterial activity.
10
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Fig.8a. Humidity sensor'megsyrement, a plot of log
R Vs RH.

Fig. 8b. Response and rét6V8ry measurement, a
plot of log R Vs Time (sec).
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4. CONCLUSION

We conclude that the samples were successfully
prepared by simple co-precipitation method. The
XRD pattern determined the formation of cubic
phase of CeO, with crystallite size of 29.05 nm.
The CeO, NPs exhibits bunches of small spherical
like morphology with high porosity. The samples
exhibits the multiple emission peaks centred at
362,412,439,491 and 519 nm and the calculated
band gap 3.76 eV. The humidity sensing
measurement illustrates CeO, NPs highest
sensitivity factor S; = 2876 with response time of
45s and recovery time of 197s respectively. The
antibacterial studies of CeO, NPs reveals
encouraging antibacterial activity against both
Gram- positive and Gram-negative bacteria.
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e Simple method of preparation, non-toxic, using green capping agent.

e Cubic phase of CeO, with crystallite size of 29.05 nm.

e Bunches of small spherical like morphology with high porosity, band gap 3.76 eV.

e Highest sensitivity factor Sf= 2876.

e Encouraging antibacterial activity against micro-organisms.
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