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Abstract
In this present work, effects of cerium (Ce)-doped CdO nanoparticles (NPs) were synthesized by simple chemical precipita-
tion methods. The as-formed CdO-NPs were characterized by crystal structure (XRD), surface morphology (SEM), elemental 
composition (EDX), functional groups (FTIR) and optical spectroscopy (UV-DRS and PL) analysis. The XRD indicated 
cubic in structure of CdO-NPs that were as well crystallized with an averaged particle size of 28–33 nm. The SEM images 
show concise structure of CdO-NPs, and EDX spectrum revealed the presence of cerium. FTIR spectra show the fundamental 
peaks of CdO in the sample. The optical properties showed that the two emission peaks were recorded at 418 and 439 nm 
upon excited at 360 nm. The photocatalytic degradation efficiency of methyl orange dye, i.e., 93% at the optimum content 
of  Ce3+-doped (5%) CdO-NPs.
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Introduction

Nowadays, nanomaterials such as metal oxide nanoparti-
cles are widely used in engineering and medical science 
[1]. Among various metal oxides present, semiconductor 
nanoparticle CdO is one of the important semiconductor 
materials that have attracted considerable interest due to its 
economical, high chemical stability, optical properties and 
non-toxicity [2]. Because of these excellent properties, CdO-
NPs are widely used for several application, such as ultravio-
let lasers, photo-detectors, solar cells, light emitting diodes 
and photocatalytic and so on [3]. This semiconductor with 
direct band gap of 3.46 eV has huge exaction binding energy 
(60 meV) at room temperature (RT) [4]. The doping of CdO-
NPs to a certain extent significantly increases surface imper-
fections, which may shift the absorption toward the visible 
region. Several research group reports noted that the role 
of the crystalline size, morphological, impurities, surface 
defects, the metal oxide host system, dopant type and dopant 
concentration are very important to physical and chemical 

properties and various applications of CdO [5]. Recently, the 
effect of doing elements like Zn, Mg, Ag, Al, Tb and Ni on 
the electrical, optical and photocatalytic properties of CdS 
nanoparticles was investigated. Using Tb doping CdO-NPs 
synthesized via Cd hydroxychloride and effect of hydrogen 
post-treatment [6]. Ravichandran et al. [7] reported the opti-
cal and structural properties of Zn-doped CdO-NPs synthe-
sized by chemical precipitation method. Jeejamol et al. [8] 
studied the Zr-doped CdO-NPs by chemically controlled 
co-precipitation method which evaluated the photocatalytic 
degradation of methylene blue solution. Recently, rare-earth-
doped semiconductors nanoparticles have acquired interest 
in optical properties and environmental purification. Among 
them, cerium oxide has most attracted and attention for its 
5d and 4f orbital functions [9]. Inserting Ce impurity inside 
CdO-NPs not only increases optical absorption in the visible 
range, but also prevents recombination and thus increases 
photocatalysis activities [10]. Various synthetic methods 
for these materials have been employed including hydro-
thermal/solvothermal method [11], aerosol-spraying [12], 
thermal evaporation [13] and co-precipitation method [14]. 
Among them, co-precipitation method was due to its simple 
and novel method and it requires a less time for synthesis. 
And also it has numerous advantages such as small particle 
size, short reaction time and well distribution with a high 
purity of the crystal with lower energy usage [15, 16]. In 
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the present work, we have prepared CdO-NPs with different 
concentration of Ce dopant and their structural, morphologi-
cal, optical and photocatalytic properties have been investi-
gated in this paper.

Materials and methods

Chemicals

All the chemical reagents are used from analytically (AR 
grade) pure. Cadmium acetate dehydrate  (C4H6CdO4), 
cerium acetate (Ce(CH3COO)2·6H2O), polyethylene glycol 
(PEG-5000-7000) and ammonium hydroxide  (NH4OH) were 
obtained with 99% purity (Nice chemical company).

Synthesis of pure CdO‑NPs

CdO nanoparticles were prepared by co-precipitation 
method. The whole synthesis is carried out in aqueous 
medium. 0.2 M of cadmium acetate was dissolved in 50 ml 
of distilled water (DW) and stirred 30 min. Then, 2% of 
PEG was dissolved into the above solution with constant 
stirring once the homogenous solution is formed. 20 ml of 
ammonium hydroxide solution in 50 ml of de-ionized water 
was dropwise added by dropper in the mixed solution. The 
precipitate of CdO is formed after the stirring of 5 h. The 
obtained precipitate was washed several times with DW and 
was filtered by Whatman No.1 filter paper. Subsequently, the 
washed precipitate was dried at 100 °C for 24 h. Finally, the 
product was sintering at 400 °C for 2 h in muffle Furnace. 
The final dried powders were taken for further characteriza-
tion analysis.

Synthesis of Ce‑doped CdO nanoparticles

For the synthesis of Ce-doped CdO nanoparticles, 0.2 M of 
cadmium acetate was dissolved in 50 ml de-ionized water 
and it was stirred vigorously by using magnetic stirrer, and 
cerium acetate of preferred percentage (1, 3, 5 and 7%) pre-
pared in 20 ml aqueous was mixed drop by drop. 20 ml of 
ammonium hydroxide solution in 50 ml of de-ionized water 
was dropwise added by dropper in the mixed solution. Fur-
ther 2% of PEG was added to the above solution. After that, 
mixed solution was kept stirring at room temperature (RT) 
for two hours. The resultant precipitant solution was washed 
and filtered by using de-ionized water, and then, acetone is 
used for washing purpose for several times. Then, the final 
solution was kept in hot air oven at 100 °C for 6 h for drying 
and then grinded by using mortar pistil to eliminate agglom-
erates. The resulting powder was then incubated in a muffle 
oven for 2 h at 400 °C to obtain the brown CdO-NPs. The 

obtained samples were further powdered in an agate mortar 
further for characterization.

Characterizations

The crystalline phase purity of pure and cerium-doped 
CdO-NPs was examined by X-ray diffraction (XRD) analy-
sis using SHIMADZU 6000 X-ray diffractometer with Cu 
Kα radiation (λ = 1.5406 Å) at room temperature (RT). The 
chemical structure and functional group were examined by 
SHIMADZU Fourier transform infrared (FTIR) spectropho-
tometer where IR spectrum was used to record by mixing 
powder with KBr and its wavelength range is fixed 4000 
and 400 cm−1. Optical properties were analyzed by using 
JASCO V-670 spectrophotometer in the range 300–1200 nm. 
The surface morphology and elemental composition of the 
synthesized powder were examined by using SEM with EDX 
investigation with using JEOL JSM 6390.

Photocatalytic activity

The photocatalytic activities of pure CdO and Ce-doped 
(5%) CdO-NPs samples were estimated by supervis-
ing photo-degradation of the methylene blue (MB) in the 
aqueous solution. MB was chosen because of its strong 
absorption, well-defined good resistance to light degrada-
tion optical absorption to metal oxide surfaces. Photocata-
lytic testings were carried out during sunny days from 11 
am to 2 pm. The 0.06 g of photocatalyst of pure CdO was 
charged into 100 ml of 10 mg/l MB aqueous solution. The 
solution was then magnetically stirred for 30 min to attain 
adsorption–desorption equilibrium between dye and CdO. 
The solutions mixed were irradiated under sunlight. Then, 
solutions were taken out in every 20 min (up to 120 min) 
and the photocatalyst was used to separate from the solu-
tion by centrifugation, and then, the UV–visible absorp-
tion was analyzed with a UV–Vis spectrophotometer (Shi-
madzu, UV-1800). The maximum absorption wavelength 
was attained at 664 nm for the MB solution.

Results and discussion

Structural (XRD) analysis

The phase and crystallographic structure was studied by 
using X-ray diffraction (XRD) technique. Figure 1 demon-
strates the XRD pattern of the cerium-doped CdO nano-
particle, and it is a good agreement of crystalline nature 
compared with standard spectra (JCPDS NO: 78-0653). 
The diffraction peaks in the XRD spectra of CdO-NPs 
occurring at 2θ values of 32°, 40°, 64°, 80° and 84°are 
indexed as (110), (200), (220), (311) and (222) crystal 



Nanotechnology for Environmental Engineering (2020) 5:25 

1 3

Page 3 of 10 25

planes with face-centered cubic structure [17]. No dif-
fraction peaks from cerium and no impurity peaks were 
detected in the samples with cerium concentration lower 
than 3%, representing the merging of Ce ions into the crys-
tal lattice of CdO host. However, further increasing the Ce 
doping concentration up to 7%, the diffraction at 2θ values 
of 38.03° and 44.45° belongs to the (111), (200) crystal 
planes with face-centered cubic metallic cerium, which 
confirmed the cerium phase introduced in the CdO-NPs 
[17]. Compared with the pure samples, the peak intensity 
decreases and full-width half-maximum increases with 
cerium doping; results size of the doped sample decreased.

The average crystallite size, lattice parameters and dis-
location density of pure and (1–7%) cerium-doped CdO-
NPs calculated the following equation [18].

where K is constant (0.9), λ is the X-ray wave length 
(1.5405 × 10−10), β is the full width at half maximum, and 
θ is the half diffraction angle. The intensity value of the 
(110), (200), (220), (311) and (222) planes has been found 
to be increasing with the increasing 1%, 3%, 5% and 7% Ce-
doped CdO-NPs [19]. This result suggests that at higher 7% 
Ce-doped,  Ce3+ ions replace  Cd2+ ions in the substitution 

(1)D =
K�

� cos �

(2)a = d
hkl
(h2 + k

2 + l
2)
1∕2

(3)� =
1

D2
lines/m2

ally. Further, the  Ce3+-ions incorporated in the lattice are 
interstitial sites in the CdO-NPs. The XRD intensity depends 
strongly on the allowed cerium concentration. The maximal 
intensity of XRD spectra is illustrated by the pronounced 
peak with doping content. The similar result was observed 
Moholkar et al. [20].

It is shown that the decrease in crystal size is correlated 
with the broadening of the XRD peak. The smaller crystal 
size results in higher densities of grain boundaries, which act 
as barriers to carrier grain boundaries, carrier transport and 
trapping for free carriers. Therefore, decreasing the crystal 
size will increase the grain boundary scattering [21]. The 
lattice parameters for the face-centered cubic structure of 
pure and Ce-doped CdO-NPs were calculated by the follow-
ing equation [22]. The lattice constant of pure and Ce-doped 
CdO nanoparticles was calculated using the relevant formula 
and systematically represented in Table 1. The variation of 
lattice constant with Ce doping shown in table, where the 
lattice constant decreases, reaches a minimum value around 
(Å) a pure CdO nanoparticles and then slowly increased with 
increase in doping around 4.921–4.016 Å. The slight change 
in lattice constant for the preparation of Ce-doped CdO nan-
oparticles over bulk clearly suggests that the particles are 
strained, which may be due to the nature and concentration 
of the native imperfection changing. The variation of the 
percentage of the cerium in the cadmium oxide is associ-
ated with the changing in grain and grain boundary. The 
dislocation density represents length of dislocation lines per 
unit volume in the crystal. Larger D and smaller δ values 
indicate better crystallization of the particles. Dislocation 
density exhibits a decrease with increase in percentages, 
which indicate that the higher doping percentage reduces 

Fig. 1  XRD spectra of pure 
and Ce (1, 3, 5 and 7%)-doped 
CdO-NPs
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the crystal lattice imperfections. This result suggests that 
Ce (7%)-doped CdO-NPs shows the high level of surface 
defects in crystal quality and low level of surface defects 
and good crystal quality obtained for Ce (1%, 3% and 5%) 
CdO-NPs. These results are compared to the other Ce-doped 
materials as shown in Table 2

XPS analysis

Figure 2 shows the typical XPS spectrum of Ce (5%)-doped 
CdO-NPs. Wide scan of XPS spectra shown in Fig. 2a exhib-
ited Cd and O peaks and hence sustained the chemically 
purity of the surface of Ce-doped CdO-NPs. Figure 2b, c 
shows the high-resolution XPS spectra of the elements Cd 
and O, respectively. Figure 2a shows the XPS spectrum 
of Ce-doped CdO-NPs; the Cd 3d features consist of the 
major 3d5/2 (405 eV) and 3d3/2 (412 eV) spin–orbit com-
ponents, along with the features Cd 4d5/2 (10.5 eV), Cd 
4d3/2 (11.5 eV), Cd 4p3/2 (64.2 eV), Cd 4p1/2 (65.7 eV), Cd 
4 s (110.6 eV), Cd 3p3/2 (620.2 eV), Cd 3p1/2 (654.9 eV) 
and Cd 3s (776.4 eV) [28]. Figure 2b shows that the two 
strong peaks corresponding to Cd 3d5/2 and Cd 3d3/2 for the 
native oxide were found to be 6.4 eV for Ce-doped CdO-
NPs, which coincide extremely well with that reported for 
CdO [29]. In doping, Cd 3d features from the XPS spectrum 
appear to be suppressed due to the conversion of  Cd2+ by 

the dopant ions in the host lattice. The broad O 1s peak of 
Ce-doped CdO-NPs is resolved as a component centered at 
521.7 eV, with oxygen absorbed at the surface,  O2_ ions in 
the CdO lattice and oxygen deficient areas, respectively [28]. 
Figure 4c shows that the broad O 1s peak of Ce-doped CdO-
NPs is resolved into one component centered at 524.6 eV, 
corresponding to adsorbed oxygen on surface,  O2_ ions in 
CdO lattice and the oxygen deficient regions, respectively. 
According to previous reports, they emerged from surface 
defects and chemical oxygen, respectively [30].

Functional group (FTIR) analysis

FTIR spectra of pure and Ce (1, 3, 5 and 7%)-doped CdO-
NPs are shown in Fig. 3. The pure CdO-NPs show absorp-
tion peaks at 3465.68, 2348.76, 1649.32, 1418.00 and 
514.46 cm−1. The peak at 3465.68 and 2348.76 cm−1 is cor-
responded to hydroxyl (OH) stretching of water and the pres-
ence of C–H symmetric stretching [31]. The band around 
1649.32 cm−1 can be assigned to the O–H–O bending vibra-
tion, respectively [32]. The absorption band at 1418.00 cm−1 
confirms the deformation vibration of the C–H of alkane 
group [31]. The most intense wide observed absorption band 
at 514.46 cm−1 is attributed to the stretching of vibration of 
CdO.

The different percentage (1, 3, 5 and 7%) of Ce-doped 
CdO-NPs for the FTIR spectra shows characterized absorp-
tion bands around 3450–3400  cm−1, 1650–1600  cm−1, 
1450–1400 cm−1 and 550–500 cm−1. The absorption band 
around 3450–3400 cm−1 may be due to symmetrical stretch-
ing vibration bands of  H2O molecules, respectively [33]. The 
band around 1650–1600 cm−1 may correspond to stretch-
ing vibrations of primary and secondary amines [31]. The 
specified weak band around at 1450–1400 cm−1 is assigned 
to C–O stretching vibrations of the carbonyl group, respec-
tively [10]. The band around 550–500 cm−1 represents the 
Cd–O phase [7]. From the graph, it is observed that the no 
additional peak and some of the peak position in Ce-doped 
CdO-NPs are slightly shifted toward higher wavenumbers 
when compared to that of pure CdO-NPs. The shift is due to 
an interaction of Ce ions with CdO-NPs which indicates the 
decrease optical band gap and crystalline size values [11].

Morphology and elemental (SEM with EDAX) 
analysis

The surface morphology of pure and Ce (5%)-doped CdO-
NPs examined by scanning electron microscopy (SEM) is 
shown in Fig. 4. The resulting microstructure exhibited a 
uniform and concise structure interconnected by grains 
(Fig. 4a1, b1). The particles sizes are found to be 31 nm 
and 26 nm for pure and Ce-doped CdO-NPs, respectively 
(Fig. 4a3, b3). The particles size of the Ce-doped CdO-NPs 

Table 1  Observed different parameters of pure and Ce-doped CdO 
nanoparticles from XRD

Sample 
(%)

Crystal 
size (D) 
nm

2θ (°) Micro-
strain 
ε  × 10–3

Dislo-
cation 
density
 × 1014 (l/
m2)

Lattice 
constant 
(Å)

Pure 33.54 33.0454 1.047 8.8894 4.691
1 32.12 33.0453 1.102 9.5819 4.686
3 30.75 33.0649 1.121 9.6451 4.684
5 28.03 33.0946 1.087 9.8457 4.678
7 30.05 33.0612 1.113 9.5994 4.671

Table 2  Comparison of crystalline size and band gap energy of Ce-
doped CdO-NPs from Ce-doped other semiconductor materials

Materials used Crystalline 
size (nm)

Band gap (eV) References

Ce:CdO-NPs 28.03 2.53 Present work
Ce:ZnO-NPs 74.00 3.18 [23]
Ce:MgO-NPs 23.00 3.22 [24]
Ce:TiO2-NPs 16.01 2.2 [25]
Ce:ZnS-NPs – 3.97 [26]
Ce:  Fe2O3-NPs 40 1.63 [27]
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is found to be reduced as compared to that of pure CdO-NPs. 
This reduction in particle size is due to the distortion in the 
host material incorporated with  Ce3+ metal ion in CdO-NPs 
surface area. Hence, the size of CdO-NPs is reduced by Ce 
doping. EDAX spectra verified the presence of Cd, O and 
Ce in the doped CdO nanostructure. The peak correspond-
ing to Cd, O and Ce elements located their normal energy 
(Fig. 4 A2 an B2).

Optical analysis

UV–Vis spectroscopy is a powerful nondestructive method 
for realizing optical properties of semiconducting nanopar-
ticles [34]. The absorption spectra of CdO nanoparticles 
were analyzed in the UV–Vis spectra. Figure 5 shows the 
obtained UV–Vis spectra of pure and Ce (1–7%)-doped 
CdO-NPs. From Fig. 5, the absorption peaks locate at 242, 
245, 247, 249, 250 and 252 nm pure and Ce-doped CdO-
NPs, respectively. A dissimilar blue shift was observed in the 

Fig. 2  XPS spectrum of Ce (5%)-doped CdO-NPs

Fig. 3  FTIR spectra of pure and Ce (1, 3, 5 and 7%)-doped CdO nan-
oparticles
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absorption edges for the Ce-doped CdO-NPs as comparison 
of pure. The observed blue shift points out a minor variation 
in the band structure in the Ce-doped CdO-NPs due to the 
incorporation of Ce ions [35]. The optical band gap (Eg) is 
determined from a Tauc plot from the following relation [36]

(4)� =
A
(

h� − Eg

)1∕2

h�

where α is absorption coefficient, h is planks constant, ν 
is the frequency of light radiation, and Eg is the band gap 
energy, where ‘n’ takes the value of ½ for allowed direct 
transition. The band gap energies are negative number for 
n = 2, 3/2 and 3; hence, relationship fitting to the CdO is 
n = 1/2, which confirms the allowed direct transition. Fig-
ure 6 shows the curves of (αhγ)2 versus hν for pure and Ce-
doped CdO nanoparticles prepared with different doping 
percentage. The Eg values were obtained by extrapolating 
the straight line portions of the graph to the X-axis. From the 

Fig. 4  A1-B1 SEM image; A2-B2 EDAX spectra; A3-B3 particle size histogram of pure and Ce (5%)-doped CdO-NPs
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figure, the band gap energy for pure and different percent-
age (1, 3, 5 and 7%) of Ce-doped CdO-NPs is 2.69, 2.64, 
2.60, 2.53 and 2.58 eV, respectively. It can be seen that the 
band gap of the Ce-doped CdO-NPs was lower than that the 
pure CdO-NPs. The optical band gap energy decreases as the 
percentage of Ce ions increases from 1 to 5%, and further 
increase in the Ce (7%) percentage also increases the opti-
cal band gap energy due to strong quantum confinement’s 
effect [37]. The band gap energy decreases which (Table 3) 
confirms the presence of  Ce3+ inside the CdO-NPs. Fur-
thermore, the ions in the CdO can form a new energy band, 

which means that the impurity band overlaps with the band 
gap of the pure CdO, resulting in the band gap. This effect 
is called band gap shortening. This shortening of the band 
gap for Ce-doped CdO-NPs compared to the CdO indicates 
the transfer of C ions to the Cd sites in the CdO. This may 
also be due to an increase in number of defects in Ce con-
tent. This result suggests that the doping of Ce into the host 
CdO lattice be able to effectively tailor the energy band. 
The variation of band gap found in our samples could have 
the promising future scope in the field of photo-catalytic 
applications.

Photoluminescence spectroscopy (PL) studies

Photoluminescence spectroscopy study is an effective 
technique to examine the occurrence of defects in the 
semiconductors. The PL spectra of our pure and Ce-doped 
CdO-NPs recorded at RT are shown in Fig. 7. The appear-
ance of two different peaks with Gaussian Function was 
attaining for all PL spectra. The near-band-edge emissions 
were observed at 418 and 439 nm for pure and Ce-doped 
CdO-NPs, and are attributed to recombination of free 

Fig.5  UV–Vis spectra of pure and Ce (1, 3, 5 and 7%)-doped CdO 
nanoparticles

Fig. 6  Optical band gap spectra of pure and Ce (1, 3, 5 and 7%)-
doped CdO nanoparticles

Table 3  Band gap energy of pure and Ce-doped CdO nanoparticles

Sample (%) Band gap (eV)

Pure 2.69
Ce 1%-doped CdO 2.64
Ce 3%-doped CdO 2.60
Ce 5%-doped CdO 2.53
Ce 7%-doped CdO 2.58

Fig. 7  PL spectra of pure and Ce (1, 3, 5 and 7%)-doped CdO nano-
particles
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exciton–exciton collision process [38]. The violet emis-
sion centers at 418 nm for pure and Ce-doped CdO-NPs 
are due to its electron transition from shallow donor level 
of neutral Ce to the valence band [39]. Finally, the blue 
emission wavelength of 439 nm for pure and all Ce dope 
CdO-NPs illustrates the transition in-between oxygen 
vacancy and oxygen interstitial defects [6]. This change 
of the emission confirms the substitution of  Ce3+ ions 
into CdO-NPs. The increase in Ce percentage is associ-
ated with structural disorganization level, and the change 
transfer occurred between cadmium, cerium and oxygen 
ions. The raise in Ce percentage significantly decreases 
the band gap up to 5% which allows faster recombination 
of electron in Cd and Ce conduction bands with holes in 
oxygen valence band by increasing PL intensity.

Photocatalytic activities

The photocatalytic activities of pure and Ce-doped CdO-NPs 
were evaluated by decomposing aqueous methylene blue 
(MB). Figure 8a, b exhibits the change in absorption pat-
tern of MB exposed to UV-light for various irradiation times 
in the presence of CdO and Ce-doped CdO-NPs, respec-
tively, percentage of the degradation was calculated, and the 
results are given Table 4. As seen from Fig. 8, the intensity 
of absorption peaks decreases with increase in time inter-
vals. The occurrence of catalytic activity under UV and Vis 
irradiation result shows that the photocatalytic degradation 
of Ce-doped CdO-NPs is 93.58% of efficiency at 120 min 
under sunlight. Thus, greater photocatalytic degradation 
efficiency was achieved in short period in the case-doped 
sample when compared to pure CdO, which means that the 
number of active surface sitter increases as the grain size 
decreases, and hence, it enhances the photocatalytic activity.

Fig. 8  a, b UV–Vis absorption spectra of MB with respect to irradiation time, c first-order kinetics of the pure and Ce (5%)-doped CdO-NPs
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Mechanism of photocatalytic activity

The possible mechanism of improved photo-catalytic activ-
ity of Ce-doped CdO-NPs is explained [40];

When the lights of energy are greater than the forbidden 
gap, irradiated electrons from the valance band can make 
a quantum jump to conduction band of CdO. The presence 
of dopant  Ce3+ within crystal matrix/surface of CdO can 
trap the photo-generated electrons/holes and consequently 
transfers the same to adsorbed oxygen and the hydroxyl ions 
to generate super oxide radicals  (O2·) and hydroxide radi-
cals (•OH), respectively; this behavior will reduce electron. 
Hence, recombination and generates are more and more free 
radicals responsible for the degradation of MB dye. In this 
way, Ce doped CdO-NPs exhibit better activity for the deg-
radation of dye methylene blue.

Kinetic study

These smaller grains can enhance the photocatalytic activity 
for the degradation of dye; further rate constant for dye deg-
radation of the catalysis was calculated using the first-order 
rate equation [41];

Ce:CdO + h� → CdO
(

e + h+
)

Ce:CdO
(

h
+
)

+ OH → OH∙

Ce:CdO
(

e+
)

+ O2 → O2⋅
−

O2 ⋅
− +H+

→ HO2
⋅

Ce:CdO (e) + H+ + HO2⋅ → OH ⋅ +OH

O2 ⋅
− +HO2 ⋅ +OH ⋅ or

(

h+
)

+MBdye degradation product

where K is the first-order rate constant, Fig. 8c shows the 
plot depicting liner relationship between InCo

Ct

 and time for 
all samples and slope of the graph, and rate constant values 
were calculated. The value of rate constant for CdO was 
found to be 0.01234 min−1, whereas, for Ce-doped CdO-
NPs, it was increased to 0.02143 min−1, and the increased K 
values suggest the improved photo-catalytic activity of Ce-
doped CdO-NPs. The possible mechanism of improved pho-
tocatalytic activity of Ce-doped CdO-NPs is explained.

Conclusions

The effect of cerium doping at different percentages on the 
structural, optical and morphological properties of pure and 
Ce-doped CdO nanoparticles synthesized by co-precipitation 
method has been studied. Structural studies show that the 
particles are polycrystalline nature with cubic structure. Sur-
face morphology reveals that the particles are uniform with 
spherical shaped grains appeared on the surface. The optical 
band gap value decreased with increase in doping percent-
ages. Based on the above results, it is concluded that the 
pure and cerium-doped cadmium oxide nanoparticles have 
exhibited suitability for a potential candidate for addressing 
the environmental pollution caused by organic dyes.
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